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ABSTRACT

This study is about an important scientific discovery: Humans may possess a true sixth
sense. Perhaps a primal secret for thousands of years, the pheromone-dependent sixth sense
seems to be a recent development in the scientific continuum. The researcher became aware of a
growing body of research that indicated the possibility of interrupting sleep for the purpose of
fire detection-awareness. The problem was not knowing if this was possible. No research had
been performed to determine this. The purpose of this evaluative research was to determine if an
ambient exposure to pheromones could cause awakenings in a defined group. To determine this,
the following research questions were used: (a) Will bio-measurements confirm an ambient
airborne exposure of pheromones? (b) Will pheromones cause arousals in sleeping subjects? (c)
Will pheromones cause awakenings in sleeping subjects? To answer these questions, the
researchers administered a pheromone called PH 15 and a placebo to sleep subjects in an
approved study. This was performed in a sleep center utilizing a number of bio-measurements.
The pheromone and placebo were nebulized into a room where ten males and five females slept.
These two agents were administered during stage 2, stage 3-4, and REM sleep. All of the
subjects were pre-screened to determine if they possessed a vomeronasal organ. The sleep
records were scored by the standard Rechtschaffin and Kales system. EKG and cardiac
frequency confirmed that the PH 15 did cause arousals (.020 overall Chi-square significance) in
sleeping subjects and that the placebo responses were insignificant (Chi-square .796). There was
also an insignificant number of awakenings experienced during the study. These findings were
followed up with a t-test for paired samples to determine the magnitude of difference between
the two. The t-test produced a .003 2-tailed significant P value. That P value confirmed the
significant difference in the two fields. Knowing that the difference between arousals and
awakenings is in the degree of sleep interruption, the research indicated that PH 15 had the
potential of disrupting sleep patterns to the point of waking a sleeping subject. From these
findings, the researchers produced fourteen recommendations that support additional research,
education, product development, and marketing of pheromone-based fire detection-awareness
products.
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INTRODUCTION

In an earlier paper, the researcher evaluated the presence of olfactory fire protection
(Lynch, 1997). Failing to verify its existence and being concerned about the number of fire
deaths that occur during the night, the researcher became aware of a growing body of knowledge
in which research indicates the possibility of chemically interrupting sleep for the purpose of
fire detection and awareness. The problem is that it is not known whether an ambient exposure
to a human pheromone (known as PH 15) can awaken a defined group of sleeping subjects. This
evaluative research study was approved by the Western Institutional Review Board to determine
if human pheromones administered in the ambient environment can awaken subjects in the
various stages of sleep. The following research questions will be used to determine this: (a)
Will bio-measurements confirm an ambient airborne exposure of pheromones? (b) Will
pheromones cause arousals in sleeping subjects? (c) Will pheromones cause awakenings in
sleeping subjects?

BACKGROUND AND SIGNIFICANCE

The headline stated that the "Police officer rescues man sleeping in burning house"
(Jones, 2001). Events such as this indicate that people do not smell while they sleep. In an
earlier paper, the investigator examined olfaction and sensitivity to smoke odor during sleep.
That study was entitled Nocturnal Olfactory Response to Smoke Odor and can be referenced in
entirety at the following electronic address: http://www.usfa.fema.gov/nfa/tr 97jL.Lhtm. Lynch
verified that overall responsiveness to olfactory stimuli presented in sleep was low. Only two of
ten subjects awoke from an ambient exposure to wood smoke odor (Lynch, 1997). That finding
produced a number of recommendations. Of these, recommendation three led to this project.
Recommendation three is restated below:

Recommendation 3.

Additional sleep studies should be performed to identify odors that are likely to
arouse us from sleep. If specific odors can be identified, products that liberate
that odor during fires can be incorporated into the manufacture of common
building materials and home furnishings. Consequently, an incipient fire would
therefore provide notice of its existence by production of chemically manipulated
fire products. This concept is very similar to the industrial process of adding a
chemical odorant known as methyl mercaptan to natural gas for the purpose of
providing early detection (Lynch, 1997).

Man has relied on the electrical circuitry and sensors of an inexpensive disposable device
(and its essential power supply) to protect him from fires while he sleeps. There continue to be
attempts to improve home detectors. For example, the possibility of pairing carbon monoxide
and carbon dioxide sensors in one detector to increase the detection system's ability to
discriminate between fire and nuisance sources is being discussed (Milke, 1999). Detector
design has evolved; however, there also continue to be application, compliance and maintenance
barriers associated with the use of smoke detectors. The absence or non-functioning of smoke
detectors is clearly a contributing factor in the number of fire deaths occurring in this country
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(Ahrens, 1998). "In that regard, the fire death experience in the city of Irondale, Alabama, is a
serious issue and is consistent with that reported in the national data" (Dwight Graves, personal
communication, June 6, 1999). See the "Fire Facts" section of appendix A to review the national
data. Smoke detectors have been credited with saving many lives, but (as with all active
processes) the operational status of the detector seems to depend on the occupant's attitude.
Unfortunately, this apathetic attitude has contributed and will continue to contribute to the
number of fire deaths. Consider for a moment that reliance on the detector is the problem.
Maybe, just maybe, static fire protection is the answer! The paradigm of reliance on visual and
audible cues (alarms) for fire detection may be in jeopardy. Could it be that a safe agent of
olfaction has been identified that will reliably arouse a sleeping human? Is a sixth sense
monitoring and regulating bodily functions; and, if present, can it be used as a pathway for fire
protection? This paper will explore these intriguing concepts.

A recent discovery has suggested a sixth sense exists in humans. Touted as one in which
remarkable advancements in medicine and safety are attainable, the vomeronasal organ may be
that sixth sense and the key to sensual fire protection during sleep. This study will examine a
specific sleep-disrupting compound (known as a pheromone) that has been described as naturally
occurring, safe, fast acting, and localized in its effect on the body. The ability to detect a fire
during sleep without the aid of smoke detectors is an astounding concept and somewhat
visionary. Utilized differently, the incorporation of a pheromone delivery system within a multi-
sensor smoke detector may be the right fire protection combination. The addition of a pheromone
delivery system could create the first "smart" detector on the market. The local application of
such a product would be a significant life saving development in the City of Irondale.

Any examination of a sixth sense and this compound necessitates a review of sleep, the
sense of smell, and related studies.

Sleep

"Sleep is a normal, easily reversible, recurrent, and spontaneous state of decreased and
less efficient responsiveness to external stimulations" (Goetz, 1991, p. 298). Research has
indicated that a number of basic states of sleep exist. These states are known as waking, REM
(rapid eye movement), and NREM (nonrapid eye movement). REM sleep and NREM sleep are
controlled from separated groups of brain cells, or neurons, located in the brain stem--the
hindmost part of the brain that regulates basic survival functions (Pollak, 1996). Specifically, the
control of NREM sleep likely resides in widely ranging circuits from the area around the solitary
track in the medulla through the dorsal raph’e to the basal forebrain area (Hauri, 1992). The
responsible groups of brain cells or neurons (all located in the brain stem area) communicate
with each other with chemical messengers known as serotonin and norepinephrine (Pollak,
1996).

NREM is further characterized as having four distinctive stages which a person normally
moves through in a preset order or thythm. Stage 1 of NREM can be thought of as the boundary
between wakefulness and sleep, while stage 2 is the first (lightest) bonafide level of sleep.
Stages 3 and 4 represent the most remote levels of responsiveness. A person in stage 4 sleep is
very hard to arouse by any outside stimuli. Specific stages of sleep have been defined through
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the presence of certain electroencephalogram (EEG) patterns that occur during specific behavior
sleep periods. The typical sleep pattern is represented by the following model: Conscious-
NREM Stage 1, 2, 3, 4, 3,2, REM, NREM 2, 3, 4, 3, 2, REM, etc. (Hauri, 1992). The pattern
takes approximately 70-90 minutes to be completed and is repeated throughout the night (Goetz,
1991). Dreaming occurs in REM, and it is the easiest state of sleep in which to be aroused
(Pollack, 1996). "During wakefulness, the EEG is characterized by low-voltage fast activity
consisting of a mix of alpha (8 to 13 Hz) and beta (>13 Hz) frequencies" (Monti & Monti, 1999,
p. 2). Although alpha rhythm is blocked when the eyes are open, it is very discernible when a
person is conscious with his or her eyes closed. Alpha intrusions are considered brief
superimpositions of EEG alpha activity (arousals) during a stage of sleep (Pegram, 1997). Drug
abuse can cause an inordinate amount of sleep spindles and/or alpha intrusions during NREM
sleep (Russell Laney, personal communication, May 9, 1996). As reported earlier,

Stage 1 of non-REM sleep is a transitional stage between wakefulness and sleep
during which the predominant alpha rhythm disappears, giving way to the slow
theta (4 to 7 Hz) frequencies. Tonic electromyography (EMG) activity decreases
and the eyes move in a slow rolling pattern. Stage 2 is characterized by a
background theta rhythm and episodic appearances of sleep spindles (i.e., brief
bursts of 12- to 14-Hz activity) and K complexes (i.e., a high amplitude, slow
frequency electronegative wave followed by an electropositive wave) (Monti &
Monti, 1999, p. 2).

Sleep spindles are naturally occurring and are the brain's electrical sleep signature. K-
complexes or sharp biphasic waves lasting 0.5 seconds also occur naturally or can be induced by
external stimulation. Muscle tone remains diminished and eye movements are rare in stage 2
sleep. Most sleep studies are performed in stage 2 (NREM) sleep because humans spend 50
percent of their time in light sleep. Sleep is normally defined as a state in which there is a
limited amount of alpha rhythm (Pegram, 1997). Stage 3 and 4 are also NREM stages of sleep

Stage 3 and stage 4 are defined as epochs of sleep consisting of greater than 20
percent and 50 percent, respectively, of high amplitude activity in the delta band
(0.5-3.00 Hz). Muscle tone is nearly atonic, and eye movements are absent.
REM sleep is characterized by a low-amplitude, mixed-frequency EEG, rapid eye
movement, and absence of muscle tone (Monti & Monti, 1999, p. 2).

The lower the bandwidth of voltage being emitted from the brain, the deeper the sleep.
Sleep centers utilize polysomnography machines to monitor patients during their study. The
tracings obtained on a polysomnogram (tracing) represent electrical activity within the cerebral
cortex (EEG), voltages generated by muscle fibers (EMG), voltage shifts caused by the
movements of the eyes (EOG), voltages generated by the heart (ECG), nasal and air flow,
breathing effort (measured at chest and abdomen), and oximetry. Considering that humans
average sleeping one third of their lives, which amounts to 219,000 hours by the age of 75, sleep
is a very important issue (V. Pegram, personal communication, January 15, 2001).
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Smell

While studies of the anatomy and physiology of olfaction have not been finalized,
the most acceptable model of olfaction depends on the concept of odoriferous
molecules attaching to olfactory receptor sites. The size and shape of both the
odor molecules and the receptor sites are essential elements in currently adopted
theories and descriptions of the mechanics of olfaction (See appendix B for an
illustration of the olfactory system). Molecules of an odor-emitting substance
chemically interact at receptor sites within specialized structures of the nasal
cavity. Itis currently believed that olfactory receptors are regions of specialized
molecular architecture located on celia-like fibers called olfactory hairs.

Olfactory hairs are extensions or branches of the olfactory sensing cells. The
hairs, which are actually made of microfilaments, are dispersed over the surface
of the olfactory sensing region of the nasal cavity. While the size of the olfactory
region of the nasal cavity is small (about the size of a dime), its surface area is
comparatively large because of the many olfactory hairs coating the surface or
epithelium of the olfactory cleft. It is estimated that humans have between 10 and
40 million olfactory receptors. The olfactory hairs are surrounded by a thick,
brown-colored mucus and are partially covered and partially exposed.
Odoriferous molecules must be trapped by the mucus so that they can travel to
chemoreceptor sites on the olfactory hairs. The interaction between the odor
molecules and the chemoreceptors of the olfactory hairs requires a mutual
attraction, originating from small electrostatic forces. The shape, size, and polarity
or nonpolarity of molecules causing odor are important factors in the creation of a
smell stimulus. From the olfactory hairs in the membrane structure, the odor
molecules travel through the cribriform plate and into the olfactory tract, which
leads directly to the hypothalamus in the brain. The olfactory hairs extend from
the olfactory knobs, which are unexposed sensory cell endings completely
covered by brown mucus. Five to eight hairs extend from each knob; electron
micrographs show that the hairs are actually dendrites extending from the cell
body into the external environment, while the axons of the cells carry nerve
impulses toward the brain. The olfactory tract connects these nerves directly to
the hypothalamus region of the brain, which is associated with basic instinctual
responses including flight-or-fight cues, food intake, and sexual curiosity and
drive. This direct link to the brain cause a rapid and powerful response in animals
to odor stimuli (Piotrowski, 1996, pp. 1603-1607).

There are a number of conditions that lead to a loss of smell.

Natural Loss of Smell

Due to their fragile nature, olfactory nerves regenerate in a twenty-eight-day cycle;
nevertheless, about 1 percent of the sites die each year due to damage and general wear. The loss
in the ability to smell (anosmia), the state of hyposmia (which is a decrease of the smell
function), and dysosmia (an altered sense of smell) can all manifest themselves in numerous

-10 -



Format changes have been made to facilitate reproduction. While these research projects have been selected as
outstanding, other NFA EFOP and APA format, style, and procedural issues may exist.

ways (Piotrowski, 1996). The common medical problems associated with the loss of smell are
smoking habits, nasal polyps, allergic rhinitis, viral and bacterial infections, head injuries, and
complications of nasal surgery and brain tumors (Larson, 1996). There is an overall weakening
of our ability to smell as we get older (Petraglia, 1991). In 1957, Clalke and Dewhurts reported
that thirty percent of a defined group of people over the age of sixty-five were unable to smell
propane gas (Stevens, Cain, and Weinstein, 1987).

Occupational Loss of Smell

A pilot study performed by Dr. Alan Hirsch of the Smell and Taste Treatment and
Research Foundation indicates that forty-eight percent of a group of Chicago firefighters could
not tell natural gas or smoke odors from those such as perfume and bubble gum. Hirsh said,
"The longer on the job, the more likely the firefighters were to have lost their sense of smell"
(Hirsh, 2000, p. 20). Firefighters use breathing masks to protect themselves from toxic
chemicals released during fires. But the sense of smell of those who reported using masks was
not better than in those who did not. The general population was also considered. Alarmingly,
this study went on to suggest that ninety percent of fire survivors were found to have elevated
blood cyanide levels, indicating that they were exposed to substantial levels of olfactotoxins.
"With nearly two million fires in the United States each year, the extent of olfactory damage
could be epidemic" (Hirsch, 2000, p. 20).

The Olfactory Studies and Sleep

Intrinsically, the most valuable work in the area of olfactory responses during sleep was
published by Micheal J. Kahn and Pietro Badia. In 1983, Kahn studied sleep response to the
stimulus of a smoke odor, heat sensations, and auditory alarms. Twenty-four college-aged males
were divided into two groups and exposed to smoke alarm sounds of different intensities. By
test design, both groups were exposed to heat and smoke odor. Kahn found that sleeping subjects
exposed to higher signal-to-noise ratios responded more quickly than those who were not. Kahn
also attempted to address a hypothesis concerning the time required for a sleeping adult to
respond to a smoke odor. Unfortunately, he reported that "comparing smoke alarm and sleeping
human proficiency in detecting a smoke presentation could not be tested meaningfully" (Kahn,
1983, p. 51). He finished his presentation by calling for additional research in this area. In 1991,
Pietro Badia evaluated the effects of fragrances on the quality of a person's sleep. In his
discussion, he also indicated the need for additional inquiries into the perplexing topic of odor
research during sleep.

In 1989, Pietro Badia, Nancy Wesenstern, William Lammers, Joel Culpepper, and John
Harsh wrote a report entitled "Responsiveness to Olfactory Stimuli Present in Sleep." The
results of their study showed that although the overall responsiveness to olfactory stimuli
presented in sleep was low, statistically significant differences in responsiveness to odors were
found for micro switch closures, EEG, EMG, and heart rate. The condition of micro switch
closure involved the physical manipulation of an electrical switch attached to the patient. Ten
patients were presented a peppermint and a non-fragrance air supply via a modified oxygen mask
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during sleep. Polysomnograph machines recorded the biomeasurements listed above to assist the
researchers in detecting a psychophysiological response. The patients were presented the
fragrance multiple times during the night so that the related dependent variables were repeatedly
assessed during the test period. The number of times a patient responded to the condition
divided by the opportunities a patient had to respond resulted in a percentage of response
variable. These percentages of responses were determined to be statistically significant (Sign
test =p<0.05) for the overall group. The methodology for reporting these before and after
observations was the non-parametric Sign or paired-samples t-test. All fragrance presentations
occurred in stage 2 sleep. Awakenings were noted and evaluated separately to determine their
rate of occurrence. Sign tests failed to reveal any significant awakening occurrences (Sign
test=p>0.05). Although multiple trials were presented on each of the ten patients, only three
awakenings occurred during the study.

In "Olfactory Arousal Thresholds During Sleep," Mary A. Carskadon, et al. (n.d.)
examined the various stages of sleep and found that the arousal threshold is lower in stage 2 and
REM than it is in stage 4 sleep. They used oil of peppermint and pyridine (an unpleasant
simulus) as odorants in the test. The two odors were presented by nasal cannula to the sleeping
subjects. Arousals were accessed during Stage 2, 4, and REM sleep. Six healthy subjects
between 20 and 25 years of age (3 male and 3 female) were selected for the test. The sex of the
subject did not affect the results. "Behavioral and EEG arousals to the olfactory stimuli occurred
significantly more frequently in stage 2 sleep than in REM sleep or stage 4. The arousal
frequency in stage 4 was significantly lower than in stage 2 or REM" (Carskadon, et al., n.d.,

p. 147).

Finally, the research project of Fire Chief Joe Lynch (1997) accessed the sense of smell
during sleep to learn whether a sleeping adult could detect the odors of water, smoke, or citrus.
These odors were first introduced to conscious subjects to screen them for olfactory response.
The subjects went to sleep, and a compressor pump nebulized three different odorants through an
elaborate delivery system into the sleep rooms. EKG, EEG, EMG, and EOG biomeasurements
were monitored for response to the stimuli. The following research questions were identified for
use: (a) Could a defined group of conscious adults detect the presence of the smell of smoke
odor? (b) Would the smell of smoke odor awaken a defined group of sleeping adults? (c¢) Would
the smells of water, smoke, or citrus odors cause arousals in a defined group of sleeping adults?
The results revealed that although a significant number of subjects responded to the stimuli, only
two of the ten subjects awoke to smoke odor. None of the subjects awoke to the citrus odor
(Lynch, 1997). Perhaps the presentation of the smoke odor (an identified threat) to these two
subjects represented conditioning or meaningful stimulus, whereas the citrus odor did not.
Meaningful stimulus can be light noises (a child's cry), smells (a burning smell), or sounds (a
door knob turning) that have some significance and therefore produce awakenings. This
contrasts to the equivalent in non-meaningful stimuli (the sound of a car passing by) that
produces no wakenings (V. Pegram, personal communication, January 15, 2001). This concept
was explored by Perrin, Garcia-Larrea, Mauguiere, and Bastuji (1999) in a study that suggested
the sleeping brain is able to detect and categorize some particular aspects of stimulus
significance. While Voss and Harsh (1998) called this higher level processing, Harsh, Voss,
Hull, Schrepfer, and Badia (1994) defined the concept as stimulus deviance and task relevance in
sleepiness and sleep. The origins of these theorems date back to the fundamental tests of
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Williams, Hammack, Daly, Dement, and Lubin reported in 1962. They stated that the "EKG
stage of sleep was not an invariant indicator of the responsiveness of the organism" (Williams,
Hammack, Daly, Dement & Lubin, 1962, p. 278). Bremer and Brain reported the alleged
superiority of an auditory stimulus of personal significance compared with an auditory stimulus
lacking special importance to the sleeper. The arousal response can follow all sensory
stimulation during sleep and does not depend on the degree of novelty introduced into the
stimulus (Oswald, Tayor, & Treisman, 1960).

Though the concept of meaningful stimulus deserves more attention, the research clearly
indicates that sleeping people (statistically) cannot rely on the sense of smell to alert them to the
presence of a fire.

Is There a Sixth Sense?

People have known for centuries that animals communicate with biochemical
cues understood by others of their own species. Baby marmosets and grass carps,
blue crabs and ants release pheromones to mark the boundaries of their territory,
as a warning to enemies, as recognition signs, as enticements to love, as status
symbols, and for many other purposes. Queen bees use pheromones to inhibit the
sexual maturity of female workers and to make the drones swarm ("Chemical
Messengers," 1995, p.1).

The understanding of this principle has led to the marketing of the Feliway® pheromone
spray by Abbott Laboratories. This product uses feline facial pheromones to prevent urinary
marking and to comfort a cat in an unknown or stressful environment ("Synthetic Hormones,"
2000). "While entire brigades of researchers are focusing on animal pheromones, little has been
known until today about the chemical agents of human attraction" ("Chemical Messengers,"
1995, p.1).

Consider this story: The March 12, 1998, volume of Bioworld Today reported that
ovulation in women can be manipulated by airborne (natural-occurring) odorless chemicals
(Left, 1998). In fact, according to investigator Martha McClintock, "The entire menstrual cycle
is subject to being regulated by the influence of other women being present" (Weiss, 1997,
p.-1A). At least one drug manufacturer has realized the potential effectiveness of these chemicals
and has patented approximately 1000 of them (Goldman, 1999). Pherin Corporation's product
development centers on the functioning of the human vomeronasal organ (VNO), which is found
in the nose. The company's pharmaceutical compounds (called vomeropherins) are designed to
be used topically within the nasal passage where they trigger a nerve impulse to the
hypothalamus, the control center in the brain that acts as the link between the endocrine and
nervous systems, regulating a host of physiological functions ("Pherin: A Nose," 1996).
According to Pherin's corporate literature, the company has compounds in its product pipeline
and partnerships that target premenstrual syndrome, acute anxiety disorders, appetite stimulation,
modulation of endocrine function, depression, appetite suppression, and sexual motivation
(Pherin Pharmaceuticals, 1999). The components of the endocrine system are the thyroid,
adrenal, and pituitary glands, the ovaries, the testis, and the Island of Langerhans in the pancreas.
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"By controlling the endocrine system, a physician may be able to treat male sex offenders,
women and men that need hormone therapy, women who desire birth control, men with prostate
cancer, and anyone with breast cancer" (David Moran, personal communication, January 5,
2001). Conceptually, the use of the human VNO organ as an effective route of drug
administration has evolved from theory to application with the Janssen Pharmaceutica (a
subsidiary of Johnson and Johnson Development Corporation) agreement covering pheromone
compounds for the treatment of a broad range of anxiety disorders (McCarthy, 1999) and the
partnership of Pherin Pharmaceuticals and the N.V. Organon (a subsidiary of the Dutch-based
chemical corporation Akzo Nobel) to develop compounds focusing on premenstrual syndrome
(McCarthy, 1997). "Unlike traditional drugs, vomeropherins (pheromones) do not need to enter
the systemic circulation in order to exert their therapeutic effects. Instead, when administered
via a nasal spray, vomeropherins stimulate the VNO directly, which triggers in the
hypothalamus. Locally administered vomeropherins thus do not need to cross the biological
barriers that are associated with systemic absorption and distribution. In addition, because only
minute quantities of vomeropherins likely will be required to induce a biological response, both
production costs and the potential for adverse side effects are minimized" (Pherin
Pharmaceuticals, 1999a, p. 1). Clearly, this route of drug administration offers numerous
advantages over the traditional internal routes.

The Human Vomeronasal Organ

In most mammals, the VNO is a blind ending tubular structure located close to the base
of the nasal septum and separated from the olfactory epithelium by a large field of nonsensory
respiratory epithelium. "This tube is lined by tall, narrow cells" (Kodis, Moran, & Houy, 1998,
p. 57). "The VNO contains cells not found anywhere else in the body that give the human VNO
its unique chemosensory properties" (Kodis, Moran, & Houy, 1998, p. 53). Where studied in
mammals, the central axonal processes of VNO receptor cells collect to form the vomeronasal
nerve that projects to the accessory olfactory bulb. These axons of the bipolar VNO
chemosensory neurons are tiny (0.2um in diameter) and unmyelinated (not have a myelin sheath
on the nerve). They are often accompanied on their journey to the brain by large fibers of the
nervus terminalis, whose bipolar neurons--also derived from the medial olfactory placode--have
relatively large cell bodies in the sumucosal plexus of the nasal septum. Both the somata and
axons of many terminalis neurons are immunoreative for LHRH (leutenizing hormone releasing
hormone) and seem to provide direct input to similar cells in the basal forebrain, medial preoptic
nucleus, and anterior portions of the hypothalamus--brain regions that regulate neuroendocrine
function (Berliner, Jennings-White, Monti-Bloch, 1998). The VNO controls vital regulatory and
behavioral functions, such as the hormonal system, the fight-or-flight response, anxiety, fear and
aggression, sexual motivation, heart rate and blood pressure, body temperature, appetite, sugar
and fat metabolism, and water and electrolyte balance (Pherin Pharmaceutical, 1999). By
affecting regulatory control of the hypothalamus, it is possible to modulate autonomic,
psychophysiological, and hormonal responses (Berliner, et al., 1997). The cerebral cortex of the
brain gives us our reasoning and thinking abilities, while the most primitive part of the brain (the
hypothalamus) directs what we do on a subconscious level (Kodis, Moran, & Houy, 1998). "The
hypothalamus, which sits just beneath the thalamus and above the pituitary gland, makes up only
0.3 percent of the total weight of the brain, but it is the structure that controls our basic human
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drives" (Kodis, Moran, & Houy, 1998, p. 73). "Our VNO is about a thousand times more
sensitive than our sense of smell. The VNO reacts as quick as lightning to any breath of a
pheromone. We respond to 30 picograms of pheromone, and that is thirty millionths of a
billionth of a milligram" (Louis Monti-Bloch, personal communication, October 15, 1999).
While most medicine in pill form is prescribed in milligram quantities, a vemeropherin works
with a fraction of that amount. "If you compare a picogram to a gram, it's like the length of a
pencil eraser compared to the length from here to the moon. Also significant is the speed at
which vomeropherins travel to the brain: One ten-thousandth of a second is all it takes for the
molecule to activate the hypothalamus" (Kodis, Moran, & Houy, 1998, p. 160). A study
performed by Dr. Monti-Block used single VNO cells that had been harvested from research
volunteers and cultivated in a petri dish. The single VNO cells fired in reaction to the
pheromones but showed no response to odors. "This study showed that the VNO contains
neurons that jumped to life in the presence of a pheromonal stimulant, even when separated from
their homebase VNO" (Kodis, Moran, & Houy, 1998, p. 62).

Human Discovery

The vomeronasal organ was discovered in 1703 by a Dutch military surgeon named
Ruych who was examining a young soldier with a facial wound that left open the lateral walls of
the nose (Doty, 1995). Thought once to be vestigial, the vomeronasal organ is called Jacobson's
organ. "Jacobson, for whom the organ is named, observed it in animals but not in humans, and
published his findings in 1811" (Doty, 1995, p. 1793). Described as a small chemosensory
organ, the VNO serves as a receptor of naturally emitted human pheromones. The typical VNO
(see appendix C for an illustration of the vomeronasal system) is a tube that runs in an
anteroposterior direction beneath the surface of the nasal mucosa. There is one on each side of
the nasal septum. Although the VNO is not evident by superficial inspection, the vomeronasal
pits (the opening into the organ) are clearly visible (Doty, 1995). The pits range in size from .2
mm to 2 mm in diameter ("Chemical Messengers," 1995). It is impossible to observe the
smallest VNO pits without microscopic assistance (Doty, 1995). "Recent studies show that
most (if not all) adult humans have a pair of VNO's in the nose. The VNO produces a definite
electrophysiological response to chemostimulation by specific stimulatory substances" (Doty,
1995, p. 816). "The vomeronasal and terminalis nerves connect the VNO to the hypothalamus
region of the brain. That is the region of midbrain that regulates the most important processes in
the organism" ("Chemical Messengers," 1995, p. 3). "The consensus of investigations, into the
connectivity of the VNO to the brain can be thus summarized: (a) the vomeronasal nerve (VN)
exists; (b) it travels across the nasal septum to connect with the accessory olfactory bulb; and (c)
the VN nerve is accompanied by large ganglionic elements of the terminal nerve" (Doty, 1995,
p. 812).

Characteristics of Pheromones

The term pheromone was introduced in 1959 by German chemist Adolph Butenandt to
define substances secreted by an individual and producing behavior effects in cospecifics. In
mammals, the effect of pheromones seems to be mediated through the vomeronasal system
(Berliner, et al., 1997). Electrophysiological recordings from the human VNO have revealed a
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distinct response to naturally occurring compounds derived from adult human skin (Doty, 1995).
This is plausible because the skin is the largest and most complex organ of the human body.
Crowded together in a single square centimeter are, on the average, over six million cells, 5000
sensory bodies, 100 sweat and 15 sebaceous glands, as well as 200 pain points, 10 to 25 pressure
points, 12 cold and 2 warm points. Four meters of nerve fibers and one meter of blood vessels
guarantee interconnection and supply. The armpits are the most important pheromone factories
("Chemical Messengers," 1996). The glands that are thought to emit pheromones are located in
the torso of the body (Shapiro, 1999).

"We began to lose our awareness of pheromones when we started to wear cloths and
bathe" (Bishop, 1996, p. 9). Napoleon Bonaparte was to the point: "Don't wash any longer, I'm
coming back soon." He wrote this in a dispatch from his camp to Empress Josephine. The
brilliant strategist obviously possessed an infallible sense of how the nose plays a key role in
love and sex ("Chemical Messengers," 1996). Vomeropherins are chemosensory substances
whose effect is mediated through the vomeronasal organ (Taylor, 1994). Pheromones are
species specific. Gender specificity has also been identified for a significant number of
vomeropherins (Berliner, et al., 1997). This should not be surprising. New research is
uncovering startling, even life-threatening, differences that show that physicians should start
prescribing drugs based on gender. Even common drugs such as aspirin affect women
differently from men. A recent vaccine has been developed for genital herpes that appears to
protect women only (Haney, 2000). Why are these differences emerging now? A possible
explanation is "that it was not until the early 1990's that the Federal Drug Administration forced
drug manufacturers to allow women of child-bearing age into drug studies" ("Prescriptions
Must," 1999, p. 7A).

Pheromones are external chemical messengers, which are secreted to the outside by an
individual and received by a second individual of the same species in which they induce a
behavioral reaction ("Chemical Messengers," 1996). Dr. Clive Jennings-White, Ph.D., suggests
that "mood, sexual interest, anger, and rage are but a few of the emotions that are believed to be
pheromone sensitive. This may explain behaviors such as 'mob-mentality' in which people
unexpectedly exhibit aggressive behaviors in a group that they normally would not alone"
(Shapiro, 1999). "Pheromones are not aphrodisiacs but rather subtle communicators that provide
information and not instant, flat-out lust" (Kodis, Moran, & Houy, 1998, p. 92).

Pheromones are safe. Initial toxicology tests in laboratory animals, utilizing oral and
inhalation administration routes at dosages ranging from 100,000 to 1 million times the projected
human dose, have not demonstrated evidence of toxicity (Berliner, et al., 1997). Vomeropherins
are not readily absorbed in vital organs or other tissues, are readily excreted in feces and urine,
and should offer a substantial safety factor compared to standard drug therapy. Seventy-five
percent of the dose was excreted within 48 hours. Among the observations for one class of
vomeropherins were reduction of cardiac and respiratory rate, increase in body temperature,
increase in the electrical conductance of the skin (galvanic skin response), and an increase in
alpha rhythm brain waves (Berliner, et al., 1997). Another study produced an increase in the
cardiac frequency or rate (Berliner, Jennings-White, Monti-Block, and Diaz-Sanchez, 1996).
"The heart rate was determined from R-intervals of the EKG. The pheromone increased cardiac
rate by 3.8 beats/minute. These changes developed about 10 seconds after a single VNO
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stimulation with the PH-15; after approximately 2 minutes, the heart rate returned to control
values" (Berliner, Jennings-White, Monti-Block, and Diaz-Sanchez, 1996, p. 259).

Concurrently with the changes, an increase in parasympathetic tone and an amelioration
of anxiety effects were observed (Berlinger, Jennings-White, Monti-Block & Diaz-Sanchez,
1996). "Alpha waves are described as the brain waves associated with a transition or lightening
of sleep, while beta waves are emitted during consciousness, and theta waves are associated with
stage 1 and 2 sleep" (V. Pegram, personal communication, May 1, 2000).

Early Verification of a Functioning VNO

To probe the function of the human VNO, Luis Monti-Bloch devised a combination
electrode and microspritzer that he used to blow small amounts of the compounds Berliner had
isolated from human skin directly into the either the VNO or olfactory epithelium of volunteers,
while simultaneously recording the surface electrical potential of the tissue. This produced a
decreased potential in the VNO, similar to that caused by odorant molecules when they bind to
the olfactory epithelium. Furthermore, the response varied by gender; one compound elicited a
stronger VNO response in men than in women, and another induced a stronger response in
women than in men. The results suggested that the VNO can at least respond to specific
compounds, a necessary first step in including a physiologic or behavioral effect. Also, the fact
that the compounds did not elicit a response from the olfactory epithelium at the concentrations
tested indicates they may exert an effect without eliciting a conscious awareness of any odor
("Chemical Messengers," 1995)

In another test, Monti-Bloch tested subjects with an apparatus that measured the electrical
response of the VNO. Small amounts of different substances were delivered to the VNO, and
results were recorded. Four substances were used in the test: plain air, synthesized human
pheromones, a solution with pheromones, and a fragrant, non-pheromone, clove-essence
mixture. Monti-Bloch used a double-blind procedure, where neither the subject nor the clinician
could be influenced by knowing which one of the several substances was released into the nose.

A small probe measured the electrical response of the VNO. The VNO reacted only
when the pheromone solutions were released into the nose. Monti-Bloch concluded that the
synthesized human pheromones triggered a reaction in the VNO, whereas other substances did
not. He repeated the experiment, measuring the response of the olfactory organ in the nose,
which governs the sense of smell. This time, only the clove essence triggered a reaction. These
experiments confirmed that there are two sensory systems in the nose, each of which is
stimulated by a different class of molecules (Erox Corporation, 1997).

The last preliminary study was reported in the journal Brain. That study indicated that
Berliner's female-derived substance induced magnetic resonance imaging (MRI) observable
brain activity patterns in male (but not female) subjects similar to those induced in other animals
by VNO stimulation (but not by olfactory stimulation). This study suggests that the relevant
brain structures and supporting neural connections to the VNO are in good working order
(Goldman, 1999).
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Referenced Studies

In 1991, Monti-Block and Grosser reported that 49 human subjects of both sexes (18 to
55 years old) were exposed to 15-25 picograms of human pheromones, clove oil (an olfactant),
and a diluent. These substances were administered to the VNO or olfactory epithelium (OE) in
.3 to 1 second pulses from a nasal cannula. One of the pheromones (ER-830) significantly and
primarily stimulated males (P<0.01; n = 20) while another (ER-670) produced a significant
effect on the females alone (P<0.001; n = 20). The other pheromones tested fail to show
significantly different effects in either the male or female test population (P>0.1) (Monti-Block
and Grosser, 1991). Responses were indicated by the measurement of electrical activity
generated in the VNO or OE after exposure to a substance.

A follow-up study (using the same methodologies) affirmed the chemo-sensory
functionability of the human VNO and that it exhibited a sexual dimorphic specificity. Six
vomeropherins ( PH 15, PH 78, PH 84, PH 30, PH 56, and PH 94B) and two olfactants (1,8 -
Cineole, and /-carvone) were selected as conditions for this 60-subject (30 males and 30 females)
trial. Once again, vomeropherins generated an electrical response isolated to the VNO, while the
olfactants affected the OE alone. It should be noted that the (chemical) conditions of this test
were different from the first, but the results were the same. Additionally, however, certain
autonomic parameters were accessed to determine the VNO's ability to cause modulations within
them. Electrodermal (sweating), skin temperature, and a-cortical (alpha brain wave) activity
were evaluated to determine whether the VNO was capable of transducing signals that caused
change in these parameters. "Galvanic skin responses were recorded using a pair of 8.0 mm
silver electrodes in contact with the palmer skin of the medial and ring finger. This was
accomplished through a conductive gel interface that passed a continuous electrical signal having
amplitude of 10 p amp DC through one of the electrodes. Skin temperature was recorded by a
small (1.0 mm) thermistor probe attached to the right index finger" (Monti-Bloch, Jennings-
White, Dolberg, & Berliner, 1994, p. 803). When questioned, none of the subjects were able to
smell or otherwise consciously detect PH 15, and it produced no effect on the olfactory
epithelium. The administration of PH 15 and PH 78 to the conscious male subjects significantly
increased electrodermal activity, skin temperature, and a-cortical activity. The same pheromone
produced a limited effect on females. Parallel to the male responses, pheromones PH 94B and
PH 56 induced significant increases (among the parameters mentioned) for female subjects and
limited results in the male population. The other pheromones considered in the test failed to
produce significant responses in each of the four categories. Once again, the results indicated the
same gender sensitivity previously stated. Long-lasting stimuli produced an adaptation response
in the VNO characteristic of other types of chemoreceptive tissue (Monti-Bloch, Jennings-White,
Dolberg, & Berliner, 1994).

A third study entitled The Functionality of the Human Vomeronasal Organ (VNO):
Evidence for Steroid Receptors demonstrated that the VNO is a functional organ able to
influence the hypothalamic pituitary system by producing changes in blood luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) following its exposure to a steroidal vomerophrine.
Twenty volunteers (10 males and 10 females) were exposed to one-second pulses of PDD
(pregna-4, 20- diene-3, 6-dione) every 10 minutes during a six-hour period. In males, the steroid
decreased LH hormone pulsatility, which resulted