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 Item 7.01 Regulation FD Disclosure.
 

On January 31, 2023, Tonix Pharmaceuticals Holding Corp. (the “Company”) announced that David C. Yeomans, Ph.D., presented data from clinical and nonclinical
studies in an oral presentation at the 16th Annual Headache Cooperative of the Pacific Winter Conference on January 27, 2023 (the “Presentation”). A copy of the press release
which discusses this matter is furnished hereto as Exhibit 99.01, and incorporated herein by reference. The Presentation, which may contain nonpublic information, is filed as
Exhibit 99.02 hereto and incorporated herein by reference.

 
The information in this Item 7.01 of this Current Report on Form 8-K, including Exhibits 99.01 and 99.02 attached hereto, shall not be deemed “filed” for purposes of

Section 18 of the United States Securities Exchange Act of 1934 (the “Exchange Act”) or otherwise subject to the liabilities of that section, nor shall they be deemed
incorporated by reference in any filing under the United States Securities Act of 1933 or the Exchange Act, except as shall be expressly set forth by specific reference in such a
filing.
 
Item 8.01. Other Events.
 

On January 31, 2023, the Company announced that Dr. Yeomans presented data from the Presentation, entitled “Primary vs Secondary Sex Hormones and Migraine,”
which includes research sponsored by the Company and demonstrates that magnesium (Mg++) potentiates the analgesic effects of oxytocin, and includes new preliminary data
from a Positron Emission Tomography (“PET”) study in human volunteers dosed with a proprietary nitrogen-13 (13N) radioisotope of oxytocin formulated with Mg++. A signal
was observed in the trigeminal ganglia, indicating that intranasal oxytocin plus Mg++ delivers oxytocin to the trigeminal ganglia, which have known roles in migraine
headache. These studies were a collaboration with Aarhus University and the principal investigator, Michael Winterdahl, PhD.

 
In addition to the PET study, the presentation includes data collected from isolated human trigeminal ganglia neurons in vitro, which demonstrates oxytocin receptor

co-expressed with calcitonin gene-related peptide (“CGRP”). The results of these studies, which were performed by Vimala Bharadwaj, PhD, are believed to represent the first
observation of oxytocin receptors in human tissue rather than in an animal model. The cytokine IL-6 functionally upregulated expression of human trigeminal oxytocin
receptors in vitro, similar to what has been shown previously in rats, in which oxytocin has been shown to functionally inhibit electrically evoked activity of trigeminal neurons.
The Presentation highlights data which suggest a sex difference in oxytocin potency, and indicates that oxytocin is more potent in inhibiting trigeminal ganglion neuronal
excitability in female rats compared to males. The data demonstrates that treating male rats with estrogen for four days increased the responsiveness of their isolated trigeminal
ganglia to oxytocin in vitro such that they showed a similar level of responsiveness to oxytocin as female trigeminal ganglia. The Company believes these findings have
potential dosing implications in humans who suffer from chronic migraine.

 
Forward- Looking Statements 
 

This Current Report on Form 8-K contains certain forward-looking statements within the meaning of Section 27A of the Securities Act of 1933 and Section 21E of the
Securities Exchange Act of 1934 and Private Securities Litigation Reform Act, as amended, including those relating to the Company’s product development, clinical trials,
clinical and regulatory timelines, market opportunity, competitive position, possible or assumed future results of operations, business strategies, potential growth opportunities
and other statement that are predictive in nature. These forward-looking statements are based on current expectations, estimates, forecasts and projections about the industry
and markets in which we operate and management’s current beliefs and assumptions.

 
These statements may be identified by the use of forward-looking expressions, including, but not limited to, “expect,” “anticipate,” “intend,” “plan,” “believe,”

“estimate,” “potential,” “predict,” “project,” “should,” “would” and similar expressions and the negatives of those terms. These statements relate to future events or our
financial performance and involve known and unknown risks, uncertainties, and other factors which may cause actual results, performance or achievements to be materially
different from any future results, performance or achievements expressed or implied by the forward-looking statements. Such factors include those set forth in the Company’s
filings with the SEC. Prospective investors are cautioned not to place undue reliance on such forward-looking statements, which speak only as of the date of this press release.
The Company undertakes no obligation to publicly update any forward-looking statement, whether as a result of new information, future events or otherwise. 

 
 Item 9.01 Financial Statements and Exhibits.
 
(d)

 
Exhibit

No.  Description.
 

 

99.01
99.02
104  

Press release of the Company, dated January 31, 2023
Primary vs Secondary Sex Hormones and Migraine
Cover Page Interactive Data File (embedded within the Inline XBRL document)

 
 

https://s3.amazonaws.com/content.stockpr.com/tonixpharma/sec/0001387131-23-001054/for_pdf/ex99-01.htm
https://s3.amazonaws.com/content.stockpr.com/tonixpharma/sec/0001387131-23-001054/for_pdf/ex99-02.htm
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Tonix Pharmaceuticals Announces Presentation of Clinical and Non-Clinical TNX-1900 Data at the Annual
Headache Cooperative of the Pacific (HCOP) Winter Conference

 
 

Preliminary Results from Human PET Study Show that Intranasal Application of a Radioisotope of Magnesium-Potentiated Oxytocin is Delivered to the
Trigeminal Ganglia

 
Preliminary Results on Human Cadaveric Trigeminal Ganglia Show Co-expression of Oxytocin Receptors and CGRP

 
Preliminary Results Show Sex Differences in Oxytocin Potency in an Animal Model

 
 

CHATHAM, N.J., January 31, 2023 – Tonix Pharmaceuticals Holding Corp. (Nasdaq: TNXP) (Tonix or the Company), a clinical-stage biopharmaceutical
company, today announced that David C. Yeomans, Ph.D., presented data from clinical and nonclinical studies in an oral presentation at the 16th Annual
Headache Cooperative of the Pacific (HCOP) Winter Conference on January 27, 2023. The oral presentation titled, “Primary vs Secondary Sex Hormones
and Migraine,” includes research sponsored by and licensed to Tonix Pharmaceuticals. Professor Yeomans was a founder of Trigemina, which Tonix acquired,
and he remains a consultant to Tonix. A copy of the presentation is available under the Scientific Presentations tab of the Tonix Pharmaceuticals corporate
website at www.tonixpharma.com.

“In addition to data showing that magnesium (Mg++) potentiates the analgesic effects of oxytocin, the presentation includes new preliminary data from a
Positron Emission Tomography (PET) study in human volunteers dosed with a proprietary nitrogen-13 (13N) radioisotope of oxytocin formulated with Mg++,”
said Seth Lederman, M.D., Chief Executive Officer of Tonix Pharmaceuticals. “A signal was observed in the trigeminal ganglia, indicating that intranasal
oxytocin plus Mg++ delivers oxytocin to the trigeminal ganglia which have known roles in migraine headache. These studies were a collaboration with Aarhus
University and the principal investigator, Michael Winterdahl, PhD.”

In addition to the PET study, the presentation includes data collected from isolated human trigeminal ganglia neurons in vitro which show oxytocin receptor co-
expressed with calcitonin gene-related peptide (CGRP). The results of these studies, which were performed by postdoctoral fellow Vimala Bharadwaj, PhD, are
believed to represent the first observation of oxytocin receptors in human tissue rather than in an animal model. Previously, it has been shown that oxytocin
receptors and CGRP co-localize in rat trigeminal ganglia neurons. The cytokine IL-6 functionally upregulated expression of human trigeminal oxytocin receptors
in vitro, similar to what has been shown previously in rats, in which oxytocin has been shown to functionally inhibit electrically evoked activity of trigeminal
neurons.

Finally, the presentation highlights data which suggest a sex difference in oxytocin potency. “The results indicate that oxytocin is more potent in inhibiting
trigeminal ganglion neuronal excitability in female rats compared to males,” said Professor David C. Yeomans. “Moreover, treating male rats with estrogen for
four days increased the responsiveness of their isolated trigeminal ganglia to oxytocin in vitro such that they show a similar level of responsiveness to oxytocin
as female trigeminal ganglia. The Company believes that together, these findings have potential dosing implications in humans who suffer from chronic
migraine.”

 

https://s3.amazonaws.com/content.stockpr.com/tonixpharma/sec/0001387131-23-001054/for_pdf/tnxp_8k-013123.htm


 
 
In late 2021, Tonix received Investigational New Drug clearance from the U.S. Food and Drug Administration to support the initiation of a Phase 2 study of TNX-
1900 (intranasal magnesium potentiated oxytocin) for the prevention of migraine headache in chronic migraineurs. The Company expects to begin enrollment in
the Phase 2 study during the first quarter of 2023.

Tonix Pharmaceuticals Holding Corp.*

Tonix is a clinical-stage biopharmaceutical company focused on discovering, licensing, acquiring and developing therapeutics to treat and prevent human
disease and alleviate suffering. Tonix’s portfolio is composed of central nervous system (CNS), rare disease, immunology and infectious disease product
candidates. Tonix’s CNS portfolio includes both small molecules and biologics to treat pain, neurologic, psychiatric and addiction conditions. Tonix’s lead CNS
candidate, TNX-102 SL (cyclobenzaprine HCl sublingual tablet), is in mid-Phase 3 development for the management of fibromyalgia with a new Phase 3 study
launched in the second quarter of 2022 and interim data expected in the second quarter of 2023. TNX-102 SL is also being developed to treat Long COVID, a
chronic post-acute COVID-19 condition. Tonix initiated a Phase 2 study in Long COVID in the third quarter of 2022 and expects interim data in the third quarter
of 2023. TNX-1300 (cocaine esterase) is a biologic designed to treat cocaine intoxication and has been granted Breakthrough Therapy designation by the FDA.
A Phase 2 study of TNX-1300 is expected to be initiated in the first quarter of 2023. TNX-1900 (intranasal potentiated oxytocin), a small molecule in
development for chronic migraine, is expected to enter the clinic with a Phase 2 study in the first quarter of 2023. TNX-601 ER (tianeptine hemioxalate
extended-release tablets) is a once-daily formulation of tianeptine being developed as a potential treatment for major depressive disorder (MDD) with a Phase 2
study expected to be initiated in the first quarter of 2023. Tonix’s rare disease portfolio includes TNX-2900 (intranasal potentiated oxytocin) for the treatment of
Prader-Willi syndrome. TNX-2900 has been granted Orphan Drug designation by the FDA. Tonix’s immunology portfolio includes biologics to address organ
transplant rejection, autoimmunity and cancer, including TNX-1500, which is a humanized monoclonal antibody targeting CD40-ligand (CD40L or CD154) being
developed for the prevention of allograft and xenograft rejection and for the treatment of autoimmune diseases. A Phase 1 study of TNX-1500 is expected to be
initiated in the first half of 2023. Tonix’s infectious disease pipeline includes a vaccine in development to prevent smallpox and monkeypox, TNX-801, a next-
generation vaccine to prevent COVID-19, TNX-1850, a platform to make fully human monoclonal antibodies to treat COVID-19, TNX-3600, and humanized anti-
SARS-CoV-2 monoclonal antibodies, TNX-3800, recently licensed from Curia. TNX-801, Tonix’s vaccine in development to prevent smallpox and monkeypox,
also serves as the live virus vaccine platform or recombinant pox vaccine (RPV) platform for other infectious diseases. A Phase 1 study of TNX-801 is expected
to be initiated in Kenya in the second half of 2023.
 
*All of Tonix’s product candidates are investigational new drugs or biologics and have not been approved for any indication.
 
This press release and further information about Tonix can be found at www.tonixpharma.com.
 
Forward Looking Statements
Certain statements in this press release are forward-looking within the meaning of the Private Securities Litigation Reform Act of 1995. These statements may
be identified by the use of forward-looking words such as “anticipate,” “believe,” “forecast,” “estimate,” “expect,” and “intend,” among others. These forward-
looking statements are based on Tonix's current expectations and actual results could differ materially. There are a number of factors that could cause actual
events to differ materially from those

 



 
 
indicated by such forward-looking statements. These factors include, but are not limited to, risks related to the failure to obtain FDA clearances or approvals and
noncompliance with FDA regulations; delays and uncertainties caused by the global COVID-19 pandemic; risks related to the timing and progress of clinical
development of our product candidates; our need for additional financing; uncertainties of patent protection and litigation; uncertainties of government or third
party payor reimbursement; limited research and development efforts and dependence upon third parties; and substantial competition. As with any
pharmaceutical under development, there are significant risks in the development, regulatory approval and commercialization of new products. Tonix does not
undertake an obligation to update or revise any forward-looking statement. Investors should read the risk factors set forth in the Annual Report on Form 10-K for
the year ended December 31, 2021, as filed with the Securities and Exchange Commission (the “SEC”) on March 14, 2022, and periodic reports filed with the
SEC on or after the date thereof. All of Tonix's forward-looking statements are expressly qualified by all such risk factors and other cautionary statements. The
information set forth herein speaks only as of the date thereof.

 

Contacts

Jessica Morris (corporate)
Tonix Pharmaceuticals
investor.relations@tonixpharma.com
(862) 904-8182
 
Olipriya Das, Ph.D. (media)
Russo Partners
Olipriya.Das@russopartnersllc.com
(646) 942-5588
 
Peter Vozzo (investors)
ICR Westwicke
peter.vozzo@westwicke.com
(443) 213-0505
 

 

 



 

TONIX PHARMACEUTICALS HOLDING CORP. FORM 8-K

Exhibit 99.02

 
 

 

Primary vs Secondary Sex Hormones and Migraine 1

 

https://s3.amazonaws.com/content.stockpr.com/tonixpharma/sec/0001387131-23-001054/for_pdf/tnxp_8k-013123.htm


 

Disclosures 2 Professor David C Yeomans, Director of Pain Research, Stanford Medical School • SiteOne Therapeutics – Founder • NewBio – Founder • Tonix Pharmaceuticals - Consultant • Nalu Medical – SAB chair • Cytonics – SAB chair • Circuit Therapeutics – Consultant • Endo Pharmaceuticals - Consultant

 



 

Sex Hormones 3 Sex hormones are critical regulators of sex - related characteristics and behaviors Primary: • Progesterone • Estrogens • Androgens Secondary: • Prolactin • Oxytocin

 



 

The “Estrogen withdrawal hypothesis”, developed by Somerville and colleagues in 1972, postulates that attacks of menstrual migraine are triggered by the decrease in estrogen levels preceding menstruation. Hypothesized pathology: • A drop in estrogen may cause an increased sensitivity to prostaglandins and a release of neuropeptides such as CGRP, substance P and neurokinins which could result in neurogenic inflammation. • This physiological response provokes alterations in the microvasculature of the dura mater, changes in calcium and magnesium concentrations, and an imbalance in serotonin and dopamine concentrations 4 Estrogens and Migraine

 



 

However, estrogens are generally ineffective in in migraine prevention RCTs 5 RCT (35 pts): Percutaneous Estradiol reduced migraine frequency by 22% compared to placebo but increased migraines as soon as drug stopped (MacGregor et al., 2006) RCT (27 pts): Percutaneous Estradiol no significant effect vs. placebo (Almén - Christensson et al. 2011). Estradiol and progesterone RCT (50 pts) Percutaneous or oral estradiol plus progesterone: significantly worsened migraine with aura (Nappi et al, 2001). RCT (22 pts) Percutaneous estradiol significantly v placebo, reduced frequency of menstrual migraine (Dennerstein et al., 1988).

 



 

Progesterone is analgesic in the trigeminal system Progesterone Receptors are co - Expressed with Nav1.7 in trigeminal ganglia neurons Progesterone decreases sodium currents in mouse trigeminal ganglia neurons Bi et al., 2020 6

 



 

However, Progesterone is minimally effective NO RCTs Warhurst et al., 2017 7

 



 

Testosterone 8 No RCT but pilot study showing strong effects of testosterone implant on 27 female migraineurs with symptoms of androgen insufficiency . Compared to pre - treatment, testosterone produced a significant decrease in migraine severity with 74 % reporting severity scores of zero (Glaser et al . , 2012 ) .

 



 

Prolactin receptors on female, but not male mouse dural afferents 9 Avona et al., 2021

 



 

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 10

 



 

Pregnancy increases oxytocin and decreases migraine frequency 90 80 70 60 50 40 30 20 10 0 Migraine Remission Rate (% ) Adapted from Hoshiyama, 2012 Kuwabara et al., 1987 11

 



 

Breast feeding releases oxytocin and prevents migraines 9 8 7 6 5 4 3 2 Baseline Bottle Fed Feeding Breast Fed Plasma Oxytocin (pg/mL) 0 20 40 60 80 100 1 2 6 Weeks Post - Partum Migraine Recurrence Rate (%) Grewen et al, 2010 12 Bottle Fed Breast Fed Hoshiyama, 2012

 



 

Oxytocin receptor expression on trigeminal ganglia neurons 13

 



 

CGRP 14 OTR CGRP + OTR only Oxytocin receptors co - express CGRP in human trigeminal ganglia neurons

 



 

Oxytocin Inhibits Firing of Rat Trigeminal (TG) CGRP Neurons Oxytocin Receptors Co - Localize with CGRP in Trigeminal Ganglia Neurons Oxytocin Receptors = red CGRP = green Oxytocin Inhibits Electrically Evoked Activity of Trigeminal Ganglia Neurons 10 μM Oxytocin Control Wash 15

 



 

Multiple factors that vary over the menstrual cycle have been shown to control oxytocin activity 16

 



 

1. IL - 6 is low during menstrual migraine 17

 



 

18 The OTR gene promoter has multiple response elements for the inflammatory cytokine IL - 6 Nucletide Sequence (with cleavage Sites) 1 - 250 - 750 - 1000 - 403 - 500 - 722 - 909 - 1203 - 1250 hOTR gene Promoter Consensus Response Elements Transcription start site NF - IL6 - 181 NF - IL6 - 777 NF - IL6 - 816 Oxytocin Receptor Schmid et al ., 2001 Copyright ©2014 Trigemina, Inc. Confidential: not for distribution. Property of Trigemina, Inc. Gould and Zingg, 2003 8

 



 

Trigeminal nucleus oxytocin immunofluorescence I II III IV V Autoradiograms of trigeminal ganglia Oxytocin Is Preferentially Transported Throughout the Trigeminal System After Nasal Delivery (not systemically distributed) Oxytocin tissue levels (nM) after intranasal administration* TRIGEMINAL NERVE Ganglion Maxillary branch Mandibular branch 574 471 676 “ 191 “ 117 “ 235 Ophthalmic branch 423 “ 143 OLFACTORY NERVE Nucleus Bulbs 34 33 “ 10 “ 13 BRAIN Cortex Caudate Thalamus Midbrain Cerebellum Medulla 29 39 15 23 20 26 “ 8 “ 12 “ 6 “ 12 “ 8 “ 10 SPINAL CORD Cervical Thoracic Lumbar 34 5 5 “ 9 “ 1 “ 1 OTHER TISSUES Muscle Liver Kidney Lung Heart 16 16 50 25 23 “ 3 “ 2 “ 5 “ 4 “ 4 BLOOD Blood 63 “ 4 *Oxytocin applied to nose of rats, tissue levels assessed by gamma counts Broad Distribution of 125 I - oxytocin in Trigeminal Ganglia After Nasal Application Band of Oxytocin Immunofluorescence in Lamina II – Where Trigeminal Pain Sensing Neurons Synapse 19

 



 

Inflammation increases trigeminal Oxytocin receptor expression *# *# *# *# *# * * * * * Baseline 20

 



 

0 35 30 25 20 15 10 5 1 2 3 Pain threshold (g) Saline + Ibuprofen After incision, the analgesic efficacy of nasal oxytocin is blocked by ibuprofen – which blocks IL - 6 production Pre - incision Post - incision Oxytocin Oxytocin + Ibuprofen 21 Post - treatment

 



 

15 10 5 0 20 OTR Area of OTR+ve staining ( � m 2 )

�
�
�
�  In vitro treatment of human ganglia with IL - 6 induces upregulation of oxytocin receptors Control 22 IL - 6 treated

 



 

Nasal delivery of oxytocin to the trigeminal system of humans 23

 



 

13 N - Oxytocin in human TG after nasal application 24

 



 

Pilot Clinical Study: Nasal Oxytocin Reduces Pain In Chronic Migraineurs * = p< 0.05 compared to placebo Z - test of 2 proportions 20 10 0 30 40 50 60 0.5 Hrs 1.0 Hrs 2.0 Hrs Time after dosing 4.0 Hrs 24 Hrs Placebo OT Overall OT - NSAID OT + NSAID * 25 p = 0.0195 p = 0.0326 * * p = 0.0503 p = 0.0198 * Excluding patients who took NSAIDs within 24 hours increases efficacy % of Subjects (n = 40) Reporting ”Severe to Mild or None" or ”Moderate to None” 80 70

 



 

2. Estrogen is low during menstrual migraine 26

 



 

27 Plasma OT level is modulated by exogenous estrogen Chiodera et al., 1991 Plasma oxytocin levels following oral estrogen (1 mg) Hours following estrogen administration

 



 

Increase in brain OXTR induced by estrogen 28

 



 

OT is more potent in inhibiting TG excitability in females, but with estrogen pretreatment, male potency is similar to female - 10 40 30 20 10 0 0 200 800 1000 400 600 OT dose (nM) Hyperpolarizatin (mv) male estogen ( - ) male estrogen (+) female 29

 



 

3. Magnesium ion plasma level is low during menstrual migraine 30

 



 

Attack Assarzadegan et al., 2016 31 0 1 0.5 2.5 2 1.5 Control Interictal Serum Mg++ (mg/DL) * Serum Mg++ is lower in migraineurs

 



 

Reduced basal and attack - dependent serum Mg++ in migraineurs Sarchielli et al., 1991 0.6 0.5 0.4 32 0.7 0.8 1 0.9 Interictal Attack • Odds of migraine is increased 35.3 times when serum levels of magnesium reached below the normal level.

 



 

Binding site for Mg 2+ between OT and OTR 33

 



 

Addition of Mg 2+ enhanced OT - driven desensitization of rat TG 34

 



 

Addition of Mg 2+ enhanced OT - driven craniofacial analgesia 35

 



 

0XY + 0.5mM Mg2+ 0XY + 1.75mM Mg2+ Washout Baseline 20mV 100ms ∆ Rheobase Addition of Mg 2+ enhanced OT - driven increase of rheobase of human 36 DRG

 



 

Baseline 37 0XY + 0.5mM Mg2+ 0XY + 1.75mM Mg2+ Addition of Mg 2+ enhanced OT - driven decrease in AP following in human DRG

 



 

Summary: Sex hormone modulation of migraine 38 • Evidence for Direct modulation of TG excitability by primary sex hormones in not strong • Evidence for extended sex hormones (Prolactin, oxytocin) robust • Oxytocin effects are modulated by several endogenous factors that vary over the menstrual cycle • IL - 6 levels drive OT receptor expression and increases OT analgesic efficacy • Estrogen drives OT and OT receptor expression and likely enables OT analgesia • Mg 2+ is decreased during menstruation and during migraine attacks • There is a binding site for Mg 2+ between OT and its receptor • Mg 2+ dramatically increases the analgesic efficacy of OT in animal models and human sensory neurons A Mg 2+ containing nasal formulation of OT is being used in an ongoing multi - site US study of chronic migraine prophylaxis

 



 

Alternatively, hugging, massage, sex, looking at your dog could help prevent migraines 39

 



 

Thank you! 40

 


