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METHODS FOR TREATMENT OF HEADACHES 
BY ADMINISTRATION OF OXYTOCIN 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The application is related to and claims the bene?t 
of US. Provisional Patent Application Ser. No. 60/711,950, 
?led Aug. 26, 2005 and US. Provisional Patent Application 
Ser. No. 60/794,004, ?led Apr. 21, 2006, the entire contents 
of Which are hereby incorporated by reference herein in their 
entirety. 

TECHNICAL FIELD 

[0002] The present invention relates generally to methods 
and compositions for the treatment of headache and head 
ache or head pain disorders. More speci?cally, the present 
invention relates to methods for the treatment or prevention 
of primary or secondary headaches by administration of 
oxytocin. In particular, the present invention relates to 
methods for the treatment or prevention of migraine, cluster, 
tension headaches or trigeminal neuralgia by administration 
of oxytocin or pharmaceutical compositions comprising 
oxytocin to individuals in need of treatment. 

BACKGROUND OF THE INVENTION 

[0003] Although the epidemiology of headache disorders 
is only partly documented, taken together, headache disor 
ders are extraordinarily common. It has been estimated that 
WorldWide approximately 240 million people have migraine 
attacks each year. The National Headache Foundation states 
that more than 29.5 million Americans suffer from migraine 
headaches, With Women being affected three times more 
often than men. In addition, in developed countries, tension 
type or “stress” headaches are estimated to affect tWo-thirds 
of all adult males and over 80% of adult females. Less Well 
knoWn is the prevalence of chronic daily headaches although 
the World Health Organization (WHO) estimates that one 
adult in 20 has a headache every or nearly every day. 
Trigeminal neuralgia is not a common disorder but the pain 
associated With trigeminal neuralgia attacks has been 
described as among the most severe knoWn to mankind. 

[0004] Not only are headaches painful, but headache dis 
orders can be disabling to al?icted individuals. WorldWide, 
according to the WHO, When analyZing all causes for “years 
lived With disability” migraine headaches Were rated 19th on 
the list. Headache disorders may impose substantial hard 
ships and burdens on the al?icted individuals including 
personal suffering, impaired quality of life and high ?nancial 
cost. Repeated headache attacks, and often the constant fear 
of the next one, can damage an individual’s family life, 
social life and their productivity at their place of employ 
ment. For example, it is estimated that social activity and 
Work capacity are reduced in almost all migraine sufferers 
and in 60% of tension headache sufferers. Finally, the 
long-term effort of coping With a chronic headache disorder 
may also predispose an individual to other illnesses. For 
example, depression is three times more common in people 
With migraine or severe headaches than in healthy individu 
als. 

[0005] A Wide range of headache types have been classi 
?ed by the International Headache Society and among them 
are primary types including vascular, trigemino-autonomic 
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and tension headaches and secondary types including head 
aches resulting from infection, trauma and non-vascular, 
intracranial disorders. 

[0006] Vascular headaches refer to a group of headache 
conditions in Which events at the interface betWeen 
meningeal blood vessels and afferent nerve ?bers are critical 
major components in the production of pain. Afferent noci 
ceptive nerve ?bers innervating meningeal blood vessels 
become activated in response to in?ammatory and related 
events at the peri-vascular sheet causing a throbbing or 
pulsating type of pain. The most common type of vascular 
headache is migraine. Current pathophysiological evidence 
suggests that the trigemino-vascular system plays a pivotal 
role in the genesis of migraine headache. Migraine headache 
characteristics include unilateral (60%) or bilateral head 
pain, pain With a pulsating or throbbing quality, moderate to 
severe pain, pain associated With nausea or vomiting, sen 
sitivity to light and sound, attacks that last four to 72 hours 
(sometimes longer) and visual disturbances or aura. Physical 
exertion often makes a migraine headache Worse and Women 
are more likely than men to have migraine headaches. 
Approximately one to tWo-?fths of migraine sufferers expe 
rience an aura, a sensory phenomena including visual dis 
turbances that precede the onset of migraine headache. It is 
noW believed that the aura is due to transient changes in the 
activity of speci?c nerve cells. 

[0007] Another type of primary vascular headache is 
“cluster” headache, Which is diagnosed by a Well character 
iZed clinical presentation. Although the syndrome is Well 
de?ned from a clinical point of vieW, the causes are not Well 
understood. The pathophysiology is believed to be associ 
ated With the trigemino-autonomic system. The periods 
during Which cluster headache is experienced can last sev 
eral Weeks or months and then disappear completely for 
months or years leaving pain-free intervals betWeen head 
ache series. Cluster headache is characterized by frequent 
attacks of short lasting (15-180 minutes), severe, uniform, 
unilateral head pain associated With autonomic symptoms 
(eg lacrimation and nasal congestion). Pain can occur on 
the opposite side When a neW series starts, pain may be 
localiZed behind the eye or in the eye region and may radiate 
to the forehead, temple, nose, cheek or upper gum on the 
affected side. Pain is generally extremely intense and severe 
and often described as a burning, boring, stabbing or pierc 
ing sensation. The headaches occur regularly, generally at 
the same time each day. Many individuals get one to four 
headaches per a day during a cluster period. Cluster head 
ache is less common than migraine or tension headache and 
its cause is unknoWn. In contrast to migraine headaches, 
cluster headaches occur more in men than Women and 

individuals suffering from these attacks may be very restless. 

[0008] Tension headache, often referred to as “stress” 
headache, is a non-speci?c type of primary headache, Which 
is of non-vascular origin and rarely is related to an organic 
disease. The pathophysiology of tension headaches is 
thought to involve the myo-facial system. For example, 
tension headache may be caused by the tightening of facial 
and neck muscles, clenching or grinding of teeth and/or poor 
posture. Tension headaches can be episodic and chronic in 
course, and typically are of mild to moderate intensity. 
Verbal descriptor used to characteriZe tension headache 
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include pressing, dull aching and/or non-pulsating. Tension 
head pain is typically bilateral, and is not aggravated by 
physical activity. 
[0009] Trigeminal neuralgia, also called “tic duloreaux” is 
a condition that affects the trigeminal nerves and results in 
severe facial and head pain. Trigeminal neuralgia most 
commonly is diagnosed in patients over age 50, is slightly 
more common in Women and has an incidence of approxi 

mately 4-5 per 100,000 persons. Trigeminal neuralgia is 
characterized by sudden severe, sharp facial pain, Which 
usually starts Without Warning. The quick bursts of pain are 
described as “lightening bolt-like”, “machine gun-like” or 
“electric shock-like”. The pain is generally on one side of the 
face and is spasmodic, coming in short bursts lasting a feW 
seconds Which may repeat many times over the course of a 
day. Trigeminal neuralgia can involve one or more branches 
of the trigeminal nerve and the causes are not Well charac 
teriZed. 

Current Treatments 

[0010] There are numerous treatment strategies for 
migraine and associated symptoms (eg nausea). HoWever, 
to date, there is no single treatment strategy (including 
prevention or prophylaxis) that successfully alleviates 
migraine in a majority of patients. Additionally, treatment 
that has proven effective in one particular migraine su?cerer 
may only be partially or intermittently effective. The current 
standard of care for migraine focuses on three major areas: 
1) acute or abortive treatment; 2) treatment to relieve spe 
ci?c symptoms; and 3) preventive treatment. 
[0011] Abortive treatment is alWays indicated because of 
the disabling nature of migraine attacks. Sumitriptan and 
related 5-hydroxytryptamine (5-HT-1, serotonin) receptor 
agonists (triptans) are often considered the therapy of choice 
for migraine headache. To shoW optimal effectiveness, these 
agents generally have to be given early in the onset of pain. 
Serotonin receptor agonists are effective in up to 70% of 
patients and generally have feW side effects When used 
sporadically. The number of patients bene?ting from treat 
ment With triptans may decrease to less than 50% during 
long-term therapy. Despite being effective, serotonin recep 
tor agonists often only partially attenuate migraine head 
ache. Rebound pain frequently occurs during the time period 
during Which the drug levels are falling. Furthermore, side 
effects may arise including diZZiness, heaviness or pressure 
on the chest and arms, shortness of breath, and sometimes 
chest pain Which limit their clinical utility. Triptans are 
contra-indicated for patients With coronary artery disease. 
Other members of this class of drugs include, but are not 
limited to, sumatriptan, Zolmitriptan, naratriptan, riZatriptan 
and elitriptan. Other classes of drugs that are used to treat 
migraine include the nonsteroidal anti-in?ammatory drugs 
(NSAIDs), ergotamines and on occasion, neuroleptic drugs 
such as compaZine. NSAIDS are as effective as triptans in 
alleviating migraine headache When given at the onset of 
mild migraine headache. Ergotamines, although commonly 
prescribed, are less effective than triptans and NSAIDS. 
Opioids such as codeine and butorphanol are not a ?rst 
choice for the treatment of migraine because of their limited 
effectiveness, associated side effects including sedation and 
respiratory depression and the potential for dependence and 
abuse. 

[0012] Preventive treatment strategies are considered 
Whenever migraine attacks have occurred several times in a 
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month or are very severe and do not respond Well to abortive 
medication. The folloWing classes of drugs are used for 
preventing migraine: beta-blockers (e.g. propranolol, meto 
prolol, atenolol), calcium channel blockers, NSAlDs, anti 
depressants, anti-convulsant drugs (eg divalproex sodium, 
topiramate) and methysergide (no longer available in the 
United States). Another avenue for preventive treatment is 
educating the migraine patient to recogniZe and avoid 
migraine triggers Which may help to reduce the frequency of 
attacks. Common migraine triggers include, but are not 
limited to, Weather changes, bright lights, strong odors, 
stress and foods. 

[0013] In a signi?cant number of patients abortive and 
preventive treatments for migraine headache are often either 
ineffective, only partially effective or associated With sig 
ni?cant side effects including hypotension, tiredness, 
increased Weight, breathlessness, diZZiness, heaviness or 
pressure on the chest and arms, shortness of breath, chest 
pain, nausea, muscle cramps, or peripheral vasoconstriction. 

[0014] Treatment strategies for cluster headache are clas 
si?ed as abortive or preventive. Abortive treatments are 
directed at stopping or reducing the severity of an attack, 
While preventive treatments are used to reduce the frequency 
and intensity of individual headache bouts. Abortive treat 
ment strategies of cluster headache are quite successful 
When drugs can be injected. Drug classes used for injection 
include the 5HT1-agonists (e.g. sumatriptan) and the ergota 
mines. Alternatively, inhalation of 100% oxygen or an 
occipital nerve block have proven effective. HoWever, all 
these treatment strategies require a visit to a doctor’s o?ice 
or to an emergency room. 

[0015] Because of the short-lived nature of cluster head 
aches, preventive therapy is the cornerstone for individuals 
Who have frequent attacks Which severely affect their quality 
of life. Preventive therapy is initiated at the start of a cluster 
headache cycle and continues until the person is free of 
headaches for at least 2 Weeks. The dosage of the preventive 
drug is then sloWly tapered olfWhich helps prevent relapsing 
headaches. Drug classes used preventively include beta 
blockers, tricyclic antidepressants, anti-convulsants (e.g., 
divalproex sodium, topiramate), calcium channel blockers 
(e.g., verapamil), cyproheptadine, and NSAlDs (e.g. 
naproxen). Unlike drugs that ablate cluster headache (abor 
tive drugs), most of the drugs used to prevent cluster 
headache have been developed for other clinical conditions 
and unfortunately, their effectiveness in prevention is lim 
ited. 

[0016] Treatment for tension headache usually consists of 
nonprescription painkillers such as aspirin, acetaminophen, 
NSAlDs or combinations of these agents With caffeine or 
sedating medications. When severe muscle contraction is 
present and/ or the tension headache becomes chronic, more 
poWerful prescription drugs may be needed to achieve relief. 
Tricyclic anti-depressants including amitriptyline HCl, dox 
epin HCl and nortriptyline HCl are commonly used. HoW 
ever these drugs have signi?cant side effects including 
sedation, Weight gain, dry mouth and constipation. 

[0017] The ?rst line treatment of trigeminal neuralgia is 
pharmacological in nature and is based on the use of 
antiepileptic agents including gabapentin, baclofen, clon 
aZepam, lamotrigine, oXcarbaZepine, toprimate and carbam 
aZepine. About 50% of patients initially respond to treatment 
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With a single agent and about 70% respond to treatment With 
tWo agents. However, a signi?cant portion of patients 
(>50%) eventually becomes refractory to drug treatment and 
adding of a third agent or an analgesic drug (opioid or a 
non-steroidal anti-in?ammatory agent) does not improve 
therapeutic success. Therapy With antiepileptic agents is also 
associated With side effects, most prominently diZZiness, 
droWsiness, and ataxia. Many antiepileptic agents have the 
potential to cause rare but serious reactions. 

[0018] Considering surgical interventions is the next 
appropriate step in patients Who are refractory to pharma 
cological interventions. Surgical techniques include radio 
frequency ablation of the trigeminal ganglion, micro-vascu 
lar decompression of the trigeminal root and gamma-knife 
radiation to the trigeminal root. The success rate of surgical 
techniques is initially quite high (80-90%) While the longer 
term success is closer to 50%. Speci?c side effects of these 
surgical interventions are sensory loss (numbness) and/or 
dysesthesia (e.g. analgesia dolorosa) in the distribution of 
the trigeminal nerve. Micro-vascular decompression in par 
ticular can be complicated by the occurrence of meningitis, 
cerebrospinal ?uid leaks, or cranial nerve de?cits. This 
procedure requires a craniotomy and the published mortality 
rate for this procedure is signi?cant at 02-12%. 

[0019] It is clear that migraine, cluster and tension head 
aches as Well as trigeminal neuralgia can be debilitating to 
individuals and signi?cantly impair their quality of life. To 
date, there does not appear to be a class of drugs or a 
treatment regimen that is effective for a majority of patients 
suffering from primary or secondary headaches or suffering 
from trigeminal neuralgia. Therefore, there is still a great 
need for novel and more effective therapies preventing or 
alleviating head pain of any origin. 

BRIEF SUMMARY OF THE INVENTION 

[0020] Provided herein are methods for the treatment of 
headache or trigeminal neuralgia comprising administering 
to an individual an effective amount of an oxytocin peptide. 
Some aspects of the invention include methods Wherein the 
oxytocin peptide is administered in combination With at least 
one additional analgesic agent. Some aspects of the inven 
tion include methods Wherein the administration results 
predominantly in analgesia to the facial or head region, as 
compared to analgesic effects in other parts of the body, and 
in alleviation of the headache pain. Some aspects of the 
invention include methods Wherein the headache pain is a 
result of a primary headache or a secondary headache. In 
some examples the primary headache is a vascular headache 
or a tension-type headache. In some examples the vascular 
headache is a migraine or a cluster type headache. In some 
examples the secondary headache results from an infection, 
ingestion of toxin, or over-consumption of alcohol. Other 
aspects of the invention include methods Wherein the head 
pain is a result of trigeminal neuralgia. 

[0021] Provided herein are methods for the treatment of 
headache or trigeminal neuralgia pain in an individual, 
comprising administering to the individual an effective 
amount of an oxytocin peptide. In some aspects of the 
invention, the oxytocin peptide is administered via mucosal 
administration. In some examples the oxytocin peptide is 
administered intranasally. In other examples the oxytocin 
peptide is administered via buccal or sublingual administra 
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tion. In other examples the oxytocin peptide is administered 
to conjunctiva or other mucosal tissues around the eye. In 
some aspects of the invention, the oxytocin peptide is 
administered via transdermal administration. In some 
examples the oxytocin peptide is administered to the skin or 
dermal surface. In other examples the oxytocin peptide is 
administered to the skin by intradermal or subcutaneous 
injection. In some examples the oxytocin peptide is targeted 
to the trigeminal nerve system and results predominantly in 
analgesia to the facial or head region. 

[0022] Some aspects of the invention include methods for 
prevention of headache pain or trigeminal neuralgia com 
prising administering to an individual in need thereof an 
effective dose of an oxytocin peptide. In some aspects of the 
present invention, the methods comprise prophylactic treat 
ment for migraine-associated pain comprising administering 
an oxytocin peptide to an individual experiencing a 
migraine-associated aura prior to onset of a migraine head 
ache. In some aspects of the present invention, the methods 
comprise prophylactic treatment for cluster headache pain 
comprising administering an oxytocin peptide to an indi 
vidual after a cluster series has started but prior to successive 
headaches in the cluster series. In some aspects of the 
present invention, the methods comprise prophylactic treat 
ment for trigeminal neuralgia pain comprising administering 
an oxytocin peptide to an individual after a trigeminal 
neuralgia attack but prior to successive attacks. 

[0023] Some aspects of the invention include methods 
Wherein an oxytocin peptide is administered as a pharma 
ceutical composition. Accordingly, provided herein are 
methods for treatment and/ or prevention of headache pain or 
trigeminal neuralgia in an individual, comprising: adminis 
tering to the individual an effective amount of a pharma 
ceutical composition comprising an oxytocin peptide 
Wherein the oxytocin peptide is administered via intravenous 
injection, subcutaneous injection, mucosal or transdermal 
administration. Some aspects of the invention include meth 
ods Wherein the pharmaceutical composition further com 
prises at least one additional analgesic agent. Some aspects 
of the invention include methods Wherein the pharmaceuti 
cal composition is administered in a formulation selected 
from a group comprising a poWder, a liquid, a gel, a ?lm, an 
ointment, a suspension, a cream or a bioadhesive. Some 
aspects of the invention include methods Wherein the phar 
maceutical composition further comprises a protease inhibi 
tor, an absorption enhancer, a vasoconstrictor or combina 
tions thereof. In some examples, the protease inhibitor is 
selected from a group comprising antipain, arphamenine A 
and B, benZamidine HCl, AEBSF, CA-074, calpain inhibitor 
I and II, calpeptin, pepstatin A, actinonin, amastatin, besta 
tin, chloroacetyl-HOLeu-Ala-Gly-NH2, DAPT, diprotin A 
and B, ebelactone A and B, foroxymithine, leupeptin, pep 
statin A, phosphoramidon, aprotinin, BBI, soybean trypsin 
inhibitor, phenylmethylsulfonyl ?uoride, E-64, chymostatin, 
1,10-phenanthroline, EDTA and EGTA. In some examples 
the absorption enhancer is selected from a group comprising 
surfactants, bile salts and analogues thereof (eg sodium 
taurodihydrofusidate), bioadhesive agents, phospholipid 
additives, mixed micelles, liposomes, or carriers, alcohols, 
enamines, cationic polymers, NO donor compounds, long 
chain amphipathic molecules, small hydrophobic penetra 
tion enhancers; sodium or a salicylic acid derivatives, glyc 
erol esters of acetoacetic acid, cyclodextrin or beta 
cyclodextrin derivatives, medium-chain fatty acids, 
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chelating agents, amino acids or salts thereof, N-acety 
lamino acids or salts thereof, mucolytic agents, enzymes 
speci?cally targeted to a selected membrane component, 
inhibitors of fatty acid synthesis and inhibitors of cholesterol 
synthesis. 
[0024] Provided herein are methods for treatment and/or 
prevention of headache pain or trigeminal neuralgia in an 
individual comprising administering to the individual i) an 
effective amount of a pharmaceutical composition compris 
ing an oxytocin peptide and ii) a vasoconstrictor. Generally, 
administration of the vasoconstrictor reduces systemic dis 
tribution of the oxytocin peptide. In some examples the 
vasoconstrictor is selected from the group comprising phe 
nylephrine hydrochloride, tetrahydroZoline hydrochloride, 
naphaZoline nitrate, oxymetaZoline hydrochloride, tramaZo 
line hydrochloride, ergotamine, dihydroergotamine, endot 
helin-l, endothelin-2, epinephrine, norepinephrine and 
angiotensin. In some examples the vasoconstrictor is admin 
istered prior to the administration of the pharmaceutical 
composition. In other examples the vasoconstrictor is co 
administered With the pharmaceutical composition. In some 
examples administration of the vasoconstrictor results in a 
decreased effective dosage requirement of the oxytocin 
peptide. In other examples the pharmaceutical composition 
further comprises at least one additional analgesic agent. 

[0025] Provided herein are methods for treatment and/or 
prevention of headache pain or trigeminal neuralgia in an 
individual comprising administering to the individual an 
effective amount of a pharmaceutical composition compris 
ing an oxytocin peptide. In some examples, the oxytocin 
peptide is administered via buccal or sublingual administra 
tion. In other examples, the pharmaceutical composition is 
administered by intranasal administration. In some 
examples, the pharmaceutical composition is administered 
by intranasal administration to the nasal cavity. In one 
example the intranasal administration is directed to the 
inferior tWo-thirds of the nasal cavity. In another example 
the administration is directed to the inferior region of the 
nasal cavity, thus directing it aWay from the nasal mucosal 
region innervated by the olfactory nerve. In some examples 
the pharmaceutical composition is administered by trans 
dermal, intradermal or subcutaneous administration to the 
skin or dermal surface. 

[0026] Provided herein are methods for treatment and/or 
prevention of headache pain or trigeminal neuralgia in an 
individual comprising administering to the individual an 
effective amount of an oxytocin peptide or a pharmaceutical 
composition comprising an oxytocin peptide in combination 
With an additional active agent. In some examples the 
pharmaceutical composition further comprises at least one 
additional active agent. In other examples the pharmaceu 
tical composition further comprises at least tWo additional 
active agents. In some examples the additional active agent 
is selected from the group consisting of non-peptide opioids, 
opioid and opioid-like peptides and their analogs, NMDA 
receptor antagonists, sodium channel blockers, calcium 
channel blockers, adrenergic antagonists, gabaergic ago 
nists, glycine agonists, cholinergic agonists, adrenergic ago 
nists, such as epinephrine, anticonvulsants, Rho kinase 
inhibitors, PKC inhibitors, p38-MAP kinase inhibitors, ATP 
receptor blockers, endothelin receptor blockers, pro-in?am 
matory cytokine blockers, pro-in?ammatory chemokine 
blockers, pro-in?ammatory interleukin blockers and tumor 
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necrosis factor blockers, anti-in?ammatory cytokines, tricy 
clic antidepressants, serotonergic antagonists, serotonergic 
agonists, NSAIDs and COXIBs, acetaminophen; analgesic 
peptides, toxins, TRP channel agonists and antagonists, 
cannabanoids, antagonists of pro-nociceptive peptide neu 
rotransmitter receptors CGRPl and CGRP2, antagonists of 
pro-nociceptive peptide neurotransmitter receptor NKl, 
antagonists of pro-nociceptive peptide neurotransmitter 
receptor NK2, antagonists of pro-nociceptive peptide neu 
rotransmitter receptor Y1-5, antagonists of pro-nociceptive 
peptide neurotransmitter receptors VPAC2, VPACl and 
PAC1, antagonists of pro-nociceptive peptide neurotrans 
mitter receptor receptors Gall-3 and GalR1-3, agonists or 
antagonists of vasopressin,corticotropin releasing hormone 
(CRH), groWth hormone releasing hormone (GHRH), 
luteiniZing hormone releasing hormone (LHRH), somatosta 
tin groWth hormone release inhibiting hormone, thyrotropin 
releasing hormone (TRH), glial-derived neurotrophic factor 
(GDNF), brain-derived neurotrophic factor (BDNF), nerve 
groWth factor (NGF), neurotrophin-3 (NT-3), pancreatic 
polypeptide, peptide tyrosine-tyrosine, glucogen-like pep 
tide-l (GLP-l), peptide histidine isoleucine (PHI), pituitary 
adenylate cyclase activating peptide (PACAP), brain natri 
uretic peptide, cholecystokinin (CCK), islet amyloid 
polypeptide (IAPP) or amylin, melanin concentrating hor 
mone (MCH), melanocortins (ACTH, ot-MSH and others), 
neuropeptide FF (F8Fa), neurotensin, parathyroid hormone 
related protein, calcitonin, Agouti gene-related protein 
(AGRP), cocaine and amphetamine regulated transcript 
(CART)/peptide, 5-HT-moduline, hypocretins/orexins, noci 
ceptin/orphanin FQ, ocistatin, prolactin releasing peptide, 
secretoneurin, urocortin and derivatives and analogues 
thereof. In some examples the additional active agent is 
diclofenac. 

[0027] Provided herein are methods for treatment and/or 
prevention of headache pain or trigeminal neuralgia in an 
individual comprising administering to the individual an 
effective amount of an oxytocin peptide or a pharmaceutical 
composition comprising an oxytocin peptide. In some 
examples, administration of an oxytocin peptide or a com 
position comprising an oxytocin peptide results in reduction 
of a pain rating on the VAS of 30% or more. In other 
examples, administration of an oxytocin peptide or a com 
position comprising an oxytocin peptide results in reduction 
of a pain rating on the VAS of 50% or more. 

[0028] Provided are kits for carrying out any of the 
methods described herein. Kits are provided for use in 
treatment and/or prevention of headache pain and headache 
disorders. Kits of the invention comprise an oxytocin pep 
tide in suitable packaging. Some kits may further comprise 
at least one additional analgesic agent. Some kits may 
further comprise a vasoconstrictor, at least one protease 
inhibitor, and/ or at least one absorption enhancer. Some kits 
may further comprise a delivery device, including but not 
limited to, a device for intranasal administration. The kits 
may further comprise instructions providing information to 
the user and/or health care provider for carrying out any of 
the methods described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 depicts data demonstrating WithdraWal 
latencies after noxious thermal stimulation to the ears or 
hindpaWs in a rat model after intranasal administration of 
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oxytocin. Rats Were intranasally administered 10 pg oxyto 
cin and WithdraWal latencies Were tested. Each data point 
represents the average, across 8 animals, of latencies in 
response to stimulation at a particular time after the begin 
ning of the test. The circles represent the WithdraWal laten 
cies after thermal stimulation to the ear in control rats treated 
With saline. The squares represent the WithdraWal latencies 
after thermal stimulation to the ear in rats treated With 10 pg 
oxytocin. The triangles represent the WithdraWal latencies 
after thermal stimulation to the hindpaW in the treated rats. 

[0030] FIG. 2 depicts the effect of intranasal administra 
tion of oxytocin on trigeminal nerve impulses in response to 
noxious laser pulses to the face in a rat model. Data 
demonstrating average nerve impulses after noxious laser 
pulses to the face pre- and post-treatment are shoWn. 

[0031] FIGS. 3A-3D depict the effect of intranasal admin 
istration of oxytocin on electrical stimulus-induced 
responses of trigeminal nucleus caudalis Wide dynamic 
range neurons. FIG. 3A shoWs responses (action potentials 
per 30 stimuli) to repeated stimulation of a rat’s face before 
and after oxytocin administration. FIG. 3B shoWs the 
approximate site (black spot) of administration on the rat’s 
face of the electrical administration. FIG. 3C shoWs raW data 
recorded during electrical stimulation before oxytocin 
administration. FIG. 3D shoWs raW data recorded during 
electrical stimulation 30 minutes after intranasal oxytocin 
administration. 

DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

[0032] As used herein, unless otherWise speci?ed, the term 
“treatment” or “treating pain” refers to administration to an 
individual of an agent of interest Wherein the agent alleviates 
or prevents a pathology for Which the individual is being 
treated. “Treatment for headache pain”, “treatment of head 
ache” or “treatment of head pain” refers to the alleviation or 
prevention of pain associated With headache disorders and 
trigeminal neuralgia. 

[0033] As used herein, unless otherWise speci?ed, the term 
“prevention”, “prophylaxis” or “preventing pain” refers to 
administration to an individual of an agent of interest 
Wherein the agent alleviates or prevents a pathology for 
Which the individual is being treated. “Prevention of head 
ache pain”, “prevention of headache” or “prevention of head 
pain” refers to the alleviation or prevention of pain associ 
ated With headache disorders and trigeminal neuralgia. 

[0034] As used herein, “central nervous system” or “CNS” 
refers to that part of the nervous system that is embedded in 
cerebrospinal ?uid (CSF) including the brain, the spinal cord 
and proximal aspects of peripheral nerves entering the space 
embedded in CSF. The CNS is one of the tWo major 
divisions of the nervous system. The other is the peripheral 
nervous system Which is outside of the brain and spinal cord 
and includes the peripheral portions of the cranial nerves-of 
Which the trigeminal nerve is a member. 

[0035] Although analgesia in the strictest sense is an 
absence of pain, as used herein, “analgesia” refers to reduc 
tion in the intensity of the pain perceived by an individual 
Without causing general numbness. 
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[0036] As used herein, “analgesia agent”, “analgesic 
agent” or “analgesic” refers to any biomolecule, drug or 
active agent that alleviates or prevents pain. 

[0037] As used herein, “oxytocin” or “oxytocin peptide” 
refers to a substance having biological activity associated 
With natural oxytocin. Oxytocin or oxytocin peptide can be 
a naturally occurring endogenous peptide, fragments, ana 
logues or derivatives thereof. Oxytocin or oxytocin peptide 
can also be a non-endogenous peptide, fragments, analogues 
or derivatives thereof. 

[0038] As used herein, “analogues and derivatives” refers 
to any peptide analogous to naturally occurring oxytocin 
Wherein one or more amino acids Within the peptide have 
been substituted, deleted, or inserted. The term also refers to 
any peptide Wherein one or more amino acids have been 
modi?ed, for example by chemical modi?cation. In general, 
the term covers all peptides Which exhibit oxytocin activity 
but Which may, if desired, have a different potency or 
pharmacological pro?le. 

[0039] As used herein, “migraine” includes migraine 
headache, migraine Without aura, migraine With aura, and 
migraine With aura but Without headache. 

[0040] As used herein, “cluster headache” includes cluster 
headache, cluster-type headache, histamine headache, his 
tamine cephalalgia, Raedar’s syndrome, and sphenopalatine 
neuralgia. 

[0041] As used herein, “tension headache” includes ten 
sion headache, tension-type headache, muscle contraction 
headache and stress headache. 

[0042] As used herein, “headache disorder” includes 
migraine, tension headache, cluster headache, trigeminal 
neuralgia, secondary headaches, and miscellaneous-type 
headache. 

[0043] As used herein, “pain” includes acute pain, chronic 
pain and episodic pain. 

[0044] As used herein “systemic side effects” include, but 
are not limited to, cardiovascular including peripheral 
vasodilation, reduced peripheral resistance, and inhibition of 
baroreceptors; dermatologic including pruritus (itching), 
?ushing and red eyes; gastrointestinal including nausea and 
vomiting, decreased gastric motility in stomach, decreased 
biliary, pancreatic and intestinal secretions and delays in 
food digestion in small intestine, diminished peristaltic 
Waves in large intestine contributing to constipation, epi 
gastric distress or biliary colic in biliary tract; respiratory 
including depressed respiratory rate; and urinary including 
urinary urgency and dif?culty With urination, and peripheral 
limb heaviness. 

[0045] As used herein, “central nervous system effects” or 
“CNS effects” include, but are not limited to, narcosis, 
euphoria, droWsiness, apathy, psychotic ideation, mental 
confusion, alteration in mood, reduction in body tempera 
ture, feelings of relaxation, dysphoria (an emotional state 
characterized by anxiety, depression, or unease), nausea and 
vomiting (caused by direct stimulation of chemoreceptors in 
the medulla). 

[0046] As used herein, “mucosal administration” or 
“administered transmucosally” refers to delivery to the 
mucosal surfaces of the nose, nasal passageWays, nasal 
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cavity; the mucosal surfaces of the oral cavity including the 
gingiva (gums), the ?oor of the oral cavity, the cheeks, the 
lips, the tongue, the teeth; and the mucosal surfaces of or 
around the eye including the conjunctiva, the lacrimal gland, 
the nasolacrimal ducts, the mucosa of the upper or loWer 
eyelid and the eye. 

[0047] As used herein, “intranasal administration” or 
“administered intranasally” refers to delivery to the nose, 
nasal passageWays or nasal cavity by spray, drops, poWder, 
gel, ?lm, inhalant or other means. 

[0048] The nasal cavity contains turbinate bones Which 
protrude into the nasal cavity and generally separate it into 
three regions. As used herein, the “inferior region of the 
nasal cavity” refers to the portion of the nasal cavity Where 
the middle and inferior turbinate bones protrude and is a 
region of the nasal cavity that is innervated by the trigeminal 
nerve system. The superior area of the nasal cavity is de?ned 
by the superior turbinate bone Wherein the olfactory region 
is located. 

[0049] As used herein, “transdermal administration” or 
“dermal administration” refers to delivery to the skin includ 
ing the face, neck, scalp, body or combinations thereof. As 
used herein, dermal administration can include intraderrnal 
or subcutaneous administration by various means such as an 
injection. 

[0050] As used herein, “pharmaceutically acceptable car 
rier” or “suitable carrier” refers to a carrier that is conven 
tionally used in the art to facilitate the storage, administra 
tion, and/or the healing effect of the agent. 

[0051] As used herein, “therapeutically effective dose”, 
“therapeutically effective amount” or “an effective amount” 
refers to an amount of an analgesic agent that is useful for 
treating pain. 

[0052] As used herein, “prophylactically effective dose”, 
“prophylactically effective amount” or “an effective 
amount” refers to an amount of an analgesic agent that is 
useful for preventing pain. 

[0053] As used herein, “visual analogue scale” or “VAS” 
refers to a commonly used scale in pain assessment. It is a 
10 cm horiZontal or vertical line With Word anchors at each 
end, such as “no pain” and “Worst pain imaginable”. A 
subject or patient is asked to make a mark on the line to 
represent pain intensity. This mark is converted to distance 
in either centimeters or millimeters from the “no pain” 
anchor to give a pain score that can range from 0-10 cm or 
0-100 mm. The VAS may refer to an 11 point numerical pain 
rating scale Wherein 0 equals “no pain” and 10 equals the 
“Worst pain imaginable”. 

[0054] It should be noted that, as used herein, the singular 
form “a”, “an”, and “the” includes plural references unless 
indicated otherWise. Additionally, as used herein, the term 
“comprising” and its cognates are used in their inclusive 
sense; that is, equivalent to the term “including” and its 
corresponding cognates. 

Active Agents 

[0055] Oxytocin Was one of the ?rst peptide hormones to 
be isolated and sequenced. It is a nine amino acid cyclic 
peptide hormone With tWo cysteine residues that form a 
disul?de bridge betWeen positions 1 and 6. The amino acid 
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sequence for human oxytocin is Cys-Tyr-Ile-Gln-Asn-Cys 
Pro-Leu-Gly (SEQ ID NO: 1). Oxytocin is released from the 
posterior lobe of the pituitary gland and stimulates the 
contraction of smooth muscle of the uterus during labor and 
facilitates release of milk from the breast during nursing. 
Studies have shoWn that oxytocin may exert a Wide spec 
trum of other biological effects including control of memory 
and learning processes, and various types of maternal and 
sexual behavior. In addition, oxytocin may participate in the 
control of cardiovascular functions, thermoregulation and 
?uid balance. Other studies have shoWn that oxytocin can 
play an important role in nociceptive modulation. Oxytocin 
is approved by the Food and Drug Administration for 
intravenous use to induce labor in pregnant Women as Well 
as for the treatment of postpartum hemorrhage. Oxytocin 
has not been previously used for treatment and/or prevention 
of headache or headache disorders. 

[0056] The oxytocin peptide for use in the methods 
described herein can be natural or synthetic, therapeutically 
or prophylactically active, peptide fragments, peptide ana 
logues, and chemically modi?ed derivatives or salts of 
active peptides. There are processes described for the pro 
duction of oxytocin, see for example US. Pat. No. 2,938,891 
and US. Pat. No. 3,076,797; in addition, oxytocin is com 
mercially available. A variety of peptide analogues and 
derivatives are available and others can be contemplated for 
use Within the invention and can be produced and tested for 
biological activity according to knoWn methods. Oxytocin 
analogues may included, but are not limited to, 4-threonine 
l-hydroxy-deaminooxytocin, 4-serine,8-isoleucine-oxyto 
cin, 9-deamidooxytocin, 7-D-proline-oxytocin and its 
deamino analog, (2,4-diisoleucine)-oxytocin, deamino oxy 
tocin analog, l-deamino- l -monocarba-E l 2-Tyr(OMe)]-OT 
(dCOMOT), carbetocin, 4-threonine, 7-glycine-oxytocin 
(TG-OT), oxypressin, deamino-6-carba-oxytoxin (dC60), 
L-37l,257 and the related series of compounds containing 
an ortho-trigluoro-ethoxyphenylacetyl core such as L-374, 
943. Peptides for use Within the invention can be peptides 
that are obtainable by partial substitution, addition, or dele 
tion of amino acids Within a naturally occurring or native 
peptide sequence. Peptides can be chemically modi?ed, for 
example, by amidation of the carboxyl terminus (iNHZ), 
the use of D amino acids in the peptide, incorporation of 
small non-peptidyl moieties, as Well as the modi?cation of 
the amino acids themselves (e.g. alkylation or esteri?cation 
of side chain R-groups). Such analogues, derivatives and 
fragments should substantially retain the desired biological 
activity of the native oxytocin peptide. 

[0057] All peptides described and/or contemplated herein 
can be prepared by chemical synthesis using either auto 
mated or manual solid phase synthetic technologies, gener 
ally knoWn in the art. The peptides can also be prepared 
using molecular recombinant techniques knoWn in the art. 

[0058] In some aspects of the invention, an oxytocin 
peptide is administered in combination With at least one 
additional active agent. Additional active agents may 
include, but are not limited to, non-peptide opioids, such as 
morphine, methadone, fentanyl, butorphanol, codeine, 
opium, oxycodone, loperimide, meperidine (Demerol), 
diphenoxylate, propoxyphene (Darvon), 4-methyl fentanyl, 
hydrocodone, morphine, diacetylmorphine, dihydrocodeine, 
hydromorphone (Dilaudid), levorphanol (Levo-Dromoran), 
dextromethorphan, oxymorphone (Numorphan), heroin, 
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remifentanil, phenaZocine, pentaZocine, piminodine, anile 
ridine, buprenorphine (Suboxone), sufentanil, carfentanil, 
alfentanil and the atypical opiates, tramadol and tapentadol; 
opioid and opioid-like peptides and their analogs, such as 
endorphins, enkephalins, dynorphins, dermorphins, derrnen 
kephalins, morphiceptin, endomorphins and dalargin; 
NMDA-receptor antagonists, such as ketamine, amantadine, 
dextrometorphane, memantine and MK801; sodium channel 
blockers, such as local anesthetics and ergotamine; calcium 
channel blockers, such as verapamil and nifedipine; adren 
ergic antagonists, such as propranolol, metoprolol and 
yohimine; gabaergic agonists, such as GABA, baclofen, 
cis-4-aminocrotonic acid (CACA), trans-4-aminocrotonic 
acid (TACA), CGP 27 492 (3-aminopropyl phosphonous 
acid) and progabide; glycine agonists, such as glycine and 
D-cycloserine; cholinergic agonists, such as neostigmine 
and physiostigmine; adrenergic agonists, such as epineph 
rine, neosynephrine, clonidine and dexmedetomidine; anti 
convulsants, such as gabapentin and barbiturates; Rho 
kinase inhibitors, such as fasudil, Y27632, H-1152 and 
derivatives thereof; PKC inhibitors, such as chelerythrine, 
Go 6983, Go 6976, N-myristoyl-Ser-Ile-Tyr-Arg-Arg-Gly 
Ala-Arg-Arg-Trp-Arg-Lys-Leu, Rottlerin, KAI-9803 and 
KAI-1455; p38-MAP kinase inhibitors, such as SCIO-469, 
AMG548 and derivatives thereof; ATP receptor blockers, 
such as tetramethylpyraZine chelerythrine chloride, 
A-317491 and derivatives thereof; endothelin receptor 
blockers, such as BQ123, BMS182874 and derivatives 
thereof; pro-in?ammatory cytokine, chemokine, interleukin 
and tumor necrosis factor blockers, such as anakinra, in?ix 
imab, etanercept and adalimumab; anti-in?ammatory cytok 
ines, such as interleukin-4, interleukin-10 and interleukin 
13; tricyclic antidepressants, such as desiprimine and 
amitryptiline; serotonergic antagonists, such as ?uoxetine, 
dolasetron and ondansetron; serotonergic agonists, such as 
buspirone and ergometrine; NSAIDs and COXIBs, such as 
diclofenac, ibuprofen, ketorolac, salicylate, rofecoxib, cele 
coxib, parecoxib, valdecoxib and naproxen; acetaminophen; 
analgesic peptides, such as calcitonin, octreotide, somatosta 
tin, vasopressin, galanin, the C-fragment of lipotropin and 
Ac-rfWink-NH2; toxins, such as botulinum toxin, variants 
and derivatives thereof, cone snail toxins, such as omega 
conotoxin GVlA, omega-conotoxin MVIIA, saxitoxin and 
tetrodotoxin; TRP channel agonists and antagonists, such as 
capsaicin, capsaZepine, resiniferotoxin, SB-705498, 
A-425619, AMG 517, SC0030 and derivatives thereof; 
cannabanoids, such as THC, CT-3, levonantradol, dexanab 
inol, WIN-55,212-2, AM 1241, dronabinol, nabilone, can 
nabis medicinal extract (CME) and derivatives thereof; 
antagonists of pro-nociceptive peptide neurotransmitter 
receptors CGRPl and CGRP2, including non-peptide 
antagonists such as BIBN4096 and derivatives thereof and 
peptide antagonists such as CGRP 8-37 and CGRP 28-3; 
antagonists of pro-nociceptive peptide neurotransmitter 
receptor NKl, including non-peptide antagonists such as 
SR140333, CP96346, L-760735; RP 67580, WIN 51708; 
MK869, and derivatives thereof and peptide antagonists 
such as N-acetyl tryptophan, D-Pro9-[Spiro-y-lactam]-Leu 
10,Trp 11-Physalaemin(1-11), Tyr-D-Phe-Phe-D-His-Leu 
Met-NH2 (Sendide) and spantide II; antagonists of pro 
nociceptive peptide neurotransmitter receptor NK2, includ 
ing non-peptide antagonists such as SR 48968 and 
derivatives thereof and peptide antagonists such as PhCO 
Ala-Ala-D-Trp-Phe-D-Pro-Pro-Nle-NH2 (GR98400), [Tyr5, 
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D-Trp6,8,9,Lys10]-NKA (4-10) (MEN10376) and deriva 
tives thereof; antagonists of pro-nociceptive peptide 
neurotransmitter receptor Y1-5, including non-peptide 
antagonist benextramine and peptide antagonists (Ile-Glue 
Pro-Dpr-Tyr-Arg-Leu-Arg-Tyr-NH2)2, cyclic (2,4'),(2,4') 
diamide (1229U91 or GW1229), PYX-2, D-Tyr (27,36), 
D-Thr (32)] NPY (27-36)(D-NPY(27-36), 3-(5,6,7,8-tet 
rahydro-9-isopropyl-carbaZol-3 -yl)-1-methyl-1-(2-pyridin 
4-yl-ethyl)-urea hydrochloride (FMS586 and derivatives 
thereof); antagonists of pro-nociceptive peptide neurotrans 
mitter receptors VPAC2, VPACl and PAC1, including pep 
tide antagonists VIP(6-28), Ac His(1) [D-Phe(2), K(15), 
R(16), L(27)] VIP (3-7)/GRF (8-27); antagonists of pro 
nociceptive neurotransmitter receptors Gall-3 and GalR1-3, 
including non-peptide antagonists SNAP 37889, SNAP 
398299, galnon and derivatives thereof. Additional active 
agents may include agonists or antagonists of vasopressin, 
corticotropin releasing hormone (CRH), groWth hormone 
releasing hormone (GHRH), luteiniZing hormone releasing 
hormone (LHRH), somatostatin groWth hormone release 
inhibiting hormone, thyrotropin releasing hormone (TRH), 
glial-derived neurotrophic factor (GDNF), brain-derived 
neurotrophic factor (BDNF), nerve groWth factor (NGF), 
neurotrophin-3 (NT-3), pancreatic polypeptide, peptide 
tyrosine-tyrosine, glucogen-like peptide-1 (GLP-l), peptide 
histidine isoleucine (PHI), pituitary adenylate cyclase acti 
vating peptide (PACAP), brain natriuretic peptide, chole 
cystokinin (CCK), islet amyloid polypeptide (IAPP) or 
amylin, melanin concentrating hormone (MCH), melano 
cortins (ACTH, ot-MSH and others), neuropeptide FF 
(F8Fa), neurotensin, parathyroid hormone related protein, 
Agouti gene-related protein (AGRP), cocaine and amphet 
amine regulated transcript (CART)/peptide, 5-HT-moduline, 
hypocretins/orexins, nociceptin/orphanin FQ, ocistatin, pro 
lactin releasing peptide, secretoneurin, urocortin and deriva 
tives and analogues thereof. 

[0059] Accordingly, described herein are methods for the 
treatment of headache pain or trigeminal neuralgia in an 
individual comprising administering to the individual an 
effective amount of an oxytocin peptide. In general, the 
methods administer an oxytocin peptide for prevention or 
treatment of head pain. In some aspects the head pain is a 
result of primary and secondary headaches. In some 
examples the primary headache is a vascular headache or a 
tension-type headache. In some examples the vascular head 
ache is a migraine or a cluster type headache. In other 
examples, the head pain is a result of trigeminal neuralgia. 
Some aspects of the invention include methods Wherein the 
administration results predominantly in analgesia to the 
facial or head region and in alleviation of headache pain. 
Some aspects of the invention include methods Wherein an 
oxytocin peptide is administered prior to headache pain for 
preventive treatment. In other aspects of the invention an 
oxytocin peptide is administered in combination With at least 
one additional active agent. 

Administration 

[0060] Described herein are methods for the treatment of 
headache pain or trigeminal neuralgia in an individual 
comprising administering to the individual an oxytocin 
peptide to mucosa tissue or epithelium Within the oral cavity, 
the nasal cavity, Within or around the eye or to the skin. The 
oral mucosal tissues include, but are not limited to, the 
gingiva (gums), the ?oor of the oral cavity, the cheeks, the 
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lips, the tongue, the teeth or a combination thereof. The 
methods can include administering an oxytocin peptide to 
conjunctiva or other mucosal tissues around the eye. The 
tissues or epithelium include, but are not limited to, the 
conjunctiva, the lacrimal gland, the nasolacrimal ducts, the 
mucosa of the upper or loWer eyelid, the eye, or a combi 
nation thereof. An oxytocin peptide that is administered to 
the conjunctiva but not absorbed completely through the 
conjunctival mucosa can drain through the nasolacrimal 
ducts into the nose Wherein it can be absorbed by mucosal 
tissue Within the nasal cavity. An oxytocin peptide can be 
administered to the mucosa tissue Within the nasal cavity. 
Suitable regions include, but are not limited to, the inferior 
tWo-thirds of the nasal cavity. 

[0061] Intranasal drug delivery has been a topic of 
research and development for many years, although it has 
been only Within the past decade that carrier systems have 
been devised Which make delivery of substances effective. 
(Sayani and Chien (1996) Critical Reviews in Therapeutic 
Drug Carrier Systems, 13185-184.) Intranasal delivery has a 
number of advantageous features including comparatively 
high bioavailability, rapid kinetics of absorption and avoid 
ance of a ?rst-pass effect in the liver. In regard to patient 
compliance and ease of use, intranasal administration pro 
vides a simple, rapid and non-invasive mode of application. 
In some aspects, intranasal administration can alloW for 
delivery of an oxytocin peptide to the nasal cavity and in 
other aspects, intranasal administration can alloW for tar 
geted delivery to the trigeminal nerve. Targeted delivery to 
the trigeminal nerve and preferably not the olfactory region 
can reduce the amount of drug entering the CNS or systemic 
circulation thereby reducing or eliminating potential unde 
sirable CNS effects or systemic side effects. Targeted deliv 
ery to the trigeminal nerve can also reduce the effective 
dosage necessary to achieve analgesia in the facial or head 
regions Wherein loWer e?fective dosages Will further reduce 
any potential CNS or systemic side effects. 

[0062] Some aspects of the present invention include 
methods for treatment of headache pain or trigeminal neu 
ralgia in an individual comprising administering to the 
individual an oxytocin peptide by intranasal administration. 
In some examples the pain is associated With a migraine. In 
other examples the pain is associated With a cluster head 
ache. In yet other examples the pain is associated With a 
tension-type headache. In yet other examples the pain is 
associated With trigeminal neuralgia. 

[0063] Some aspects of the present invention include 
methods for prevention of headache pain or trigeminal 
neuralgia in an individual comprising administering to the 
individual an oxytocin peptide by intranasal administration. 
In some examples the individual is experiencing a migraine 
associated aura and the individual is administered an oxy 
tocin peptide prior to the onset of a migraine headache. In 
other examples an individual is experiencing a series of 
cluster headaches and the individual is administered an 
oxytocin peptide after the cluster series has started to 
prevent or decrease the intensity or frequency of successive 
headaches in the series. In other examples the individual is 
experiencing bursts of pain from a trigeminal neuralgia 
attack and the individual is administered an oxytocin peptide 
to prevent further attacks. 

[0064] Some aspects of the present invention include 
methods for treatment of headache pain or trigeminal neu 
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ralgia in an individual comprising administering to the 
individual an oxytocin peptide by intranasal administration 
Wherein the administration results predominantly in analge 
sia to the facial or head region and in alleviation of headache 
pain. In some examples, the methods can administer an 
oxytocin peptide to the nasal cavity of an individual, in 
particular to the inferior region of the nasal cavity, to 
promote delivery to the trigeminal nerve With minimal 
delivery to the olfactory nerve. 

[0065] Within the oral cavity, the buccal or sublingual 
delivery routes are convenient choices for drug delivery as 
they are user-friendly and non-invasive. Some of the advan 
tages include i) less proteolytic activity in the oral cavity as 
compared to some other routes thereby avoiding the prob 
lems of enZymatic degradation of peptide and protein drugs 
and ii) bypassing the liver ?rst pass effect. Drug delivery to 
the mucosal tissue around the eye or to the conjunctiva is 
another convenient choice for drug delivery that is non 
invasive. 

[0066] Some aspects of the present invention include 
methods for treatment of headache pain or trigeminal neu 
ralgia in an individual comprising administering an effective 
amount of an oxytocin peptide to the conjunctiva or other 
mucosal tissues around the eye. 

[0067] Transdermal drug delivery or administration of a 
therapeutic agent to the skin has become a proven technol 
ogy over the last 20 years. Transdermal drug delivery o?fers 
controlled release of a drug to the patient and transdermal 
patches are user-friendly, convenient, painless, and offer 
multi-day dosing Which usually results in improved patient 
compliance. The methods can include administering an 
oxytocin peptide to skin of the face, head or body. An 
oxytocin peptide can be administered to the skin of the face, 
scalp or temporal region. Suitable skin of the face includes 
skin of the chin, the upper lip, the loWer lip, the forehead, the 
nose, the cheek, the skin around the eyes, the upper eyelid, 
the loWer eyelid or combinations thereof. Suitable skin of 
the scalp includes the front of the scalp, the scalp over the 
temporal region, the lateral part of the scalp, or combina 
tions thereof. Suitable skin of the temporal region includes 
the temple and the scalp over the temporal region and 
combinations thereof. 

[0068] Intradermal administration of a therapeutic agent is 
de?ned as Within or betWeen the layers of skin. In contrast, 
subcutaneous administration is de?ned as beneath the initial 
layer of skin. Administration of therapeutic agents by intra 
dermal or subcutaneous injection are common means of 
drug delivery by one skilled in the art. 

[0069] In some aspects of the invention a vasoconstrictor 
is used to decrease systemic uptake of an oxytocin peptide. 
The vasoconstrictor can be included in a pharmaceutical 
composition to decrease systemic uptake of the oxytocin 
peptide. Alternatively, the vasoconstrictor may be delivered 
to the mucosal or dermal surface separately from the phar 
maceutical composition. Vasoconstrictors are compounds 
that constrict blood vessels and capillaries and decrease 
blood How. They can be used to increase concentration of an 
agent at a desired site by inhibiting movement of the agent 
into the bloodstream and thereby reducing systemic uptake 
and distribution of the agent. Vasoconstrictors can be used to 
decrease the effective dosage of an agent needed to achieve 
analgesia by limiting systemic distribution and concentrat 
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ing the agent in a localized area, ie the facial and head 
regions. Accordingly, a vasoconstrictor can be administered 
before administration of an oxytocin peptide or can be 
co-administered With an oxytocin peptide. Vasoconstrictors 
may include, but are not limited to, phenylephrine hydro 
chloride, tetrahydroZoline hydrochloride, naphaZoline 
nitrate, oxymetaZoline hydrochloride, tramaZoline hydro 
chloride, ergotamine, dihydroergotamine, endothelin-1, 
endothelin-2, epinephrine, norepinephrine and angiotensin. 

[0070] Some aspects of the present invention include 
methods Wherein a vasoconstrictor is administered to the 
nasal cavity of an individual prior to administration of an 
oxytocin peptide, Wherein administration of the vasocon 
strictor decreases systemic distribution of the oxytocin pep 
tide. In some examples, the methods can co-administer a 
vasoconstrictor and an oxytocin peptide to the nasal cavity 
of an individual, Wherein administration of the vasoconstric 
tor decreases systemic distribution of the oxytocin peptide. 
In other examples, the methods can administer a vasocon 
strictor to the nasal cavity of an individual prior to or 
co-administer With an oxytocin peptide, Wherein adminis 
tration of the vasoconstrictor decreases systemic uptake and 
distribution of the oxytocin peptide thereby decreasing the 
effective dosage requirement of the oxytocin peptide nec 
essary to achieve analgesia in the facial or head region and 
to alleviate headache pain or trigeminal neuralgia pain. 

[0071] In some aspects of the present invention adminis 
tration of an oxytocin peptide targeted for a predominantly 
regional analgesic effect can result in prevention or allevia 
tion of headache pain or trigeminal neuralgia Without numb 
ness as compared to local anesthetics or the strong sedative 
effect associated With narcotic type drugs. Since the trigemi 
nal nerve transmits most of the sensory signals of the face 
and head, administration of an oxytocin peptide targeted to 
the trigeminal nerve can localiZe the analgesic effect to the 
face and head region. Targeted delivery can also decrease the 
amount of oxytocin peptide administered to an individual to 
achieve an analgesic effect, and can decrease any potential 
undesirable CNS effects or systemic side effects. More 
effective or ef?cient delivery of an oxytocin peptide to the 
trigeminal nerve can decrease the total dose of the peptide 
administered to a subject suffering from headache pain or 
trigeminal neuralgia. Effective targeted delivery of an oxy 
tocin peptide to the trigeminal nerve can decrease the 
systemic distribution of the agent Wherein any potential 
undesirable CNS effects or systemic side effects are mini 
miZed or eliminated. 

[0072] Accordingly, provided herein are methods for treat 
ment of headache pain or trigeminal neuralgia in an indi 
vidual comprising administering to the individual an oxy 
tocin peptide Wherein the administration is targeted to the 
trigeminal nerve system and results predominantly in anal 
gesia to the facial or head region as compared to analgesic 
effects in other parts of the body and in alleviation of head 
pain. 

Pharmaceutical Composition 

[0073] While it is possible to administer an oxytocin 
peptide alone, there are situations Wherein it is advantageous 
to present it as part of a pharmaceutical composition. Thus, 
in some aspects of the present invention, an oxytocin peptide 
is administered as a pharmaceutical composition. The phar 
maceutical composition can comprise an oxytocin peptide at 
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a therapeutically effective dose together With one or more 
pharmaceutically acceptable carriers and optionally other 
ingredients. A suitable carrier is one Which does not cause an 
intolerable side effect, but Which alloWs oxytocin to retain its 
pharmacological activity in the body. A carrier may also 
reduce any undesirable side effects of oxytocin. A suitable 
carrier should be stable, i.e., incapable of reacting With other 
ingredients in the formulation. A suitable carrier should have 
minimal odor or fragrance or fragrance or a positive (pleas 
ant) odor. A suitable carrier should not irritate the mucosa, 
epithelium, underlying nerves or provide a health risk. It 
may be an accepted transcutaneous or percutaneous carrier 
or vehicle, because any carrier that can effectively penetrate 
the stratum comeum of the skin should be highly e?icacious 
in not only penetrating mucosa, but also alloWing rapid 
absorption of substances into the submucosal tissues, nerve 
sheaths and nerves. 

[0074] Suitable nontoxic pharmaceutically acceptable car 
riers Will be apparent to those skilled in the art of pharma 
ceutical formulations. Also see Remington: The Science and 
Practice of Pharmacy, 20th Edition, Lippincott, Williams & 
Wilkins (2000). Typical pharmaceutically acceptable carri 
ers include, but are not limited to, mannitol, urea, dextrans, 
lactose, potato and maiZe starches, magnesium stearate, talc, 
vegetable oils, polyalkylene glycols, ethyl cellulose, poly 
(vinylpyrrolidone), calcium carbonate, chitosan, ethyl ole 
ate, isopropyl myristate, benZyl benZoate, sodium carbonate, 
gelatin, potassium carbonate, silicic acid, and other conven 
tionally employed acceptable carriers. Other carriers 
include, but are not limited to, phosphatidylcholine, phos 
phatidylserine, and sphingomyelins. 

[0075] The choice of a suitable carrier Will depend on the 
exact nature of the particular formulation desired, e.g., 
Whether the drug is to be formulated into a liquid solution 
(e.g., for use as drops, for use in an injection, as a spray or 
impregnated in a nasal tampon, or other agent-impregnated 
solid), a suspension, a ointment, a ?lm or a gel. If desired, 
sustained-release compositions, e.g. sustained-release gels, 
?lms, transdermal patchs, etc. can be readily prepared. The 
particular formulation Will also depend on the route of 
administration. The agent can be administered to the nasal 
cavity as a poWder, a granule, a solution, a cream, a spray, 
a gel, a ?lm, an ointment, an infusion, a drop or a sustained 
release composition. For buccal administration, the compo 
sition can take the form of tablets or loZenges formulated in 
a convention manner. For sublingual administration, the 
composition can take the form of a bioadhesive, a spray, a 
poWder, paint or a sWab applied to or under the tongue. For 
administration to the conjunctiva or other mucosal tissues 
around the eye, the composition can be applied as an 
ointment, a solution or a drop. For administration to the skin, 
the composition can be applied as a topical ointment, a 
topical gel, a lotion, a cream, a solution, a spray, a paint, a 
?lm, a foil, a cosmetic, a patch or a bioadhesive. 

[0076] Liquid carriers include, but are not limited to, 
Water, saline, aqueous dextrose, and glycols particularly 
(When isotonic) for solutions. The carrier can also be 
selected from various oils, including those of petroleum, 
animal, vegetable or synthetic origin, (e.g. peanut oil, soy 
bean oil, mineral oil, sesame oil, and the like). Suitable 
pharmaceutical excipients include, but are not limited to, 
starch, cellulose, talc, glucose, lactose, sucrose, gelatin, 
malt, rice, ?our, chalk, silica gel, magnesium stearate, 
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sodium stearate, glycerol monostearate, sodium chloride, 
dried skim milk, glycerol, propylene glycol, Water, ethanol, 
and the like. The compositions can be subjected to conven 
tional pharmaceutical processes, such as sterilization, and 
can contain conventional pharmaceutical additives, such as 
preservatives, stabilizing agents, reducing agents, anti-oxi 
dants, chelating agents, Wetting agents, emulsifying agents, 
dispersing agents, jelling agents, salts for adjusting osmotic 
pressure, buffers, and the like. Where the carrier is a liquid, 
it is preferred that the carrier be hypotonic or isotonic With 
body ?uids and have a pH Within the range of 4.5-8.5. Where 
the carrier is in poWdered form, it is preferred that the carrier 
be Within an acceptable non-toxic pH range. The use of 
additives in the preparation of peptide and/or protein-based 
compositions, particularly pharmaceutical compositions, is 
Well-knoWn in the art. 

[0077] The lists of carriers and additives discussed herein 
are by no means complete and a Worker skilled in the art can 
choose carriers and excipients from the GRAS (generally 
regarded as safe) list of chemicals alloWed in pharmaceutical 
preparations and those that are currently alloWed in topical 
and parenteral formulations. (See also Wang et al., (1980) J 
Parent. Drug Assn, 341452-462; Wang et al., (1988) J 
Parent. Sci. and Tech, 421S4-S26.) 

[0078] Other forms of compositions for administration 
include a suspension of a particulate, such as an emulsion, 
a liposome, or in a sustained-release form to prolong the 
presence of the pharmaceutically active agent in an indi 
vidual. The poWder or granular forms of the pharmaceutical 
composition may be combined With a solution and With a 
diluting, dispersing or surface-active agent. Additional com 
positions for administration include a bioadhesive to retain 
the agent at the site of administration, for example a spray, 
paint, or sWab applied to the mucosa or epithelium. A 
bioadhesive can refer to hydrophilic polymers, natural or 
synthetic, Which, by the hydrophilic designation, can be 
either Water soluble or sWellable and Which are compatible 
With the pharmaceutical composition. Such adhesives func 
tion for adhering the formulations to the mucosal tissues of 
the oral or nasal cavity. Such adhesives can include, but are 
not limited to, hydroxypropyl cellulose, hydroxypropyl 
methylcellulose, hydroxy ethylcellulose, ethylcellulose, car 
boxymethyl cellulose, dextran, gaur gum, polyvinyl pyrroli 
done, pectins, starches, gelatin, casein, acrylic acid poly 
mers, polymers of acrylic acid esters, acrylic acid 
copolymers, vinyl polymers, vinyl copolymers, polymers of 
vinyl alcohols, alkoxy polymers, polyethylene oxide poly 
mers, polyethers, and combinations thereof. The composi 
tion can also be in the form of lyophiliZed poWder, Which 
can be converted into solution, suspension, or emulsion 
before administration. The pharmnaceutical composition is 
preferably steriliZed by membrane ?ltration and is stored in 
unit-dose or multi-dose containers such as sealed vials or 
ampoules. 

[0079] The pharmaceutical composition can be formulated 
in a sustained-release form to prolong the presence of the 
active agent in the treated individual. Many methods of 
preparation of a sustained-release formulation are knoWn in 
the art and are disclosed in Remington’s Pharmaceutical 
Sciences (see above). Generally, the agent can be entrapped 
in semi-permeable matrices of solid hydrophobic polymers. 
The matrices can be shaped into ?lms or microcapsules. 
Matrices can include, but are not limited to, polyesters, 
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co-polymers of L-glutamic acid and gamma ethyl-L 
glutamate, polylactides, polylactate polyglycolate, hydro 
gels, non-degradable ethylene-vinyl acetate, degradable lac 
tic acid-glycolic acid copolymers, hyaluronic acid gels, and 
alginic acid suspensions. Suitable microcapsules can also 
include hydroxymethylcellulose or gelatin and poly-methyl 
methacrylate. Microemulsions or colloidal drug delivery 
systems such as liposomes and albumin microspheres can 
also be used. Some sustained-release compositions can use 
a bioadhesive to retain the agent at the site of administration. 

[0080] To further enhance the mucosal delivery of a phar 
maceutical composition comprising an oxytocin peptide, an 
enZyme inhibitor, particularly proteases inhibitors, can be 
included in the formulation. Protease inhibitors may include, 
but are limited to, antipain, arphamenine A and B, benZa 
midine HCl, AEBSF, CA-074, calpain inhibitor 1 and H, 
calpeptin, pepstatin A, actinonin, amastatin, bestatin, boro 
leucine, captopril, chloroacetyl-HOLeu-Ala-Gly-NH2, 
DAPT, diprotin A and B, ebelactone A and B, foroxymithine, 
leupeptin, pepstatin A, phosphoramidon, aprotinin, puromy 
cin, BBl, soybean trypsin inhibitor, phenylmethylsulfonyl 
?uoride, E-64, chymo statin, l, lO-phenanthroline, EDTA and 
EGTA. 

[0081] To enhance delivery into or across a mucosal 
surface and/or absorption of a pharmaceutical composition 
comprising an oxytocin peptide, an absorption-enhancing 
agent can be included in the formulation. These enhancing 
agents may enhance the release or solubility (e.g., from a 
formulation delivery vehicle), diffusion rate, penetration 
capacity and timing, uptake, residence time, stability, effec 
tive half-life, peak or sustained concentration levels, clear 
ance and other desired mucosal delivery characteristics (e. g., 
as measured at the site of delivery) of the composition. 
Enhancement of mucosal delivery can thus occur by any of 
a variety of mechanisms, for example by increasing the 
diffusion, transport, persistence or stability of an oxytocin 
peptide, increasing membrane ?uidity, modulating the avail 
ability or action of calcium and other ions that regulate 
intracellular or paracellular permeation, solubiliZing 
mucosal membrane components (e.g., lipids), changing non 
protein and protein sul?hydryl levels in mucosal tissues, 
increasing Water ?ux across the mucosal surface, modulat 
ing epithelial junctional physiology, reducing the viscosity 
of mucus overlying the mucosal epithelium, reducing muco 
ciliary clearance rates, and other mechanisms. 

[0082] Mucosal absorption enhancing compounds may 
include, but are not limited to, surfactants, bile salts, dihy 
drofusidates, bioadhesive agents, phospholipid additives, 
mixed micelles, liposomes, or carriers, alcohols, enamines, 
cationic polymers, NO donor compounds, long-chain 
amphipathic molecules, small hydrophobic penetration 
enhancers; sodium or a salicylic acid derivatives, glycerol 
esters of acetoacetic acid, cyclodextrin or beta-cyclodextrin 
derivatives, medium-chain fatty acids, chelating agents, 
amino acids or salts thereof, N-acetylamino acids or salts 
thereof, mucolytic agents, enZymes speci?cally targeted to a 
selected membrane component, inhibitors of fatty acid syn 
thesis and inhibitors of cholesterol synthesis. 

[0083] These additional agents and compounds can be 
coordinately administered or combinatorially formulated 
With an oxytocin peptide. Accordingly, some aspects of the 
present invention include methods Wherein an oxytocin 



US 2007/0054843 A1 

peptide is administered as a pharmaceutical composition that 
comprises protease inhibitors, absorption enhancers, vaso 
constrictors or combinations thereof. The pharmaceutical 
composition can be administered to the nasal cavity, oral 
cavity, to conjunctiva or other mucosal tissues around the 
eye or to the skin. The pharmaceutical composition can be 
administered by an intranasal route. The pharmaceutical 
composition can be administered by a buccal or sublingual 
route. The pharmaceutical composition can be administered 
by a transdermal route. The pharmaceutical composition can 
be administered by more than one route. The pharmaceutical 
composition can include at least one protease inhibitor, at 
least one absorption enhancer, at least one vasoconstrictor or 
combinations thereof. The pharmaceutical composition can 
be co-administered With a vasoconstrictor or administered 
after the vasoconstrictor has been delivered. 

Delivery Systems 
[0084] An oxytocin peptide or a pharmaceutical compo 
sition comprising an oxytocin peptide may be dispensed to 
the buccal or sublingual surfaces in a number of different 
formulations or dosage forms including, but not limited to, 
fast-melting tablets, liquid-?lled capsules, liquid sprays or 
lozenges. Alternatively, a pharmaceutical composition can 
be delivered to the mucosa of the oral cavity by direct 
placement of the composition in the mouth, for example, 
With a gel, a ?lm, an ointment, a dropper, or a bioadhesive 
strip or patch. 

[0085] In some aspects of the present invention, the meth 
ods comprise administering to an individual a pharmaceu 
tical composition Wherein administration to the buccal and/ 
or sublingual mucosal surfaces of the oral cavity is by a 
delivery device. The delivery device can include, but is not 
limited to, unit dose containers, pump sprays, droppers, 
squeeze bottles, airless and preservative-free sprays, nebu 
lizers, dose inhalers and pressurized dose inhalers. The 
delivery device can be metered to administer an accurate 
effective dosage amount (as described beloW) to the oral 
cavity. In some aspects, an accurate effective dosage amount 
is contained Within a capsule, tablet, lozenge, or bioadhesive 
patch that is placed directly Within the oral cavity. 

[0086] An oxytocin peptide or a pharmaceutical compo 
sition comprising an oxytocin peptide may be dispensed to 
the conjunctiva or to other mucosal tissues around the eye in 
a number of different formulations such as a liquid drop, a 
gel, a ?lm, an ointment or a bioadhesive patch or strip. Thus, 
in some aspects of the present invention the methods com 
prise administering to an individual a pharmaceutical com 
position Wherein administration is directed to the conjunc 
tiva or other mucosal tissues around the eye. In some 
aspects, an accurate effective dosage amount is contained 
Within a drop, a gel, a ?lm, an ointment or a bioadhesive 
patch that is placed directly onto the mucosal tissues around 
the eye. 

[0087] An oxytocin peptide or pharmaceutical composi 
tion comprising an oxytocin peptide may be administered to 
the skin or scalp in a number of different formulations such 
as a liquid, a spray, a gel, a ?lm, an ointment or a bioad 
hesive patch or strip. Thus, in some aspects of the present 
invention the methods comprise administering to an indi 
vidual a pharmaceutical composition Wherein administration 
is directed to the skin of the face, scalp or body. In some 
aspects, an accurate effective dosage amount is contained 
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Within a drop, a gel, a ?lm, an ointment or a bioadhesive 
transdermal patch that is placed directly onto the skin. In 
some aspects, a pharmaceutical composition may be admin 
istered to the skin intradermally by injection. In other 
aspects the composition may be administered to the skin 
subcutaneously by injection. 

[0088] An oxytocin peptide or a pharmaceutical compo 
sition comprising an oxytocin peptide may be dispensed 
intranasally as a poWdered or liquid nasal spray, suspension, 
nose drops, a gel, ?lm or ointment, through a tube or 
catheter, by syringe, by packtail, by pledget (a small ?at 
absorbent pad), by nasal tampon or by submucosal infusion. 
Nasal drug delivery can be carried out using devices includ 
ing, but not limited to, unit dose containers, pump sprays, 
droppers, squeeze bottles, airless and preservative-free 
sprays, nebulizers (devices used to change liquid medication 
to an aerosol particulate form), metered dose inhalers, and 
pressurized metered dose inhalers. It is important that the 
delivery device protect the drug from contamination and 
chemical degradation. The device should also avoid leach 
ing or absorption as Well as provide an appropriate envi 
ronment for storage. Each drug needs to be evaluated to 
determine Which nasal drug delivery system is most appro 
priate. Nasal drug delivery systems are knoWn in the art and 
several are commercially available. 

[0089] An oxytocin peptide or a pharmaceutical compo 
sition comprising an oxytocin peptide may be conveniently 
delivered in the form of an aerosol spray using a pressurized 
pack or a nebulizer and a suitable propellant including, but 
not limited to, dichlorodi?uoromethane, trichloro?uo 
romethane, dichlorotetra?uoroethane, hydrocarbons, com 
pressed air, nitrogen or carbon dioxide. An aerosol system 
requires the propellant to be inert toWards the pharmaceu 
tical composition. In the case of a pressurized aerosol, the 
dosage unit may be controlled by providing a valve to 
deliver an accurately metered amount. 

[0090] The means to deliver an oxytocin peptide or phar 
maceutical composition comprising an oxytocin peptide to 
the nasal cavity as a poWder can be in a form such as 
microspheres delivered by a nasal insuf?ator device (a 
device to bloW a gas, poWder, or vapor into a cavity of the 
body) or pressurized aerosol canister. The insuf?ator pro 
duces a ?nely divided cloud of the dry poWder or micro 
spheres. The insu?lator may be provided With means to 
ensure administration of a substantially metered amount of 
the pharmaceutical composition. The poWder or micro 
spheres should be administered in a dry, air-dispensable 
form. The poWder or microspheres may be used directly 
With an insuf?ator Which is provided With a bottle or 
container for the poWder or microspheres. Alternatively the 
poWder or microspheres may be ?lled into a capsule such as 
a gelatin capsule, or other single dose device adapted for 
nasal administration. The insu?lator can have means such as 
a needle to break open the capsule or other device to provide 
holes through Which jets of the poWdery composition can be 
delivered to the nasal cavity. 

[0091] Nasal delivery devices can be constructed or modi 
?ed to dispense an oxytocin peptide or a pharmaceutical 
composition comprising an oxytocin peptide Wherein the 
oxytocin peptide or the composition is delivered predomi 
nantly to the inferior tWo-thirds of the nasal cavity. For 
example, the angle of dispersion from a delivery device such 
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as a nebuliZer or an insu?lator can be set so that the 

pharmaceutical composition is mechanically directed to the 
inferior tWo-thirds of the nasal cavity, and preferably aWay 
from the superior region of the nasal cavity. Alternatively, an 
oxytocin peptide or a pharmaceutical composition compris 
ing an oxytocin peptide can be delivered to the inferior 
tWo-thirds of the nasal cavity by direct placement of the 
composition in the nasal cavity, for example, With a gel, an 
ointment, a nasal tampon, a dropper, or a bioadhesive strip. 

[0092] Thus in some aspects of the present invention, the 
methods comprise administering to an individual an oxyto 
cin peptide or pharmaceutical composition comprising an 
oxytocin peptide Wherein administration to the nasal cavity 
is by a nasal delivery device. The nasal delivery device can 
include, but is not limited to, unit dose containers, pump 
sprays, droppers, squeeze bottles, airless and preservative 
free sprays, nebuliZers, dose inhalers, pressuriZed dose 
inhalers, insu?lators, and bi-directional devices. The nasal 
delivery device can be metered to administer an accurate 
effective dosage amount (as described beloW) to the nasal 
cavity. The nasal delivery device can be for single unit 
delivery or multiple unit delivery. In some aspects of the 
present invention, the nasal delivery device can be con 
structed Whereby the angle of dispersion of a pharmaceutical 
composition is mechanically directed toWards the inferior 
tWo-thirds of the nasal cavity thereby minimiZing delivery to 
the olfactory region. In some aspects of the present inven 
tion, the nasal delivery device may be activated only on 
exhalation, thus limiting the inhalation induced and poten 
tially undesirable distribution of the pharmaceutical com 
position. In some aspects of the present invention, the 
pharmaceutical composition is a gel, ?lm, cream, ointment, 
impregnated in a nasal tampon or bioadhesive strip Whereby 
the composition is placed in the inferior tWo-thirds of the 
nasal cavity. In some aspects of the present invention, the 
methods include intranasal administration of an oxytocin 
peptide or a pharmaceutical composition comprising an 
oxytocin peptide Wherein the administration uses a nasal 
delivery device With an angle of dispersion that mechani 
cally directs the agent to the inferior tWo-thirds of the nasal 
cavity Wherein the oxytocin peptide is administered after a 
vasoconstrictor. In some aspects of the present invention, the 
methods include intranasal administration of an oxytocin 
peptide or pharmaceutical composition comprising an oxy 
tocin peptide Wherein the administration uses a nasal deliv 
ery device With an angle of dispersion that mechanically 
directs the agent to the inferior tWo-thirds of the nasal cavity 
Wherein the oxytocin peptide is co-administered With a 
vasoconstrictor. 

Dosages 

[0093] An oxytocin peptide is administered in a dose 
su?icient to provide a therapeutically effective amount to an 
individual suffering from headache pain or trigeminal neu 
ralgia. In some aspects, an oxytocin peptide can be admin 
istered in a dose that results in analgesia to the facial or head 
regions With minimal global CNS effects or systemic side 
effects. A therapeutically effective dose of an oxytocin 
peptide can be determined empirically and depends on the 
type and severity of the headache pain, the route of admin 
istration, and the siZe, Weight, age and overall health of the 
patient, as is Within the skill of one in the art such as a 
medical practitioner. 
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[0094] The amount of an oxytocin peptide administered as 
a unit dose Will depend upon the type of pharmaceutical 
composition being administered, for example, a solution, a 
suspension, a gel, a ?lm, an emulsion, a poWder, or a 
sustained-release formulation. In some examples, the effec 
tive dosage Will be loWer than dose amounts needed for oral, 
intravenous, intramuscular or subcutaneous administration, 
since transmucosal or transdermal delivery may alloW for a 
more concentrated level of the oxytocin peptide Within the 
facial and head region. The quantity of formulation needed 
to deliver the desired dose Will also depend on the concen 
tration of the oxytocin peptide in the composition. Such 
determinations are Within the skill of one in the art. 

[0095] The therapeutic dosage of an oxytocin peptide in 
the pharmaceutical compositions used in the methods of the 
present invention Will depend on a number of factors such as 
the chemical composition and/or modi?cation of the oxy 
tocin peptide, its bioavailability by the chosen route of 
administration, its ef?cacy, the desired frequency of admin 
istration combined With the desired single dosage of the 
formulation and Whether the oxytocin peptide is adminis 
tered in combination With other active agent(s). Particularly, 
the dosage of an oxytocin peptide Will be chosen to maxi 
miZe alleviation of headache pain or trigeminal neuralgia. 
Pharmacological data can be obtained from animal models 
and clinical trials With normal human volunteers or patients 
experiencing headache pain or trigeminal neuralgia by one 
With skill in the art. 

[0096] Experimental models to test for analgesic activity 
of agents are knoWn in the art. Animal models comprise tests 
Which include, but are not limited to, acetic acid Writhing, 
phenylquinone Writhing, tail-?ick, paW WithdraWal and ear/ 
face WithdraWal Wherein the pain receptor activation is 
induced by such compounds as acetic acid, phenylquinone, 
formalin or capsaicin, or by thermal activators such as a hot 
plate or a laser. In particular, models for facial or head pain 
utiliZing tests such as orofacial delivery of capsaicin, oro 
facial delivery of formalin, or delivery of thermal heat to the 
ear or the face are available. Models can be used to deter 

mine optimal dosage ranges Wherein an analgesic agent 
results in analgesia in the facial or head region With minimal 
analgesia at a systemic site, i.e. the paW. Further, models can 
be used to administer an analgesic agent by a particular 
delivery route, e.g. intranasally, and test for analgesic effect 
at the ears or the face and at the hindpaWs. Thus, one model 
can be used to test for analgesic activity of an analgesic 
agent after administration of a pharmaceutical composition 
Wherein WithdraWal latencies at the ear or face Will deter 
mine localiZed analgesia While WithdraWal latencies at the 
hindpaW Will determine systemic distribution and analgesia. 

[0097] As stated above, an effective amount of an oxytocin 
peptide Will depend on the form and composition being used 
in the method. Preferably the effective amoLmt of an oxy 
tocin peptide administered transmucosally or transdermally 
is loWer than dosages used When the agent is delivered by 
other routes (e.g. oral, intravenous, intramuscular or subcu 
taneous). For example, dosages used for administration of an 
oxytocin peptide can include, but are not limited to, an 
effective amount Within the dosage range of about 0.1 IU to 
about 150 IU, or Within 1 IU to about 100 IU, or Within 10 
IU to about 80 IU, or Within about 25 IU to about 50 IU, or 
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within about 1 IU to about 40 IU, or within about 1 IU to 
about 30 IU, or within about 4 IU to about 16 IU, or within 
about 4 IU to about 24 IU. 

[0098] Dosages can be administered in a single dose or in 
multiple doses, for example, dosages can be administered 
two, three, four, up to ten times daily depending on the type 
and severity of headache pain being treated as well as on 
individual susceptibility. Dosages can be administered in a 
sustained release formulation which may allow for an oxy 
tocin peptide to be administered less frequently such as six 
times a week, ?ve times a week, four times a week, three 
times a week, twice a week, or once a week. 

[0099] Thus some aspects of the present invention include 
methods for treatment of headache pain or trigeminal neu 
ralgia comprising administering to an individual an effective 
amount of an oxytocin peptide. The oxytocin peptide can be 
administered within a dosage range of about 0.1 IU to about 
150 IU, or within 0.1 IU to about 100 IU, or within 1 IU to 
about 100 IU, or within 10 IU to about 80 IU, or within about 
25 IU to about 50 IU, or within about 1 IU to about 40 IU, 
or within about 1 IU to about 30 IU, or within about 4 IU to 
about 16 IU, or within about 4 IU to about 24 IU. In some 
examples the oxytocin peptide is administered in a dose of 
about 4 IU. In some examples, the dose is about 8 IU. In 
other examples the dose is about 16 IU. In some examples, 
the dose is about 24 IU. 

[0100] In some aspects of the present invention, a com 
position comprising an oxytocin peptide may further com 
prise an additional active agent, wherein the oxytocin pep 
tide and the additional active agent(s) are administered as a 
mixture, separately and simultaneously, or separately in any 
order. In some examples the composition comprising an 
oxytocin peptide is administered in combination with at least 
one additional active agent. In other examples, the compo 
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sition comprising an oxytocin peptide is administered in 
combination with at least two additional active agents. In 
other example, the composition comprises an oxytocin pep 
tide administered in combination with diclofenac. 

[0101] To determine the therapeutic effect of an oxytocin 
peptide or a composition comprising an oxytocin peptide, 
the “visual analogue scale” (VAS) may be used to assess the 
reduction or alleviation of pain after administration of the 
oxytocin. VAS is a 10 cm horiZontal or vertical line with 
word anchors at each end, such as “no pain” and “pain as bad 
as it could be”. A subject or patient is asked to make a mark 
on the line to represent pain intensity. This mark is converted 
to distance in either centimeters or millimeters from the “no 
pain” anchor to give a pain score that can range from 0-10 
cm or 0-100 mm. The VAS may also be set up as an 11 point 
numerical pain rating scale wherein 0 equals “no pain” and 
10 equals the “worst pain imaginable”. Using the VAS, an 
analgesic agent, e.g. oxytocin, is considered to have an 
analgesic effect when there is a change of about 30% or 
more, for example a change from 9 to 7 or from 5 to 3.5. 

Therapeutic Uses 

[0102] Head pain can arise from a variety of medical 
conditions including but not limited to, primary headaches 
such as migraine, cluster headache, tension or stress head 
ache, secondary headaches caused by speci?c conditions 
such as neoplastic and infectious diseases, toxin ingestion or 
over-consumption of alcohol and trigeminal neuralgia. As 
discussed herein, the most common type of primary vascular 
headache is migraine with cluster headache being less 
common but equally debilitating. Tension or “stress”-type 
headaches are believed to be the most common headache 
type overall in regard to affecting the largest number of 
individuals. The characteristics of these headaches or head 
ache disorders are summarized in Table 1. 

TABLE 1 

Trigeminal 
Migraine Tension Cluster Neuralgia 

Pathophysiology Trigernino- Myo-facial Trigernino- Trigeminal 
vascular pathway autonomic nerve pathway 
pathway pathway 

Laterality Unilateral Bilateral Unilateral Unilateral 
(60%) (100%) 

Intensity Moderate to Mild to Severe Severe 
severe Moderate 

Pain Pulsating (50%) Pressing Boring, piercing Stabbing 
Characteristic Electric 

shock-like 
Duration 4472 hours Minutes to days 154180 minutes 142 seconds to 

Several per a 2 minutes 
day Many per a 

day 
Physical Aggravated by No effect Patients are Minor 
Activity Effect activity restless movements 

can bring on 

attack 
Associated Nausea Conjuctival 
Symptoms Photophobia injection 

Phonophobia Lacrimation 
Nasal 
congestion 
Rhinorrhea 
Facial sweating 
Miosis 
Ptosis 
Eyelid edema 
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[0103] Headache pain and trigeminal neuralgia are often 
not effectively treated With current medications and neW 
methods for pain relief are needed. Accordingly, some 
aspects of the present invention include methods for treat 
ment of headache pain or trigeminal neuralgia by adminis 
tration of an effective amount of an oxytocin peptide 
Wherein the administration results in analgesia to the facial 
or head region. The oxytocin peptide can be administered to 
a patient With a headache disorder including, but not limited 
to, migraine, cluster headache, tension headache, secondary 
types of headache and trigeminal neuralgia. 

[0104] Accordingly, in some aspects of the present inven 
tion, the methods comprise administering an oxytocin pep 
tide or a pharmaceutical composition comprising an oxyto 
cin peptide to an individual for treatment of pain associated 
With migraine. In some aspects of the present invention, the 
methods comprise administering an oxytocin peptide or a 
pharmaceutical composition comprising an oxytocin peptide 
to an individual for treatment of pain associated With a 
cluster headache. In some aspects of the present invention, 
the methods comprise administering an oxytocin peptide or 
a pharmaceutical composition comprising an oxytocin pep 
tide to an individual for treatment of pain associated With a 
tension headache. In some aspects of the present invention, 
the methods comprise administering an oxytocin peptide or 
a pharmaceutical composition comprising an oxytocin pep 
tide to an individual for treatment of pain associated With a 
secondary type of headache. In some aspects of the present 
invention, the methods comprise administering an oxytocin 
peptide or a pharmaceutical composition comprising an 
oxytocin peptide to an individual for treatment of pain 
associated With trigeminal neuralgia. In some aspects of the 
present invention, the methods comprise prophylactic treat 
ment for migraine-associated pain comprising administering 
an oxytocin peptide or a pharmaceutical composition com 
prising an oxytocin peptide to an individual experiencing a 
migraine-associated aura prior to onset of a migraine head 
ache. In some aspects of the present invention, the methods 
comprise prophylactic treatment for cluster headache pain 
comprising administering an oxytocin peptide or a pharma 
ceutical composition comprising an oxytocin peptide to an 
individual after a cluster series has started but prior to 
successive headaches in the cluster series. In some aspects 
of the present invention, the methods comprise prophylactic 
treatment for trigeminal neuralgia pain comprising admin 
istering an oxytocin peptide or a pharmaceutical composi 
tion comprising an oxytocin peptide to an individual after 
trigeminal neuralgia attack but prior to successive attacks. 

Kits 

[0105] Provided herein are kits for carrying out any of the 
methods described herein. Kits are provided for use in 
treatment and/or prevention of headache and headache or 
head pain disorders. Kits of the invention comprise an 
oxytocin peptide in suitable packaging. Other kits of the 
invention may further comprise at least one additional 
analgesic agent. Kits may further comprise a vasoconstric 
tor, at least one protease inhibitor and/or at least one 
absorption enhancer. Some kits may further comprise a 
delivery device, including but not limited to, a device for 
intranasal administration. Other kits may further comprise 
instructions providing information to the user and/or health 
care provider for carrying out any one of the methods 
described herein. 

Mar. 8, 2007 

[0106] Kits comprising a single component, for example 
an oxytocin peptide, Will generally have the component 
enclosed in a container (e.g., a vial, ampoule, or other 

suitable storage container). LikeWise, kits including more 
than one component may also have the reagents in contain 
ers (separately or in a mixture). 

[0107] The instructions relating to the use of the kit for 
carrying out the invention generally describe hoW the con 
tents of the kit are used to carry out the methods of the 
invention. Instructions supplied in the kits of the invention 
are typically Written instructions on a label or package insert 

(e.g., a paper sheet included in the kit), but machine 
readable instructions (e.g., instructions carried on a mag 

netic or optical storage disk) are also acceptable. 

EXAMPLES 

Example 1 

[0108] Activity of an analgesic agent can be tested in a rat 
model by studying treatment-induced changes in latencies 
(times) of WithdraWal in response to noxious heating of the 
skin, typically applying a stimulus to an ear or a hindpaW. 

Thus, application of coherent or non-coherent (non-laser) 
radiant heat to the ear or hindpaW Will elicit rapid With 
draWal movements. Latencies of WithdraWal have been 

demonstrated to be sensitive to analgesic treatments, such 
that analgesics increase the latency to WithdraWal. Trans 
mucosal or transdermal administration of analgesic agents 
can be tested for regional and/or systemic analgesia. After 
administration of an analgesic agent an increase in latency to 
WithdraWal time of the ear Would indicate regional analge 
sia. A change in the latency to WithdraWal time of the 
hindpaW Would indicate Whether there Was a systemic 
analgesic effect, ie no change in the latency to WithdraWal 
time indicates no systemic effect, While an increase in 
latency to WithdraWal time Would indicate a systemic effect. 

[0109] Rats are housed in a 12/ 12-hour light/dark envi 
ronment and are provided food and Water ad libitum. Efforts 
are made to minimize discomfort and reduce the number of 
animals used. Rats are lightly anesthetiZed With urethane 
and placed With minimal restraint on a heating pad to 
maintain their body temperature at 370 C. A laser beam is 
directed via a ?ber optic cable to the rostral external part of 
both ears. Characteristic responses to laser irradiation are a 

retraction or WithdraWal of the stimulated ear for 1-3 sec 
onds after a thermal stimulus by the laser. Laser stimulation 
is terminated rapidly after response of the stimulated ear or 
after a maximal response (cut-o?) latency of 30 seconds to 
prevent tissue damage. 

[0110] For baseline testing of latency WithdraWal 
responses to the ear, 3 pulses are applied to each ear. The 
stimulation site is changed after each pulse alloWing at least 
2 minutes in betWeen 2 stimuli on the same ear. For baseline 

testing of latency WithdraWal responses to the hindpaW, 3 
pulses are applied to the hindpaW. The stimulation site is 
changed after each pulse alloWing at least 2 minutes in 
betWeen 2 stimuli on the same hindpaW. Testing sessions are 
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videotaped for off-line analysis of responses. The off-line 
analysis is performed by an investigator Who determines the 
latency of WithdraWal responses to the laser stimulation and 
Who is blinded to the treatment groups. 

[0111] After measuring baseline latencies, analgesic 
agents are administered intranasally. This involves 5 equal 
10 pl applications to the nose by pipette for a total volume 
of 50 pl over 20 minutes. The effect of different doses of an 
agent (eg 10 pg oxytocin) on latency responses is exam 
ined. To assess the local analgesic effect, the latency of 
WithdraWal response to noxious heating of the ear is tested 
at various time points after agent administration. To assess 
the systemic analgesic effect, the latency of WithdraWal 
response of hindpaWs to noxious heating is tested at various 
time points after agent administration. 

Example 2 

[0112] Sprague-DaWley rats (Charles River Laboratories) 
Were lightly anesthetiZed With urethane and placed With 
minimal restraint on a heating pad to maintain their body 
temperature at 37° C. A laser beam Was directed via a ?ber 
optic cable to the rostral external part of both ears or to the 
hindpaWs as described above. Baseline WithdraWal latencies 
Were measured by delivering 4 separate stimuli With a 
resting period of approximately 15 minutes betWeen each 
stimulus. 50 pl of oxytocin in phosphate-buffered saline Was 
intranasally administered in 5 equal 10 pl applications at a 
dosage of 10 pg. Withdrawal latencies for both ears and 
hindpaWs Were tested ?ve minutes after the ?nal application 
of oxytocin. As described above, testing sessions Were 
videotaped and analyZed. Results demonstrated that intra 
nasal administration of oxytocin at this dosage achieved a 
regional analgesic effect in the head region Without a sys 
temic analgesic effect at the hindpaW. 

[0113] Rats Were intranasally administered 10 pg oxytocin 
and WithdraWal latencies Were tested. Each data point rep 
resents the average, across 8 animals, of latencies in 
response to stimulation at a particular time after the begin 
ning of the test. The circles represent the WithdraWal laten 
cies after thermal stimulation to the ear in control rats treated 
With saline. The squares represent the WithdraWal latencies 
after thermal stimulation to the ear in rats treated With 10 pg 
oxytocin. The triangles represent the WithdraWal latencies 
after thermal stimulation to the hindpaW in the treated rats. 

(FIG. 1). 

Example 3 

[0114] Upon presentation at the clinic, a patient is asked 
for a pain assessment (0-10 rating on VAS). The VAS is an 
11-point numerical pain rating scale Wherein 0 equals “no 
pain” and 10 equals the “Worst pain imaginable”. The 
analgesic agent is self-administered by nasal applicator. 
Initially, one pulf is given in each nostril. After Waiting 15 
minutes the patient is asked again for a pain rating and any 
side effects (eg sedation) are assessed. If pain is still 
present, another pulf per nostril is self-administered. After 
another 15 minutes, pain and side-effects are assessed. If 
pain is still present, tWo mote pulfs of agent are self 
administered. After 15 minutes, pain is rated again, and side 
effects are assessed. If pain is still present, a ?nal tWo pulfs 
are given. After another 15 minutes and at 15, 30 and 60 
minutes after that, pain and side-effects are re-assessed. 
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Example 4 

[0115] A female patient With severe headaches secondary 
to adult hydrocephalus and multiple shunt surgeries Was 
seen at the clinic. The patient’s pain had been unrelieved by 
treatment With triptans, ergotamines, and high-dose opiates. 
The patient presented With a pain rating of 8 out of 10 as 
assessed by the procedure described herein. The patient 
self-administered oxytocin intranasally at a dose of 4 IU in 
0.2 ml. Within 5 minutes of administering oxytocin, the 
patient demonstrated mild sedation, Which cleared Within 10 
minutes. The patient’s headache pain Was signi?cantly 
reduced by 15 minutes after administration, and Was com 
pletely gone by 30 minutes. Pain relief lasted approximately 
24 hours, only brie?y interrupted by mild head pain that 
occurred With activity. The day after treatment With oxytocin 
the patient reported some breast tenderness Which resolved 
Within 24 hours. 

[0116] This patient returned to the clinic approximately 1 
month later. At this appointment the patient rated the pain as 
an 8 out of 10. UnbeknoWnst to her, the patient Was ?rst 
given an intranasal administration of normal saline, in 
approximately the same volume as used for the oxytocin 
administration (0.2 ml). No analgesic or other effect was 
reported by the patient. After Waiting 30 minutes, the patient 
Was administered 4 IU of oxytocin intranasally as described 
above. Within 20-25 minutes, the patient reported that the 
pain Was completely gone. In contrast to the ?rst adminis 
tration there Was no observed sedation, nor Was there any 
breast tenderness the folloWing day. Pain returned approxi 
mately 24 hours after treatment. 

Example 5 

[0117] patient Was seen reporting a “stress” or tension 
headache for Which she rated her head pain as a 5 out of 10 
as assessed by the procedure described herein. The patient 
Was treated With oxytocin administered intranasally at a dose 
of 4 lU in 0.2 ml. Approximately 10-15 minutes after 
administration, the patient reported that the pain Was com 
pletely gone. The patient reported feeling slightly “giddy” 
for the ?rst 10 minutes, after Which this sensation resolved. 
The patient reported being pain free for approximately 48 
hours. 

Example 6 

[0118] patient Was seen reporting a “hangover” headache 
Which Was rated as an 8 out of 10 as assessed by the 
procedure described herein. The patient Was treated With 
oxytocin administered intranasally at a dose of 24 IU. The 
patient reported that the headache completely resolved 
Within 15 minutes. 

Example 7 

[0119] A patient Was seen reporting having an ongoing 
strong headache With occasional boring pain on the left side. 
The pain had lasted for more than 2 Weeks and had been 
diagnosed as a “cluster” headache. The patient Was treated 
With oxytocin administered intranasally at a dose of 16 IU. 
The patient reported that their headache completely resolved 
Within 15 minutes and relief lasted for 24 hours. 

Example 8 

[0120] A patient Was seen after reporting a daily migraine 
Which she rated as a mild to moderate headache With a pain 










