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Nature makes good scents

This is a work in progress. The main body comes from several papers and common open
sources. The main point here is that I am merging the papers on the science and biology to the
papers on genes and evolution and then putting it into simple English.

Well its more like a cut and paste of the information that I want to write about right now.
I have been slowly cutting down 50 pages of PHD geek talk to English.
When done it will be about 2 pages of simple English.

What is Smell & How does it Work ?

People respond to the sense of smell on an emotional level more strongly than
any other sense. For example, a single scent can trigger a whole string of
forgotten memories. The area of the brain associated with smell is connected to
the same area that is associated with memory.

Some of these connections are genetic and are expressed from birth. Although
smell-identification ability increases during childhood, even newborn infants are
highly sensitive to some important smells, newborn babies locate their mothers
nipples by smell. Other experiments have also shown that babies are
responsive to very faint differences in body odor, and can identify their mother
by smell imprints from birth. Although an infant’s sense of smell may be highly
sensitive, it's only to specific smells, rather than a wide range of odors.

4

Because the olfactory nerves are a direct extension of the brain's limbic system,
reaction to smell is relayed immediately. The connection between odors and
memory was a necessary skill, to find food, avoid dangers, a survival skill that
was naturally selected by our ancestors.

Our sense of smell is made possible by the detectors of odor molecules by our
olfactory nerves. The olfactory nerves are located within the nasal cavity and
respond to particular aromas. They send the information to the part of the
brain where memories are stored and emotional responses are formed. This
area connects with another part of the brain (hypothalamus and pituitary
gland) which governs our hormonal systems. These aromas trigger a variety of
chemical actions within the body, including the release of specific chemicals.
Enkephalin reduces pain and creates a feeling of well-being. Endorphins also
reduce pain and induce sexual feelings. Serotonin helps relax and calm.

When these inner connection in the brain malfunction or get cross wired

problems can occur. One such disease called Parosmia, also known as
Troposmia or Cacosmia, is one such problem. Parosmia is an olfactory
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dysfunction that is characterized by the inability of the brain to properly identify
an odor’s “True” smell. What happens instead is that the odor is interpreted by
the brain as different unpleasant aroma, typically described as burned, rotting,
fecal, or chemical smell. There are instances however, of that the scent is
interpreted as other pleasant odors, this is more specifically called Euosmia.

The Science & Biology of smell

Evolution of the sense of smell in humans

The evolution of our sense of smell can be seen in our genes. The genomic
organization in human Olfactory Receptor (OR) genes may be best accounted
for by a complex series of evolutionary events. The oldest of these genes is
about 100 million years old and is traced back to Fish like receptors (Class I)
genes. At that time there was only a limited amount of Class I genes in
existence approximately 100. The Class I OR are specialized for recognizing
water-soluble odorants. Even today we have approximately 38 functional
ancient class 1 genes and OR, even though their exact functions are not
completely understood in humans. Over time as amphibians (tetrapod specific
class IT OR) evolved the number of OR genes grew (to well over 1,000) and
became more complex. The Class II OR became more specialized in detecting
for airborne odorants. As mammals evolved our Class II genes continued to
change. In our more recent past approximately 150,000 years ago changes
from retrovirus again changed the genes to more closely resemble what they
are today in the human genome.
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The color vision priority hypothesis states that the evolution of color vision in
primates may have decreased primate reliance on olfaction, which explains the
relaxation of selective pressure that accounts for the accumulation of olfactory
receptor pseudogenes (DNA sequences that resemble functional genes but are
generally thought to have no purpose) in primates. This change along with the
change in modern human females to be sexually receptive even when she is
not in estrus reduced the need for the genes that expressed human pheromone
sexual responses and thus eliminated the need for the human Vomeronasal
organ functionality. When the human Vomeronasal organ functionality was
decreased and eliminated some of the scent responses mechanisms were
incorporated into the main Olfactory Receptors to brain coding functions.

The sense of smell

The sense of smell gives rise to the perception of odors or scents. The
perception of an odor effect is a two-step process. First, there is the
physiological part; the detection of stimuli by receptors in the nose. The stimuli
are then processed by the region of the human brain which is responsible for
olfaction. Because of this, an objective and analytical measure of odor is
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impossible. Because of this higher level function in the brain everyone perceives
scents differently. Although the human sense of smell is feeble compared to
that of many animals, it is still very acute. We can recognize thousands of
different smells, and we are able to detect certain odors even in infinitesimal
quantities.

Typical odorants

The typical Odorants are airborne volatile compounds with a low molecular
weight (30-300 Dalton), typically organic, hydrophobic and polar. A few
inorganic chemicals can also stimulate olfaction, notably hydrogen sulfide,
ozone, ammonia, and the halogens.

The process of how we smell (olfaction).

When odorant molecules reach the olfactory epithelium, a small patch of tissue
located at the roof of each nasal cavity, they stimulate a large population of
olfactory receptor neurons. This initiates a chain of biochemical and electrical
signals that results in the sensation that we know as an odor. The olfactory
pathway can be divided into three general subsystems:

(1) olfactory epithelium, where primary reception takes place,

(2) olfactory bulb, where an organized olfactory image is formed and,

(3) olfactory cortex, where odor associations are stored. These
multidimensional images are then interpreted and acted upon by the brain.

In humans the olfactory receptors are located inside the nasal passages.
Humans have two airway passages for breathing. The mouth is used for intake
of large amounts of air or for quiet breathing. During quiet breathing eddy
currents may carry just enough of a odorant to evoke a sensation, whereupon
sniffing can occur. Sniffing concentrates the amount of odorant reaching the
receptors by as much as tenfold.

tufted cell

___olfactory
" receptor cell

a 4 ITYLS
The central neural pathways of the olfactory system have a complexity

unmatched among the sensory systems. One pathway carries information to
the pyriform cortex (paleocortex of the temporal lobe), to a sensory relay in the
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thalamus (dorsomedial nucleus), and to the frontal cortex (orbitofrontal
region). This pathway seems rather strictly sensory.

Another pathway carries information to the pyriform cortex, the hypothalamus,
and other structures of the limbic system. The latter have much to do with the
control of emotions, feeding, and sex. The strong affective and motivational
consequences of olfactory stimulation seem compatible with projections to the
limbic system and with the role of olfaction in certain types of physiological
regulation.

Trigeminal nerve

In addition to exciting olfactory receptors, many odorous substances excite the
sensory endings of fibers of the trigeminal nerve, which are distributed in the
mucosa of the nose and which serve as nonspecific, common chemoreceptors.
The receptors of the trigeminal nerve are especially important in the complex
perception of the odors of irritants, such as acetic acid and ammonia.

Olfactory epithelium
Our smelling process starts at the olfactory epithelium. These olfactory
receptors are made up of about five or six million yellowish cells. They are
located high up in the nasal passages occupying the size of a small postage
stamp. They are in fact the main organ of taste as well as smell. The so called
taste buds on our tongues can only distinguish four qualities; sweet, sour,
bitter and salty, all other tastes are detected by the olfactory receptors.
These slender nerve cells are called cilia. The nerve endings are sensitive to
molecules floating about in the air that get stuck on the mucous surface. The
ODORANTS RECEPTORS contact of such molecules with the cilia
of the olfactory receptors is translated
W T into neural messages. The genetic
I—v_| variation in people is also expressed in
- the olfactory receptors in different ethnic
§§§§§§§ populations, i.e. not everyone has the
same sense of smell.

:
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Olfaction involves a large family of (48)
receptors, each selective to a specific
molecular feature of an odorant, such as
carbon chain length, molecule shape, or
| functional groups. Each odorant is
detected by multiple receptors and each
receptor can detect multiple odorants,

e |

e ]

) -
e,

Bt

e

e, =
e |

S
WWW.I!éIlCthV.COI’ —qu 8 :"“

¢ B

e
e 1 -t .
S e
vy e
e ]
B i e Pt e A
pharteried | oo
- e

. s I P

S

S

(=}

|

o v = i |
e e, Pt
e, e e
i i) A e ey
e e
e P
e e it
.‘-""' L -“'"'

Page 5 of 18



http://www.natalchemy.com/

NatAchc

Nature makes good scents

leading to a high-multidimensional array and combinatorial code at the
olfactory receptors level. For example, five

ORs recognize only odorants with seven, eight, or nine carbon atoms (C7-C9
odorants), and one OR recognize only C5-C7 odorants. Similarly, only 1 OR
recognize odorants of the lengths (C4-C9), and the majority (38) respond only
to odorants of 2-4 consecutive carbon chain lengths. This multidimensional
array and coding system gets even more complex as certain odors can be
triggers to block certain OR, or to heighten the sensitivity of the signals from
other OR. This system of antagonism, agonist may be directly correlated to the
mixture of odors in the natural world. This system evolved to help us detect
that food may be tainted over the sweet pleasant smells. The system of
antagonism, agonist is well known in aromatherapy as a complete essential oil
may be pleasant, but the individual parts of the oil may be irritating. The
systematic coding in our OR seems to be in response to our evolution in
harmony with plants and life’s natural processes. Even human Sperm cells have
odor receptors to help them find the egg.

Olfactory bulb

Nerve fibers leave the olfactory receptor cells and enter the skull through the
ethmoid bone, then disappear into the 'olfactory bulb' located at the anterior
end of the 'olfactory tract'. The olfactory bulb is supported and protected by the
cribriform plate of the ethmoid bone, which in humans separates it from the
olfactory epithelium, and which is perforated by olfactory nerve axons.

The olfactory bulb is a programmable preprocessor for odors. As a neural
circuit, it receives direct input from the large family of olfactory nerves. By
tuning in certain receptors it allows enhancing discrimination between odors,
enhancing sensitivity of odor detection, the filtering out many background
odors also serves to enhance the transmission of a few select odors. This allows
the higher brain areas involved in arousal and attention to modify the detection
or the discrimination of odors. This organ which then leads to the frontal - and
eventually the temporal lobe of the cerebrum which is responsible for emotions,
memory and sexual arousal.
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Our response to odors

Odors can trigger many different behaviors
in the body. Different odors can influence
emotions, bring back memories, increase
or decrease appetite, and even stimulate
sexual arousal. Dangerous odors can even
trigger a fight-or-flight response.

alfecicry bulb cHactory rad
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Compared to many other animals like
dogs, and insects like mosquitoes, humans
otactory mucosa =7 I are quite scent-challenged. We have a
much smaller quantity of odor receptors in
the nasal cavity, rodents have 4 times
more. But when scent molecules hit our
odor receptors they go directly into the
brain. Humans have the capacity to
identify more than ten thousand different
scents.

There is little understanding of how
transduction occurs and how various molecules are transduced differently. The
physical structure (shape) of a molecule plays a deciding role. The shape
compatibility of the molecule is one of the main reasons that natural scents are
more compatible with our biological systems than synthetic fragrances.
Olfaction tells us how our food tastes. It is also used in identification (e.g., a
mother can identify her infant by smell alone almost immediately after birth).

Conditions that impair Olfaction

The most common ways that people lose their sense of smell are through the
common cold (too much mucous), viral infection of olfactory epithelium, or a
cracked cribriform plate caused by an accident. Olfactory impairment is
especially marked in many disease processes, tumors or traumas of certain
regions of the brain. Disturbances of olfaction include the increased sensitivity
to odors, olfactory hallucinations with certain mental diseases, in which
nonexistent, usually unpleasant, odors are perceived. Hyposmia is the
abnormally decreased sensitivity to odors, while anosmia is the total loss of
olfactory sensitivity. Disturbances in the recognition of odors can also occur.
Smoking does affect the sense of smell. The tars can coat the cilia and make
them less responsive and the odor of the tars decrease the sensitivity of the
sense of smell since the receptors always have the constant background noise
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from the scent from the chemicals that coat the hairs in the noise. This also
masks many of the more sensitive scents.

Changes in our sense of Smell throughout our lifetime

Our ability to distinguish different scents i.e. “our sense of smell” increases to
reach a plateau at about the age of eight. In many people the sense of smell
changes again around the age of puberty, and then again around the late 20’s
to early 30’s. The most noticeable changes in the earlier years are the loss of
the ability to determine specific smells from our genetic imprinted scents we
are born with, but as these senses decrease the ability to determine a broader
sense of smell is acquired through the learning process. We are able to link
more scents with memories and an adult *Nose” can distinguish thousands of
scent profiles.

|II

Ones smelling ability also depends on the person’s state of mental and physical
health, with some very healthy 80-year-olds having the same olfactory prowess
as young adults. Across all age groups women consistently out-perform men on
tests of smelling ability.

Olfactory perception

Olfactory perception involves three basic tasks: intensity estimation, qualitative
description, and hedonic tone.

Intensity estimation

The relationship between odorant concentration and perceived intensity
(sensitivity) is well understood, and follows a logarithmic law common to other
sensory systems. Odor detection thresholds, defined as the lowest
concentration at which a stimulus is perceived, can be as low as parts-per-
trillion for some odorants, although these estimates may differ across subjects
by as much as 50-fold.

Odor intensity can be expressed using an odor intensity scale, which is a verbal
description of an odor sensation to which a numerical value is assigned. Odor
intensity can be divided into the following categories according to intensity:

0 - no odor

1 - very weak (odor threshold)
2 - weak

3 - distinct

4 - strong

5 - very strong
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6 - intolerable

This method is applied by in the laboratory and is done so by a series of
suitably trained panelists/observers who have been trained to appropriately
define intensity.

With prolonged or repeated contact with an odorous substance, the olfactory
threshold to that substance and, to a lesser degree, to other odorous
substances is increased. This attenuation of olfactory sensitivity is partially due
to fatigue in the olfactory receptors and partially due to changes in the brain
centers of the olfactory analyzer.

Olfactory Sensitivity

Olfactory sensitivity decreases in most elderly persons. On the other hand,
during pregnancy the degree of olfactory sensitivity may become uncomfortably
acute. Olfaction decreases or completely disappears when the mucosa of the
nose are congested or atrophied. Although some sense of smell is still active
through the activation of the pain nerve cells pathways. Many odorous
substances activate not only the olfactory system but also the ‘somatosensory’
system - the nerve endings in our noses which are sensitive to temperature,
pain etc. This is why ‘anosmics’ people who have completely lost their sense of
smell can still detect menthol, phenylethyl alcohol and some other substances.

Qualitative description

Qualitative description of an odorant is a much more difficult task. It is
estimated that humans have the ability to discriminate up to 10,000 different
scents, though most of us only experience a fraction of these in our lifetime.

It appears that the relevant sensory code for olfactory quality is probably a
pattern of excitation across different receptor groups.

Various schemes, such as Henning’s odor prism (flowery, putrid, fruity, spicy,
burned and resinous), have been proposed in the past in an attempt to classify
odors into a smaller number of dimensions. Due to the lack of success of these
efforts, current approaches employ odor profiling techniques, in which a large
number of verbal descriptors are used to describe individual odors.
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Hedonic tone

The hedonic tone is a qualitative property related to the pleasantness of an
odorant. The hedonic quality is highly subjective, and is influenced by cultural
factors and emotional associations. In addition, hedonic tone is non-
monotonically dependent on the exposure levels: some odorants are pleasant
at low concentration but not at high (or persistent) doses. The hedonic tone of
an odor is not hardwired in the brain, but shaped through experience; whether
a subject likes an odor or not depends largely on the associations that are
made throughout one’s lifetime.

Conclusion:

Nature has shaped the evolution of a complex sense of smell in humans. This
sense of smell is acutely connected to plants and our natural life processes. The
sense of smell is very individual from the beginning of our life due to the
expression of our own unique genes to the development of scent memories
during our lifetime. No two people have the exact same sense of smell.

Nature has designed our sense of smell to be compatible with the aromas of
plants, and their scents do have a marked influence on our psyche and our well
being.

Larry Marsala

Natalchemy Inc.

3801 Charter Park Court

Suite E

San Jose, CA 95136

408-978-3000 www.natalchemy.com info@natalchemy.com

Main sources of the above text are from:

Comparison of Odorant Specificity of Two Human Olfactory Receptors

from Different Phylogenetic Classes and Evidence for Antagonism
Chem. Senses 30: 69-80, 2005 doi:10.1093/chemse/bji002

Guenhae” | Sanz, Claire Schlegel, Jean-Claude Pernollet and Loi"c Briand

Biochimie de I'Olfaction et de la Gustation, Neurobiologie de I'Olfaction et de la Prise
Alimentaire, INRA, Domaine de Vilvert, Ba" timent 526, F 78352 Jouy-en-Josas Cedex,
France

Evolution of olfactory receptor genes in the
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