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CAUTIONARY NOTES
FORWARD LOOKING STATEMENTS

This presentation contains certain forward-looking statements within the meaning of Section 27A of the Securities Act of 1933, as amended (the “Securities Act”) and Section 21E of the Securities Exchange
Act of 1934, as amended (the “Exchange Act”), and the Company intends that such forward-looking statements be subject to the safe harbor created thereby. These might include statements regarding the
Company’s future plans, targets, estimates, assumptions, financial position, business strategy and other plans and objectives for future operations, and assumptions and predictions about research and
development efforts, including, but not limited to, preclinical and clinical research design, execution, timing, costs and results, future product demand, supply, manufacturing, costs, marketing and pricing
factors.

In some cases, forward-looking statements may be identified by words including “assumes,” “could,” “ongoing,” “potential,” “predicts,” “projects,” “should,” “will,” “would,” “anticipates,” “believes,”
“intends,” “estimates,” “expects,” “plans,” “contemplates,” “targets,” “continues,” “budgets,” “may,” or the negative of these terms or other comparable terminology, although not all forward-looking
statements contain these words, and such statements may include, but are not limited to, statements regarding (i) future research plans, expenditures and results, (ii) potential collaborative arrangements,
(iii) the potential utility of the Company’s products candidates, (iv) reorganization plans, and (v) the need for, and availability of, additional financing. Forward-looking statements are based on information
available at the time the statements are made and involve known and unknown risks, uncertainties and other factors that may cause our results, levels of activity, performance or achievements to be
materially different from the information expressed or implied by the forward-looking statements in this presentation.

These factors include but are not limited to, regulatory policies or changes thereto, available cash, research and development results, issuance of patents, competition from other similar businesses, interest
of third parties in collaborations with us, and market and general economic factors, and other risk factors disclosed in “Item 1A. Risk Factors” in the Company’s Annual Report on Form 10-K for the fiscal year
ended December 31, 2021, as filed with the SEC on April 15, 2022 (the “2021 Form 10-K”).

You should read these risk factors and the other cautionary statements made in the Company’s filings as being applicable to all related forward-looking statements wherever they appear in this presentation.
We cannot assure you that the forward-looking statements in this presentation will prove to be accurate and therefore prospective investors, as well as potential collaborators and other potential
stakeholders are encouraged not to place undue reliance on forward-looking statements. You should read this presentation completely. Other than as required by law, we undertake no obligation to update
or revise these forward-looking statements, even though our situation may change in the future.

We caution investors, as well as potential collaborators and other potential stakeholders not to place undue reliance on any forward-looking statement that speaks only as of the date made and to recognize
that forward-looking statements are predictions of future results, which may not occur as anticipated. Actual results could differ materially from those anticipated in the forward-looking statements and
from historical results, due to the risks and uncertainties described in the 2021 Form 10-K and in this presentation, as well as others that we may consider immaterial or do not anticipate at this time. These
forward-looking statements are based on assumptions regarding the Company’s business and technology, which involve judgments with respect to, among other things, future scientific, economic,
regulatory and competitive conditions, collaborations with third parties, and future business decisions, all of which are difficult or impossible to predict accurately and many of which are beyond the
Company’s control. Although we believe that the expectations reflected in our forward-looking statements are reasonable, we do not know whether our expectations will prove correct. Our expectations
reflected in our forward-looking statements can be affected by inaccurate assumptions that we might make or by known or unknown risks and uncertainties, including those described in the 2021 Form 10-K
and in this presentation. These risks and uncertainties are not exclusive and further information concerning us and our business, including factors that potentially could materially affect our financial results
or condition, may emerge from time to time.

For more information about the risks and uncertainties the Company faces, refer to “Item 1A. Risk Factors” in our 2021 Form 10-K and other reports filed or furnished with the SEC from time-to-time.
Forward-looking statements speak only as of the date they are made. The Company does not undertake and specifically declines any obligation to update any forward-looking statements or to publicly
announce the results of any revisions to any statements to reflect new information or future events or developments. We advise investors, as well as potential collaborators and other potential stakeholders
to consult any further disclosures we may make on related subjects in our annual reports on Form 10-K and other reports that we file with or furnish to the SEC. 2
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CAUTIONARY NOTES (cont’d)

NOT A SECURITIES OFFERING

This presentation is being provided for informational purposes only. This presentation does not constitute an offer to sell, a solicitation of an offer
to buy, or a recommendation of any security or any other product or service by RespireRx Pharmaceuticals Inc. (the “Company”) or any other third
party regardless of whether such security, product or service is referenced in this presentation. Furthermore, nothing in this presentation is
intended to provide tax, legal, or investment advice and nothing in this presentation should be construed as a recommendation to buy, sell, or hold
any investment or security or to engage in any investment strategy or transaction. We do not represent that the securities, product development
opportunities or strategies, or any other features of the Company discussed in this presentation are suitable for any particular investor,
collaborator or other stakeholder.



RespireRx – Underlying Science  

• Neurons communicate through a
process of neurotransmission in which
they release chemical neurotransmitters
that bind to specific receptors on
adjacent neurons.

• RespireRx is developing breakthrough
drugs to modify neurotransmission and
create advanced treatments for
disorders with high unmet needs.

Neurotransmission
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Directly Acting Agonists/Antagonists

• Act directly at the neurotransmitter binding site to 
either stimulate (agonist) or interfere (antagonist) with 
the neurotransmitter receptor.

• Cannabinoids, such as ∆9-THC , are direct agonists on 
the brain’s endocannabinoid receptors

Neuromodulators

• Allosteric Modulators do not act directly at the 
neurotransmitter receptor binding site and have no 
intrinsic activity of their own, but instead act at 
accessory sites that enhance (positive) or reduce the 
actions of neurotransmitters (negative).

• AMPAkines and GABAkines enhance the actions of the 
neurotransmitters glutamate and GABA at their 
respective AMPA glutamate and GABAA receptors

Different Approaches Create Different Platforms

Neurotransmission Process in Drug Abuse Neurotransmission
Steps

Neurotransmission
Diagram

What Is
Neurotransmission
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Pharmaceutical Cannabinoids

Dronabinol (∆9-THC)

§ Treatment of Obstructive Sleep Apnea (OSA)

§ No approved drugs available for OSA

§ Potential multi-billion $ market – estimated 30 
million US patients

§ Successful Phase 2B; Phase 3 ready, pending 
completion of new superior formulation and IND 
meeting

§ Broad enabling patents applied for dosage and 
novel cannabinoid formulations applicable to 
other indications as well as OSA

§ Clinical and commercial API supply established

Neuromodulators - Novel Brain Targeting Drugs

AMPAkines (AMPA Receptor Positive Allosteric Modulators)

§ 3 Successful phase 2A trials for CX1739 and CX717 
§ Phase 2A ready for spinal cord injury (SCI)
§ Phase 2B ready for ADHD
§ Multi-kilos of clinical API on hand

GABAkines (GABAA Receptor Positive Allosteric Modulators)
§ Efficacious in multiple animal models of treatment resistant 

epilepsy and chronic neuropathic pain
§ Efficacy in excised brain slices from epileptic patients
§ Lead compound is druggable and ready for pre-clinical 

development
§ Chemical scale-up underway for IND enabling studies

Product Candidate Portfolio Summary

ResolutionRx EndeavourRx
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• Obstructive (OSA) - a peripheral phenomenon that occurs when 
throat muscles intermittently relax and block airway during sleep

§ May be accompanied by snoring

Sleep Apnea: A National Health Epidemic
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3 Types of Sleep Apnea

• Central (CSA) – a brain-mediated phenomenon that occurs when 
breathing control centers in the brain reduce activity

§ Frequently caused by opioid consumption

• Mixed - a combination of OSA and CSA 

~ 30 million Americans Stop Breathing Every Night 
5-50 Times per Hour!

SLEEP APNEA IS NOT MERELY SNORING
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Two Successful Phase 2 Trials

Two Phase 2 Trials Have 
Shown that Dronabinol 
Treatment Results in a 
Statistically Significant, 
Dose Related Improvement 
in AHI, the Primary Endpoint 
for FDA Approval

The Published Literature Can be used to Support a 505(b)2 NDA for Dronabinol in OSA 

2a n=19 2b n=57

1 Published in Frontiers in Psychiatry January 2013 | Volume 4 | Article 1
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New Formulations Based on Clinical Data
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• Low dose dronabinol 
is as effective as the 
high dose in the first 
half of the night

• Effectiveness 
diminishes in the 
second half of the 
night

• Opportunities for low 
dose-controlled 
release formulations

Change in AHI in the 1st 4 hours vs. the 2nd 4 hours of the night
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• Poor and erratic absorption, with some patients achieving
very high levels and others achieving very low levels.

Present Dronabinol Gel-cap Formulations

Clinical Pharmacology: Advances and Applications 2016:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

158

Parikh et al
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Figure 1 Linear mean plasma concentration–time curves for (A) dronabinol and (B) 11-OH-Δ9-THC, after single-dose administration of dronabinol oral solution 4.25 mg 
or dronabinol capsule 5 mg, under fasted conditions.

Notes: N=51 for replicate 1. N=50 for replicate 2.

Abbreviation: THC, tetrahydrocannabinol.

of individuals after administration of dronabinol capsule 
(Figure 2).

Adverse events
Single-dose administration of dronabinol oral solution 
4.25 mg and dronabinol capsule 5 mg was generally well 
tolerated. A total of 90 AEs were reported by 25 individuals 
during the study, with 48.9% and 51.1% of AEs reported with 
dronabinol oral solution and dronabinol capsule, respectively. 
The most commonly reported AEs in the safety population 
were nausea (n=14; dronabinol oral solution, n=8, versus 
dronabinol capsule, n=6), dizziness (n=13; dronabinol oral 

solution, n=6, versus dronabinol capsule, n=7), somnolence 
(n=12; dronabinol oral solution, n=7, versus dronabinol 
capsule, n=5), and headache (n=11; dronabinol oral solution, 
n=7, versus dronabinol capsule, n=4). All AEs were consid-
ered mild (50%) or moderate (50%) in intensity.

Discussion
This comparative bioavailability study demonstrated the bio-
equivalence of single-dose dronabinol oral solution 4.25 mg 
to dronabinol capsule 5 mg in healthy volunteers, under 
fasted conditions. The 90% CI of the GM ratio (oral solu-
tion/capsule) was within the standard bioequivalence range 

 

C
lin

ic
al

 P
ha

rm
ac

ol
og

y:
 A

dv
an

ce
s 

an
d 

Ap
pl

ic
at

io
ns

 d
ow

nl
oa

de
d 

fro
m

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
69

.8
4.

10
8.

12
0 

on
 0

6-
Fe

b-
20

18
Fo

r p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

Parikh et al, Clinical Pharmacology: Advances and Applications 2016:8 155–162 

* Note the large standard error bars reflecting a very high variability



Pharmaceutical Cannabinoids

Dronabinol (∆9-THC)

§ Treatment of Obstructive Sleep Apnea (OSA)

§ No approved drugs available for OSA

§ Potential multi-billion $ market – estimated 30 
million US patients

§ Successful Phase 2B; Phase 3 ready, pending 
completion of new superior formulation and IND 
meeting

§ Broad enabling patents applied for dosage and 
novel cannabinoid formulations applicable to 
other indications as well as OSA

§ Clinical and commercial API supply established

Neuromodulators - Novel Brain Targeting Drugs

AMPAkines (AMPA Receptor Positive Allosteric Modulators)

§ 3 Successful phase 2A trials for CX1739 and CX717 
§ Phase 2A ready for spinal cord injury (SCI)
§ Phase 2B ready for ADHD
§ Multi-kilos of clinical API on hand

GABAkines (GABAA Receptor Positive Allosteric Modulators)
§ Efficacious in multiple animal models of treatment resistant 

epilepsy and chronic neuropathic pain
§ Efficacy in excised brain slices from epileptic patients
§ Lead compound is druggable and ready for pre-clinical 

development
§ Chemical scale-up underway for IND enabling studies

Product Candidate Portfolio Summary

ResolutionRx EndeavourRx

11



AMPA Glutamate Receptor Structure
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• The AMPA receptor is composed of four 
transmembrane proteins that form a pore, which 
when activated by glutamate opens and allows 
positive ions to enter the cell.

• Ampakine binding sites are located adjacent to 
the glutamate binding sites and increase the 
normal excitatory response to glutamate.

• As opposed to direct acting agonists that 
constantly bombard the glutamate binding site in 
a non-physiological manner, ampakines act by 
enhancing the natural actions of glutamate.

• The AMPA receptor proteins are heterogeneous 
and form various combinations allowing for 
subtype specificity and neuroanatomical and 
pharmacological selectivity.

Ampakine
binding sites

The receptors ion channel allows influx 
of Na+ and Ca2+ ions into the neuron
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Mean Change from baseline
* Repeated measures analysis , p=0.002

CX717 Shows Significant Improvement in ADHD

Phase 2 Study of CX717 in Adult ADHD: Randomized, double-blind, multi-center, 2-period crossover study 
that compared 2 doses of CX717 (200 or 800 mg BID) with placebo. Statistically significant effects were 
observed with 800 mg as early as week 1.

INATTENTIVENESSOVERALL ADHR-RS

-6

-5

-4

-3

-2

-1

0
Week 1 Week 2 Week 3

Placebo (H) High Dose

HYPERACTIVITY

Mean Change from baseline
* Repeated measures analysis , p<0.05

Mean Change from baseline
* Repeated measures analysis , p<0.04



Spinal Cord Injury Metrics

14

There are ~288,000 People Living with 
Spinal Cord Injury in the U.S.* 

Treatment Costs are High and Continue for Life

*Note that the targeted SCI patient population 
(incomplete SCI) is <200,000 and therefore may 
qualify for orphan disease status

National Spinal Cord Injury Statistical Center, Facts and Figures at a Glance. Birmingham, AL: University of Alabama at Birmingham, 2018.



Acute doses of CX717 Improve Motor Neuron Firing in 
Animal Models of Spinal Cord Injury

Oral CX717 prevented and reversed the Respiratory 
Depression without impacting the pain-relieving 

properties of the opioid

15

8 weeks following surgery, CX717 (15 mg/kg) increases amplitude in 
electrical recordings taken from rat phrenic nerves

stunned at the magnitude of increase in phrenic motor output after i.v. ampakine delivery (e.g., Figs. 1-2).  
Since additional preliminary work showed that respiratory plasticity can be enhanced by ampakine 
pretreatment (e.g., Figs. 3-4), we propose a comprehensive, pre-clinical study of this potentially translatable 
approach6,7 to improve breathing capacity after chronic, incomplete cervical SCI. Because SCI suppresses 
spinal respiratory motor output, and AMPA receptor signaling is critical in respiratory motor control, 
we propose that positive allosteric AMPA receptor modulation with ampakines can directly stimulate 
breathing (Aim 1), and enhance respiratory plasticity and rehabilitation (Aim 2) after cervical SCI. 

The strengths of using ampakines in this context include: 1) strong preliminary data for both Aims, 2) 
ampakines are metabolically stable and cross the blood-brain barrier95, 3) ampakines have been safely used in 
human studies of cognition6,96 and opioid-induced respiratory depression7, and 4) ampakines are particularly 
effective in conditions associated with reduced respiratory neuromotor output3,12,26. Weaknesses, as with all 
pharmacologic strategies, include the potential for off-target effects. We address this weakness by performing 
careful dose-response studies, evaluation of cardiovascular responses, and direct measurement of spasticity.   
There will always be potential off-target effects of any systemically administered drug; our intent is to determine 
if beneficial respiratory effects can be evoked using low-dose, low impact ampakine therapy without evoking 
negative side effects. Preliminary data suggest that this will be possible.   

INNOVATION 
There are two primary innovations of the proposed work. First, these will be the first studies to use 
ampakines to stimulate respiratory motor function after SCI. Although ampakines stimulate breathing after drug 
overdose11,25 and in neuromuscular disorders3,27, preliminary data suggest that ampakines may be even more 
effective after incomplete SCI. Second, these will be the first studies of ampakines as an adjunct to other 
therapeutic modalities targeting respiratory insufficiency. We know this field well (>150 related publications 
from our group), and are unaware of other pharmacological treatments that robustly enhance the magnitude of 
respiratory plasticity (e.g. Figs. 3-4). Although the proposed studies focus on breathing, confirmation of our 
hypotheses will open the door for future work on other motor systems. For example, if low dose, low impact10 
ampakine therapy proves to be safe and effective for breathing, it may also enhance locomotor rehabilitation.   
 
EXPERIMENTAL APPROACH & ADDITIONAL PRELIMINARY DATA 
Basic methodology, descriptions of experimental groups and rationale are provided 
at the end of this section (see Experimental Protocols); further details concerning 
group sample sizes are included in the Vertebrate Animals section. 

Ampakines stimulate phrenic motor output after cervical SCI (Aim 1).  
Preliminary experiments across a range of times post-C2Hx are summarized in 
Fig. 5. These data were collected in anesthetized and mechanically ventilated 
rats44,59,97, in which arterial blood gases are held constant to eliminate the 
possibility of changes in arterial O2 or CO2 as confounding variables. The vagus 
nerves are sectioned to remove lung stretch receptor inputs. Under these 
rigorously controlled conditions, CX717 stimulates bilateral increases in phrenic 
motor output after SCI. Increases ranged from “infinite” (e.g., burst activity going 
from 0 to inspiratory bursts) to increases on the order of 10-15% were observed. 
There were no consistent changes in breathing frequency after 
systemic (i.v.) ampakines (e.g., Fig. 2), consistent with the idea that 
the primary impact of ampakines is within spinal motor circuitry (vs. 
medullary networks).  

Spinally evoked phrenic potentials are enhanced by ampakines 
(Aim 1). If ampakines act on spinal motor pools after SCI, then they 
should increase phrenic motor responses to evoked spinal synaptic 
inputs. To explore this possibility, we examined spinal-evoked 
phrenic potentials with published methods35,98-100.  The C2 
ventrolateral funiculus of urethane anesthetized rats was 
stimulated with 0.1 ms pulses (300-500 µA) before and after 
ampakine delivery (30 mg/kg, i.v.). In 2 rats with C2Hx, 
ampakine delivery increased extracellular compound action potential amplitude by ~25% (Fig. 7, next page).  
The short latency of the evoked response is consistent with a monosynaptic input to phrenic motoneurons and 

Fig. 5. Preliminary phrenic 
recordings in rats 2-8 wks post-
C2Hx were pooled. Ampakine 
(30 mg/kg, i.v.) always caused 
ipsilateral phrenic nerve output to 
increase; sham vehicle injections 
had no impact. These data 
represent 10-min post-injection. 

 

Fig. 6.  8-wks following C2Hx injury, ampakine CX717 
(15mg/kg) increases phrenic burst amplitude with no 
impact on burst frequency.  Frequency is presented on 
a breath-by-breath basis in the top panel. 
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Unilateral hemi-transections at the level of the 2nd cervical vertebra are performed 
on rats and electrical activity is recorded from phrenic nerves, which innervate the 

diaphragm and contribute to the regulation of breathing.



CX717 + Acute Intermittent Hypoxia (IH) vastly 
Improves Motor Neuron Firing

Oral CX717 prevented and reversed the Respiratory 
Depression without impacting the pain-relieving 

properties of the opioid

16

8 weeks following surgery, CX717 (15 mg/kg) increases amplitude in 
electrical recordings taken from rat phrenic nerves

Unilateral hemi-transections at the level of the 2nd cervical vertebra are performed 
on rats and electrical activity is recorded from phrenic nerves, which innervate the 

diaphragm and contribute to the regulation of breathing.

IH IH IH

IH IH IH



GABAA Receptor Structure
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PAMs

• The GABAA receptor is composed of five 
transmembrane proteins that form a pore, which 
when activated by GABA opens and allows 
chloride to enter the cell.

• GABAA Positive Allosteric Modulators (PAM) 
binding sites are located adjacent to the GABA 
binding sites and increase the normal inhibitory 
response to GABA.

• As opposed to direct acting agonists that 
constantly bombard the GABA binding site in a 
non-physiological manner, PAMs act by enhancing 
the natural actions of GABA.

• The GABA receptor proteins are heterogeneous 
and form various combinations allowing for 
subtype specificity and neuroanatomical and 
pharmacological selectivity.
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Superior Anti-convulsant Efficacy of KRM-II-81 over Standard of Care

Model System Species Efficacy Reference 
    

CHEMICAL SEIZURE 
PROVOCATION MODELS 

   

Pentylenetetrazol – clonic seizures Rat = Diazepam Witkin et al., 2018 
Pentylenetetrazol – clonic seizures Mouse = Diazepam Knutson et al., 2020 
Pentylenetetrazol – tonic seizures Mouse = Diazepam Knutson et al., 2020 
Pentylenetetrazol – lethality Mouse = Diazepam Knutson et al., 2020 
Pentylenetetrazol – seizure threshold Rat > Diazepam Witkin et al., 2018 
Cocaine – clonic seizures Mouse > Diazepam Knutson et al., 2020 
4-Aminopyridine – clonic seizures Mouse > Diazepam Knutson et al., 2020 
4-Aminopyridine – tonic seizures Mouse > Diazepam Knutson et al., 2020 
4-Aminopyridine – lethality Mouse = Diazepam Knutson et al., 2020 
NMDA – clonic seizures Mouse > Diazepam Knutson et al., 2020 
NMDA – lethality Mouse > Diazepam Knutson et al., 2020 
Picrotoxin – clonic seizures Mouse = Diazepam Knutson et al., 2020 
Picrotoxin – tonic seizures Mouse > Diazepam Knutson et al., 2020 
Picrotoxin – lethality Mouse > Diazepam Knutson et al., 2020 
Strychnine – clonic seizures Mouse > Diazepam Knutson et al., 2020 
Strychnine – tonic seizures Mouse > Diazepam Knutson et al., 2020 
Strychnine – lethality Mouse > Diazepam Knutson et al., 2020 
Pilocarpine – clonic seizures Mouse = Diazepam Knutson et al., 2020 
Pilocarpine – lethality Mouse = Diazepam Knutson et al., 2020 
    
ELECTRICAL SEIZURE PROVOCATION 
MODELS 

   

6Hz stimulation – 44mA Mouse ND Witkin et al., 2018 
Electroconvulsive Shock Mouse = Diazepam Witkin et al., 2018 
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Superior Anti-convulsant Efficacy of KRM-II-81 over Standard of Care

Model System Species Efficacy Reference 
    

SEIZURE SENSITIZATION    
Corneal kindling Mouse >Tpm Witkin et al., 2020 
Amygdala kindling-ADT Rat > Diazepam Witkin et al., 2018 
Amygdala kindling-ADD Rat = Diazepam Witkin et al., 2018 
Amygdala kindling-Seizure Severity Rat = Diazepam Witkin et al., 2018 
Pentylenetetrazol kindling – Fully kindled Mouse = Diazepam Knutson et al., 2020 
Pentylenetetrazol kindling - Expression Mouse = Diazepam Knutson et al., 2020 
Pentylenetetrazol kindling - Development Mouse > Diazepam Knutson et al., 2020 
Cocaine kindling-– Fully kindled Mouse > Diazepam Knutson et al., 2020 
Cocaine kindling- Expression Mouse > Diazepam Knutson et al., 2020 
Cocaine kindling- Development Mouse > Diazepam Knutson et al., 2020 
    
PHARMACORESISTANT MODELS    
Mesial temporal lobe epilepsy Mouse >Ltg, Val Witkin et al., 2020 
Ltg-insensitive kindling Rat >Ltg, Tpm Witkin et al., 2020 
Kainate-induced chronic epilepsy Rat >Ltg, Lev Witkin et al., 2020 
    
HUMAN EPILEPTIC TISSUE    
Picrotoxin stimulation Human Active Witkin et al., 2018 
4-Aminopyridine stimulation Human Active Witkin et al., 2018 
4-Aminopyridine stimulation Human Active Unpublished 
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Translational Results Predict Human Efficacy

KRM-II-81 Reduces Epileptiform Activity in Cortical Slices from Juvenile Epileptic Patients

Control

KRM-II-81

Electrical recordings were made from epileptic brain tissues removed from juvenile patients
with pharmaco-resistant epilepsy. Data presented with the approval of the parents

Picrotoxin stimulation 4-AP stimulation

*Reference - Witkin et al, Brain Res. 1722 (2019) 146356



Chronic Pain – Neuropathic and Inflammatory

21

New age GABAkines                                                           31 

 

 

 

Table 5.  Effects of KRM-II-81 and structural analogs in rodent pain models 

 

 
 
 

 

 
 

 
 
Fig. 11.  A. KRM-II-81 (p.o., 60 min prior) decreased the hyperalgesic responses of rats with  
chronic spinal nerve ligation (L5/6)-induced chronic pain. KRM-II- 

81 (10 - 30 mg/kg) or gabapentin (75 mg/kg) were dosed orally. BL: baseline 

paw withdrawal latencies prior to spinal nerve ligation (SNL). Post-SNL: paw 
withdrawal latencies after spinal nerve ligation. *p<0.05 compared to vehicle control.  Data are 

from Witkin et al. (2019) with permission of the publisher.  B. Effects of daily KRM-II-81, MP-

III-080, or gabapentin administration (all given i.p.) on chronic neuropathic pain (Day 18-40) 

induced by paclitaxel in mice (n=6-7).  * < 0.05, ** < 0.01, *** < 0.001, **** < 0.0001. Data are 
from Biggerstaff et al. (2020) with permission of the publisher.  

 

 

 

 

Comparators
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Tolerance does not develop with repeated administration of KRM-II-81

KRM-II-81 Is Efficacious Against Neuropathic Pain

Biggerstaff et al, Pharmacol. Biochem. Behavior, 2019

chemotherapy (paclitaxel)-induced pain. An additional important
finding in this work with paclitaxel is the enduring efficacy of KRM-II-
81 and MP-III-80 over a 22-day period of subchronic dosing.

The lack of tolerance reported here is notable given the tolerance
that is observed with subchronic administration of opioid analgesics
(Kalant et al., 1971). Opioid tolerance in pain patients requires dose
escalation and with it, the increased risk of dependence and respiratory
depression (Huxtable et al., 2011). The lack of tolerance by KRM-II-81
and MP-III-80 is consistent with previous findings from a precursor
molecule, HZ-166, from which these two compounds are derived (Poe
et al., 2016). HZ-166 also selectively potentiates α2/3-containing
GABAA receptors (Rivas et al., 2009). HZ-166 produced anti-
hyperalgesic effects in mouse models of neuropathic and inflammatory
pain (Di Lio et al., 2011). After 9 days of subchronic dosing with HZ-
166, no tolerance was observed (Di Lio et al., 2011). Additional studies
are needed to fully appreciate the limits of the absence of tolerance
development (drug exposures and durations) and the mechanisms as-
sociated with this phenomenon. Non alpha-selective GABAA PAMs
produce tolerance upon repeated administration (Rosenberg and Chiu,
1985; Vinkers and Olivier, 2012). The mechanisms driving this toler-
ance are still not fully established. However, α1 subunits are thought to
play an important role (c.f., Ferreri et al., 2015; Foitzick et al., 2020) as
they have for abuse liability and dependence (Ator et al., 2010; Tan
et al., 2010; Wafford, 2005). Alpha 5-containing GABAA receptors have
likewise been implicated (van Rijnsoever et al., 2004). Point mutation
studies have also been used to suggest that α3 subunits are involved in
tolerance development to the antihyperalgesic effects of diazepam
(Ralvenius et al., 2015). Accordingly, these authors conclude that
“tolerance can be avoided when only α2-containing GABAA receptors
are targeted, even with compounds that exert full agonistic activity.”
The lack of tolerance development with KRM-II-81 and MP-III-80,
compounds that potentiate both α2β3γ2 and α3β3γ2 receptors, over
22 days of dosing suggests that potentiation of α3β3γ2 receptors might
not always drive tolerance development. Side-by-side experiments with
a series of compounds that induce different degrees of potentiation of
GABAA receptors containing specified alpha subunits would help to
answer mechanistic questions.

Anxiolytic-like effects of KRM-II-81 and MP-III-80 were observed in
the same mouse strain used in the paclitaxel studies. Marble-burying in

mice is suppressed by anxiolytic drugs (c.f., Li et al., 2006). In the
present study, both KRM-II-81 and MP-III-80 decreased marble-burying
without impacting motor performance; in contrast, chlordiazepoxide
impaired motor performance. These data provide a systematic replica-
tion of findings presented in Poe et al. (2016) using an outbred strain of
mice (NIH Swiss) and a different measure of motor performance (ro-
tarod). The major difference in findings across studies was that MP-III-
80 decreased marble-burying in NIH Swiss mice at 10 mg/kg (30 mg/kg
was required for the C57BL/6 mice studied in the present report). The
anxiolytic-like efficacy of these two compounds (designated elsewhere
as compound 7 (MP-III-80) and 9 (KRM-II-81)) has been substantiated
in studies with rats using the Vogel-conflict test. In these studies, KRM-
II-81 was efficacious at 10 mg/kg (Poe et al., 2016) and MP-III-80
produced anxiolytic like effects in rats at 30 mg/kg (Witkin et al.,
2017). Given the co-morbidity of anxiety and pain states, a drug with
both analgesic and anxiolytic efficacy might be a welcome addition to
patients with chronic pain and chronic diseases that are anxiety pro-
voking per se such as cancer.

The anxiolytic-like effects of the GABAA receptor PAMs raises the
question of behavioral specificity. First, is anxiolysis the mechanism by
which KRM-II-81 and MP-III-80 produced their analgesic efficacy?
Although anxiolytic effects might contribute to overall patient comfort,
anxiolytic drugs are not analgesic per se. For example, whereas KRM-II-
81 was efficacious in reducing paw-withdrawal latencies in a formalin
model in rats, diazepam, a well-known anxiolytic drug, did not (Witkin
et al., 2019). A second question of specificity arises for the sedative
and/or motor-impairing component of action of some anxiolytic drugs.
Did KRM-II-81 and MP-II-80 reduce paclitaxel-induced pain by virtue of
these ancillary effects? In the present study, the ED50 for analgesia was
less than 10 mg/kg for both mechanical and thermal measures. In
contrast, the sedative/motor-impairing effects of these compounds
was> 30 mg/kg in the present study in the same mouse strain. Earlier
characterizations of the sedative and motor-impairing effects of these
compounds has also demonstrated separations in the sedative vs. anti-
nociceptive effects (Lewter et al., 2017; Witkin et al., 2019). Finally,
even at sedative doses of diazepam, efficacy against formalin-induced
mechanical hyperalgesia was not produced (Witkin et al., 2019).
Whether or not sedation or anxiolytic activity can work in concert with
already existing analgesic mechanisms to facilitate pain relief, is, on the

Fig. 4. Effects of daily KRM-II-81, MP-III-80 and gabapentin administration on chronic neuropathic pain (Day 18–40). Data for days 18–40 represent measurements
of (A) mechanical hyperalgesia and (B) thermal allodynia (n = 6–7) 30 min after KRM-II-81 (green), MP-III-80 (blue), gabapentin (red) or vehicle (black) ad-
ministration. All groups were pre-treated with paclitaxel except the Vehicle-Vehicle group (brown) Error bars:± SEM. For all time points from day 18–40 the
paclitaxel-vehicle group was significantly different to all other groups (p < 0.0001) for both mechanical hyperalgesia (A) and thermal allodynia (B). All other
significant differences are marked above data points with the corresponding colour at the following significance levels: * < 0.05, ** < 0.01, *** < 0.001,
**** < 0.0001. For day 18–40 (excluding paclitaxel-vehicle group) significant differences were only seen between gabapentin and other groups for mechanical
hyperalgesia and between KRM-II-81 and other groups for thermal allodynia (B). (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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Effects of daily KRM-II-81, MP-III-80 and gabapentin administration on chronic neuropathic pain (Day 18–40). 



Dronabinol (∆9-THC)

§ License to issued method-of-use patent in the US, 
UK and Germany for the use of dronabinol for 
treating OSA (expires 2025 in U.S.)

§ Pending patents and provisional patent 
applications on broad, enabling dosage and 
modified release formulations with patent life 
expected through at least 2041

§ New superior formulation creates opportunities 
for broadening patents and strengthens barriers 
to generic market entry

§ Longevity of broader cannabinoid patent claims 
anticipated through at least 2041

AMPAkines

§ Broad family of patents

§ Patent longevity:  composition and process patents expire in 
2028/9 with new patents and patent extensions anticipated 
through March 2037

GABAkines (GABAA Receptor Positive Allosteric Modulators)

§ Broad family of patents

§ Patent longevity: current patents expire in 2032 and 2036 
respectively 

Intellectual Property

ResolutionRx EndeavourRx
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Dronabinol (∆9-THC)

Obstructive Sleep Apnea (OSA):

§ Potential $ multi-billion market with no approved drugs 
available

§ Estimated 30 million US patients and 28 million in UK 
and Germany combined

§ New superior formulation offers potential for improved 
efficacy and expanded range of indications

§ New proprietary formulation creates opportunities for 
broadening IP and strengthens barriers to generic 
market entry

AMPAkines

SCI (Spinal Cord Injury):

§ Estimated 288,000 patients in US; $ multi-100 million market

ADHD (Attention Deficit Hyperactivity Disorder):
§ $ multi-billion market, dominated by habit-forming scheduled drugs

GABAkines
Epilepsy:
§ $ multi-billion market; patients become resistant to existing 

therapies that produce multiple side effects, some debilitating  

Chronic Pain:
§ $ multi-billion market, dominated by controlled drugs, including 

opioids

Global Market Opportunities

ResolutionRx EndeavourRx
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Planned Short-Term Milestones 

Dronabinol (∆9-THC)

§ Pre-IND meeting with FDA

§ PK studies with new formulation 

§ Patent filings

§ Phase 3 design completion 

AMPAkines

§ Initiate SCI phase 2A studies 

§ Patent filings

GABAkines 

§ Complete pre-clinical development of lead compound

§ Commence Phase 1 studies

§ Broaden patent portfolio

§ Secure grant funding

ResolutionRx EndeavourRx
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The above reflects our planned but is dependent upon adequate financing which can not be assured. We may not 

achieve these milestones in the near term or ever, even if financing is available. 



ü Highly desirable assets – advancing clinical programs and patent estate

ü Diverse portfolio of novel products across multiple therapeutic categories and indications  

ü Broad flexibility in identifying unique investment structures

ü Strategic partners afforded the opportunity to share in the financial growth from early 
stage clinical to commercialization

ü Highly experienced management team and Board of Directors

ü Exemplary regulatory and financial compliance history with government agencies

ü Key clinical supply chains established

Corporate Summary  
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An investment in the Company is subject to significant risks. For more information about the risks and uncertainties the Company faces, see 
“Item 1A. Risk Factors” in our recent annual report on Form 10-K as of December 31, 2021. You should also consult any subsequent
disclosures we have made or may make in the filings we make with the SEC.



RespireRx - Product Candidate Development Status

Preclinical Phase 1 Phase 2 Phase 3
ResolutionRx - Cannabinoids

Dronabinol – OSA

Dronabinol Formulation

EndeavourRx - Neuromodulators

AMPAkines

CX717 - ADHD

CX1739 - Spinal Cord Injury

CX1942 –follow-up compound

GABAkines

KRM-II-81 – Epilepsy/Pain
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The information above reflects development status only, not current activity. The Company does not have any currently 
active Phase 1 or Phase 2 trials at this time.



RespireRx: Capital Structure and Market Metrics 

As of June 30, 2022 (unless 
indicated otherwise)

Common Stock (rounded) 117,069,000
Common Stock Equivalents of all Convertible Notes and 
Preferred Stock issued (as if converted), Options and Warrants 
Granted (rounded)*

186,232,000

Total 303,301,000
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Market Metrics at 
October 31, 2022

Closing price $0.0057
Market Capitalization (rounded) - Fully diluted $1,729,000

Market Capitalization (rounded)  - Primary Basis $667,000

* Does not include or account for (a) common shares issuable upon conversion of additional interest accrued after June  30, 2022, (b) shares issuable upon conversion of three convertible promissory notes 
inclusive of accrued interest,  issued on August 22, 2022 or (c) the effect on the number of common shares issuable upon conversion of certain other convertible notes or the effect on the number of additional 
warrants that may be issued and their exercise price as a result of the application of the most-favored-nations provisions of those certain other convertible notes, warrants or the related securities purchase 
agreements.



Separate Business Units for Different Platforms  

RespireRx
Pharmaceuticals. Inc.

(OTCQB:RSPI)

*ResolutionRx

Pharmaceutical Cannabinoids

*EndeavourRx

Neuromodulators
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*We are contemplating the reorganization as there are several advantages to separating these platforms formally into newly formed subsidiaries, including but 
not limited to optimizing their asset values through separate finance channels and making them more attractive for capital raising as well as for strategic deal 
making. No assurance can be provided that the reorganization will be effectuated.



RespireRx - Organizational Structure

A. Lippa PhD
Executive Chairman, 
Interim President & 

Interim CEO

J. Margolis
CFO

Director

M. Radin
Financial 

Comptroller

A. Lippa PhD
CSO

D. Dickason
SVP Preclinical Product 

Development

J. Cook PhD – Senior Research Fellow - Chemistry

J. Witkin PhD – Senior Research Fellow  - Pharmacology

R. Cerne PhD – Senior Scientist - Pharmacology

R. Purcell
SVP Clinical 

Product Development
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§ Dr. Arnold Lippa, Executive Chairman and CSO at RespireRx, has spent the last 9 years clinically developing low impact ampakines for a variety of neuronal 
disorders.  He also is a leading expert in GABAA receptors, having discovered the first drugs to distinguish GABAA receptor heterogeneity by selectively acting at a 
specific subtype of GABAA receptors.  In animal models and human clinical trials, these drugs displayed anti-anxiety and anti- convulsant properties in the 
absence of sedation and muscular incoordination. These findings gave impetus to the search for novel therapeutic drugs for neurological and psychiatric illnesses 
that display improvements in efficacy and reductions in side effects. 

§ Dr. Jeffrey Witkin, now at the University of Wisconsin-Milwaukee where he has co-led the team with Dr. Cook, previously spent 17 years directing Neuroscience 
Discovery Laboratory at Lilly Research Labs where he headed biological efforts to discover multiple antidepressants and novel glutamate and GABAA receptor 
neuromodulators. Several of these compounds are in clinical development for depression and epilepsy. Prior to working at the Lilly Research Labs, he headed the 
Drug Development Group for the intramural research program of the NIH for 14 years. He is a world class scientist with over 220 peer-reviewed publications and 
multiple scientific awards and honors. 

§ Dr. James Cook is a Distinguished Professor of Chemistry at University Wisconsin-Milwaukee where he co-leads a group of scientists who have synthesized and 
tested a broad series of novel drugs that display GABA-A receptor subtype selectivity and pharmacological specificity. He is a leading expert in GABAA receptor 
drug targeting with more than 40 years’ experience in organic and medicinal chemistry and more than 480 scientific publications and 50 patents. 

§ Dr. Cerne has served as a Senior Research Scientist at RespireRx, since October 2020. Concurrently, he is an adjunct faculty member in the Department of 
Anatomy, Cell Biology, and Physiology of Indiana University, a partner at the Center for Experimental Clinical Physiology of Ljubljana University with a focus on 
systems biology and assists the HEAL Initiative of NIH which targets opioid epidemics. From 2011 – 2018, Dr. Cerne directed an ion channel drug discovery group 
at the Lilly Research Labs that discovered multiple analgesics and antiepileptics including novel glutamate and GABA receptor neuromodulators. Several of these 
compounds entered clinical development. Prior to Eli Lilly, he headed a pharmacology lab at RedPoint Bio where he worked on TRP channel targets. His efforts 
were crucial for bringing a TRPM5 modulator into human studies and led to the filing of multiple patents. His earlier research efforts targeted the discovery of 
novel analgesicsand the mechanisms of initiation and spread of epileptic seizures (Duke University). Dr. Cerne is a senior biopharmaceutical professional with 32 
years of experience in the area of neuroscience research, out of which 19 were devoted to ion channel drug discovery in industrial settings. His 
electrophysiological studies in isolated neurons, native and human tissue were key to establishing the α2/3-selective GABAkine, KRM-II-81, as a potential drug 
candidate for epilepsy, chronic pain, and other areas of therapeutic need.

Discovery Scientific Team Leaders



OTCQB: RSPI

Contact:

Jeff Margolis, CFO
jmargolis@respirerx.com

917-834-7206


