How humans distinguish between smells:
A biological, molecular and psychological investigation into olfactory function

Overview

Teaching introductory chemistry to middle schdabents may often prove to be
a frustrating task. The new concepts can be altstral therefore difficult for students to
visualize and comprehend. Of all the science pliis@s that | have taught, | have found
that chemistry requires more of my creative inputeep the lessons inquiry based and
hold the students’ interest. So the question bec@there a way to teach middle school
students chemistry with a theme that will hold tlaiention and what would intrigue
them and spark their interest?

The idea of the chemistry of smells came to mdenteaching after lunch one
afternoon. The room seemed to be filled with aergiof distinctive middle school
aromas ranging from fragrant body spray deodoramtiiscolognes to perspiration and/or
stink bombs. As this was a topic | thought all diédschool students could relate to, |
decided to investigate the connection between sraallil chemistry and teach the
introductory chemistry unit with this new themeals$o thought this topic would allow
for the integration of interdisciplinary lessongkas anatomy and physiology.

In order to successfully create the chemistryneélés unit, | had to first
understand how humans were able to detect odditbkough students think that the nose
simply smells an odor, the process is actuallyagaitomplicated one. It was not until
1991, when a groundbreaking paper by Richard Amdllanda Buck was published, that
the mystery behind the olfactory system was revkakn odorant molecule does indeed
travel into the nose, but its journey does not sthe@pe. Inside the nose, the molecule
attaches to an olfactory nerve cell which in tuends signals to the brain and the odor is
sensed. Although the receptor site model was akbteugh, there are still many
concepts not fully understood by scientists and eesult there is still significant research
being conducted. For example, scientists are relsieg exactly how the olfactory
cortex decodes information once it receives sigfiata the olfactory bulb (Axel, 2006).

My capstone project took a turn in a new directaftier an interview with Dr.
Charles Wysocki of the Monell Chemical Senses GentBhiladelphia. He suggested

that | research the branch of odor studies beimglected on human odor perception. It



was fascinating to read the various studies tha¢ wesearched in the connection
between memory and smell, commonly known as Pamustiemories. This
phenomenon is described as a powerful memory whiehcited in the presence of a
particular odor and unique to an individual. Feample, the whiff of a certain perfume
may elicit a powerful memory to one person and $msmell pleasant to another.
Research has been conducted in many areas ofefaisricluding the connection
between behavior and smell and the effects of patgg disorders on the olfactory
system.

The pedagogy piece consists of a two week unudmg on the chemistry of
smells. It incorporates a variety of inquiry based hands-on activities that allow
students to investigate basic chemistry concepikealso learning about the olfactory
system. The final assessment requires studesigitbesize all of the information they
have learned throughout the unit by conductinguthemtic scientific study and then
presenting their findings to the class at a sympusi

My capstone project has afforded me the opportdnitake a unit that was good
and make it even better. By incorporating the th@insmell, | hope that the students
will be even more engaged and more excited abawmiley chemistry concepts such as
atoms, molecules and chemical bonding. In additioey should also benefit from the
interdisciplinary lessons and gain experience imdeting their own authentic research

study.



Introduction

In the world of studying odor, there is an intetsmtof cultural, historical,
behavioral and scientific observations. Reseaschave taken a multidisciplinary
approach in order to fully understand the entictyse of how and why humans detect
aromas as being pleasant or unpleasant. Recent@#t by the US military to create a
“stink bomb” have proved unsuccessful. The mijiteould not find a single odor that
proved to be repulsive when described by a vagésthnic groups (Dilkes, Dalton &
Beauchamp, 1999). Why is this? What makes oneahymarceive an odor as pleasant
while others do not? In order to understand homdms smell, research involving the
complex, and not entirely understood, mechanisntseoblfactory system were studied
along with current psychological studies. Manyeatsts believe that humans learn how
to smell based on their past experiences. A gssetgial example of this idea was
demonstrated in a study conducted by Cain and #oh{i®78). The researchers
conducted their study in both Britain and the Ushigtates. Participants were asked to
rate the pleasantness of the smell of wintergr@ére participants in the United States
gave the aroma one of the highest ratings, whifteggaants in Britain gave it one of the
lowest. This discrepancy can be explained by {h&st experiences with the wintergreen
aroma. In Britain, wintergreen was often assodiatéh medicine and typically
connected to a negative experience. In the UiStatks, wintergreen scents were
associated with candy and often related to a pesexperience. This example illustrates
the complexity and interconnectedness of the phenamelated to sensing and
interpreting odors. My project attempts to shetitlign the fundamentals of a few of

these phenomena.

Anatomy of the Nose and Brain

Prior to discussing the physiology of the olfacteygtem, the basic anatomy of
the nose and brain should be understood (see Figuié/hen humans breathe in air, it
travels through the nasal passages which are Wuthkdnucus membranes. These mucus
membranes aid in filtering out unwanted particlesf the inhaled air and secrete a
mucus layer that lines the nasal passage (Kroddg)2The olfactory epithelium is a

specific area of the mucus membrane that housedfdory nerve cells, and is located



at the top of the nasal cavity (Axel, 2006). Oléag nerve cells, also referred to as
neurons or receptor cells, transmit olfactory infation to the brain upon being triggered
by an odorant molecule in the inhaled air. Neurmnesmade up of three main parts
called the dendrite, the cell body and the axon.

The dendrite of the olfactory receptor cell is aaghpy numerous hair-like cilia.
It is in these cilia that the receptor proteinsexpressed. At the opposite end of the cell
body, the axons, long thin projections of each aepextend up through the nasal bone
to a part of the brain called the olfactory bultxéhand Buck, 1991). The olfactory bulb
is the area of the brain that conducts initial pssing of odor information. This process
takes place in structures called glomeruli. Omengrulus houses tens of thousands of
axons from the receptor cells as well as dendfites other neurons that then connect
the olfactory bulb to the other regions of the br@ixel, 2006). The axons of these cells
transfer information by traveling via the olfactdrgct to other parts of the brain, in
particular the limbic system. The limbic systerolides the amygdala, the
hypothalamus and the hippocampus. The amygdalahwlgnapses directly with the
olfactory nerve, is critical for emotional assowiatlearning, as it is the part of the brain
that is associated with emotion, primarily fearislessential for human olfactory
memory in particular. The hippocampus and hypaitinais regions of the brain are

associated with both emotion and memory.
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Figure 1. The receptor proteins are expressed in the cllflge receptors are activated when
odorant molecules bind to them and signals aretsahe olfactory bulb and eventually
higher regions of the brain. Adapted from prenbath (1999).



Breakthrough Description of Mechanism for Odor Bisination

In 1991, a groundbreaking paper was published bip&d Axel, a professor at
Columbia University as well as an investigatorhe Howard Hughes Medical Institute,
and Linda Buck who, at the time, was a post dottetlw in the Axel lab and is now a
professor at the Fred Hutchinson Cancer ReseansteCeAxel and Buck were awarded
the Nobel Prize in 2004 for their studies detailiroyv the mouse olfactory system works.
Because of the technical difficulty involved in dying receptor proteins, the pair chose
to study the genes that code for them instead nédron cells contain a copy of all of a
human’s genes. The neurons in the olfactory systemot utilize all of the genes; only
certain ones are expressed, or used to creat@tiresponding proteins. This occurs
when the DNA is transcribed into mRNA in the nugled’he mRNA then leaves the
nucleus and travels to the rest of the cell, spadiy the ribosomes. In the ribosomes,
the mRNA is read and proteins are created. It washnfess difficult for Axel and Buck
to isolate the mRNA from the cell and convert iXtNA than to sort through all of the
genes located in one cell. From the DNA creatdtienab, the researchers used the
Polymerase Chain Reaction (PCR) to amplify thei@aer regions of DNA that
corresponded to odorant receptor genes, and thtaimet these genes’ sequences to
determine which of the 1300 odorant receptors iqodeir mouse neuron may have
(Axel, 2006). The newly created DNA was derivediira single neuron, which had
already been tested for its response to a rangdarbints. Because they only found one
type of receptor mRNA in each neuron they testeely toncluded that each neuron must
only feature one type of receptor.

Until Axel and Buck published their study, veritle was known about how
humans perceived and recognized a wide varietylofamts. Prior to their work,
scientists knew that mammals could discriminatevbeh odorants, but the mechanism
remained a mystery. One hypothesis to explaitatttgee number of detectable aromas
was that there could also be a large number optecethat could react with a single or
small number of odorants. That would mean thaketiuld have to be upwards of
10,000 different odorant receptors in order for husto smell all of the odors that they
are capable of smelling. Alternatively, there coldéda small number of odorant receptors

that could recognize a large number of odorantfdiyg less selective in how closely



the odorants must match the binding site (Axel Badk, 1991). Axel and Buck believed
that members of a large multigene family encodedrdividual odorant receptors, but

their results suggest a large family of distincbi@ht receptors.

Physiology of the Olfactory System

Odorant molecules in the air we breathe travel inéonasal passage. The
molecules become trapped within the mucus laygmgithem access to millions of
neurons inside the nose. The odorant moleculesdabire in contact with G-protein
coupled receptor proteins (Figure 2) that are kxdtain the end of the cilia (Axel, 2006).
When the receptor proteins interact with the odonaslecules, there is a structural
change in the receptor proteins, which induces gaamthe associated G-proteins. This
initiates the process that eventually leads tdrdr@smission of the electrical pulses along
the olfactory sensory axon (Axel, 2006). The casaafcevents begins with generation of
cyclic AMP, leading to an increase of calcium ie tell. The increase in calcium leads
to a depolarization of sensory neurons and asudt teey become more positively
charged. When the threshold is reached, an actitenpal is fired off. The signal then

travels through the axon that extends to the afgdbulb region of the brain.
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Figure2. The odorant binds to the G-protein coupled ramdpcated on the neural cell
membrane, initiating the cascade of events thasléaan action potential. Adapted from
www.csuci.edy2005).




The particular axons that are activated depend wgoch receptor protein is
targeted. Each cell produces only one type of tecqpotein. In humans, there are
approximately 350 different types of receptor preggoroduced (Axel, 2006). In other
mammals, such as mice, the number of differentptecgroteins could be upwards of
1000 (Axel, 2006). Because there are millions afraes in olfactory bulb, there must be
a duplication of many of the types of receptor entd. In other words, there are
thousands of each of the 350 types of receptoem®found within the human nose. If
the system worked like a lock and key, where omlg teceptor protein fit with a specific
odorant molecule, we would only be able to smell 8bferent odorant molecules.
However, it has been determined that humans cah spveards of 10,000 different
smells. How is this possible?

Although each receptor protein contains a simiégnsent inside the membrane,
the regions on the outside of the membrane mudiftegent in order to bind to different
oderants. Since we can smell far more than 35Camdi®rthe inference is that specific
odorant molecules must be able to activate mome ¢na series of protein receptors. Dr.
Charles Wysocki of the Monell Chemical Senses GeantBhiladelphia compared this
concept to keys on a piano (personal communicafioly,3, 2007). He explained that
each key may represent a receptor protein, thepafingers the odor molecule, and the
sound produced would be the perceived smell. Tagepls fingers could play the same
keys as well as combinations of keys, or chorder&lare many more combinations of
keys then just keys alone. Figure 3 depicts howanttgant molecule may be detected by
one or more odorant receptors. Each combinatiolnelicit a specific odor perception
within the brain, just as striking a combinationkefys on a piano will produce a specific
sound. Receptor proteins must be able to accepy different kinds of odorant
molecules and one odorant can bond to one recdptother words, the number of
molecules that each odorant receptor can detéicitis. Each odor molecule may bind to
several different receptors and therefore has @uentombination of odorant receptors
that may range from one (lone piano key) to seW@rahord). Different chemical

structures, therefore, will activate a differentitmnation of odor receptors.
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Figure 3. Odorants are detected by a combination of odaea@ptors which elicit a
wide variety of odor perceptions within the bréReproduced from
www.nobleprize.or (20(4).

More recent research conducted by Malnic, Hiroraip &nd Buck (1999)
supports three important points regarding the thebcombinatorial receptor codes
described above. To identify the odorant receptaatsrecognize specific odors, the
researchers used calcium imaging and single-celPRR. The study used four types of
odorants that included carboxylic acids with stnhicarbon chains (ranging from 4-9
carbon atoms), corresponding aliphatic alcoholsiarcarboxylic acids and dicarboxylic
acids. There were a total of 24 individual odordaested. To identify which receptors
responded to the specific odorants, olfactory nesifcom mice were first placed on
cover slips and loaded with fura-2, a dye that wheted to cells responds to ultraviolet
light when bound to calcium. When the neurons redgo odorants, there is an increase
in intracellular calcium that can be detected athultraviolet light (calcium imaging).
After the calcium imaging, a two-step single cell-RCR procedure was implemented to
identify odorant receptor genes expressed by iddalineurons (Malnict al., 1999). Of
the 647 mouse olfactory neurons that were test&degoonded to at least one of the test
odorants during calcium imaging. From that subsegptor cONAs were obtained using
RT-PCR from 14 of 47 neurons tested.

The mechanisms that explain how mammals discrirmibatween odors can be

broken down into three categories. The first ig thgingle receptor can recognize



multiple odorants. Malnict al. (1999) discovered that approximately 86 percétih®
neurons where odorant receptors were identifiectwested and found to recognize only
one test odorant, but an average of four odorastsgeeptor was determined. Their
research showed that both structure and functigmoaip were important. Patterns were
detected in the length of the odorant moleculetb@a chain. For example, some of the
odorant receptors were able to recognize odorargsgssing seven to nine carbon atoms
while other odorant receptor recognized odoranecwdes with carbon chains of five
through seven (Malniet al., 1999). One of the 47 odorant receptors recogrz®rant
molecules possessing carbon chains of all lendlagnic, et al., 1999). None of the
odorant receptors were able to recognize all ftagses of odorant molecules.

The second key point supported by Malmical. (1999) is that each single
odorant is recognized by multiple receptors. Elevkthe seventeen odorants that were
recognized by at least one receptor in the mousens tests were able to be recognized
by two or more of the odorant receptors (Maletcl., 1999). This demonstrates that
odorants are capable of binding to more than ooepter. It was also determined that
odorant receptors that were highly geneticallyteglar nearly identical would recognize
the same odorant.

The research conducted by Malretal. (1999) also supported the idea that
different odorants are recognized by a distinct loimation of receptors. Each odorant
receptor may recognize multiple odorants; howeltlesfahe odorants were recognized
by a specific combination of odorant receptors. &@ample, eight of the odorant
receptors that recognized bromooctanoic acid &sognized other odorants, but none of
the other odorants tested were recognized by #michl combination of eight odorant
receptors (Malnicet al., 1999). Each of the odorants tested were recedrby their own
unique combinations of odorant receptors.

Although the olfactory nerve cells are distributaddomly throughout the
olfactory epithelium, all of the same type of olfay neurons’ axons meet in the same
glomerulus in the olfactory bulb (Axel, 2006). Thesxons then excite the mitral nerve
cells, and that signal is forwarded to the limbactp of the brain as described in an earlier

section.



What happens to the signals from the odorant recgpice they reach the higher
areas of the brain? There is not a full understanglet as to how the information
received from the odorant receptors are representi olfactory cortex, nor is it
understood how the individual components of odalescare decoded to detect the
perception of an odor (Malniet al., 1999). Although researchers know that signalsfr
the olfactory neurons ultimately reach areas otifaen such as the amygdala and
hypothalamus, it is not know if those areas rec#ieeinformation as a whole, or if the
signals are “routed” out to different areas depegdipon the code.

Molecular basis for pleasant and unpleasant odors

What allows humans to detect a smell as beingsptg@ Is there a commonality
between the structure of odorant molecules thatl gteasant and those that smell
unpleasant? One group of chemical compounds that typically been associated with
pleasant smells is esters. Many esherge distinctive odors and as a result have been
used in artificial flavorings and fragrances. Reuagble smells may include citrus odors
such as pineapple, cherry, and raspberry. Othasaid smells, such as lavender,
cinnamon and peppermint are also examples of eJteese are also some esters that
could be classified as unpleasant, such as airgjlaree nail polish remover and model
paint.

Carboxylic acids are very polar compounds duééogpresence of hydrogen
bonding sites. Many carboxylic compounds, espectatbse with low molecular weights
and therefore high volatility, are associated witipleasant odors. Molecules with higher
molecular weights do not exist in the gaseous shatieinstead in the solid state and
therefore we are unable to detect their odor. Exesngf carboxylic acids with
unpleasant odors are butyric acid, which is the adsociated with gas gangrene and
rancid butter, acetic acid (vinegar) and formiadaghich is used by ants as a defense
compound (Denniston, Topping & Caret, 2007). Howegarboxylic acids are also be
associated with the aromas of strong cheeses suehraigiano-Reggiano, which some
people perceive to be an excellent cheese witkaspht aroma.

There are several factors that may influence outée codes and odor

perception. The first is that a small change indinecture of a molecule may result in a



dramatic change in the way mammals perceive the dth@ change of a functional
group may result in the perception of two veryelignt odors. For example, the
carboxylic acids listed above were described aseaspnt using terms such as rancid or
repulsive while alcohols with the same chain lengéne described as pleasant using
terms such as herbal or flower-like. Maletcal. (1999) compared the odorant receptors
that recognized acids and alcohols with the sam®oachain and found that while some
of the odorant receptors recognized both, they weregnized by different combinations
of odorant receptors. This research suggestghizaiges in the perceived quality of the
odorant where the structure has been altered maydirect result of changes in the
receptor codes (Malnig al., 1999).

Another factor influencing perceived odor may lbe toncentration of the
odorant molecules. Some odorants may be perceivearious different ways depending
on the concentration. An example of this is thipiteeol, which can smell very different
at various concentrations. At a low concentrattbis odorant may be perceived as a
tropical fruit. At a slightly higher concentratioihynay be perceived as having a
grapefruit-like odor and at an even higher coneiutn it may be described as having a
garbage-like smell. A change in concentration ahiange the receptor codes and
therefore a change in the perceived smell (Madhat., 1999), perhaps based on weaker
binding to some of the receptors that make up tlwrant’'s code. In addition, some
odorants can be detected at lower concentrati@msdther odorants. This may be
explained by research indicating that the compyexitthe odorant code may relate to
how easily it is detected (Malnet al., 1999). The size of the code may also relate to
difficulty in human detection of certain smellsalh odor is recognized by one odorant
receptor and there was a gene mutation in whidhrécaptor was nonexistent, that odor

would not be able to be detected.

Why do humans perceive the same odors differently?

Both neurological and behavioral studies have lwe@ducted regarding odor-
evoked memories. Although neurological testinglags using scientific technology
such as positron emission tomography (PET) and stagresonance imaging (MRI),

many of the behavioral studies conducted are basedore subjective measures. This is



mainly due to the difficulty in controlling the diity of the odorants in the laboratory
setting. Both the exact amounts of odor presemteaibjects as well as the way the odors
are presented must be controlled in precise anddeapible ways (Herz, 2000).

It is now commonly accepted, through the resultgadious experiments, that
there is a connection between emotion, memory aredl sDuring the experiments, two
aspects of memory were focused on most frequesntiyuracy and emotion. Accuracy
was defined as the detail and precision to whiehetvent is recalled whereas
emotionality was defined as the quality and/ornstty of the emotional accompaniment
(Herz, 2000). During the course of the experimendsr was not found to be any more
or less powerful than any of the other senses aadight, touch or hearing. In other
words, odor was just as effective at evoking a nrgras when a subject saw a picture of
the object, touched the object, or heard the ndntleeabject. Where odor-elicited
memories differed from those elicited by the otbemses was emotionality. Subjects
were able to describe more emotions when preseavitbdlfactory cues than when using
their other senses.

Additional experiments conducted by Rachel Heppsut these findings. In
2004, she studied the emotional qualities of meesagvoked by three specific cue items
(a campfire, fresh-cut grass and popcorn). Theagrcues (olfactory, visual or
auditory) were introduced to the subjects afteriiiteal memory was recalled. This was
to ensure that memories evoked by subjects wermfioenced by the memory cue
itself. In this study, subjects were first givemabal cue (e.g. the word campfire). They
were then asked to think of a person, place ortdvem their past, defined as an
autobiographical memory and then rate it on a yanédimensions (Herz, 2004). These
included emotionality, vividness, evocativeness specificity. Subjects were then
exposed to visual, auditory and olfactory cueshsasgca picture of a campfire or the
smell of the campfire. They were then asked te tia¢ memory again using the same
four scales. This method was thought to produceenmadiable data, as the emotional
guality cited by the subjects would be due to tteeesses occurring during the sensory
recollection and not memory selection (Herz, 2088sults from this study showed that

odor-evoked memories elicited the most emotiorspoases.



Herz (2005) also hypothesized that odor and emaliiyrwere linked due to a
learned behavior and believed that the processw@tsld. First the emotion that occurs
during the time that the odor is perceived becoasssciated with that odor. Second, re-
exposure to the odor can then elicit that emotiwhtherefore have an effect on mood.
Emotional odor-associative learning demonstrates thamans can smell the same odor
but may either like or dislike that odor based astexperiences. Several studies have
supported this hypothesis (Dilksal., 1999; Cain and Johnson, 1978; Herz, 2004).

Herz and Epple (1999) tested how ambient odorscésgted to odors influenced
cognitive performance in children. A group of fiyear-old children were given a maze
that could not be solved and thereby induced anigelf frustration or failure. While
experimenting with the maze, the children expemeneither one of two fragrances that
were agreed upon by adults to smell pleasant, @doo at all. After experiencing the
maze and odor, the children were then given a baedkhen a cognitive performance
test. The room where the children took the testseamted with the same odor they
experienced during the maze activity, a differedroor no odor at all. The test consisted
of a worksheet that had forty puppies, twenty ofcltwere missing their tail. The
children were instructed to identify the puppieattivere missing their tail within a ten
second time period. The children were judged ontemdased on facial expressions and
verbal remarks. Children who performed the cogaitest under the same conditions
under which they conducted the maze activity haeetasscores, regardless of which
odor, or lack thereof, they had been exposed tsulResupported the hypothesis that
emotional experience can become conditioned to addiinfluence behavior (Herz &
Epple, 1999). It also supports the view that hunwamslearn to associate a specific smell
with an emotion or experience. In this case, thkelidn associated a specific smell with
failure or frustration and when exposed to thatesaator again, it elicited similar
emotions.

A recent publication reported the effect of emadilostimulation on olfactory
sensitivity and odor judgment (Pollatos, Kopietinr, Albrecht, Sakar, Anzinger,
Schandry & Wiesmann, 2007). This research différech previous research because it
looked at the effects of emotion on olfaction iast®f the effects of olfaction on

emotion. In this study, subjects were exposed totiemal stimuli that consisted of a



series of pictures. The pictures were categorizgule@asant, unpleasant or neutral by the
subjects using a scale of one through nine, withlzging very unpleasant and nine being
very pleasant. Subjects were then exposed to twizegbictures for five seconds. At that
time, the participants’ eyes were covered and tireng exposed to the various odors.
They were then asked to rate the odor in term®tf pleasantness and intensity. The
results showed that viewing pleasant pictures pa@ smell evoked a feeling of
perceived pleasantness while viewing negative pstprior to a smell brought about
feelings of unpleasantness. The emotional stateati@ffect perception of odor
intensity, although men experienced higher intgmsitings across all emotional states.
In sum, this study showed that a negative emotistaié accompanied unpleasant odor
perception and that a positive emotional staterapamied pleasant odor perception.
Some research has specifically targeted the affendt only emotion, but also
specific personality characteristics, such as apxieneurosis, on olfactory perception.
In other words, do humans who are classified agas)or neurotic perceive odors
differently than those who are not? It is currefilieved that those individuals are more
sensitive to unpleasant stimuli in general, whethisrauditory, visual or taste. Chen and
Dalton (2005) specifically investigated the olfagtsenses by using emotionally toned
film clips to evoke emotional states prior to expgssubjects to pleasant, unpleasant or
neutral odors. Subjects categorized their emotistzé as happy, sad, negative/hostile,
fearful, and neutral and then rated that emotioa snale from 0-4 (0= not at all, 1=a
little, 2= moderately, 3=quite a bit, 4= extremelyhey were also asked to rate the
intensity of the odor on a scale of 1-9 (1= extrignnald, 9= extremely strong).
Personality was measured by standard scales. tgsmoand introversion used the
Eysenck Personality Questionnaire Revised- Sh&#QIRS) (Eysenck and Eysenck,
1994) and anxiety used the Taylor Manifest Anxtetale (TMAS) (Taylor, 1953).
Results from this study showed these personaliéyaatieristics did not directly influence
olfactory experience; however, it did affect th&aotory intensity. The neurotic and/or
anxious subjects were more responsive to both ahe@nd unpleasant odors. Women in
this category perceived the odors as stronger wande in this category detected them
faster (compared with neutral odors). This studyshthat the personality of a human

may affect why humans may perceive the same odfereintly.



In addition to behavioral studies, there is alsarnimaging evidence to support
that odors are more emotional and evoke strongeraries than other senses such as
sight, hearing or taste. Her#t,al. reported on a study in 2004 to investigate the
emotional potency of odor-evoked memories. Funefiomagnetic resonance imaging
(fMRI) was used to view the brain, specifically timygdala and hippocampal regions
because they were thought to play a crucial rolea@all of odor-evoked emotion (Herz,
et al. 2004). Subjects were interviewed prior to thensaand asked to describe a perfume
that they associated with a memory. Subjects wisordeed a positive, autobiographical
visual and odor-evoked memory were chosen fordke At the scanning procedure, the
perfume that the subject described was infusedtil@canning chamber. In addition to
the perfume, three other sensory stimuli includirgpntrol visual, control odor, and an
experimental visual were presented to the subj&gsults from the fMRI scans showed
that significantly greater activation occurredhe tamygdala and hippocampal complex
when the subjects were exposed the perfume theyided compared with the other
three stimuli. This study supported the anatomacal behavioral research that there is a
strong connection between the olfactory systemth@@dmygdala and hippocampal

regions of the brain which play a large role in &omoand memory.

Conclusion

The olfactory system and its mechanisms are tagiestive research. Although
there has been significant experimental evidensaipgport both physiological and
psychological hypotheses regarding the mechaniswhsaes of olfaction, there is still
much to be learned about mammalian odor detedtonexample, what role do
pheromones play in behavioral and physiologicgdeases in animals? How do the
experiences of emotion and memory differ in peoyte lack a sense of smell, a
condition known as anosmia, from a person withllg functioning olfactory system?
How does the olfactory cortex decode the signalsceives from the olfactory bulb?
These and other questions may be investigatedvasectnologies, such as the fMRI
scans, become more commonplace in studying odatetdtanding the complex
olfactory system is important because it allowgststs to better understand the

connection between the brain and a familiar, eva&yydnction such as the sense of



smell. The olfactory system has proved to be aiguinhg area to investigate the
crossroads of several branches of science and oldyte key to unlocking elusive

mysteries about the human brain.
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