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NOVEL METHODS AND COMPOSITIONS FOR 
ALLEVIATING PAIN 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to the treatment of 
pain and the long-term reversal of chronic pain and, in 
particular, to ot-adrenergic agonists, and selective antago 
nists of the ot-2A adrenergic receptor. 

[0003] 2. Background Information 

[0004] Clinical pain encompasses nociceptive and neuro 
pathic pain. Each type of pain is characterized by hypersen 
sitivity at the site of damage and in adjacent normal tissue. 
While nociceptive pain usually is limited in duration and 
responds Well to available opioid therapy, neuropathic pain 
can persist long after the initiating event has healed, as is 
evident, for eXample, in the “ghost pain” that often folloWs 
amputation. Chronic pain syndromes such as chronic neu 
ropathic pain are triggered by any of a variety of insults, 
including surgery, compression injury or trauma, infectious 
agent, toXic drug, in?ammatory disorder, or a metabolic 
disease such as diabetes or ischemia. 

[0005] Unfortunately, chronic pain such as chronic neu 
ropathic pain generally is resistant to available drug therapy. 
Furthermore, current therapies have serious side-effects such 
as cognitive changes, sedation, nausea and, in the case of 
narcotic drugs, addiction. Many patients suffering from 
neuropathic and other chronic pain are elderly or have 
medical conditions that limit their tolerance to the side 
effects associated With available analgesic therapy. The 
inadequacy of current therapy in relieving neuropathic pain 
Without producing intolerable side-effects often is manifest 
in the depression and suicidal tendency of chronic pain 
sufferers. 

[0006] ot-2 adrenergic agonists, Which are devoid of res 
piratory depressant effects and addictive potential, are being 
developed as alternatives to current analgesics. Such drugs 
are useful analgesic agents When administered spinally. 
HoWever, undesirable pharmacological properties of ot-adr 
energic agonists, speci?cally sedation and hypotension, 
limit the utility of these drugs When administered orally or 
by other peripheral routes. Thus, there is a need for effective 
analgesic agents that can be administered by oral or other 
peripheral routes and that lack undesirable side-effects such 
as sedation and hypotension. The present invention satis?es 
this need and provides related advantages as Well. 

[0007] The present invention also provides neW therapy 
for chronic pain sufferers, Who, until noW, have faced a 
lifetime of daily medication to control their pain. Unfortu 
nately, available treatments for chronic neuropathic pain, 
such as tricyclic antidepressants, anti-seiZure drugs and local 
anesthetic injections, only alleviate symptoms temporarily 
and to varying degrees. No available treatment reverses the 
sensitiZed pain state or cures pain such as neuropathic pain. 
Effective drugs that can be administered, for eXample, once 
or several times a month and that maintain analgesic activity 
for several Weeks or months, are presently not available. 
Thus, there is a need for novel methods of providing 
long-term relief from chronic pain. The present invention 
satis?es this need and also provides related advantages. 
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SUMMARY OF THE INVENTION 

[0008] The present invention provides a method of alle 
viating pain in a subject by administering to the subject a 
pharmaceutical composition containing an effective amount 
of an ot-adrenergic agonist and a pharmaceutical composi 
tion containing an effective amount of a selective ot-2A 
antagonist. The methods of the invention are useful for 
alleviating a variety of types of pain including, but not 
limited to, neuropathic pain such as the pain resulting from 
diabetic neuropathy; visceral pain; post-operative pain; pain 
resulting from cancer or cancer treatment; in?ammatory 
pain resulting, for eXample, from arthritis or irritable boWel 
syndrome; headache pain and muscle pain. 

[0009] Avariety of ot-adrenergic agonists are useful in the 
invention including pan-ot-2 agonists and pan-ot-l pan-ot-2 
agonists. ot-adrenergic agonists useful in alleviating pain 
according to a method of the invention include, Without 
limitation, clonidine, brimonidine, tiZanidine, deXemedeto 
midine, norepinephrine, Compound 1 and Compound 2, and 
all pharmaceutically acceptable salts, esters, amides, sterio 
isomers and racemic miXtures thereof. 

[0010] A variety of selective ot-2A antagonists also are 
useful in the invention. Such selective ot-2A antagonists 
include, Without limitation, 4-imidaZoles such as Compound 
13 and pharmaceutically acceptable salts, esters, amides, 
sterioisomers and racemic miXtures thereof, and BRL 48962 
or pharmaceutically acceptable salts, esters, amides, sterio 
isomers and racemic mixtures thereof. In one embodiment, 
the invention is practiced With a peripherally limited selec 
tive ot-2A antagonist. 

[0011] Various routes of administration can be useful for 
alleviating pain according to a method of the invention. In 
one embodiment, both the ot-adrenergic agonist and selec 
tive ot-2A antagonist are administered peripherally. In other 
embodiments, the ot-adrenergic agonist is administered 
orally or through a subcutaneous minipump. In further 
embodiments, the ot-adrenergic agonist is administered 
orally or through a subcutaneous minipump, and the selec 
tive ot-2A antagonist is administered by any peripheral route. 
In yet other embodiments, the selective ot-2A antagonist is 
administered orally or through a subcutaneous minipump. If 
desired, the selective ot-2A antagonist can be administered 
orally or through a subcutaneous minipump, and the ot-adr 
energic agonist can be administered by any peripheral route 
such as orally or through a subcutaneous minipump. 

[0012] In one embodiment, the invention provides a 
method of alleviating pain in a subject by administering to 
the subject a pharmaceutical composition containing an 
effective amount of an ot-adrenergic agonist and a pharma 
ceutical composition containing an effective amount of a 
selective ot-2A antagonist, Where the ot-adrenergic agonist 
and the selective ot-2A antagonist each is administered 
repeatedly or continuously over a period of at least three 
days. In such a method, pain alleviation can continue, for 
eXample, in the absence of signi?cant ot-adrenergic agonist 
levels in the subject. 

[0013] The present invention further provides an analgesic 
composition that contains an ot-adrenergic agonist With 
minimal ot-2A agonist activity having the ability to produce 
peripheral analgesia Without concomitant sedation. In one 
embodiment, the analgesic composition produces peripheral 
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analgesia Without concomitant sedation and in the substan 
tial absence of hypotensive effects. In another embodiment, 
the invention provides an analgesic composition that pro 
duces peripheral analgesia sufficient to reduce pain by at 
least 50% Without concomitant sedation. In further embodi 
ments, at least a 10-fold, 100-fold or 1000-fold greater dose 
of the analgesic composition is required to produce a 20% 
reduction in motor or muscular activity than the dose of the 
analgesic composition that reduces pain by at least 50%. In 
a further embodiment, the invention provides an analgesic 
composition that produces peripheral analgesia sufficient to 
reduce pain by at least 50% Without concomitant sedation 
and in the substantial absence of hypotensive effects. In 
another embodiment, the invention provides an analgesic 
composition that contains an ot-adrenergic agonist With 
minimal ot-ZA agonist activity having the ability to produce 
peripheral analgesia Without concomitant sedation, Where 
the agonist is not a thiourea or derivative thereof. In a further 
embodiment, the invention provides an analgesic composi 
tion that contains an ot-adrenergic agonist With minimal 
ot-ZA agonist activity having the ability to produce periph 
eral analgesia Without concomitant sedation, Where the 
agonist is not a thiourea or 4-imidaZole or derivative thereof. 

[0014] Further provided by the invention is a method of 
alleviating pain in a subject by peripherally administering to 
the subject a pharmaceutical composition containing an 
effective amount of an ot-adrenergic agonist With minimal 
ot-ZA agonist activity, thereby producing peripheral analge 
sia Without concomitant sedation. Such peripheral analgesia 
can be sufficient to reduce pain, for example, by at least 50% 
Without concomitant sedation. In another embodiment, the 
peripheral analgesia occurs in the substantial absence of 
hypotensive effects. In one embodiment, the method is 
practiced using an ot-adrenergic agonist With minimal ot-ZA 
agonist activity Which is not a thiourea or derivative thereof. 
In another embodiment, the method is practiced using an 
ot-adrenergic agonist With minimal ot-ZA agonist activity 
Which is not a thiourea or 4-imidaZole or derivative thereof. 
Pain of various types and etiologies can be alleviated 
according to a method of the invention. As non-limiting 
examples, the methods of the invention can be useful in 
alleviating neuropathic pain, such as the pain resulting from 
diabetic neuropathy; visceral pain; post-operative pain; pain 
resulting from cancer or cancer treatment; in?ammatory 
pain such as arthritic pain or irritable boWel syndrome pain; 
headache pain and muscle pain. 

[0015] A variety of ot-adrenergic agonists With minimal 
ot-ZA agonist activity can be useful in the methods of the 
invention. In one embodiment, the ot-adrenergic agonist 
With minimal ot-ZA agonist activity is an ot-ZB agonist With 
minimal ot-ZA agonist activity. Such an agonist can be, for 
example, a thione such as Compound 3 or Compound 11 or 
a pharmaceutically acceptable salt, ester, amide, sterioiso 
mer or racemic mixture thereof. In one embodiment, a 
method of the invention is practiced With an ot-ZB agonist 
With minimal ot-ZA agonist activity Which is the (—) enan 
tiomer of Compound 3 or a pharmaceutically acceptable salt 
or ester thereof. 

[0016] ot-ZB agonists With minimal ot-ZA agonist activity 
useful in the invention further include, but are not limited to, 
imidaZolones. Auseful imidaZolone ot-ZB agonist With mini 
mal ot-ZA agonist activity can be, for example, Compound 
4 or a pharmaceutically acceptable salt, ester, amide, sterio 
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isomer or racemic mixture thereof. In one embodiment, the 
ot-ZB agonist With minimal ot-ZA agonist activity is the (+) 
enantiomer of Compound 4 or a pharmaceutically accept 
able salt, ester or amide thereof. In additional embodiments, 
a method of the invention is practiced using one of the 
folloWing ot-ZB agonists With minimal ot-ZA agonist activ 
ity: Compound 5, Compound 6, Compound 7, Compound 8, 
Compound 9 or Compound 14, or a pharmaceutically 
acceptable salt, ester, amide, sterioisomer or racemic mix 
ture thereof. An ot-adrenergic agonist With minimal ot-ZA 
agonist activity can be peripherally administered by any of 
a variety of routes including, Without limitation, oral admin 
istration and administration via subcutaneous minipump. 

[0017] The present invention also provides a method of 
screening for effective agents that produce peripheral anal 
gesia Without concomitant sedation by contacting an ot-ZA 
receptor With an ot-adrenergic agonist having analgesic 
activity; and determining Whether the agonist has ot-ZA 
agonist activity, Where the absence of ot-ZA agonist activity 
indicates that the ot-adrenergic agonist having analgesic 
activity is an effective agent that produces peripheral anal 
gesia Without concomitant sedation. 

[0018] Further provided herein is a method of screening 
for effective agents that produce peripheral analgesia With 
out concomitant sedation by contacting an ot-ZA receptor 
With an agent; determining Whether the agent has ot-ZA 
agonist activity; contacting an ot-ZB receptor With the agent; 
and determining Whether the agent has ot-ZB agonist activ 
ity, Where the absence of ot-ZA agonist activity and the 
presence of ot-ZB agonist activity indicate that the agent is 
an effective agent that produces peripheral analgesia Without 
concomitant sedation. 

[0019] The invention also provides a method of screening 
for effective agents that produce peripheral analgesia With 
out concomitant sedation by peripherally administering an 
ot-adrenergic agonist to a control animal having at least Wild 
type levels of ot-ZA receptor activity; assaying for analgesia 
in the control animal; peripherally administering to a cor 
responding animal having reduced levels of ot-ZA receptor 
expression or activity an amount of the ot-adrenergic agonist 
similar or greater than the amount administered to the 
control animal; and assaying for analgesia in the correspond 
ing animal having reduced levels of ot-ZA receptor expres 
sion or activity, Where the absence of analgesia in the control 
animal and the presence of analgesia in the corresponding 
animal having reduced levels of ot-ZA receptor expression or 
activity indicate that the ot-adrenergic agonist has excessive 
ot-ZA agonist activity, and Where the presence of analgesia 
in the control animal and the presence of analgesia in the 
corresponding animal having reduced levels of ot-ZA recep 
tor expression or activity indicate that the ot-adrenergic 
agonist is an effective agent that produces peripheral anal 
gesia Without concomitant sedation. In such a method of the 
invention, the control animal can be, for example, Wild type 
at both ot-ZA receptor loci. In one embodiment, the control 
animal is a Wild type animal such as a Wild type mouse. A 
variety of corresponding animals are useful in a screening 
method of the invention. In one embodiment, the invention 
is practiced With a corresponding animal having a homoZy 
gous point mutation at the ot-ZA receptor locus. In another 
embodiment, the invention is practiced With a corresponding 
animal having a point mutation Within the ot-ZA receptor 
coding sequence. Such a point mutation can occur, for 
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example, at a residue analogous to Asp79 and can be, for 
example, an Asp79 to Asn mutation. In a further embodi 
ment, the invention is practiced With a corresponding animal 
having a homoZygous ot-2A knockout mutation. It is under 
stood that a variety of methodologies can be used to assay 
for analgesia in the methods of the invention, including, but 
not limited to, assaying for analgesia folloWing sulprostone 
sensitiZation. 

[0020] If desired, a method of the invention for screening 
for effective agents that produce peripheral analgesia With 
out concomitant sedation can be practiced by (a) peripher 
ally administering an ot-adrenergic agonist to a control 
animal having at least Wild type levels of ot-2A and ot-2B 
receptor activity; (b) assaying for analgesia in the control 
animal; (c) peripherally administering to a corresponding 
animal having reduced levels of ot-2A receptor expression or 
activity an amount of the ot-adrenergic agonist similar or 
greater than the amount administered to the control animal; 
(d) assaying for analgesia in the corresponding animal 
having reduced levels of ot-2A receptor expression or activ 
ity; (e) peripherally administering the ot-adrenergic agonist 
to a corresponding animal having reduced levels of ot-2B 
receptor expression or activity; and assaying for analge 
sia in the corresponding animal having reduced levels of 
ot-2B receptor expression or activity, Where the absence of 
analgesia in the control animal and the presence of analgesia 
in the corresponding animal having reduced levels of ot-2A 
receptor expression or activity indicate that the ot-adrenergic 
agonist has excessive ot-ZA agonist activity, and Where the 
presence of analgesia in the control animal, the presence of 
analgesia in said corresponding animal having reduced 
levels of ot-2A receptor expression or activity, and the 
absence of analgesia in the corresponding animal having 
reduced levels of ot-2B receptor expression or activity 
indicate that the ot-adrenergic agonist is an effective agent 
that produces peripheral analgesia Without concomitant 
sedation. 

[0021] The present invention additionally provides a 
method of screening for effective agents that produce 
peripheral analgesia Without concomitant sedation by 
peripherally administering an ot-adrenergic agonist to a 
control animal having at least Wild type levels of ot-2B 
receptor activity; assaying for analgesia in the control ani 
mal; peripherally administering the ot-adrenergic agonist to 
a corresponding animal having reduced levels of ot-2B 
receptor expression or activity; and assaying for analgesia in 
the corresponding animal having reduced levels of ot-2B 
receptor expression or activity, Where the presence of anal 
gesia in the control animal and the absence of analgesia in 
the corresponding animal having reduced levels of ot-2B 
receptor expression or activity indicate that the ot-adrenergic 
agonist is an effective agent that produces peripheral anal 
gesia Without concomitant sedation. 

[0022] Such a method of the invention can be practiced 
With a variety of control animals, for example, a control 
animal Which is Wild type at both ot-2B receptor loci. In one 
embodiment, the control animal is a Wild type animal. In a 
further embodiment, the control animal is a Wild type 
mouse. Similarly, a variety of corresponding animals are 
useful in the screening methods of the invention, including 
corresponding animals Which have a heteroZygous ot-2B 
knockout mutation or a homoZygous ot-2B knockout muta 
tion. Analgesia can be assayed using any of a variety of 
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methodologies. In one embodiment, analgesia is assayed 
folloWing sulprostone sensitiZation. 

[0023] The present invention further provides a method 
for the long-term relief of chronic pain in a subject. The 
method is practiced by activating in the subject an analgesic 
ot-adrenergic receptor in the absence of ot-2A receptor 
activation over a period of at least three days, such that relief 
of chronic pain is maintained in the absence of continued 
receptor activation. In one embodiment, a method of the 
invention is practiced by administering to the subject a 
pharmaceutical composition containing an effective amount 
of an ot-adrenergic agonist With minimal ot-2A agonist 
activity over a period of at least three days, such that relief 
of chronic pain is maintained in the absence of signi?cant 
agonist levels in the subject. Relief of chronic pain can be 
maintained, for example, for at least three Weeks in the 
absence of signi?cant agonist levels in the subject. It is 
understood that the methods of the invention can be used for 
the long-term relief of any type of chronic pain. As non 
limiting examples, such a method can be used for the 
long-term relief of neuropathic pain; visceral pain; post 
operative pain; pain resulting from cancer or cancer treat 
ment; or in?ammatory pain. 

[0024] Long-term chronic pain relief can be achieved 
according to a method of the invention With any of a variety 
of ot-adrenergic agonists With minimal ot-2A agonist activity. 
Long-term chronic pain relief can be achieved, for example, 
using an ot-2B agonist With minimal ot-2A agonist activity. 
Exemplary ot-2B agonists With minimal ot-2A agonist activ 
ity include, Without limitation, thiones such as Compound 3 
or Compound 11, or pharmaceutically acceptable salts, 
esters, amides, sterioisomers or racemic mixtures thereof. In 
one embodiment, such a thione ot-2B agonist With minimal 
ot-2A agonist activity is the (—) enantiomer of Compound 3, 
or a pharmaceutically acceptable salt or ester thereof. Exem 
plary ot-2B agonists With minimal ot-2A agonist activity 
further include, Without limitation, imidaZolones such as 
Compound 4 or a pharmaceutically acceptable salt, ester, 
amide, sterioisomer or racemic mixture thereof. In one 
embodiment, such a imidaZolone ot-2B agonist With minimal 
ot-2A agonist activity is the (+) enantiomer of Compound 4, 
or a pharmaceutically acceptable salt or ester thereof. Exem 
plary ot-2B agonists With minimal ot-2A agonist activity also 
include, Without limitation, compounds such as Compound 
5, Compound 6, Compound 7, Compound 8 and Compound 
9, and pharmaceutically acceptable salts, esters, amides, 
sterioisomers and racemic mixtures thereof. An ot-adrener 
gic agonist With minimal ot-2A agonist activity can be 
administered by any of a variety of routes including, but not 
limited to, all routes of peripheral administration, for 
example, oral administration or administration via subcuta 
neous minipump. 

[0025] In a further embodiment, a method of the invention 
is practiced by administering to the subject a pharmaceutical 
composition containing an effective amount of an ot-adren 
ergic agonist and a pharmaceutical composition containing 
an effective amount of a selective ot-2A antagonist over a 
period of at least three days, such that relief of chronic pain 
is maintained in the absence of signi?cant agonist levels in 
the subject. Chronic pain relief can be maintained, for 
example, for at least three Weeks in the absence of signi? 
cant agonist levels in the subject. Avariety of ot-adrenergic 
agonists are useful in the invention including clonidine, 
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brimonidine, tiZanidine, dexemedetomidine, norepinephrine 
and other pan-ot-2 agonists and pan-ot-1 pan-ot-2 agonists as 
Well as Compound 1 or Compound 2, and pharmaceutically 
acceptable salts, esters, amides, sterioisomers and racemic 
mixtures thereof. Similarly, a variety of selective ot-2A 
antagonists are useful in long-term relief of chronic pain 
including, Without limitation, Compound 13 and pharma 
ceutically acceptable salts, esters, amides, sterioisomers and 
racemic mixtures thereof, and peripherally limited selective 
ot-2A antagonists. 
[0026] Various routes of administration can be useful for 
delivering pharmaceutical compositions for the long-term 
relief of chronic pain. Such routes of administration encom 
pass, but are not limited to, peripheral administration, for 
example, oral administration or administration via subcuta 
neous minipump. In one embodiment, the ot-adrenergic 
agonist and selective ot-2A antagonist both are administered 
peripherally. In other embodiments, the ot-adrenergic ago 
nist is administered orally or through a subcutaneous 
minipump, and the selective ot-2A antagonist is administered 
by any peripheral route. In still further embodiments, the 
selective ot-2A antagonist is administered orally or through 
a subcutaneous minipump and the ot-adrenergic agonist is 
administered by a peripheral route, including but not limited 
to, orally or via subcutaneous minipump. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 shoWs the results obtained With intrathecal 
(1 pg) or intraperitoneal (30 pig/kg) injection of Compound 
1 into sulprostone-sensitiZed Wild type or ot-2A knockout 
animals. Pain sensitivity to light touch Was scored as 
described beloW. (A) Intrathecal injection into Wild type 
mice. (B) Intrathecal injection into ot-2A knockout mice. (C) 
Intraperitoneal injection into Wild type mice. (D) Intraperi 
toneal injection into ot-2A knockout mice. Asterisks indicate 
a signi?cant result With a p value <0.05. 

[0028] FIG. 2 shoWs-the results obtained With intraperi 
toneal injection of Compound 2 into sulprostone-sensitiZed 
Wild type and ot-2A knockout mice. (A) Intraperitoneal 
injection of 100 pig/kg Compound 2 into Wild type mice. (B) 
Intraperitoneal injection of 100 pig/kg Compound 2 into 
ot-2A knockout mice. Asterisks indicate a signi?cant result 
With a p value <0.05. 

[0029] FIG. 3 shoWs that a peripheral ot-2 receptor medi 
ates analgesia in ot-2A knockout mice. Para-amino clonidine 
(PAC) at 100 pig/kg, alone or in combination With rauWols 
cine (Rau) at 0.3 pig/kg, Was administered to sulprostone 
sensitiZed ot-2A knockout mice by intraperitoneal injection. 
Asterisks indicate a signi?cant result With a p value <0.05. 

[0030] FIGS. 4A and 4B shoW that ot-adrenergic agonists 
can be effective peripheral analgesic agents in Wild type 
animals When ot-2A receptor activation is blocked. Percent 
age allodynia reversal is shoWn for each set of animals. (A) 
Chung model rats Were intraperitoneally administered 30 
pig/kg clonidine, 0.3 pig/kg Compound 13, or both. (B) 
Chung model rats Were intraperitoneally administered 100 
pig/kg Compound 2, 0.3 pig/kg Compound 13, or both. 
Asterisks indicate a signi?cant result With a p value <0.05. 

[0031] FIGS. 4C and 4D compare the sedative and 
peripheral analgesic pro?les of clonidine and Compound 3. 
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(C) Total activity counts and percentage of allodynia rever 
sal for intraperitoneally administered clonidine. (D) Total 
activity counts and percentage of allodynia reversal for 
intraperitoneally administered Compound 3. The total num 
ber of activity counts for vehicle-treated animals Was 
approximately 2500. Asterisks indicate a signi?cant result 
With a p value <0.05. 

[0032] FIG. 5 shoWs that analgesic activity of an ot-adr 
energic agonist With minimal ot-2A agonist activity contin 
ues in the absence of plasma drug levels. (A) Chung model 
rats Were administered Compound 8, Compound 9, brimoni 
dine, para-amino-clonidine or vehicle for seven days via 
osmotic minipump at the indicated concentrations. The 
percentage allodynia reversal Was measured over the course 
of 15 days from the time of osmotic minipump implantation. 
The results obtained With Compounds 8 and 9 Were signi? 
cant With a p value of <0.05. (B) Chung model rats Were 
administered 0.1 mg/hr/kg drug Compound 8 for seven days 
via osmotic minipump. The plasma concentration (ng/ml) of 
Compound 8 and the percentage of allodynia reversal (% 
MPE) at the same time point Were measured on the indicated 
days folloWing pump implantation. 

[0033] FIG. 6 shoWs that reversal of allodynia does not 
require ongoing receptor activation after several days dosing 
With Compound 8. The percentage of allodynia reversal in 
Chung model rats is indicated at various days after initiation 
of Compound 8 drug treatment. (A) Treatment With 0.1 
mg/hr/kg Compound 8 via osmotic minipump for seven 
days. On days 3 and 4, measurements Were made prior to 
and 0.30 minutes folloWing a 0.3 pig/kg intraperitoneal dose 
of rauWolscine (B) Treatment With 0.3 mg/kg Com 
pound 8 by oral dosing three times a day for three days. 
Measurements Were made after or prior to the ?rst dose of 
the day as indicated. Measurements continued for 11 days 
after dosing Was completed. Asterisks indicate a signi?cant 
result With a p value <0.05. 

[0034] FIG. 7A shoWs that pan-ot-2 agonists can produce 
long-term pain relief When combined With a selective ot-2A 
antagonist. Drugs Were administered for ?ve days via 
osmotic minipump at the folloWing doses: brimonidine (42 
pg/kg/hr); Compound 1 (0.1 mg/kg/hr); and Compound 13 
(8 pg/kg/hr). Each compound and vehicle Was administered 
alone; brimonidine and Compound 1 also Were administered 
together With Compound 13. The percentage allodynia 
reversal Was determined at various days from the start of 
dosing. The results obtained after day 5 With the combina 
tion of brimonidine and Compound 13 or Compound 1 and 
Compound 13 Were signi?cant With a p value <0.05. FIG. 
7B shoWs that Compound 8 produces long-term pain relief 
of cold allodynia in the Bennett model. Animals Were treated 
for four days With 0.1 mg/hr/kg Compound 8 or saline by 
osmotic minipump, Which Was removed on day 4. PaW 
WithdraWal duration over a ?ve minute period (in seconds) 
is shoWn on the indicated days folloWing initiation of drug 
treatment. 

[0035] FIG. 8 shoWs that Compound 8 produces long 
term pain relief in a rat model of irritable boWel syndrome. 
Rats Were treated for seven days by osmotic minipump; the 
abdominal WithdraWal re?ex to a series of colorectal dis 
























































