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Proposal Summary:
Post injury pain perception (nociception) can be a limiting factor in the completion of any physical task.  The elimination or reduction of these objectionable neural sensations before reaching higher cortical processing centers in the brain is the purpose of this investigation.  While pharmacological intervention is effective in this area, our approach seeks to bypass a number of acute side effects such as sedation and respiratory or cardiac irregularities, which may exacerbate the limitations of an injured warfighter in the military theatre.  We will research and test a number of established and theoretical electronic apparatus modalities that inhibit the perception of pain via neural stimulation. 

Professional Alliances:

W. Ross Adey, M.D.
 
- EM/Cellular Membrane Researcher



Edward Lipson, Ph.D.       
- Physics Professor, Syracuse University

Francisco Sanchez, DVM  
- Surgeon, Minimally Invasive Surgery Center (MISC)

Bill Rojas, Ph.D.                    
- EEG and Electrode Design Technician

M. Barry Sterman, Ph.D.       
- UCLA/VA Neuro-biofeedback Researcher

Potential Alliances:

Chris Berka, Ph.D.

- CEO - Advanced Brain Monitoring

Carol Murad, M.S.

- Audiologist – Advanced Bionics

Focus:

Our research will focus on a nerve cells ability to be entrained or coupled to the rhythmic pulses of an external stimulus of electro-magnetic (EM) origin.  This interaction of EM waves with cellular membranes has been determined to be of a nonlinear nature (solitons) providing for small amounts of energy appropriately delivered to produce significant changes within the cell body. This interaction has many theoretical possibilities for external manipulation of surface proteins which regulate chemical pumps and cellular firing patterns.  The comprehensive understanding of this phenomenon from a molecular perspective will allow us to outline an Electro-Pulsed approach to the neural manipulation of Pain Inhibition.    

Nervous System Organization:

The Human Nervous system is organized into 2 main divisions:

1) Central Nervous System - CNS

· Brain

· Spinal Cord

2) Peripheral Nervous System  - PNS 

· Sensory Neurons – Afferent Sensors 

· Motor Neurons – Efferent Effectors

The Peripheral Nervous System is further subdivided:

a) Autonomic Nervous System –  2 subdivisions:

· Sympathetic Nervous System

· Parasympathetic Nervous System

b) Sensory-Somatic Nervous System

· Cranial Nerves – 12 pairs

· Spinal Nerves – 31 pairs

Pain Inhibition:
Any nociception inhibition paradigm depends on understanding the chemical flux rhythms of natural pain mediation within neural pathways such as the myelinated A-Delta (acute – sharp and piercing) and unmyelinated C-Polymodal (chronic – burning and throbbing) fibers.  The electro-chemical pathways of the sensory-somatic branch of the peripheral nervous system comprise 31 pairs of spinal and 12 pairs of cranial nerves.  Depending on the site of injury, each can play a post-injury role regulating pain sensation with regard to action potentials and endogenous opioids.  

The ability to stop or reduce the propagation of action potentials along pain pathways is facilitated by the release of interneuron enkephalins (Met and Leu).  These, 5 amino acid long chains, bind to Mu and Delta receptors and hyperpolarize the post-synaptic nerve cell limiting nociception in the brain.  

The release of endogenous opioids from interneurons in the brainstem periaqueductal gray matter, rostral ventral medulla and dorsal horn of the spinal cord will be evaluated with regards to depolarization characteristics.  We will be concentrating on these promising regions and will be sensitive to the findings that Mu receptor activation in the medulla oblongata and Delta receptor activation in the nucleus of the brainstem solitary tract can produce respiratory depression and cardiovascular changes.        
* 5 endogenous opioid receptors that bind with selective stereospecificity have been identified: 

 Receptors:         Binding Opioids: 

1) Mu 

- Leu & Met-Enkephalin, Beta Endorphin, Dynorphin A (1-8), Dyn. B 

2) Delta 
- Leu & Met-Enkephalin, Beta Endorphin, Dynorphin A (1-8), Dyn. B

3) Kappa 
- Dynorphin A (1-17), Dynorphin A (1-8), Dyn. B

4) Epsilon 
- Beta-Endorphin

5) Orphan
- Orphanin FQ (Nociceptin)
* 8 endogenous opioids showing the amino acid sequence of the ligands. Note that the critical feature of each is an initial tetra-peptide YGGF: 

Opioids:                                     Amino Acid Sequences:

1) Leucine-Enkephalin 
- YGGFL

2) Methionine-Enkephalin
- YGGFM

3) Beta Endorphin

- YGGFMTSQTPLVTLFKNAIVKNAHKGQ

4) Alpha-Neoendorphin
- YGGFLRKYPK

5) Dynorphin A (1-17) 
- YGGFLRRIRPKLKWDNQ

6) Dynorphin A (1-8)

- YGGFLRRI

7) Dynorphin B

-  

8) Orphanin FQ, (Nociceptin)
-

Mu, Delta and Kappa receptors are believed to hold the most promise for future investigation.  Activation of Mu and Delta receptors with opiates is reflected in a dose-dependent reduction in pain and nociception-related behavior. The Kappa receptors are believed to be associated with many opioid side effects, although a number of effective analgesics act primarily at these sites.   

Physiological effects of endogenous opioids can be blocked or displaced by opioid antagonists naloxone and naltrexone which bind, but do not activate Mu receptors.  
Method:
As one potential method of Electro-Pulsed Pain Inhibition we will investigate Intra and Extra Neural Recording from human analog models:

1) Brain Slice 
- Mus Musculus, Sheep, Pig   

2) In Vivo   
- Mus Musculus, Sheep, Pig

The electroencephalographic (EEG) waveform dynamics of interneurons as they release their analgesic Met and Leu enkephalin pentapeptide ligands will be recorded.  A Fast Fourier Transform (FFT) and Compressed Spectral Array (CSA) analysis of these neural signals will provide insight into the cells depolarization and wave characteristics (frequency, amplitude, duration, and harmonics) by which a suitable EM wave can be experimentally designed.  By designing waveforms which mimic the naturally occurring characteristics of neural activity, pulsed EM energy may be delivered to the appropriate mediating pathways within the brainstem and spinal cord and inhibit the sensation of pain after injury.

The Placebo Effect and Hypnosis:

The placebo effect is defined as a physiological response following the administration of a sham pharmacological remedy (sugar pill).  The word placebo means "I will please," and the placebo effect has a long history of use (and abuse) in medicine. 

In one study, 75% of patients suffering from post-operative wound pain reported satisfactory relief after an injection of sterile saline.  This placebo effect in post-operative patients could be blocked by naloxone, a competitive antagonist of opiate receptors, indicating a substantial endogenous opioid basis for placebo based pain inhibition.

Among other things, the placebo effect may explain an aspect of the efficacy in acupuncture anesthesia and the analgesia that can sometimes be achieved by hypnosis.  In China, surgery has often been carried out under the effect of a needle (often carrying a small electrical current) inserted at locations dictated by ancient acupuncture charts. 

Stress-Induced Analgesia: 

Increased stress, such as that occurring in athletes or in soldiers in battle, causes increased circulating levels of  B-endorphin, ACTH, and corticosterone. Under the most extreme stress conditions, when survival is paramount, stress-related analgesia may occur.
Under conditions of extreme stress or adaptation to an extreme environmental demand, normal reaction to pain—reflex withdrawal, escape, rest, and recuperation—could be disadvantageous.  During stress the reactions to pain may best be suppressed in favor of more adaptive behavior.  For example, when a laboratory animal is exposed to a novel and severe adverse stimulus, such as an electric shock to the foot from which it cannot escape, the animal's sensitivity to other painful stimuli is reduced.  The time course of such stress-induced analgesia may range from minutes to hours, depending on the nature and severity of the stimulus.

There is now evidence that stress stimulates both opioid and nonopioid mechanisms of analgesia.  Some instances of stress-induced analgesia are sensitive to blockade of opiate receptors by naloxone; others are not.  Naloxone given alone does not cause pain but can significantly enhance the perceived intensity of protracted clinical pain, for example in patients recovering from dental surgery.

There is much anecdotal evidence for stress-induced analgesia in humans.  Soldiers wounded in battle and athletes injured in sporting events have reported instances of pain-free injuries, which after stress reduction, produced excruciating nociception. 

Existing Paradigms and Research:

Using electricity to reduce pain perception has a historical perspective. The ancient Egyptians first used electric eels applied to wounds to reduce the sensation of pain.  Several companies have commercialized various instruments attempting mediation of the debilitating effects of acute and chronic nociception using non-pharmacological approaches.  

Radionics Corp. manufactures a radio-frequency unit (RFG-3C) with an electrode applicator designed to create neural lesions in pain pathways that reduces chronic nociception due to cancer and other pathologies [http://www.radionics.com].  Rabichev and Vasiliev built a device in the 1960’s called LIDA, which emits various radiations including 40 MHz. pulsed at EEG base frequencies and has been shown to induce neural entrainment with physiological effects from sleep to hypertension [http://www.raven1.net/3773049.htm].  

Rakovic (1999) reported the positive effects of Microwave Resonance Therapy using 52-78 GHz. pulsed at EEG base frequencies introduced at traditional Chinese acupuncture points produces a variety of physical effects [http://www.iasc-bg.org.yu/Papers/Montre-99/Montre99.htm].  Swedish researchers are using pulsed 915 MHz. to demonstrate EM interaction with calcium transport in biomembranes [http://www.radio.fer.hr/s0012.htm] 

Advanced Bionics is investigating an RF generating implant delivered via syringe to stimulate pain reduction [http://www.advancedbionics.com].  

Transcutaneous Electrical Neural Stimulators (TENS) units have been on the market for some time and we believe the limited success is due primarily to their non-specific emitted waveforms. TENS is a method of applying controlled, low-voltage electrical stimulation to large myelinated peripheral nerve fibers via cutaneous electrodes for the purpose of modulating stimulus transmission and relieving pain. .

Membrane Protein - Soliton Interactions:

Adey et al. (1982) have established a soliton based mechanism for external influence of information transmission in the nervous system.  Lipid bilayer transmembrane protein interactions with ELF-modulated microwaves at non-thermal energies are postulated within a nonlinear wave theory.  Excitable tissue interactions with a pulsed EM stimulus have been documented using 900 MHz. amplitude modulated at EEG base frequencies which caused an increase of calcium efflux in the cerebral cortex of the cat.  

Consultation with biological and theoretical experts in various fields will prove valuable in defining sophisticated experimental protocols to develop effective methods of Electro-Pulsed Pain Inhibition.  

Conclusion:
This and other research raises possibilities about the theory that recording, designing and pulsing specific EM waveforms based on intrinsic neural firing patterns can result in effective physiological modulation.  We recognize that this research, while initially conducted under strict laboratory conditions, must be able to be translated to the military theatre under vastly differing environmental and psychological pressures.  Any predictions as to the efficacy of Electro-Pulsed Pain Inhibition under true warfighter conditions requires a collaboration of dedicated professionals which we are uniquely qualified to assemble.      
Proposed Tasks:  

Phase 1 - We will design an experimentation protocol based on the following:    
A) Consultation Compensation: $100,000

1) Consult with Dr. Adey for insight and equipment possibilities
-  20,000

2) Consult with Dr. Lipson for theoretical physics possibilities
-  20,000

3) Consult with Dr. Rojas for EEG and electrode design

-  20,000

4) Consult with Dr. Sanchez for animal related studies

-  20,000

5) Consult with Dr. Sterman for bio-feedback related studies  
-  20,000

B) Animal subject screenings and EEG recordings: $150,000

1) Screen and select animal models




-  25,000

2) Test and Purchase EEG Equipment



-  75,000

3) Test and Manufacture Recording Electrodes


-  15,000

4) Analysis of EEG Recordings




-  10,000

5) Design Bio-Mimetic Waveforms




-  15,000

C) Stimulation Apparatus: $150,000


1) Test Stimulating Equipment – animal model


-  25,000


2) Purchase Stimulating Equipment 



 
-  75,000


3) Test Stimulating Electrodes




-  15,000


4) Purchase/Design Stimulating Electrodes



-  35,000

D) Animal Model Research: $100,000








Phase 2 –  Human Model Research – $400,000
Phase 3 -  Warfighter Equipment Customization  and Miniaturization – $400,000

Phase 4 -  Reserved for contingency - $100,000

