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The initial step in odor recognition by the nose is 

the binding of odorant molecules to receptor sites embedded 

in the dendritic membranes of olfactory receptor cells. 

Despite considerable interest and experimentation into the 

nature of these receptor sites, little is known of their 

specificity to different types of odorant molecules. This 

lack of knowledge partially stems from the fact that the 

nature of receptor proteins is most effectively studied 

when specific and irreversible inhibitors are available for 

use as chemical probes, yet no such agents have been 

discovered for use in the olfactory system. 

A series of alkylating agents and other chemically 

active odorants were tested to determine whether they 

might react with specific odorant receptors and modify 

olfactory responses. Electroolfactogram (EOG) recordings 

were obtained before, during, and after treatment of the 

olfactory mucosae of grass frogs (Rana pipiens) with a 

chemically active odorant. Although all six reagents 

tested inhibited olfactory responses, no specific inhibitory 

action was obtained with five of the six agents (acrolein, 

allyl isothiocyanate, w~bromoacetophenone, ethylchloroformate, 



and formaldehyde). However, ethylbromoacetate (EtBrAc), 

produced a specific effect in which responses to all odorants 

tested were inhibited except the responses to certain 

aliphatic amines (e.g., isoamyl amine, butyl amine, 

diethylamine, and triethylamine). The resistance of the 

responses to these amines to EtBrAc treatment indicates 

there must exist a specific amine receptor which is 

chemically different from the receptors for other odorant 

classes. 

Attempts were made to protect odorant receptors from 

chemically active odorants by simultaneously applying an 

odorant before and during the application of the chemically 

odorant. The rationale was that a receptor site occuppied 

by an odorant molecule might be less susceptible to attack 

by a chemically active odorant. Specific protection was 

not observed, but two esters (isoamyl acetate and isoamyl 

butyrate) proved to be universal protecting agents which 

protect olfactory responses to all odorant classes tested 

from EtBrAc inhibition. 
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CHAPTER I 

INTRODUCTION 

Olfactory receptor sites and their interaction with odorant 

molecules 

The peripheral receptors of the vertebrate olfactory 

system are found in a patch of epithelium within the nasal 

cavity. The olfactory receptor cells are imbedded in the 

epithelium among supporting cells and only the bulb-shaped 

tip of the dendrite (the olfactory vesicle) and the cilia 

which it bears are exposed at the surface of the epithelium 

(Frisch, 1969; Steinbrecht, 1969). The surfaces of the 

olfactory vesicles and the cilia (often called olfactory 

hairs) contain molecular receptor sites to which odorous 

molecules bind during olfactory reception (Rhein and Cagan, 

1980). At least some of these receptors must be highly 

specific for certain odorants, because all animals tested 

possess a refined ability to discriminate among diverse 

types of odorous molecules. 

The binding of odorant molecules must in some cases be 

specific since recording from single olfactory receptor 

neurons have revealed that receptor cells can differentiate 

molecules as similar as methyl and ethyl butyrate or propanol 

and butanol (Baylin, 1979; Baylin and Moulton, 1979). 



Olfactory hypotheses,, The nature of the chemical 

interaction between odorous molecules and olfactory receptor 

sites has been the subject of much speculation—even spirited 

controversy (Amoore, 1964, 1967, 1970, 1971; Wright, 1967, 

1972, 1976; Wright and Burgess, 1975). All authors agree 

that odorant molecules excite receptor cells in the nose by 

binding momentarily to sites on the membranes of olfactory 

cilia. These are the major hypotheses to explain the 

physiochemical basis of the sense of smell. I 

1. Stereochemical hypothesis (Amoore, 1952, 1970). A set 

of specific primary receptor sites exists on the 

membrane surface. Each kind of receptor site 

specifically binds a given class of odorant because 

the molecular structure of the site sterically 

complements the shape of the odorant molecule. 

2. Molecular vibrational hypothesis (Dyson, 1937; Wright, 

1954). Receptor cells are thought to detect unique 

absorption bands in the far infrared spectrum of 

odorant molecules, much like a chemical spectrograph. 

3. Chromatographic hypothesis (Mozell, 1964, 1970). The 

adsorptive properties of the vertebrate nose combined 

with the airflow over the mucosa are thought to 

separate components of a mixture of vapors much like 

a gas chromatograph. The sniffing nose detects a 

particular odor and the brain classifies it on the 



basis of its chromatographic behavior (Rf value). 

This behavior, in turn, depends on (1) the mucosa's 

adsorptive properties, (2) the identity of the odorant 

molecule, and (3) the distribution of receptor sites 

over different regions. The third requirement, a 

spatial patterning of different olfactory receptors 

on the mucosal surfaces, might be considered a complete 

hypothesis on its own merits (Moulton, 1976). Such 

spatial patterning has been observed in both the 

olfactory mucosa (Mustaparta, 1971; Kauer and Moulton, 

1974; Kubie and Moulton, 1979; cf. Daval, et al., 1972), 

and in the olfactory bulb (reviewed by Moulton, 1976). 

4. Adsorption and penetration hypothesis (Davies, 1965). 

Odor detection is correlated with heat of adsorption 

and odorant molecule attributes (such as chain length) 

which would affect the molecule's ability to enter the 

lipid-protein membrane structure, dislocating it 

momentarily, and allowing ions to flow across the membrane. 

5. Functional group hypothesis (Schafer and Brower, 1975). 

Certain functional groups on odorous molecules are detected 

by membrane sites specific for those groups. Thus, 

for some classes of odorants odor quality largely 

depends on the presence of a particular functional group: 

amines smell "fishy", sulfides have an odor akin to 

rotten eggs, esters smell "fruity", and carboxylic 

acids are "sweaty". 



Objections have been raised to each hypothesis, but 

each has its merits. The stereochemical theory is attractive 

because it is analogous to known molecular interactions such 

as enzyme-substrate complexing and the binding of hormones 

and neurotransmitters to membrane receptors. Amoore (1971, 

1974, 1977) has also developed an impressive body of indirect 

data suggesting the existence of more than 30 primary classes 

of odorants. However, in many of Amoore's classes, the 

presence of a specific functional group on the odorant 

molecule is necessary to imbue an odor with its primary 

quality (Amoore, 1967, 1974, 1977). 

The Dyson-Wright spectral hypothesis seems untenable in 

light of the discovery that some enantiomers (optical isomers 

of the same compound) have detectably different odor qualities, 

but identical infrared spectra (e.g., Friedman and Miller, 

1971; Leitereg et al., 1971; Russell and Hills, 1971; Miller 

et al., 1977). 

The chromatographic theory has merit because the 

vertebrate nose, especially the mammalian nose with all its 

corridors and large surface area, seems designed like a 

chromatographic system. Moreover, an anatomically simple 

frog nose hooked up to a gas chromatograph in place of the 

normal separatory column is capable of chromatographic 

separation of odorants (Mozell and Jagodwicz, 1973). However, 



the chromatographic theory does not necessarily eliminate the 

requirement for specific binding sites on receptor cell 

membranes where electrical responses are elicited. Such 

binding sites would not necessarily be the adsorbent sites 

responsible for chromatographic separation of odors. A 

chromatographic action could not account for odor differences 

between enantiomers whose retention times in the chromatographic 

column would be identical. But, the chromatographic theory 

has much appeal because it adds the dimensions of spatial 

and temporal patterns of responses in the olfactory mucosa 

for the brain to use in analyzing odor qualities. 

An eclectic view,, A combination of factors—including 

stereochemistry, functional chemistry, chromatographic effects, 

and spatial variation—probably play a role in olfactory 

reception. Unfortunately, direct testing of these hypotheses 

has been retarded by the unavailability of chemical probes 

or affinity labels which have proven useful elsewhere in 

biology (e.g., alpha-bungarotoxin used to chemically tag 

acetylcholine receptors; Karlin, 1974). 

Isolation of receptors 

A recurrent theme in the study of chemical senses is 

the attempt to isolate receptor proteins involved in the 

sensory transduction process (Ash, 1968; Riddiford, 1970; 

Koch, 1971; Ferkovitch and Norris, 1972; Dodd, 1974; Gusel'nikov 

et al., 1974; Koch and Desaiah, 1974; Price, 1974; Gennings 

et alo, 1977- Price, 1978; Fesenko et al., 1979; Goldberg 



et al., 1979; Cagan and Rhein, 1980; Pelosi et al., 1980; 

Pelosi and Pisanelli, 1981). However, progress has been slow 

in the study of chemosensitive proteins due to technical 

problems and the lack of a biological preparation which 

yields great quantities of a specific receptor protein. The 

weakness of the interaction of most stimulant chemicals and 

chemosensitive proteins probably renders ineffective the use 

of natural stimulant molecules as affinity labels. A set of 

chemically active odorants (odorants which modify protein 

structure by the formation of new covalent bonds) which would 

both stimulate and specifically label receptor sites irreversibly 

is needed. 

Chemical and electrophysiological studies of olfactory 

receptor mechanisms 

Existence of proteinaceous receptor sites. Several 

lines of evidence indicate that odorant receptor sites are 

proteinaceous. Group-specific protein reagents such as 

N-ethyl-maleimide (NEM) and parachloromercuribenzoate 

disrupt the sulfhydryl groups of enzymes and membrane proteins. 

These agents inactivate olfactory responses (Getchell and 

Gesteland, 1972; Arito and Takagi, 1980; Delaleau and Holley, 

1980), but leave nonspecific water responses intact (Arito 

and Takagi, 1980). Uranyl ions which complex with membrane 

phospholipid molecules abolish the increase in cell spike 

activity seen when water is applied to the bullfrog olfactory 

epithelium,but leave olfactory responses intact (Arito and 



Takagi, 1980). These experiments confirm that the 

chemosensitive receptor sites are proteinaceous—like 

hormone receptor molecules in other systems. 

Some investigators have attempted to increase the 

specificity of group-specific reagents by applying both 

the reagent and an odorant simultaneously, hoping that the 

odorant would protect its binding sites from the group-specific 

reagent. Getchell and Gesteland (1972) reported that the 

odorant, ethyl-n-butyrate, applied to the nose in high 

concentrations both before and during the treatment with NEM 

prevented the NEM inhibition of olfactory responses to 

ethyl-n-butyrate and similar odorant molecules. Despite the 

promising results of these initial experiments the technique 

has not been widely applied and no new discoveries have been 

reported by investigators using NEM or other sulfhydryl reagents 

(Frazier and Heitz, 1975; Delaleau and Holley, 1980). 

Attempts to isolate and characterize olfactory receptor 

proteins. Several attempts have been made to isolate and 

characterize receptor proteins from the olfactory mucosa. 

Ash (1968) found stimulus-induced changes in the ultraviolet 

absorbance spectra of olfactory preparations but also found 

these changes in other tissues (brain and liver). Changes 

in the absorbance spectra of dyes upon binding to olfactory 

cilia have been reported (Gusel'nikov et al., 1974). Some 

proteins which bind with a high affinity for radioactive 



odorant molecules have been characterized (Cagan and Zeiger, 

1978; Price, 1978; Fesenko et al., 1979; Pelosi and 

Pisanelli, 1981), but so far no one has isolated any type of 

chemoreceptive protein from olfactory or taste receptors. 

Another problem with efforts to isolate olfactory 

receptor proteins from the olfactory mucosa is the 

development of criteria by which putative receptors can be 

categorized. The demonstration that an odorant binds to 

a receptor is an essential criterion, but by itself is 

insufficient evidence that the protein is the actual receptor, 

since the bidning may be non-specific, or a single receptor 

molecule may bind different odorants (Birnbaumer et al., 

1974). 

The formation of antibodies directed against specific 

receptor moleucles may become a powerful tool for the 

characterization of receptor proteins. However, the first 

experiments using the technique have not been successful. 

Price (1978) isolated a presumptive anisol-binding protein 

from the dog olfactory epithelium and prepared antibodies 

directed against this protein. The application of these 

antibodies to the olfactory mucosa inhibited responses 

the olfactory to all odorant molecules, not just to 

odorants of the anisole class. Thus, the presumptive 

anisole binding proteins was not shown to be a receptor 

protein (Goldberg et al., 1979). 



Responses of individual olfactory receptor neurons. 

Single unit recordings of vertebrate olfactory receptors 

indicate that many of the receptors are broadly tuned, 

responding to the majority of odorants presented to them 

while other cells may be highly specific for a single 

odorant or an odorant class. No two olfactory receptor 

cells have identical response characteristics and so far 

no obvious pattern has emerged to enable classification 

of the receptor cells (Gesteland et al., 1963; Shibuya 

and Tucker, 1967; Getchell, 1973, 1974; Baylin 1979; Baylin 

and Moulton, 1979). The threshold concentration for 

stimulation of a cell by different odorants may vary by 

several log units as may the threshold concentration for 

stimulation of different cells by the same odorant (Getchell, 

1973). The response patterns of individual olfactory 

receptor cells are so complex and variable that attempting 

to use single unit recording to study the chemistry of 

odorant/receptor interactions is a case of being unable to 

see the forest for the trees. 

Odorant perturbation of cell activity. The most likely 

hypothesis to explain how the binding of an odorant molecule 

to an olfactory receptor influences the activity of the 

receptor cell is that the odorant/receptor complex somehow 

activates ionic channels (or "gates") in the cell membrane. 
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Sodium entry would depolarize the cell membrane producing the 

surface negative electroolfactogram wave (EOG) which can be 

recorded with a gross electrode (tip diameter 10-100 ym) 

placed on the surface of the mucosa. The ionophore or gate 

might be a component of the receptor molecule or it might be 

a separate macromolecule which is activated when the odorant 

and receptor molecule interact. 

Experiments have also implicated 3'5'-cyclic adenosine 

monophosphate (cAMP) and the sodium/potassium activated 

ATPase in the transduction process (Menevese et al., 1977a) 

Rossi and Koch, 1981). Menevse et al. (1977a) found that 

either phosphodiesterase inhibitors (which increase cAMP 

levels) or membrane-permeable cAMP derivatives brought about 

a reduction in EOG amplitude, while cyclic guanosine 

monophosphate derivates had no effect on EOG amplitude. 

These results imply cAMP involvement in the olfactory 

transduction process. However, cAMP function in the primary 

transduction process in unlikely since its effects in other 

systems typically take place on time scales of seconds to 

minutes, rather than the millisecond and tenth-second time 

course typical of receptor potentials. Perhaps cAMP serves 

a modulatory function. 

The activity of sodium/potassium-activated ATPase 

(enzyme responsible for the maintenance of sodium and 

potassium gradients across the cell membrane) is relatively 
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high in the olfactory epithelium (Koch, 1971). Odorous 

chemicals have been found to affect the activity of the 

sodium/potassium activated ATPase in nerve ending fractions 

(synaptosomes) prepared from rat and rabbit olfactory 

epithelial homogenates (Rossi and Koch, 1981). Odorants 

with distinctly different odors produced different patterns 

of enzyme activity perturbation. Also antibodies prepared 

to the anisole binding protein isolated from dog olfactory 

epithelium prevented the perturbation of sodium/pot ass in-

activated ATPase activity which is produced by exposure to 

odorants (Koch and Rossi, 1981). However, as with cAMP, the 

time scale of these effects is more appropriate to a modulatory 

function. Alterations in the activity of this enzyme by 

odorants would most likely affect olfactory signals sent to 

the olfactory bulb over the long term, thus playing a role in 

such phenomena as differential adaptation to different odorants. 

Rationale for the proposed research 

The biochemistry of receptor proteins and the physiology 

of transduction processes is most effectively studied when 

specific and irreversible inhibitors are available for use 

as chemical probes. This dissertation was an attempt to develop 

and exploit a new experimental technique for the study of 

olfactory receptor sites. Chemically-active odorants (e.g., 

haloesters which contain a reactive halogen atom) were applied 

to the frog nose in an attempt to inactivate specific receptor 
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sites by alkylating or otherwise modifying the receptor 

molecule. Chemically-modified receptor molecules would 

probably be unable to interact with odorous molecules or 

to translate odorant binding into an electrophysiologically 

measurable response. Chemically-active odorants which 

produce specific inhibitory effects could be used to study 

the physiology of the olfactory system and serve as affinity 

labels for biochemical study of receptor sites. 



CHAPTER II 

METHODS 

The procedure followed in most experiments was very 

simple; electroolfactogram (EOG) responses were recorded 

from the olfactory mucosa of the grass frog, Rana pipiens, 

in response to selected odorants both before and after 

treatment with a chemically active odorant. In some cases 

protection of receptive sites was attempted by applying an 

odorant simultaneously with the chemically active odorant. 

Electroolfactogram (EOG) recording 

The EOG is a slow potential, the summated current flow 

produced by the receptor potentials of tens to hundreds of 

receptor cells at the surface of the olfactory epithelium 

in the vicinity of an extracellular recording electrode 

(Getchell, 1974). The EOG is. typically a surface-negative 

voltage change which may or may not be preceded by a 

small-amplitude positive transient. The small positive 

component, formerly believed to be non-biological in origin 

(Ottoson, 1956), is now thought to be either an inhibitory 

response of some olfactory receptors or the result of a 

secretory process by supporting cells (Gesteland, 1964; 

Takagi et al., 1969). 

The large negative voltage change of the EOG is 

13 
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thought to be initiated by depolarization of olfactory 

receptors since, 

1.) only positive potentials are elicited by odorant 

stimulation after transection of the olfactory nerve 

and the subsequent degeneration of all olfactory 

receptor neurons (Takagi, 1969). 

2.) negative EOG's are only recorded from areas of the 

olfactory mucosa containing olfactory neurons 

(Ottoson, 1956). 

3.) summated neural discharges recorded from the olfactory 

nerve twig preparation increase as the amplitude of 

the negative EOG increases (Kimura, 1961). 

4.) single unit recording of olfactory receptor neurons 

reveals that olfactory neuron spike activity increases 

as the amplitude of the negative EOG increases 

(Baylin, 1979). 

In addition to the depolarizing neural response, a portion 

of the negative wave may result from a depolarization of the 

supporting cells caused by increased extracellular potassium 

lost by active olfactory receptors (Getchell, 1974). 

Delivery of odorous stimuli 

One of the greatest difficulties in olfactory research 

is delivering discrete and well defined stimuli in the 

gaseous phase. Several investigators have avoided the 

problem of controlling vapor phase stimuli by applying 

odorants dissolved in saline solution (e.g., Getchell, 1974). 
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This approach can be criticized as unphysiological, 

because in air-breathing vertebrates the nasal cavity is 

filled with air, not an aqueous medium. Thus, the odorants 

in these studies were all applied in the vapor phase. 

The stimulating air system (or "olfactometer") used 

had six channels each of which was capable of delivering a 

different odorant or vaporous inhibitor (Figure 1). In 

experiments using a larger number of odorants, some stimuli 

were delivered through nozzles attached to syringes containing 

odor-saturated air. Although not nearly as reliable as the 

olfactometer—and certainly not quantative—this technique 

allowed qualitative testing of a large number of odorants 

in one experiment. 

Stimulation was programmed using a master pulse generator 

(WPI series 800 system) which triggered three electronic 

stimulators (Grass S44, S48, S88) which in turn drove a 

system of low current relays (Potter Brumfield no. JR-1051) 

which actuated the system of electric valves (Skinner Valve 

Co., New Britian, CT). Each stimulating air line contained 

a 3-way electric valve which allowed a constant air flow with 

little variation in line pressure during stimulation. Each 

of the odorant reservoirs was bounded by two normally closed 

electric valves which opened only during stimulation. 

Stimulating air from the building air supply was passed 

through activated charcoal and the feed pressure stepped down 
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Figure 1. System for odorant delivery and 

electrophysiological recording. 
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by three regulating valves in series on each line. Air 

flowed into each stimulating line.at a rate of 1200 ml/min 

and onto the nasal mucosa through 0.75 cm I.D. orifices 

situated 1.5 cm from and at a 45° angle to the olfactory 

mucosa. The position and angle of each orifice was 

controlled by a separate micromanipulator. The duration 

of odorous stimuli ranged from short test pulses (0.5-sec)^ 

to longer adapting and inhibitory treatments (18-20 sec). 

Each odorant reservoir contained a small quantity of 

odorant in liquid form (50 p.1) plus 500 ml of sufficient 

vaporous odorant. This reserve volume was sufficient for 

any one experiment and many seconds of stimulation. 

Surgery and electrophysiological recording 

After immobilization by an injection of 30 mg/kg 

body weight of d-tubocurarine, the olfactory mucosa were 

exposed by removing the overlying skin and bone of the 

nose. The frog was pinned to a dissecting tray and the 

delivery nozzles of the olfactometer were directed at the nose, 

The nose was continually bathed with a gentle stream of 

humidified air (100% relative humidity) at 400 ml/min 

from another nozzle 4-5 cm anterior to the nose. 

A glass capillary electrode with a diameter of 

approximately 100 jam was placed onto the crest of the 

olfactory eminence, a prominent faeature of the yellow-

pigmented olfactory mucosa. An identical reference electrode 
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was placed on the exposed skull at the margin of the 

surgical opening. The electrodes were filled with a 

Ringer/agar solution (Oakley and Schafer, 1978) which was 

bridged to an AC/DC Grass P16 preamplifier with a WPI 

EH-1.5s electrode holder containing a Ag/AgCl junction. 

Electroolfactogram responses were amplified by the 

Grass P16 preamplifier, fed into a Tektronix Type R5103N 

storage oscilloscope and recorded on paper with a pen 

recorder (Omniscribe, Houston Instruments). For routine 

EOG recordings, band pass filters were at the following 

-3 dB points: 0.1 Hz (low frequency cutoff) and 100 Hz 

(high frequency cutoff). The amplitude of EOG's recorded 

with the lower frequency cutoff at 0.1 Hz did not differ 

from test recordings done in full DC mode, although AC 

coupling converted the monophasic EOG into a biphasic 

waveform. AC coupling was used to eliminate baseline 

drift which occurs in experiments of many hours. The 

EOG waveform was periodically monitored in full DC mode 

on the oscilloscope to determine whether any change in 

EOG waveforms had occurred. 

Stimuli were delivered at 100 sec intervals and were 

usually of 0.5 sec duration. Longer pulses of 18-20 sec 

duration were used for delivering inhibitory and adapting 

treatments. Isoamyl acetate (IsAmAc) was used as a reference 

odorant because of its suitability in eliciting consistent 

responses and its widespread use in olfactory research. 
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Experiments were performed only on animals which had 

consistent EOG responses to IsAmAc with an amplitude of at 

least 1 mV. The EOG amplitude and the waveform of the EOG 

were quite regular from preparation to preparation and were 

not affected by minor changes in the positioning of the 

nozzles directed at the olfactory mucosa. 

General experimental procedure 

The frog olfactory mucosa were stimulated-with 0.5~sec 

pulses of the reference odorant, IsAmAc, at 100 sec intervals 

until a stable baseline was achieved. Then, 0.5 sec 

pulses of other test odorants were administered to determine 

the relative EOG magnitude of response to the different 

odorants. The average EOG magnitude response of four pulses 

of the reference odorant and two pulses 'of each of the test 

odorants, applied just before any inhibitory treatments 

were taken as a 100% standard for comparison with subsequent 

post-inhibitory responses. Pulses of the reference odorant, 

IsAmAc, were given between pulses of the test odorant as an 

index of change of responsiveness of the olfactory epithelium. 

When a stable baseline was achieved, the mucosa were 

given a series of adapting or inhibiting treatments with the 

odorant or inhibitor under study. The length of the 

treatment varied with the compound, but each was applied 

in a series of 18 sec exposures at 100 sec intervals so that 

the progressively increasing level of inhibition could be 
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monitored. After the inhibitory or adapting treatment was 

completed,the odorants were retested to determine the effect 

of the inhibitor. For convenience of comparison between 

different preparations, the amplitudes of all EOG's 

(pre- and post-treatment) are expressed in terms of 

percentage of baseline level. 

Protection from inhibition 

Site-specific protection from the effects of chemically 

active odorants was attempted by applying a "protecting 

odorant" before and during the application of the inhibitor. 

The assumption was that the odorant would bind to certain 

receptors for which it is specific and protect these receptor 

molecules from the inactivating effect of the chemically 

active odorant. Protection experiments have been employed 

successfully in olfactory research (Getchell and Gesteland, 

1972; Delaleau and Holley, 1980) and in studies of the 

active sites of enzymes (Gurd, 1972). 

The test odorant and the chemically active odorant 

were delivered in these protection experiments to the 

olfactory mucosa simultaneously through the same nozzle. 

Each of the odorants were applied at a flow rate of 800 ml/ 

min for a combined air flow rate of 1600 ml/min. After 

a successful protection experiment, the chemically active 

odorant was applied at a flow rate of 800 ml/min plus a 

flow of 800 ml/min of odorless air (combined flow rate 
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1600 ml/min) to demonstrate that the chemically active 

odorant was capable of inhibiting. 

Data analysis 

The qualitative rather than the quantative nature of 

the results of these experiments made statistical analysis 

probably unfeasible. Each preparation acted as its own 

control through the use of pre- and post-treatment tests. 

At least three replicates were run for each test and many 

of the tests were repeated as many as 30-40 times. 

Preliminary experiments designed to determine the proper 

dosage of the specific inhibitory substances to apply 

are not described here. 



CHAPTER III 

STABILITY OF THE EXPERIMENTAL SYSTEM 

AND THE BIOLOGICAL PREPARATION 

Stability of the preparation and stimulating system 

Typically, little variability was seen in electroolfactogram 

(EOG) responses when the frog, olfactory mucosa were 

stimulated for several hours at 100-sec intervals with 0.5-

sec pulses of isoamyl acetate (IsAmAc). Figure 2, for 

example, shows that the EOG amplitude varied less than 5% 

over a one-hour period of repeated stimulation with IsAmAc. 

This stability was typical of the pretreatment period 

of all experiments reported here. In each case, a stable 

level of response was routinely established before beginning 

experimental manipulation of the olfactory mucosa with 

chemically active odorants. 

Electroolfactogram waveforms 

A surface-negative monophasic deflection was the 

typical EOG waveform produced in response to all odorants 

when recorded from stable preparations (Figure 3). No 

consistent differences were seen in the shape of the EOG 

waveform responding to different odorants. The only 

changes in waveform were changes in amplitude related to 

stimulus intensity. Although waveforms with positive 

23 
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components were seen on occasion, they were only present 

in those preparations which produced inconsistent EOG 

amplitudes in response to successive stimulation with the 

same odorant or after treatment of the olfactory mucosa 

with chemically active odorants. Data from preparations 

which produced EOG waveforms with positive components, 

either before or after treatment with chemically active 

odorants, were not collected since the presence of the 

positive component is correlated with a damaged preparation 

and inconsistent responses, possibly due to inflammation 

of the olfactory mucosa (Takagi, 1969). 

Oscillatory electroolfactograms 

The phenomenon of oscillatory EOG's was sometimes 

observed. A pattern of rhythmic waves with a frequency of 

approximately 15 Hz was seen superimposed on the typical 

negative monophasic deflection (Figure 4). Ottoson (1956) 

termed the EOG's with these characteristic rhythmic waves 

"oscillatory EOG's". All oscillatory EOG's had a similar 

appearance. No factor was identified which appeared to be 

responsible for the occurrence of these rhythmic waves. 

Their origin and significance are not understood, yet they 

seem to be a genuine physiological event, rather than an 

artifact of stimulating or recording procedures. 
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Figure 2. Stability of the preparation and stimulating 

system. When the olfactory mucosa was stimulated repeatedly 

with 0.5 sec pulses of IsAmAc at 100 sec intervals, little 

variability was seen in EOG amplitude. 
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1 mV 

2 sec 

Figure 3. Electroolfactogram (EOG) waveform. 

The typical negative monophasic EOG waveform is elicited 

by stimulation of the olfactory mucosa with a 0.5 sec 

pulse of isoamyl acetate (IsAmAc). The top trace 

contains a stimulus marker which indicates the 0.5 sec 

duration of the stimulation. 
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1 mV 

t-

0.5 sec 

Figure 4. Oscillatory electroolfactogram (EOG). 

The rhythmic waves superimposed on the typical monophasic 

negative potential occurred during a 0.5 sec pulse of 

IsAmAc. The top trace contains a stimulus marker which 

indicates the 0.5 sec duration of the stimulation. 



CHAPTER IV 

RESULTS: ADAPTATION 

The application of odorants to the olfactory mucosa 

in pulses longer than 0.5 sec duration often resulted in 

a substantial decrease in EOG responses to all odorants 

tested. The rate and extent of recovery of EOG responses 

after adaptation to different odorants depended on the 

identity of the adapting odorant. 

Adaptation to isoamyl acetate. 

Eight 2 0 sec pulses of IsAmAc applied to the 

olfactory mucosa at 100-sec intervals decreased the 

EOG responses to IsAmAc to aproximately 35% of the 

pretreatment level (Figure 5). When the 20-sec adapting 

pulses of IsAmAc were terminated, the EOG responses to 

IsAmAc gradually recovered and typically returned to 

pretreatment levels within "10 minutes. Return of the 

EOG amplitude to pretreatment levels demonstrated that 

the preparation reacted to the high levels of IsAmAc 

in the classic pattern of sensory adaptation. 

Adaptation to isoamyl sulfide 

The EOG response to IsAmAc required longer to 

recover to pretreatment levels after the application of 

29 
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eight 20 sec pulses of isoamyl sulfide at 100 sec intervals 

than after the same application of IsAmAc (Figure 6). Thus, 

isoamyl sulfide is more strongly adapting than IsAmAc and 

in fact is strongly cross-adapting,as the two odorants 

belong to very different odorant classes. Thirty minutes 

were required for disadaptation (recovery) after treatment 

with the sulfide, whereas ten minutes sufficed for 

disadaptation after treatment with the ester. 

Long lasting adaptation or inhibition 

When some odorants (butyl amine, diethyl amine, 

isoamyl amine, diisoamylamine, picoline, isoamyl alcohol, 

or pinene) were applied to the olfactory mucosa, the EOG 

amplitude decreased to less than 5% of pretreatment levels. 

Little or no recovery of EOG amplitude occurred in 

these cases over a period of five hours. In Figure 7 

eight 20-sec pulses of pinene applied to the olfactory 

mucosa at 100-sec intervals decreased EOG responses to 

IsAmAc, limonene, isoamyl sulfide, and pinene to less 

than 5% of pretreatment levels. This may be interpreted 

as either a strong and very long lasting adaptation 

or as inhibition produced by chemical damage to the 

olfactory mucosa. Adaptation is a natural membrane 

phenomenon which is generally quite reversible. In 

contrast, inhibition may involve actual destruction of the 

olfactory receptor cell or components of its membrane. 
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I choose to regard this phenomenon as inhibition since the 

effect was often accommpanied by increased mucous flow and 

vasodilation—both indicators of inflammation. 

Adaptation to 'odorants' with small electroolfactogram 

amplitudes 

Odorants which characteristically produced small EOG 

amplitudes (limonene, phenyl ethyl sulfide) did not produce 

adaptation of EOG responses to the same degree as odorants 

which produced EOG's with larger amplitudes (e.g., IsAmAc, 

isoamyl sulfide). Thus the extent and rate of adaptation 

and disadaptation differed according to EOG amplitude. 

Figure 8 shows that eight 20-sec pulses of limonene applied 

at 100 sec intervals depressed EOG responses to IsAmAc 

and limonene to approximately 85% of pretreatment levels. 
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Figure 5. Adaptation to IsAmAc. Eight 20 sec pulses of 

IsAmAc applied to the olfactory mucosa at 100 sec intervals 

depressed the EOG response to IsAmAc to approximately 35% of 

pretreatment levels. Once the adapting treatment ceased, the 

EOG response to IsAmA.c returned to pretreatment levels within 

10 minutes. 
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Figure 6. Adaptation to isoamyl sulfide. Eight 20 sec 

pulses of isoamyl sulfide applied to the olfactory mucosa at 

100 sec intervals depressed the EOG response to both IsAmAc 

and isoamyl sulfide to approximately 25% of pretreatment 

levels. Approximately 30 minutes after cessation of the 

adapting treatment, the EOG responses to both isoamyl sulfide 

and IsAmAc returned to approximately 85% of pretreatment levels 
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Figure 7. Long lasting adaptation or inhibition. Eight 

20 sec pulses of pinene applied to the olfactory mucosa at 

100 sec intervals inhibited the EOG responses to isoamyl 

amine, IsAmAc, isoamyl sulfide, and pinene to less than 5% of 

pretreatment levels. No recovery of EOG responses occurred 

within 30 minutes. This result is interpreted as inhibition 

rather than sensory adaptation, since the phenomenon was 

accommpanied by signs of inflammation including vasodilation 

and increased mucous flow. 
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Figure 8. Adaptation to an odorant which produced 

small EOG amplitudes. Eight 20 sec pulses of lim0nene applied 

to the olfactory mucosa at 100 sec intervals depressed EOG 

responses to XsAmAc and limonene to only 85% of pretreatment 

levels. After termination of the treatment, the EOG responses 

returned to pretreatment levels. 
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CHAPTER V 

RESULTS: EFFECTS CF CHEMCIALLY ACTIVE ODORANTS ON 

ELECTROOLFACTOGRAM RESPONSES 

The inhibitory "power" varied considerably among the 

six chemically active odorants tested. Acrolein was the 

most powerful inhibitor, while w-broinoacetophenone was the 

least effective. In only one case—ethylbromoacetate (EtBrAc) 

was a differential pattern of inhibition demonstrated among 

responses to different odorants. Acrolein, allyl 

isothiocyanate, -broiaoacetophenone, ethyl chloroformate, 

and formaldehyde inhibited the EOG response to all odorants 

tested without exception, whether or not the odorants were 

chemically similar to the chemically active odorant. 

Effect of ethylbromoacetate on olfactory responses 

Adaptation versus inhibition. As previously described, 

eight 20~sec pulses of IsAmAc applied to the olfactory 

mucosa at 100-sec intervals produced the classic pattern of 

adaptation in which EOG responses quickly returned to 

pretreatment levels after the adapting treatment. 

However, eight 20-sec pulses of the chemically active 

odorant, EtBrAc, applied at 100-sec intervals produced 

total and irreversible inhibition of responses to 

40 



41 

the reference odorant, IsAmAc (Figure 9). The preparation 

did not recover its ability to respond to IsAmAc in 

experiments lasting as long as ten hours. 

Effect of ethylbromoacetate on EOG waveforms. The 

EOG waveform to IsAmAc declined in magnitude in a stepwise 

fashion as successive pulses of EtBrAc were applied to the 

olfactory mucosa at 100-sec intervals (Figure 10). The 

decline in magnitude of the EOG occurred without a 

corresponding change in the polarity of the waveform. 

Selectivity of ethylbromoacetate inhibition. The 

application of eight successive 18-sec pulses of EtBrAc 

to the olfactory mucosa at 100-sec intervals inhibited 

EOG responses to all odorants tested except to certain 

aliphatic amines (Table 1). For example, in the experiment 

shown in Figure 11, responses to IsAmAc and isoamyl sulfide were 

inhibited to approximately 15% of pretreatment levels 

by eight 18-sec pulses of EtBrAc, while the EOG response 

to isoamyl amine remained virtually undiminished (Figure 11). 

EOG responses to butyl amine and diethylamine were also 

resistant to EtBrAc treatment (Figure 12), while EOG responses 

to the aromatic amine, picoline, were inhibited (Figure 13). 

Amine responses which were inhibited by EtBrAc treatment 

were only to those amines (picoline and diisoamylamine) 

which have molecular weights two to three times greater 

than the molecular weight of the amines which 
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were resistant to EtBrAc treatment. This may indicate, as 

others have suggested (Amoore, 1970), that molecular size 

is a factor in odorant/receptor interactions. 

Inhibition by ethylchloroformate 

Although ethylchloroformate is an ester with a 

reactive halogen atom like EtBrAc, it showed no specificity 

of inhibition either to responses to odorants similar 

or dissimilar to itself. A three-second application 

of ethylchloroformate to the olfactory mucosa inhibited 

EOG responses to IsAmAc, pinene, isoamyl sulfide, and 

isoamyl formate to approximately 35% of pretreatment levels 

(Figure 14) and only approximately 10-15% recovery of responses 

occurred, even when the recovery period was extended to four 

hours. Treatment of the olfactory mucosa with an eight-

second pulse of ethylchloroformate was sufficient to totally 

abolish EOG responses to all odorant classes tested. 

Inhibition by acrolein 

A two second exposure of the olfactory mucosa to 

acrolein inhibited EOG responses to benzaldehyde, 

heptaldehyde, IsAmAc, isoamyl amine, and pinene to 

approximately 20% of pretreatment levels (Figure 15). 

Responses only recovered about 5% after inhibition 

with acrolein. Exposure of the olfactory mucosa to acrolein 

for five seconds completely abolished EOG responses to all 
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odorants tested. In all experiments with acrolein no 

selectivity of inhibition was seen. Even responses to 

the odorant heptaldehyde, which has an odor similar to 

acrolein, were inhibited at the same rate and to the same 

extent as responses to other odorants. 

Inhibition by ally! isothiocyanate 

Figure 16 shows the results of eight 18-sec pulses of 

allyl isothiocyanate applied to the olfactory mucosa 

at 100 sec intervals. Electroolfactogram responses to 

IsAmAc, isoamyl amine, isoamyl sulfide, limonene, and 

pinene declined to approximately 10% of pretreatment 

levels. No selectivity of inhibition was seen, even to the 

odorant phenyl isothiocyanate, which has an odor similar 

to allyl isothiocyanate. Application of allyl isothiocyanate 

inhibited EOG responses to different degrees in different 

preparations. Some preparations were inhibited to the 40% 

levels, while others were inhibited to the maximum level 

observed, 10% of pretreatment levels. Little recovery of 

response was seen even when the recovery period was 

extended to three hours. 

Inhibition by (jj-bromoacetophenone 

Eight 20-sec pulses of ^-bromoacetophenone applied to 

the olfactory mucosa at 100-sec intervals inhibited EOG 

responses to the odorants, IsAmAc, acetophenone, isoamyl 
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amine, and isoamyl sulfide to approximately 30% of 

pretreatment levels (Figure 17). The EOG responses to 

these odorants did not return to pretreatment levels 

within five hours. , 

Inhibition by formaldehyde 

Figure 18 illustrates the results of three 3-sec 

exposures of the olfactory mucosa to formaldehyde at 100-

sec intervals. Initially, the EOG responses to isoamyl 

amine, pinene, heptaldehyde, and isoamyl sulfide were 

totally eliminated. However, the responses began to 

return 40 minutes after treatment, and two hours after 

treatment they had returned to approximately 40% of 

pretreatment levels. No further recovery of response was 

seen even when the recovery period was extended to 10 hours. 

Five 3-sec pulses at 100-sec intervals were sufficient 

to totally and irreversibly eliminate responses to all 

odorants tested. 

Bis-2-chloroethyl sulfide (mustard gas) did not inhibit 

electroolfactogram responses 

Even as many as twenty 20-sec pulses of bis-2-chloroethyl 

sulfide (mustard gas) applied to the olfactory mucosa at 

100-sec intervals produced no inhibition of EOG responses 

(Figure 19). 
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Figure 9. Adaptation versus inhibition. Eight 

18 sec pulses of IsAmAc applied to the olfactory mucosa 

at 100 sec intervals reversibly suppressed (adapted) EOG 

responses to IsAmAc to approximately 25% of pretreatment 

levels. Within 35 minutes of the termination of the 

adapting treatment the EOG response to IsAmAc returned to 

approximately 90% of pretreatment levels. Then, eight 

18 sec pulses of EtBrAc applied to the olfactory mucosa 

at 100 sec intervals irreversibly inhibited the EOG 

response to IsAmAc to approximately 10% of pretreatment 

levels. The EOG response to IsAmAc did not recover 

after treatment with EtBrAc, even over a period of 10 

hours (not shown here). 
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Figure 10. The chemically active odorant, EtBrAc, 

reduces EOG amplitude without changing polarity. Successive 

treatment of the olfactory mucosa at 100 sec intervals 

with 18 sec pulses of EtBrAc resulted in a stepwise decline 

in EOG amplitude without a change in the polarity of the 

EOG waveform. 

a. EOG response to IsAmAc before treatment with EtBrAc 

b. After two 18 sec pulses of EtBrAc. 

c. After four pulses 

d. After six pulses 

e. After eight pulses 

The top trace in the photographs contain a stimulus marker 

which illustrates the 0.5 sec duration of the stimulus pulse. 
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TABLE I 

SELECTIVITY OF EtBrAc INHIBITION 

Odorant responses resistant to EtBrAc treatment 

Odorant Number of supporting 
experiments 

isoamyl amine 23 
diethylamine 7 
butyl amine 5 
triethylamine 5 

Odorant responses inhibited by EtBrAc treatment 
(at least three supporting experiments) 

Odorant Odor quality 

caproic acid fecal 
isoamyl alcohol alcoholic 
benzaldehyde almond 
morpholine amine or fishy 
picoline amine or fishy 
diisoamylamine amine or fishy 
methyl salicylate camphoraceous 
pinene camphoracoeus 
limonene citrus 
ethyl cinnamate cinnamon 
isoeugenol clov^ 
l-octen-3-ol ' earthy 
amyl ether fecal 
indole fruity 
N-amyl acetate fruity 
butyl acetate fruity 
ethyl acetate fruity 
ethyl-N-butyrate fruity 
isoamyl butyrate fruity 
isoamyl formate fruity 
octyl acetate fruity 
propyl acetate fruity 
phenyl isothiocyanate garlic 
geraniol geranium 
coumarin hay 
heptaldehyde harsh, fatty 
acetophenone ketone 
3-methylthiopropionaldehyde. . . onion 
phenol phenolic 
isoamyl sulfide sulfur 
vanillin s w e et 
0-ionone violet 
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Figure 11. Responses to isoamyl amine were resistant 

EtBrAc treatment. Eight 20 sec pulses of EtBrAc applied to 

olfactory mucosa at 100 sec intervals inhibited EOG responses 

to IsAmAc and isoamyl sulfide to approximately 15% of their 

pretreatment levels. The EOG response to isoamyl amine was 

initially depressed by EtBrAc treatment but returned to the 

pretreatment level. 
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Figure 12. Electroolfactogram responses to butyl 

amine and diethylamine vzere resistant to EtBrAc treatment. 

Three 18 sec pulses of EtBrAc applied to the olfactory mucosa 

at 100 sec intervals depressed the EOG response to IsAmAc 

to approximately 25% of pretreatment levels, while the EOG 

response to isoamyl amine, butyl amine and diethylamine 

remained at approximately 90% of pretreatment levels. 
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Figure 13. The EOG response of the aromatic amine, 

picoline, is inhibited by EtBrAc treatment. Eight 18 sec 

pulses of EtBrAc at 100 sec intervals, applied to the olfactory 

mucosa, inhibited the EOG responses to both IsAmAc and to 

picoline to 30-40% of pretreatment levels. 
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Figure 14. Inhibition of EOG responses by ethylchloroformate, 

A three second exposure of the olfactory mucosa to 

ethylchloroformate inhibited EOG responses to IsAmAc, isoamyl 

formate, isoamyl sulfide, and pinene to approximately 3570 

of pretreatment levels. Only a slight recovery of the EOG 

response occurred when the recovery period was extended to 

four hours. 
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Figure 15. Inhibition of EOG responses by acrolein. 

A two second exposure of the olfactory mucosa to acrolein 

inhibited EOG responses to isoamyl amine, benzaldehyde, 

heptaldehyde, pinene, and IsAmAc to approximately 20% of 

their pretreatment levels. The response only recovered about 

5% and stayed at that level for the three hour duration of 

the experiment. 



o 
o 
<N 59 

O 

• 

\ 
\ x 
\ 

s 
§ 

w 
£ H W 
h o q 

w w a Q Q 
s ^ ^ 
< N 
o a 

w w w 
CQ 

>D<]OI o 

< 1 

• 
o 

• 

o 
• 

£ 
E-1 < < 

0 

• 
I 

• 

o 
• 

• 
o 
< 1 

o 
<1 
• 

o 
o 

o 
CD 

O 

(/> 
0) 

D 
C 

LU 

2 

J O 

o 
CM 

O 
O 

O 
CO 

O 
CD 

o 
c£ 
o 
CM 

a? 
o 

( % 0 0 I = a p n ^ T x d u i F ^ u a n x ^ B a j i ^ a j i d i p m pBZTj^mxo^) 

• a r u n d w v o o 3 



60 

Figure 16. Inhibition of EOG responses by allyl 

isothiocyanate. Eight 18 sec pulses of allyl isothiocyanate 

applied to the olfactory mucosa at 100 sec intervals 

inhibited EOG responses to IsAmAc, isoamyl amine, isoamyl 

sulfide, limonene, and pinene to approximately 10% 

of pretreatment levels. No recovery of the EOG responses 

to these odorants occurred. 
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Figure 17. w-Bromoacetophenone inhibition of EOG 

responses. Eight 20 sec pulses of oo-bromoacetophenone applied 

to the olfactory mucosa at 100 sec intervals depressed EOG 

responses to the odorants IsAmAc, acetophenone, isoamyl 

amine, and isoamyl sulfide to approximately 30% of pretreatment 

levels. The EOG responses to these odorants recovered only 

about 107o toward pretreatment levels. 
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Figure 18. Inhibition of EOG responses by formaldehyde. 

Three 3 sec pulses of formaldehyde applied at 100 sec 

intervals totally abolished EOG responses to isoamyl amine, 

pinene, heptaldehyde, and isoamyl sulfide. After approximately 

two hours EOG responses to these odorants returned to 

approximately 40% of pretreatment levels. No further recovery 

of EOG responses occurred even after ten hours. 
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Figure 19. The effect of bis-2-chloroethyl sulfide 

on EOG responses. The application of twenty 20 sec 

pulses of bis-2-chloroethyl sulfide to the olfactory mucosa 

at 100 sec intervals only slightly adapted EOG responses 

to the odorants isoamyl amine, limonene, isoamyl sulfide, 

phenyl isothiocyanate, IsAmAc, or pinene. 
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CHAPTER VI 

RESULTS: PROTECTION EXPERIMENTS 

Protection involves the simultaneous application of an 

inhibitor (or affinity label) and another ligand which is 

thought to bind to the same receptor sites as the inhibitor. 

The object is to protect the receptor sites through the 

binding of ligand to the reactive site of the receptor 

molecule. This prevents binding of the inhibitor through 

competitive inhibition. This procedure preserves the 

activity of the specific sites to which the ligand binds, 

while other types of receptor sites may be deactivated by 

the inhibitor. 

Isoamyl acetate protection of EOG responses from inhibition 

by EtBrAc 

Eight 20-sec pulses of IsAmAc were applied at 100-sec 

intervals, beginning two seconds before and during the 

simultaneous application of eight 18~sec pulses of EtBrAc 

(Figure 20; Table II). Although EOG responses to all 

odorants tested were initially depressed after simultaneous 

treatment of the olfactory mucosa with EtBrAc and IsAmAc, 

the responses recovered within ten minutes to pretreatment 

levels. The recovery time was comparable with the time 
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course of recovery of EOG responses after adaptation of the 

olfactory mucosa to eight 20-sec pulses of IsAmAc. I 

conclude that this brief depression was adaptation to the 

protecting odorant, IsAmAc. 

Isoamyl butyrate protection of EOG responses from inhibition 

by EtBrAc 

Eight 20-sec pulses of isoamyl butyrate were applied 

at 100-sec intervals, beginning two seconds before and during 

the simultaneous application of eight 18_sec pulses of EtBrAc. 

The presence of isoamyl butyrate protected EOG responses to all 

odorants tested from the effects of EtBrAc (Figure 21; Table 

II). Although EOG responses to all odorants tested were 

initially depressed after simultaneous treatment of the 

olfactory mucosa with IsAmAc and EtBrAc, the responses 

recovered within 10 minutes to pretreatment levels. 

This recovery time was comparable with the time course of 

recovery of EOG responses after adaptation of the olfactory 

mucosa to eight 20-sec pulses of isoamyl butyrate. 

Esters other than IsAmAc and isoamyl butyrate do not 

protect from inhibition by EtBrAc. 

Neither ethyl acetate, propyl acetate, butyl acetate, 

nor isoamyl formate, applied two seconds before and during 

the application of eight 18-sec pulses of EtBrAc protected 

EOG responses to themselves or IsAmAc from the effects 

of EtBrAc (Figures 22-25). 
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In all cases, EOG responses were totally eliminated, despite 

the combined application of the odorant and EtBrAc, and no 

recovery of EOG responses were observed during a five 

hour recovery period. 

Non-esters do hot protect against EtBrAc inhibition 

Neither isoamyl alcohol, isoamyl sulfide, nor limonene 

protected EOG responses to themselves or IsAmAc from the 

effects of EtBrAc. Isoamyl alcohol applied two seconds 

before and during the application of eight 18-sec pulses 

of EtBrAc almost eliminated EOG responses to isoamyl alco-hol 

and IsAmAc (Figure 26). Isoamyl sulfide applied two seconds 

before and during the application of eight 18 sec pulses 

of EtBrAc reduced EOG amplitude to approximately 25% of 

pretreatment levels and no recovery of responses occurred 

within one hour (Figure 27). Limonene applied two seconds 

before and during the application of eight 18-sec pulses of 

EtBrAc inhibited EOG responses to limonene and IsAmAc to 

approximately 107o of pretreatment levels. The responses 

recovered to only 25-40% of pretreatment levels within 25 

minutes, but did not recover further over a four hour period 

(Figure 28). 

Isoamyl acetate does not protect EOG responses from 

inhibition bv acrolein, (^-bromoacetophenone, ethylchloroacetate, 

ethylchloroformate, or formaldehyde 

Isoamyl acetate applied before and during treatment 
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of the olfactory mucosa with pulses of either acrolein, 

to-bromoacetophenone, ethylchloroacetate, ethylchloroformate, 

or formaldehyde did not protect EOG responses either to 

IsAmAc or the other odorant classes tested. 

Acrolein inhibition. Isoamyl acetate applied three seconds 

before a five second pulse of acrolein eliminated EOG 

responses to both IsAmAc and heptaldehyde (Figure 29). 

No recovery of response occurred when the recovery period 

was extended to two hours. 

tu-Bromoacetophenone. Isoamyl acetate'applied 

two seconds before and during eight 18_sec pulses of 

oj-bromoacetophenone depressed EOG responses to IsAmAc 

and isoamyl sulfide to approximately 10% of pretreatment 

levels (Figure 30). After 15 minutes the responses returned 

to approximately 50% of pretreatment levels but no further 

recovery took place even when the recovery period was 

extended to three hours. The fact that EOG responses were 

inhibited less in this experiment than in Figure 17, where 

oj-bromoacetophenone was applied without applying another 

odorant simultaneously, was probably due to the difference 

in flow rate of ^-bromoacetophenone in the two experiments 

(1200 ml/min for ^-bromoacetophenone in the experiment in 

Figure 17 and only 800 ml/min in Figure 30). 

Ethylchloroacetate. Isoamyl acetate applied two seconds 

before and during eight 18-sec pulses of ethylchloroacetate 
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depressed EOG responses to IsAmAc and isoamyl sulfide to 

5-10/o of pretreatment levels. The responses did not recover 

over a period of three hours (Figure 31). 

Ethy1chloro formate. Isoamyl acetate applied three 

seconds before and during a five-second pulse of 

ethylchloroformate resulted in the elimination of EOG 

responses to isoamyl formate and IsAmAc (Figure 32). 

No recovery of EOG responses occurred even when the recovery 

period was extended to five hours. 

Formaldehyde. Isoamyl acetate applied two seconds 

before and during two 3-sec pulses of formaldehyde at 

100-sec intervals depressed EOG responses to 20-30% of 

pretreatment levels. The responses continued to decline 

after treatment (Figure 33). 

Heptaldehyde does not protect EOG responses from acrolein 

inhibition 

Heptaldehyde is chemically similar to acrolein, but 

when applied three seconds before and during a five 

second pulse of acrolein it failed to prevent inhibition 

to IsAmAc and heptaldehyde (Figure 34). No recovery 

of responses occurred even when the recovery period was 

extended to five hours. 
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TABLE II 

Protection experiments 

Esters which protect EOG responses from 
EtBrAc inhibition 
(at least 10 supporting experiments): 

isoamyl acetate 
isoamyl butyrate 

Esters which do not protect EOG responses from 
EtBrAc inhibition 
(at least three supporting experiments): 

ethyl acetate 
propyl acetate 
butyl acetate 
isoamyl formate 

Non-esters which do not protect EOG responses from 
EtBrAc inhibition 
(at least three supporting experiments): 

isoamyl alcohol 
isoamyl sulfide 
limonene 

Isoamyl acetate did not protect EOG responses from 
inhibition by these chemically active odorants 
(at least three supporting experiments): 

acrolein 
w-bromoacetophenone 
ethylchloroacetate 
ethylchloroformate 
formaldehyde 
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Figure 20. Isoamyl acetate protection of EOG responses. 

Eight 20 sec pulses of IsAmAc at 100 sec intervals applied to 

the olfactory mucosa two seconds before and during eight 18 

sec pulses of EtBrAc at 100 sec intervals, initially 

depressed the EOG response to IsAmAc, isoamyl sulfide, pinene 

and limonene to approximately 60% of pretreatment levels. 

Following return of the EOG responses to pretreatment 

levels, eight 18 sec pulses of EtBrAc at 100 sec intervals 

irreversibly inhibited the EOG response to approximately 

30% of pretreatment levels. 
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Figure 21. Isoamyl butyrate protection of EtBrAc treatment. 

Isoamyl butyrate applied two sec before and during the 

application of eight 18 sec pulses of EtBrAc at 100 sec 

intervals depressed EOG responses to IsAmAc and isoamyl 

butyrate to approximately 20% of pretreatment levels. 

Then, EOG responses to IsAmAc, and isoamyl butyrate were abolished by 

abolished by eight 18 sec pulses of EtBrAc. 
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Figure 22. Ethyl acetate non-protection of EtBrAc 

inhibition. The application of ethyl acetate two sec 

before and during the application of eight 18 sec pulses 

of EtBrAc failed to prevent inhibition of EOG responses to 

IsAmAc,and ethyl acetate. 
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Figure 23. Propyl acetate non-protection of EtBrAc 

inhibition. The application of propyl acetate to .the 

olfactory mucosa two seconds before and during the application 

of eight 18 sec pulses of EtBrAc resulted in a depression 

of EOG responses to IsAmAc to approximately 5% of 

pretreatment levels. 
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Figure 24. Butyl acetate non-protection of EtBrAc 

inhibition. Butyl acetate applied to the olfactory mucosa 

in eight 20 sec pulses at 100 sec intervals two seconds 

before and during the application of eight 18 sec pulses 

of EtBrAc failed to prevent inhibition of EOG responses to 

IsAmAc and isoamyl butyrate. 
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Figure 25. Isoamyl formate non-protection of EtBrAc 

inhibition. The application of isoamyl formate to the 

olfactory mucosa two seconds before and during the 

application of eight 18 sec pulses of EtBrAc failed to 

prevent inhibition of EOG responses to IsAmAc and isoamyl 

formate. 
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Figure 26. Isoamyl alcohol non-protection of EtBrAc 

inhibition. The application of isoamyl alcohol to the 

olfactory mucosa two seconds before and during the 

application of eight 18 sec pulses of EtBrAc failed to 

prevent inhibition of EOG responses to IsAmAc and isoamyl 

alcohol. 
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Figure 27. Isoamyl sulfide non-protection of EtBrAc 

inhibition. The application of EtBrAc to the olfactory 

mucosa two seconds before and during the application of 

eight 18 sec pulses of EtBrAc at 100 sec intervals failed 

to prevent inhibition of EOG responses to IsAmAc and isoamyl 

sulfide. 
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Figure 28. Limonene non-protection of EtBrAc inhibition. 

The application of limonene to the olfactory mucosa two sec 

before and during the application of eight 18 sec pulses of 

EtBrAc produced a depression of EOG responses to IsAmAc and 

limonene to 10% of pretreatment levels. The responses recovered 

to only 25-40% of pretreatment levels within 25 minutes, but 

did not recover further. 
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Figure 29. Isoamyl acetate non-protection of acrolein 

inhibition. Isoamyl acetate applied three seconds before 

and during the application of a five second pulse of acrolein 

failed to prevent elimination of EOG responses to IsAmAc and 

heptaldehyde. No recovery of response occurred even when the 

recovery period was extended two hours. 
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Figure 30. Isoamyl acetate non-protection of 

u>-bromoacetophenone inhibition. The application of IsAmAc 

to the olfactory mucosa two seconds before and during the 

application of eight 18 sec pulses of w-bromoacetophenone 

initially produced a depression of EOG responses to IsAmAc 

and isoamyl sulfide to approximately 10% of pretreatment 

levels. After 15 minutes the responses to these odorants 

returned to approximately 507o of pretreatment levels. No 

further recovery of responses occurred over a three hour 

period. 
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Figure 31. Isoamyl acetate non-protection of 

ethylchloroacetate inhibition. The application of IsAmAc 

to the olfactory mucosa two seconds before and during the 

application of eight 18 sec pulses of ethylchloroacetate 

at 100 sec intervals failed to prevent inhibiton of EOG 

responses to IsAmAc and isoamyl sulfide. 
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Figure 32. Isoamyl acetate non-protection of 

ethylchloroformate inhibition. The application of IsAmAc 

to the olfactory mucosa two seconds before and during the 

application of a five second pulse of ethylchloroformate 

failed to prevent inhibition of EOG responses. 
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Figure 33. Isoamyl acetate non-protection of formaldehyde 

inhibition. The application of IsAmAc two seconds before 

and during the application of two 3 sec pulses of formaldehdye 

failed to prevent inhibition of EOG responses to IsAmAc 

and isoamyl amine. 
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Figure 34. Heptaldehyde non-protection of acrolein 

inhibition. The application of heptaldehyde three seconds 

before and during a five second pulse of acrolein to the 

olfactory mucosa failed to prevent inhibition of EOG responses 

to heptaldehyde and IsAmAc. 
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CHAPTER VII 

DISCUSSION 

This study was a first step in the development of the 

use of certain protein modifying reagents as chemical probes 

of olfaction. Six different chemically active odorants were 

tested for specific inhibitory effects on the olfactory mucosa. 

Five of the six agents produced rapid inhibition of olfactory 

responses and one of these agents produced a highly specific 

effect. Ethylbromoacetate (EtBrAc) inhibited responses to 

all odorants tested except low molecular weight aliphatic 

amines. This result indicates that a specific receptor for 

these "fishy smelling" compounds exists, and that this receptor 

is sufficiently different from other odorant receptors to resist 

alkylation by the reactive odorant. 

The technique used in these experiments was to record 

electroolfactogram (EOG) responses from the frog nose before, 

during, and after treatment of the olfactory mucosa with the 

chemically active odorant under study. Unlike earlier studies, 

in which protein-specific reagents were applied in the liquid 

phase, these chemically active odorants were applied in the 

vapor phase. This technique enabled a more physiologically and 

experimentally sound situation in which stimulation with airborne 

odorants and recording could occur continually even during 

treatment with the inhibitor. Although the original hypothesis 

104 



105 

was not supported (that responses of odorants chemically 

similar to the chemically active odorant would be selectively 

inhibited), the study was successful in that specific 

inhibition was achieved. 

An attempt was made to increase the specificity of the 

various inhibitors by applying "protecting" odorants 

simultaneously with each of the chemically active odorants. 

Protection from inhibition was produced by only two 

closely-related esters, isoamyl acetate (IsAmAc) and 

isoamyl butyrate. Unexpectedly, these compounds protected 

the responses to all odorant classes tested, not just 

responses to esters. 

Inhibition of olfactory responses by EtBrAc is a specific 

effect on receptor neurons 

Exposure of the olfactory mucosa to successive pulses 

of EtBrAc produced a stepwise decline in the EOG amplitude 

to all odorants tested except low molecular weight aliphatic 

amines. The EOG waveform declined in amplitude without 

changing polarity, a result which indicates that the 

responsiveness of olfactory receptor neurons declined. It 

is likely that waveforms with both positive and negative 

components would have been seen if other types of cells 

had been affected. Supporting cells in the olfactory 

mucosa are thought to produce positive potentials in 

response to damaging stimuli. The positive potentials may 
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be associated with secretory activity of supporting cells, 

for example during inflammation (Takagi, 1969). Depolarization, 

by contrast is the natural response of olfactory receptor 

neurons responding to odorous stimuli (Getchell, 1977). 

Oscillatory EOG's 

Oscillatory EOG's were sometimes observed during these 

experiments although no obvious causative agent was apparent. 

Ottoson (1956) first observed oscillatory EOG's and gave 

them their name. He felt that the oscillations probably 

result from a cyclical or oscillatory firing of olfactory 

receptor neruons, perhaps resulting from some sort of 

recurrent inhibition, possibly in the olfactory mucosa 

itself or from centrifugal input to the mucosa from the 

central nervous system. However, there is no anatomical 

evidence for centrifugal input to the olfactory mucosa 

(Moulton and Beidler, 1967). Graziadei (1971) observed 

that olfactory receptor neurons are sometimes associated 

in a complex pattern in which the neurons directly contact 

other neurons at different points through dendritic spines. 

These interconnections might provide a mechanism for 

synchronizing the electrical activity of many neurons, 

possibly via electrical coupling through gap junctions. 

Such an arrangement would provide an anatomical substrate 

for oscillatory EOG's. 
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Effect of chemically active odorants on protein structure 

All the chemically active odorants used in this study 

are believed to alter protein structure. Ethylbromoacetate 

(EtBrAc) is the best-known of these agents since it has 

been widely used in biochemical studies involving the 

labeling of the active sites of enzymes. It is known to 

react more readily with sulfhydryl groups than with amino 

groups of proteins (Gurd, 1972) . Ethylchloroformate and 

w-bromoacetophenone also have reactive halogen atoms and 

would be expected to act similar to EtBrAc, alkylating 

the sulfhydryl and amino groups of proteins. By contrast, 

formaldehyde also reacts with imidazole groups as well 

as sulfhydryl and amino groups (Riddiford, 1970). 

Acrolein is sometimes used as a fixative in electron 

microscopy, and is known to crosslink amino groups of 

proteins to other amino, sulfhydryl, phenolic, and 

imidazole groups of proteins and other membrane components 

(Shrager et al., 1969). 

Interaction of chemically active odorants with olfactory 

receptors 

Chemically active odorants could most directly inhibit 

EOG responses by alkylating or otherwise modifying 

olfactory receptor site molecules. The most specific kind 

of action would be alkylation of receptors specific for the 

class of odors to which the chemically active odorant belongs 
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A more general effect would be reaction with receptor sites 

and other membrane components such as ion channels, thus 

affecting membrane function in general. 

Since the chemically active odorants used in this study 

(with the exception of EtBrAc) inhibited olfactory responses 

to all odorant classes examined, it appears unlikely that 

they discriminate olfactory receptor sites specific to 

their odorant class. I conclude that the majority of the 

chemically active odorants tested reacted with all types 

of receptor molecules and perhaps disrupted other membrane 

components. In the case of inhibition by EtBrAc (wherein 

responses to certain amines were spared) the agent 

apparently did not react with ion channels or modulatory 

proteins associated with an amine receptor which was 

discovered to be resistant to EtBrAc treatment. 

Threshold effect of chemically•active odorants 

Inhibition by chemically active odorants seemed to 

follow a threshold pattern. That is, in developmental 

experiments where the odorant was applied in an amount 

that inhibited the EOG responses to less than 507o of 

the pretreatment level, the EOG responses usually 

recovered to the baseline level. When the EOG responses 

were inhibited more than 50% of the pretreatment level, 

the EOG responses did not recover to baseline; i.e., at 

lower doses the chemically active odorant did not seem 
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to exert its disruptive effect. In each case, strong EOG's 

were produced at the onset of each pulse of chemically active 

odorant. Thus, chemically active odorants interacted with 

receptors as odorants, but apparently without visibly 

apparent damage to the receptor mechanism. Thresholds are 

common to biological systems, but in this case one would 

have expected a dose-response relationship which would 

extend over the whole dosage range. 

Non-specific effects of most chemically active odorants 

The failure of four of the five chemically active 

odorants to selectively inhibit the EOG responses to their 

own odorant class is surprising in view of earlier research 

reports. Menevese et al. (1977b) claimed that group-specific 

reagents such as 4-chloro-7-nitrobenzofuran, N-ethyl-maleimide, 

l-fluoro-2-dinitrobenzene, and benzyl chloride (all of which 

produce EOG's), preferentially and irreversibly reduced 

the magnitude of their EOG s relative to a spectrum of 

non-reactive odorants. Other researchers in the same 

laboratory (Persaud et al., 1980) also claimed that EtBrAc 

blocked EOG responses to ethyl proprionate, but not to 

itself in the rat olfactory system. Thus, prior results 

with other experimenal preparations offered some hope that 

chemically active odorants might selectively inhibit odorant 

responses to some odors, but the technique was productive 

in the frog for only one of the reagents (EtBrAc). 
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Retention of the amine response 

The retention of the response to certain amines in the 

face of EtBrAc treatment indicates that the molecular 

receptor for amine odorants is chemically different from 

the molecular receptors for other odorant molecules. It 

seems plausible that the electropositive nature of amines 

may require a receptor molecule which lacks electropositive 

groups (e.g., sulfhydryl and amino groups). Otherwise the 

presence of the electropositive group of the molecular 

receptor would repel the electropositive amine odorant and 

thereby prevent access of the odorant molecule to the 

receptor site. Thus, the simplest explanation for retention 

of the response to amines is that the molecular receptor 

for amine odorants has no sulfhydryl or amino groups 

susceptible to attack by EtBrAc. 

Alternative explanations exist to explain the resistance 

of the response to certain amine odorants to EtBrAc 

treatment. However, in each case more assumptions are 

necessary than is logically sound. For example, so-called 

occult binding sites" which are normally inaccessible 

to odorants might be exposed by treatment of the:olfactory 

receptors with EtBrAc. This is certainly not inconceivable 

as treatment of tissues with agents which disrupt the cell 

membrane has been shown to increase the binding of certain 

ligands to their receptors. Phospholipase treatment of 
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rat adipocytes, which results in the removal of the polar 

heads from the phospholipid molecules of the membrane, 

increases the number of insulin binding sites by exposing 

the normally inaccessible "occult binding sites" (Cuatrecasas, 

1975), and increases the efficacy of insulin action in these 

cells. The sulfhydryl reagent, N-ethyl-maleimide, converts 

low affinity binding sites to high affinity binding sites 

for acetylcholine in rat brains (Aronstam et al., 1979). 

Another alternative explanation for the retention of the 

amine response is that amine odorants might exert their 

stimulatory effects after they pass through the cell membrane. 

Many pharmacologically active substances act in this manner 

(Bergel, 1968; Goodman and Gilman, 1975) as do many hormones 

(Ginsberg, 1977; Liao, 1977). However, in the case of 

amines this kind of mechanism would seem unlikely since 

these amines are polar molecules which probably do not 

readily penetrate cell membranes. 

Other explanations could be offered, but the simplest 

explanation carries the soundest logic. That is, molecular 

receptors for certain aliphatic amines are resistant to 

EtBrAc inhibition because the receptors are chemically 

different from the molecular receptors for other odorant 

molecules. 

Lack of inhibition by bis-2-chloroethyl sulfide 

Bis-2-chloroethyl sulfide (mustard gas) did not inhibit 
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EOG responses in these experiments perhaps because its low 

vapor pressure (Table 3) did not allow a sufficient 

concentration of the compound to reach the olfactory receptor 

neurons. It is also possible, but less likely, that 

bis-2-chloroethyl sulfide may have reacted with or become 

adsorbed onto the tubing and glass of the olfactometer 

before it reached the olfactory mucosa. As an antipersonnel 

agent (used in mustard gas bombs) it required dispersal as 

an aerosol, and workers in chemical plants where it was 

manufacture were in close proximity to large quantities of the 

liquid without immediate ill effects. Future experiments 

with this agent should employ longer exposure times. 

Relationship of physical properties of the chemically active 

odorants on their relative inhibitory powers. 

Comparison of the physical propertiesof chemically active 

odorants may offer some insight into the nature of inhibition 

of olfactory responses by these compounds (see Table 3). 

Acrolein and formaldehyde, the chemically active odorants 

with the highest vapor pressures, had the highest relative 

inhibitory power. They were also the most water soluble. 

It is likely that a water soluble compound more readily 

dissolves in the mucous secretions that bathe the dendritic 

cilia, thus exposing the receptor molecules to a higher 

concentration of inhibitor than if the inhibitor were less 

water soluble. However, the chemically active odorant 
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ethylchloroformate was only sparingly soluble in water, 

but had the second highest relative inhibitory power. The 

positive correlation between boiling points and relative 

inhibitory power (Table 3) can be explained by the fact that 

compounds with high vapor pressures typically have low boiling 

points. There was no readily apparent relationship between 

molecular weight and relative inhibitory power (e.g., between 

ethylchloroformate and bis-2-chloroethyl sulfide), perhaps 

because molecular weight is not necessarily related to 

solubility or to chemical reactivity. 

Protection 

The results of this study indicate that most chemically 

active odorants do not act as specific inhibitors of i 

olfactory responses, probably because the reactive groups 

of most receptor molecules and other membrane components 

are equally accessible to the reagent. Thus, attempts were 

made to produce a more specific action by applying a 

non-reactive odorant before and during the application of 

the chemically active odorant, with the expectation that 

the non-reactive odorant would prevent the chemically active 

odorant from interacting with certain receptor proteins by 

competitive inhibition. 

Previous investigators demonstrated a specific protective 

effect of esters. In the experiments reported here, IsAmAc 

and isoamyl butyrate produced protection of responses to 
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all odorants tested. No protective effect was consistently 

achieved using the related ester, ethyl-n-butyrate. 

However, previous investigators (Getchell and Gesteland, 1972; 

Menevese et al., 1977b; Delaleau and Holley, 1980) using 

sulfhydryl reagents claimed a specific protective by 

ethyl-n-butyrate. Generally in these studies, the odorants 

used as protecting odorants prevented the inhibition of 

olfactory responses only to certain odorant classes and 

destroyed the olfactory responses to other odorant classes. 

Getchell and Gesteland (1972) found that the ester, 

ethyl-n-butyrate, protected olfactory responses to other 

ester molecules, but not to dissimilar molecules when the 

nose was exposed to N-ethyl-maleimide. Menevese et al. 

(1977b) found that amyl acetate protected the EOG responses 

to certain odorants from the effects of the non-penetrating 

sulfhydryl reagent, mersalyl (N-ethyl-maleimide, by contrast, 

readily penetrates the cell membrane). In these experiments 

the EOG responses to cineole and butyric acid were protected 

from inhibition, while EOG responses to linalyl acetate 

and beta-ionone were inhibited by treatment with the sulfhydryl 

reagent, mersalyl. These reports suggest that specific 

protection—when it occurs—is not necessarily directed 

at one class of odorant receptors. The common property 

which these different odorant receptors share which enables 

the ester to protect them from inhibiton by the sulfhydryl 
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reagent is unknown. 

Failure of specific protection. Specific protection 

was not achieved despite the use of a large number of different 

odorants. It may be that most of the chemically active 

odorants tested act at both the active binding site on the 

olfactory receptor moleucle and also at sites distant from 

the active site. It is possible that protection of the 

active site alone would be insufficient to prevent 

inactivation of the receptor site since its functional 

properties could be disrupted by alkylation elsewhere on 

the molecule. 

The application of large quantities of certain odorants 

to the olfactory mucosa may also have been inhibitory 

rather than protective. This was definitely established 

in the case of several odorants, including isoamyl alcohol, 

pinene, propyl alcohol, and isoamyl amine. The amines, 

in particular were strongly inhibitory by themselves, and 

often completely abolished responses to all odorants tested. 

Why certain odorants were themselves inhibitory is unknown, 

but it could have been caused by a number of different 

factors including direct effects on the receptor molecules 

or more general membrane effects leading to depolarization 

of the receptor neuron. 

Specific protection îiay not have been achieved 

because of a potentiation of the effects of the chemically 
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odorant by the non-reactive odorant with which protection 

was attempted. One could envision a situation in which 

allosteric changes induced by the non-reactive odorant 

could expose previously inaccessible sulfhydryl and amino 

groups to the chemically active odorant. A similar 

phenomenon has been demonstrated in the case of the insulin 

receptor where mild proteolysis of the receptor is enhanced 

if the receptor molecule binding sites are occuppied 

(Pilch and Czech, 1980). 

Isoamyl acetate and isoamyl butyrate protected where 

other odorants failed perhaps because they did not act to 

potentiate the effects of the chemically active odorants. 

The protective effect of these esters may have also been 

the result a chemical or electrical phenomenon not related 

to binding of the odorant to the molecular receptor site. 

Isoamyl acetate in particular is an unusual odorant because 

it invariably gives strong olfactory responses, no matter 

the biological preparation (insects, salamanders, dogs, 

etc.). Its receptors are also more generally distributed 

across the olfactory mucosa than are the receptor sites 

for other odorants (Mustaparta, 1971; Houlton, 1976; 

Kubie and Moulton, 1979). In addition, IsAmAc produces 

strong cross-adaptation to other odorants, yet its 

adapting effects are very rapidly and readily reversible. 

Isoamyl acetate and isoamyl butyrate may not be the 
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only odorants which protect EOG responses against EtBrAc 

inhibition. Trial experiments with a commercial deodorant 

("BIG D" industrial deodorant, BIG D industries, Oklahoma 

City, Oklahoma) of unknown chemical composition revealed 

that this deodorant would protect EOG responses to IsAmAc 

from the EtBrAc inhibition. 

Pretreatment time required for protective effects. 

Delaleu and Holley (1980) found IsAmAc must be applied to 

the olfactory mucosa at least ten seconds before the 

arrival of N-ethyl maleimide for the protective effect to 

be seen. They suggested that the protection did not 

result from a competition for binding sites between the 

odorant and the group-specific reagent, but may result from 

a more general effect of the odorant on the receptor cell, 

such as a depolarization of the cell membrane or a change 

in membrane structure resulting from the interaction of the 

protective odorant with the membrane. 

In this study, the application of IsAmAc or isoamyl 

butyrate two seconds before the application of EtBrAc 

was sufficient to protect EOG responses from inhibition. 

Trial experiments with other chemically active odorants 

(acrolein, ethylchlorofornate, formaldehyde), in which 

IsAmAc was applied as much as 20 sec before the application 

of the chemically active odorants revealed that this tactic 

would not prevent the inhibitory effects of these chemically 

active odorants. In addition, a number of experiments were 
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performed using various forms of simultaneous application 

of the protective odorant and the chemically active odorant 

These experiments included the use of separate nozzles 

for applying the two odorants, or applying them through 

the same nozzle to insure pre-mixing of the protective 

odorant with the inhibitory agent. None of these tactics 

resulted in protection from the inhibitory effects of 

acrolein, ethylchloroformate, or formaldehdye, 

Conclusion 

Ethylbromoacetate is a chemically active odorant which 

has a specific inhibitory effect on olfactory responses. 

Electroolfactogram responses to low molecular weight 

aliphatic amines are resistant to EtBrAc inhibition, while 

the responses to a wide spectrum of other odorant classes 

are inhibited by EtBrAc treatment. I conclude that a 

specific molecular receptor for amine odorants must exist 

and that it is chemically different from the molecular 

receptor for other classes of odorants. The amine receptor 

is probably resistant to EtBrAc treatment because it lacks 

electropositive sulfhydryl and amino groups which, if 

present, would repel the electropositive amine odorant 

molecules. 

Protection from inhibition is obtained by simultaneous 

application of IsAmAc or isoaml butyrate during EtBrAc 

treatment. In fact, IsAmAc and isoamyl butyrate are 
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universal protectors because they prevent inhibition of EOG 

responses to all odorant classes tested. Paradoxically; 

IsAmAc did not protect EOG responses from inhibition by 

other chemically active odorants (acrolein, allyl 

isothiocyanate, w-bromoacetophenone, ethylchloroacetate, 

ethylchloroformate, or formaldehyde). Although the 

mechanism by which IsAmAc and isoamyl butyrate protect 

odorant responses from EtBrAc inhibition is as yet unknown, 

this discovery may provide insight into the nature of 

odorant/receptor interactions. The failure of other ester 

odorants and non-ester odorants to protect EOG responses 

from EtBrAc inhibition may result from the alkylation of 

reactive sites distant from the active site which is 

protected by the odorant. Alternatively, inhibition 

may result from a potentiating action of the non-reactive 

odorant on the effect of EtBrAc in which odorant binding 

leads to steric changes in the receptor molecule making 

it more susceptible to attack by the chemically active 

odorant. 

Isoamyl acetate is a unique odorant which invariably 

produces large electrophysiological responses and strongly 

cross-adapts responses to other odorants in a wide variety 

of biological preparations. Its adapting effects are 

always rapidly and fully reversible. An understanding of 

the action of this odorant's interaction with olfactory 
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receptor cells may be the key to a general understanding 

of the problem of odorant/receptor interaction. 



Acrolein 

APPENDIX I 

Structures and Sources 

of the Chemically Active Odorants 

0 
ii 

CH 2 =CH-CH 

Source - Eastman Chemical Company 

Ally! Isothiocyanate 

C H 2 - C H - C H 2 - N = C = S 

Source - Aldrich Chemical Company 

Bis-2-chloroethyl sulfide 

XHO-CPIO-Cl 
S Z 

X C H 2 - C H 2 - C 1 

Source - Pfaltz and Bower Chemical Company 

w-Bromoacetophenone 

0 

Br-CHo-C-

Source - Aldrich Chemical Company 

Ethylbromoacetate 

0 

Br-CH2-C-0-CH2 ~ CH3 

Source - Pfaltz and Bower Chemical Company 
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E thylchloroac et a t e 

0 
ii 

CI-CH2-C-O-CH2-CH3 

Source - Eastman Chemical Company 

E thy1ch1oro formate 
0 
11 

Cl-C-0-CH2-CH3 

Source - Aldrich Chemical Company 

Formaldehyde 
0 
11 

H-C-H 

Source - Fisher Chemical Company 



APPENDIX II 

Physical Properties and Structures of the 

Major Test Odorants Used in This Study | 

Acetophenone 

0 
it 

CH 3 - c 

Molecular weight - 120.14 
Vapor pressure - 1 ram Hg at 15 C 
Soluble in 2-3 parts water 
Source - Aldrich Chemical Company 

Molecular weight - 106.2 
Vapor pressure - 1 mm Hg at 26.2 C 
Soluble in 350 parts water 
Source - Fisher Chemical Company 

Butyl acetate 

0 
ii 

C H 3 - C - O - C H 2 - C H 2 - C H 2 - C H 3 

Molecular weight - 116.1 
Vapor pressure - 10 mm Hg at 12.8 C 
Soluble in 120 parts water 
Source - Fisher Chemical Company 

Butyl amine 

C H 3 - C H 2 - C H 2 - C H 2 - N H 2 

Molecular weight - 73.1 
Vapor pressure - 10 mm Hg at 21°C 
Soluble in 100 parts water 
Source - Pfaltz and Bower Chemical Company 
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Piethylamine 

CHo-CH0 
3 NH 

CH3-CH^ 

Molecular weight - 73.1 
Vapor pressure - 400 mm Hg at 38°C 
Very soluble in water 
Source - Fisher Chemical Company 

Diisoamylamine 

NH-CH2-CH2-CH^|j3 

Molecular weight - 193.76 
Vapor pressure - not available 
Very soluble in water 
Source - Aldrich Chemical Company 

Ethyl acetate 

0 
ii 

CH3-CH2-C-0H 

Molecular weight - 88,10 
Vapor pressure - 100 mm Hg at 27°C 
Soluble in 8.5 parts water 
Source - Fisher Scientific Company 

Keptaldehyde 

0 
II 

CH3-CH2-CH2-CH2-CH2-CH2-CH 

Molecular weight - 114.18 
Vapor pressure - 1 mm Hg at 12°C 
Slightly soluble in water 
Source - Fisher Chemical Company 

Isoamyl acetate 

0 
II pTJ 

CH3-C-0-CH2-CH2-CHQjj3 

Molecular weight - 130.18 
Vapor pressure - 10 mm Hg at 35.2°C 
Soluble in 400 parts water 
Source - Fisher Chemical Company 
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Isoamyl alcohol 

£j}3>CK-CIi2-CII2-OH 

Molecular weight - 88,15 
Vapor pressure - 1 mm Hg at 10°C 
Soluble in 50 parts water 
Source - Fisher Chemical Company 

Isoamyl amine 

CH 2 ̂CH ~ CH2-CH2-CH 2-NH2 

Molecular weight - 87.16 
Vapor pressure - Not available 
Very soluble in water 
Source - Fisher Chemical Company 

CH3-CH2-CH2-C-O-CH2-CH2--CH ^ 3 

Isoamyl butvrate ^ 

CH3-CH2-CH2-C 

Molecular weight - 158.23 
Vapor pressure - 1 mm Hg at 17°C 
Slightly soluble in water 
Source - Aldrich Chemial Company 

Isoamyl Formate 

0 
H&-O-CK2-CH2-

Molecular weight - 116.09 
Vapor pressure - 10 mm Hg at 17 C 
Soluble in 300 parts water 
Source - Aldrich Chemical Company 

Isoamyl sulfide 

^3^CH-CH2-CH2-SH 

Molecular weight - 174.35 
Vapor p r e s s u r e - Mot a v a i l a b l e 
Practically insoluble in water 
Source - Pfaltz and Bauer Chemical Company 
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Limonene 

CH,-C CH, 

Molecular weight - 136,23 
Vapor pressure - 1 mm Hg at 14 C 
Practically insoluble in water 
Source - Aldrich Chemical Company 

Phenyl isothiocyanate 

)-N=C=S 

Molecular weight - 135.18 
Vapor pressure - 1 mm Hg at 47 
Practically insoluble in water 
Source - Fisher Chemical Company 

Picoline 

Molecular weight - 93.12 
Vapor pressure - 10 mm Hg at 24.4 C 
Very soluble in water 
Source - Aldrich Chemical Company 

Pinene 
CH,. e 

Molecular weight - 136.23 
Vapor pressure - 10 mm Hg at 37.3 C 
Practically insoluble in water 
Source - Aldrich Chemical Company 

Propyl acetate 

0 
II 

CH3-C-0-CH2-CH2-CH3 

Molecular weight - 102.13 
Vapor pressure - 40 mm Hg at 28.8°C 
Soluble in 60 parts water 
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