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Oxytocin is a 9 amino acid polypeptide

hormone/neurotransmitter which is made in the hypothalamus
and secreted both into the systemic circulation and into certain
CNS sites ) } *




Hypothesis: Probability of a migraine attack
is determined, in part, by oxytocin (OT) tone
at trigeminal oxytocin receptors (OXTR)

Inhibition of Trigeminal Pain Signals by Oxytocin

The Trigeminal System

trigeminal
ganglion




Oxytocin receptor expression on trigeminal ganglia neurons

Trigemina’s Patented TI-001 Oxytocin Formulation Inhibits Firing of Trigeminal (TG)
CGRP Neurons

Osytocin Receptors Co-Lacalize with CGRP in TI-001 Inhibits Electrically Evoked Activity of
Trigeminal Ganglia Neurans Trigeminal Ganglia Neurons
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Hypothesis: Probability of a migraine attack is determined, in part,
by oxytocin (OT) tone at trigeminal oxytocin receptors (OXTR)

OXTR tone is set by at least 3 factors:

» OT concentration at the receptor

* OXTR affinity for oxytocin (OT)

* Trigeminal OXTR expression levels




Pregnancy increases oxytocin and decreases migraine frequency
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Breast feeding releases oxytocin and prevents migraines
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Intercourse and orgasm release oxytocin and relieve migraines

Orgasm activates the pituitary Intercourse and orgasm can
release of oxytocin alleviate migraine headache

Degree of relief No (%) of women
=58

Complete relief 10 (17%)
Moderate relief 5(9%)
Temporary relief 7 (12%)

(< 60 min)
Relief only for %,
Huynh etal, 2013 mild headyaches 56
During orgasm, plasma oxytocin Any relief 27 (47%)
increases 42% in women, 73% No relief 28 (48%)
inmen
Carmichael et al., 1987 porsg 3(5%)

Adapted:from Evans and Couch, 2001




Plasma OT level is modulated by exogenous estrogen

Plasma oxytocin levels following oral estrogen (1 mg)
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Menstrual Migraine is associated with lowered oxytocin levels

Relative Estrogen and Oxyocin Plasma Levels over
the Menstrual Cycle
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Oxytocin Is Preferentially Transported Throughout the Trigeminal
System After Nasal Delivery (not systemically distributed)

Oxytocin tissue levels (nM) Broad Distribution of 251-oxytocin in Trigeminal Ganglia After Nasal Appiication
after intranasal administration*
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Hypothesis: Probability of a migraine attack is determined, in part,
by oxytocin (OT) tone at trigeminal oxytocin receptors (OXTR)

OXTR tone is set by at least 3 factors:

* OT concentration at the receptor

* OXTR affinity for oxytocin (OT)

* Trigeminal OXTR expression levels
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Mg++ and cholesterol positively, and Na+ negatively
allosterically modulate the oxytocin receptor
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Serum Mg++ is lower in migraineurs suggesting positive allosteric
modulation of OXTR
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Reduced basal and attack-dependent serum Mg++ in migraineurs
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Addition of Mg++ increases oxytocin’s inhibition of trigeminal
ganglia excitability

Action potential recording of trigeminal ganglia neurons
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Meta-analysis shows significant effect of Mg++ on migraine
intensity
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Total sodium concentration is higher in migraineurs,
suggesting negative allosteric modulation of OXTR
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Cholesterol drops with estrogen over menstrual cycle,
suggesting negative modulation of OXTR affinity
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Higher total cholesterol is associated with more frequent and
stronger migraine attacks
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Hypothesis: Probability of a migraine attack is determined, in part,
by oxytocin (OT) tone at trigeminal oxytocin receptors (OXTR)

OXTR tone is set by at least 3 factors:

* OT concentration at the receptor
* OXTR affinity for oxytocin (OT)

» Trigeminal OXTR expression levels

Influences on trigeminal OTXR expression

» Estrogen increases expression of OTXR
* Interleukin-6 (IL-6) increases expression of OXTR
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Menstrual Migraine is associated with lowered oxytocin levels

Relative Estrogen and Oxyocin Plasma Levels over
the Menstrual Cycle
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Increase in brain OXTR induced by estrogen

[ Blank
7500 E Estogen

2
g
K
g
o
z
2
z
5
<
5
3
g
4
&

e - Y e - W - Y e
Ls c1x cLA HIPPO ACO ABL
T Thayioon Gane
...... e
[l —
The OTR gene promoter has multiple response
elements for the inflammatory cytokine IL-6
hOTR gene consensus
Sucede Promoter Sboree Oxytocin Receptor
i—_ — .
. b— NFIL6-282 O *
o]
750 = b— NFIL6-777
™ NF-IL6-816
oy Gould and Zingg, 2003
Schmid et al.,, 2001
...... et
[l —

Inflammation increases trigeminal Oxytocin receptor expression
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After incision, the analgesic efficacy of nasal oxytocin is
blocked by ibuprofen — which blocks IL-6 production
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Nasal delivery of oxytocin to the trigeminal system of humans
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Pilot Clinical Study: Nasal Oxytocin Reduces Pain In Chronic Migraineurs
Excluding patients who took NSAIDs within 24 hours increases efficacy
% of Subjects (n = 40) Reporting "Severe to Mild or None" or "Moderate to None”
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Nasal oxytocin attenuates pain from chronic,
but not acute migraine
Effect of Nasal Oxytocin on Effect of Nasal Oxytocin on
Headache Headache
% of Patients reporting zero pain after % of Patients reporting at least a 50%
treatment improvement
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Summary: Evidence for OXTR modulation of migraine

Oxytocin Levels
* Oxytocin receptors on trigeminal ganglia neurons decrease excitability
As endogenous oxytocin levels increase, migraines decrease
Estrogen modulates oxytocin levels
* Nasally applied oxytocin concentrates in the trigeminal system
OXTR affinity
+ Mg++and cholesterol positively affects OXTR affinity; Na++ negatively affects OXTR affinity
*  Mg++ levels lower in migraineurs especially during attacks
* Mg++ increases trigeminal ganglia neurons inhibition by oxytocin
*  Mg++is therapeutic for migraine
* Na+ levels higher in migraineurs
* Cholesterol levels increase with migraine frequency and severity but drop with estrogen drop
OXTR expression
* Estrogen increases OXTR expression
* Inflammation (IL-6) increases OXTR expression and efficacy in rat trigeminal pain models
* Nasal oxytocin is effective in chronic migraineurs who have not taken NSAIDs
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Hugging, massage, sex, looking at your dog, and shooting your
gun release oxytocin — and perhaps could help prevent migraines

oxytocin
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Thank you!
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