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Mosquito-borne pathogens are the cause of important, often deadly diseases 

worldwide; and, use of repellents is one of the components of mosquito control programs. 

The most effective mosquito repellent is N,N-dimethyl-m-toluamide, known as DEET. 

Speculation on the adverse effects of DEET have been on the rise since the 1980s, and 

manufacturers are searching for a safe and long lasting insect repellent that may be used 

on the skin as well as possess spatial applications. 

Olfactometers used in the bioassays for evaluating repellents usually do not 

measure repellency, but rather measure non-attraction. Therefore, I designed a novel 

olfactometer that divides host-seeking behavior of mosquitoes into attraction and 

repellency at close range. I compared my olfactometer with another similar olfactometer 

and found no difference when attraction was measured. However, the new olfactometer 

assesses true repellency. I also added a new term to the terminology of host-seeking 

behavior, that is 'inhibition'. Inhibition occurs in combination with at least two 

chemicals and causes failure of mosquitoes to respond to a previously attractant stimulus. 
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I evaluated 80 inert and active ingredients of commercially available products on 

eleven volunteers and determined that four were true repellents. 

I unexpectedly discovered that DEET did not attract nor repel the mosquitoes 

when applied on skin. I conducted a series of experiments to elucidate the behavioral 

mode of action of DEET. Lactic acid was used as a control attractant. I demonstrated 

that DEET attracted mosquitoes in the absence of a host. When DEET was combined 

with lactic acid, it neither repelled nor attracted mosquitoes. I concluded that DEET 

works in combination with lactic acid on the skin by inhibiting lactic acid, rather than 

being a true repellent. 

In this study, I developed a novel device measuring attraction, repellency and 

inhibition. I contributed to the mode of action of DEET by proving that DEET is not a 

repellent but an inhibitor, and I identified five true repellents that are worth consideration. 
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MOSQUITOES TO REPELLENTS USING A NOVEL
 

OLFACTOMETER
 

Chapter 1 

INTRODUCTION 

Mosquito-borne diseases are a major concern in both developed and developing 

countries. These diseases have many economical and sociological adverse effects on 

human and domestic animal populations. Mosquito control programs are essential to 

prevent spread of these diseases, and one objective of mosquito control programs is to 

minimize bites of mosquitoes. Repellents are widely used indoors and outdoors to attain 

this objective. In the 1950s, a 'miracle' chemical was found to be a repellent, called 

DEET (N,N Diethyl-m-toluamide). DEET is effective for several hours against mosquito 

and tick bites when applied to skin. There are other repellents on the market that do not 

contain DEET, but these repellents are not as effective as DEET. 

Despite the fact that DEET is the best, albeit only, repellent available, there have 

been speculations about the adverse effects of DEET since the 1980s. It has been claimed 

that DEET causes skin irritations, and in severe cases, affects the central nervous system. 

Manufacturers are still searching for a chemical that is safe and long lasting that may be 

applied topically extensively and safely. 
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In order to understand the mode of action of repellents, it is essential to 

understand the host-seeking behavior of mosquitoes at close range. To assess this 

behavior, I designed a novel olfactometer, called a `repellometer'. Broadly speaking, 

conventional olfactometers only measure attraction, landing and possibly probing 

behavior, and label the non-attracted mosquitoes as 'repelled'. I added another 

compartment to the Feinsod-Spielman olfactometer and this additional compartment 

allowed me to measure the true repellency rate of the mosquitoes and distinguish it from 

inhibition, which I have defined behaviorally. 

I evaluated 22 potential repellent products that are either inert or active 

ingredients of commercial repellents by using both the Feinsod-Spielman olfactometer 

and the repellometer to compare the two devices. I found no difference in attraction 

measurements between the two devices. However, the repellometer allowed me to 

identify four 'true' repellents. 

The next experiment measured dose response and 'repellency' of DEET with both 

devices. Eight human volunteers helped me conduct duration tests. Various dilutions of 

DEET were applied on the hands of these volunteers, and surprisingly, we concluded that 

DEET was not a true repellent. 

I elucidated the mode of action of DEET in the absence of a living host. DEET 

and a strong attractant, lactic acid, were compared. I demonstrated that DEET attracted 

mosquitoes, but repelled none. When DEET was combined with lactic acid, it neither 

repelled nor attracted mosquitoes, thus I concluded it was an inhibitor of lactic acid. 

The last experiment consisted of evaluating 54 inert and active ingredients of 

commercially available perfumes, hand lotions, sun screen and body lotions. Ten 
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volunteers helped me with this experiment. The products were applied on the hands and 

the tests were conducted immediately after the application. As a result of this 

experiment, we could not identify a longer lasting or more effective product than DEET. 

The major contributions of this study: 

Introducing a novel device, repellometer; 

Elucidating the mode of action of DEET; 

Identified four true repellents. 

The study opens the opportunity to better understand the mode of action of DEET and 

other so-called repellents, in addition to the chemical ecology of true repellents. 
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Chapter 2 

LITERATURE REVIEW 

This chapter gives a brief overview of the life cycle of mosquitoes, the medical 

importance of the test mosquito, the yellow fever mosquito, Aedes aegypti L., the host 

seeking behavior of mosquitoes, the mechanisms that play an important role in host 

finding, and bioassays used to evaluate the host seeking behavior and repellents. 

2.1 Life Cycle of Mosquitoes 

Mosquitoes belong to the Suborder Nematocera in the Order Diptera. This 

Suborder also includes other vectors, namely midges, sandflies, and blackflies. 

Mosquitoes are in the family Culicidae which is divided into three subfamilies: 

Anophelinae, Culicinae, and Toxorhynchitinae. The culicine mosquitoes include the 

genera Cu lex, Aedes, and Mansonia (Gillett, 1971, Gwadz & Collins, 1996). 

The yellow fever mosquito, Aedes aegypti, is found almost all over the tropical 

and subtropical areas of the world. It spends its larval and pupal stages in water and adult 

stage on land (Gillett, 1971). 

Mosquito larvae do not have legs. They have a well formed head. The larval 

habitats are shallow bodies of water with little or no water movement. They prefer 

shallow pools, marshes and water filled tree holes. Most species are adapted to fresh 

water but a few species live in salt marshes or inland saline pools. When a larva hatches 

from the egg, it is adapted to live in the water. It uses atmospheric oxygen to breathe and 
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feeds on aquatic microorganisms such as bacteria, diatoms, algae and particles of decayed 

plant tissues. The larva lives at the water-air interface and breath air from the water 

surface. They use a pair of spiracles near the end of the abdomen as their respiratory 

organ. The spiracles are placed at the end of a tube named a siphon and they are open to 

air. Anopheline larvae lie horizontally at the surface of the water where the dorsal 

surface and the spiracles of the abdomen are in contact with the air (Clements, 1992). 

The larva molts four times. The imaginal disks develop, during the fourth instar. The 

pupa is also aquatic. The head and thorax form a cephalothorax when the larva pupates. 

The abdomen still has strong larval musculature which is used for moving. The pupa lies 

just under the water surface. During the pupal stage, certain larval organs develop, and 

adult organs are constructed (Nasci & Miller, 1996). When the adult is fully developed 

within the pupal cuticle, the insect starts to 'swallow air', which increases the internal 

pressure causing a split along the cuticle. The adult emerges out of the pupal cuticle onto 

the water surface (Gillett, 1971; Clements, 1992). 

Adult mosquitoes are fluid feeders. Their mouthparts consist of a proboscis 

suitable for feeding on nectar. Both males and females use sugars from plant juices, 

nectar and honeydew as an energy source. Feeding on nectar early in the female's adult 

life is essential for survival (Nasci & Miller, 1996). Both male and female mosquitoes 

become sexually active approximately 2-3 days after emergence. Mating usually occurs 

when a female enters a swarm of flying males. In Ae. aegypti, males are also attracted to 

hosts and females are intercepted on their way to blood feed. Culicine females need 

protein to develop egg batches, and they feed on vertebrate blood. Their mouthparts are 

adapted to pierce skin and obtain blood from peripheral blood vessels. Maxillae and 
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mandibles are pushed through tissue and other mouthparts deliver saliva and remove 

blood. Saliva is injected into the skin. Saliva contains substances that are the source of 

immunogens that cause skin reactions to mosquito bites (Clements, 1992). A female can 

consume up to 4 times her weight in blood (approximately 2.55 Ill). Feeding continues 

until abdominal stretch receptors give the signal to stop (Klowden, 1996). Blood meal 

provides the protein needed for egg production. Digestion of blood meal results in amino 

acids that are stored in the mosquito's fat body as proteinaceous yolk, which is then 

transported to the ovaries and oocytes (Clements, 1992; Roitberg & Friend, 1992). When 

a female has mature eggs, she searches for a suitable oviposition site. Visual and 

chemical cues are used to identify habitats suitable for oviposition and subsequent larval 

development, and the eggs are placed on or in areas that are destined to be flooded (Nasci 

& Miller, 1996). Aedine species deposit their eggs on moist surfaces at the edge of a 

body of water, and others on the surface itself. In tropical regions, life span of an adult 

mosquito may take several weeks (Clements, 1992). 

2.2 Medical Importance of Aedes aegypti 

Blood sucking insects transmit many important arthropod-borne pathogens. 

There are two types of transmission: mechanical transmission takes place when the 

blood sucking insect transfers one pathogen from one host to another on contaminated 

mouthparts; the epidemiological importance of mechanical transmission is debatable 

(Lehane, 1991). Biological transmission occurs when the pathogen goes through an 

extrinsic incubation period in the insect vector. Biological transmission is the most 

common way of disease transmission by arthropods (Lehane, 1991). 
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A variety of pathogens and parasites, including viruses, protozoa and nematodes 

have been isolated from mosquitoes. Some of these organisms are entirely parasitic, and 

others have alternate life cycles between parasitic and free-living phases. Many of these 

pathogens and parasites spend their life cycle between alternate hosts such as mosquitoes 

and other vertebrate hosts. Almost one hundred arboviruses cause clinical symptoms to 

human, and a number of these can cause severe illnesses and death. Yellow fever is one 

of the diseases transmitted by Aedes mosquitoes. Yellow fever virus is the prototype of 

Flavivirus in the family Flaviviridae (Nasci & Miller 1996). In rural areas, yellow fever 

is maintained in primates, and jungle mosquitoes, such as Ae. africanus in Africa or 

Haemagogus spp. in South America, are the invertebrate vectors. Human beings become 

infected if bitten by an infected mosquito. When an infected person travels to a city or 

village where Aedes aegypti is present, a yellow fever outbreak may occur. Yellow fever 

is epidemic in tropical Africa and endemic in Central and South America, but not in Asia. 

Aedes aegypti, Ae. africanus, Ae. simpsoni and Haemogogus spp. are known invertebrate 

vectors of yellow fever. (Clements, 1992). 

Dengue fever also is an important disease transmitted by Aedes mosquitoes. The 

illness is caused by the dengue virus (genus Flavivirus). Dengue fever is one of the main 

causes of child mortality in Asia, and the virus is now present in Africa and America, 

including recent epidemic in the USA. The known vectors of dengue are: Ae. aegypti, 

Ae. albopictus, Ae. polynesiensis and Ae. scutellaris (Clements, 1992, Nasci & Miller, 

1996). 
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2.3 Host-seeking Behavior of Ae. aegypti
 

Dethier (1956) defined the term attractant as "a chemical which causes insects to 

make oriented movements towards its source". Blood sucking insects have a wide range 

of animals as hosts. Many of them feed on mammals, and some feed on other hosts such 

as birds, reptiles and amphibians, even fish (Gillett, 1971, Lehane, 1991). 

Steps involved in the blood-feeding behavior are takeoff, orientation to the host, 

landing, probing and feeding. The landing, probing and feeding components of the host-

seeking behavior are inhibited by repellents, while takeoff and oriented flight are altered 

by the presence of the repellents (Khan & Maibach, 1972). 

Blood-sucking insects usually do not seek a blood meal immediately after 

emergence from the pupa. After emergence, the female reproductive system undergoes a 

maturation period. Another reason for this delay is the thickening and hardening of the 

cuticle. The mouthparts harden, which is necessary for skin penetration. After this 

period, that is approximately two days, the insect starts host-seeking (Clements, 1992; 

Lehane, 1991). 

Mosquitoes use active and passive strategies when searching for food. They 

actively look for host cues in the active search strategy. Actively searching mosquitoes 

fly at a 90° angle to the wind. When a mosquito encounters a host signal, the female 

responds by turning into the wind and flying toward the host. In the passive strategy, 

mosquitoes wait for a host to enter an area where mosquitoes rest (Nasci & Miller, 1996). 

Host-seeking insects orient to a host by using visual, thermal, and chemical 

stimuli emanating from the host. Mosquitoes are usually attracted to low-intensity colors 

such as blue, black and red rather than to high-intensity colors like yellow and white 
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(Allan et al. 1987; Lehane, 1991). The combination of visual cues and other stimuli 

increases attraction. Attraction occurs when an insect contacts suitable cues from a host. 

It has been suggested that chemostimuli such as body odors and carbon dioxide 

activates mosquitoes, and spatial temperature differences caused by the hosts directs 

movements at short distances (Bar-Zeev et al. 1977; Bos & Laarman, 1975). Host odors 

are probably long-range factors. Orientation to airborne factors are expected only when 

mosquitoes fly upwind while searching for a host. A visual orientation to a moving 

object occurs when mosquitoes fly against air streams (Daykin & Kellogg, 1965). Over a 

short distance, warm temperature in combination with relative humidity attracts 

mosquitoes (Bos & Laarman, 1975). 

Studies have shown that CO2 can attract mosquitoes to traps in the field. Gil lies 

(1980) reviewed the role of CO2 in host finding by mosquitoes that yielded two actions: 

a.	 CO2 causes attraction and orients the mosquitoes toward the host, but it only activates 

mosquitoes in the absence of moving air currents. 

b.	 CO2 creates a combined action with warm moist convection currents at a close range 

and with odor at a long distance from the host, which causes mosquitoes to orient 

towards the host. 

Orientation may be toward a specific target visually, or with respect to air 

movements. These air movements can be either horizontal (wind) or vertical 

(convection). Aedes aegypti, generally is a diurnal feeder that relies on visual contact 

with the ground to maintain an upwind orientation. In total darkness, flight is not 

oriented. For an object that is warm and wet, a convection current evokes a positive 

response (Gillies 1980, Carlson et al. 1992). The maximum distance which mosquitoes 
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can detect a host is between 20-35 m. Body odor and CO2 carried in the wind stimulate 

the receptors on the antennae of the females. When they are close to the host, visual cues 

and convection currents of the host help locate the host (Allan et al. 1987; Clements, 

1992). A sharp deviation from the spontaneous flight pattern occurs when a mosquito 

encounters a host odor (Daykin & Kellogg, 1965). This yields a series of sharp turns, 

which is eventually followed with a well-directed flight toward the host. Repellents 

increase the turning rate during the flight. Repellent vapor added to a warm wet air 

stream makes it unfavorable and insects entering the air stream turn away (Daykin et al. 

1965). 

Mosquitoes can even orient themselves to olfactory stimuli over short distances 

by crawling or walking. Females with one antenna amputated were able to fly and land 

on the hosts and maintain host preference. It was only when both antennae were removed 

that landing was significantly reduced and host preference was lost (Mukwaya, 1976). 

The main olfactory cues involved in host-seeking are CO2, lactic acid, acetone, 

butanone, octanol and phenolic components of urine (Bowen, 1991; Klowden, 1996; 

Lehane, 1991). Studies have been conducted on human blood, sweat, urine and CO2, and 

many other compounds (Parker, 1948; Gouck & Bowman. 1959; Skinner et al. 1965). 

Sweat appeared to be attractive according to many authors (Parker, 1948; Brown et al. 

1951). Skin lipids were found to be repellent to mosquitoes (Skinner et al. 1965). Urine 

fractions, especially steroids, were found to be attractive, even at low concentrations. 

The odor of guinea pig blood was found to be attractive (Bos & Laarman, 1975). Older 

blood was more attractive than fresh blood, and the authors suggested this may be due to 

the presence of ammonia found in fresh blood. Carbon dioxide increased the number of 
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responses to the blood; however, it did not affect the attractiveness of blood, lysine, 

cadavarine-2HC1 and estradiol (Bos & Laarman, 1975). 

Carbon dioxide plays an important role in host-seeking behavior. Low 

concentrations of CO2 stimulate take-off behavior of mosquitoes (Bar-Zeev et al. 1977; 

Galun, 1977). The first step in host finding is activation by CO2, which initiates a general 

search (Daykin et al. 1965). Carbon dioxide is present at a concentration of 0.03-0.05% 

in the atmosphere. Carbon dioxide is also secreted by the host skin and is exhaled in 

breath. The breath contains 4.5% of CO2. Mosquitoes are sensitive to changes in CO2 

concentrations. It is not the level of CO2 detected, which changes the behavioral pattern 

of the mosquitoes, but the gradient in the concentration of CO2. Mosquitoes can detect a 

gradient in CO2 concentrations as low as 0.05% (Khan, 1977; Klowden, 1996; Lehane, 

1991). 

L-lactic acid is known to be an attractant to mosquitoes. Acree et al. (1968) 

demonstrated that 10 [ig of L-lactic acid attracted 29-75% of the mosquitoes in 3 min. 

They also found that L-lactic acid was 5 times more attractant than D-lactic acid. Smith 

et al. (1970) demonstrated that the amount of lactic acid given off by human skin is a true 

attractant to Ae. aegypti. The concentration of lactic acid given off by human skin is 9.3

24.8 *10 -I I mol/s. Some experiments conducted by Skinner et al. (1968) concluded that 

sweat extracts were attractant or repellent in pH 7 and pH 1, respectively. Therefore, 

Smith et al. (1970) conducted a series of experiments to evaluate the attraction of lactic 

acid. These authors concluded that a stocking treated with L (+) lactic acid with 1000

8000 times the amount on hands was considered to be repellent since the landing and 

probing rate of mosquitoes was reduced. Carlson et al. (1973) demonstrated that, in 

http:0.03-0.05
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addition to lactic acid, CO2 was essential for attracting Ae. aegypti. Many carboxylic 

acids that have 2-5 carbon atoms and alpha substituents such as bromo, chloro, hydroxy, 

mercapto and oxo were found to be good attractants to Ae. aegypti (Carlson et al. 1973). 

Davis and Sokolove (1976) conducted an experiment in which they identified a 

pair of chemoreceptor neurons that are sensitive to lactic acid. Chemoreceptors are 

located in the "grooved-peg" sensilla on the antennae of Ae. aegypti. One of the neurons 

was excited by lactic acid, and the other one was inhibited by lactic acid. They tested the 

reaction of these cells when CO2, water vapor, or DEET were present as stimuli. Both 

lactic acid excited- and inhibited-cells were excited when there was an increase in 

relative humidity. When CO2 was presented alone or together with lactic acid, the 

neurons were not excited or inhibited. When DEET was presented alone, the reaction of 

the lactic acid and inhibited cells were inhibitory. When DEET was presented with lactic 

acid, it reduced the lactic acid response of lactic acid-excited cells. Davis (1984) 

demonstrated that during host-seeking, the sensitivity of lactic acid excited neurons to 

lactic acid increased. 

Mosquitoes have been observed to respond to floral odors in flight and landed on 

the flowers in the absence of visual stimuli. This finding implies that mosquitoes can 

detect floral odors in long-range location of floral nectar sources (Healy & Jepson, 

1988). The authors observed high rates of landing and probing behavior as long as floral 

organs were present (Jepson & Healy, 1988). 

Besides CO2, additional kairomones influence host selection. It has been 

observed that, in still air, biting occurs preferentially on ankles and feet of a naked 

motionless human host. This preference was correlated with particular combinations of 
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skin temperature and eccrine sweat gland densities. In this study, the response of female 

Anopheles gambiae to Limburger cheese, which has a strong 'foot' odor, was tested in a 

wind tunnel olfactometer. Mosquitoes were attracted to the odor of non-human origin, 

and this strongly suggests that bacteria are responsible for the production of some odors 

involved in host seeking of this species (Knols & Jong, 1996). 

Two inherent mechanisms are known to inhibit host-seeking behavior: 

a. When Ae. aegypti is allowed to feed on blood until repletion, the distention of the 

abdomen triggers stretch receptors that inhibit host-seeking behavior. This inhibition 

lasts until the meal has been digested (Klowden & Lea, 1978). 

b. The second mechanism of inhibition is initiated if egg maturation occurs. This 

mechanism involves the neurosecretory cells in the brain, ovaries, fat body and male 

accessory glands. During egg development in Ae. aegypti, Head Peptide 1 is released 

from neurosecretory cells in the nervous system. Increase of this peptide in the 

hemolymph inhibits the host seeking behavior by shutting down the sensory receptors 

that initiate the behavior (Klowden, 1995). 

Host seeking behavior after a blood meal is regulated by at least two endogenous 

mechanisms. A large volume of blood triggers abdominal stretch receptors that inhibits 

host seeking. In addition, a long term inhibition resulting from a humoral factor 

produced in the vitellogenic female begins at about 30 h post blood meal in Aedes aegypti 

and lasts until oviposition occurs. Although the ovaries of Ae. aegypti influence the 

development of host seeking inhibition during vitellogenesis, they do not appear to be the 

source of the humoral factor which causes this inhibition. Within 12h after the blood 

meal, an initiating factor is secreted by the ovaries, that apparently causes the release of a 
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second humoral inhibitor from another site which is responsible for the inhibition of host 

seeking behavior beginning at 30h after feeding. The initiation of host seeking inhibition 

is triggered humorally (Klowden, 1981). The second mechanism, the termination of host 

seeking inhibition is apparently triggered via nervous pathways following oviposition. 

The ovarian initiating factor is probably not 20-hydroxyecdysone, because it appears to 

have already affected target cells by 12h after a meal, which is well before the major 

acdysteroid peak. Ovariectomized mosquitoes injected with 250-1000 .tg of 20

hydroxyecdysone soon after the blood meal in order to mimic the endogenous hormone 

peak, did not develop host seeking inhibition (Klowden, 1981). 

2.4 Bioassay Methods used to Evaluate Host Location and Repellency 

Field and laboratory studies have been conducted to evaluate host location 

behavior of blood-sucking insects as well as to determine the response of mosquitoes to 

various chemicals over the past 50 years. In these studies, different apparatuses including 

traps, wind tunnels, and olfactometers were used. Results are usually difficult to compare 

because of the variation in mosquito species involved, the techniques used in these 

bioassays and other factors. Dual port olfactometers with airflow have been used to 

evaluate the role of lactic acid and carbon dioxide (Acree et al. 1968; Skinner et al. 1968; 

Smith et al. 1970; Gouck, 1972; Schreck et al. 1981). In this type of apparatus, long and 

close range responses are not differentiated. Responding insects may encounter high air 

velocity and get carried in the air stream, which make it impossible for the insect to fly 

towards or away from the source of the stimulus (Kennedy, 1977; Allan et al. 1987). 
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Vertical olfactometers of different shapes and sizes were also used in the past. 

(Khan and Maibach, 1966; Bar-Zeev et al. 1977; Feinsod & Spielman, 1979). These 

olfactometers introduce the stimulus by diffusion or convection currents. These 

olfactometers are designed to test at close range. 

Results from Y-tube devices (Muller, 1968; Mukwaya, 1976) are difficult to 

interpret because the apparatus is usually small and the test insects cannot perform 

natural flight behavior. Wind tunnels (Omer 1979) trap flying mosquitoes in different 

compartments of the apparatus within the flight tunnel. The results can be confusing 

because of the trapping technique which did not discriminate the direction insects were 

flying such as towards or away from the stimulus. Horizontal flight chambers (Daykin et 

al. 1965) have only been used for long range stimuli and the air stream used in this design 

made it difficult to interpret the data because the wind causes the test insects to fly in 

various directions unintentionally. 

A table was constructed by Eiras (1991) in his Ph.D. dissertation about the 

bioassay methods used in the host seeking behavior in the last 50 years. 

2.5 Repellents 

Before World War II, there were four repellents used against insects. These were 

oil of citronella, dimethyl phthalate, Indalone (n-butyl mesityl oxide oxalate) and Rutgers 

612 (2-ethyl hexanediol -1,3) (Dethier, 1956). 

Three repellents widely used in the military during World War II were propyl 

N,N-diethylsuccinamate, o-chloro-N,N-diethylbenzamide and o-ethoxy-N,N

diethylbenzamide (McCabe et al. 1954). 
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Subsequently, N,N-diethyl-m-toluamide, (DEET), C6C4CH3CON(C2H5)2, became 

available. DEET is a clear liquid that is sticky and oily. It is regarded as the most 

effective topical insect repellent. DEET was formulated as an insect repellent in 1953 and 

marketed in 1956. The active ingredient of the most currently available repellents is 

DEET, which is usually supplied in an ethyl alcohol or isopropyl alcohol base. The 

amount of DEET in commercial products is 10-95%. DEET is effective against 

mosquitoes, ticks, deerflies and sandflies (Consumer Union, 1987; Maibach et al. 1974). 

Dethier (1960) defined the term attractant as "a chemical which causes insects to 

make oriented movements towards its source", and repellent as "a chemical which causes 

insects to make oriented movements away from its source". He also defined deterrent as 

"a chemical which inhibits feeding or oviposition when present in a place where insects 

would, in its absence, feed or oviposit". These three terms are widely used to define the 

host-seeking behavior in behavioral bioassays. According to Shreck et al. (1970), "a 

repellent should completely mask the presence of a host or should cause avoidance by the 

mosquitoes at a distance of several feet; also, it should continue to prevent actual biting, 

even when the amount has diminished to the level at which landings occur". Later, 

Browne (1977) expanded these definitions as "a chemical that, acting in the vapor phase, 

prevents an insect from reaching a target to which it would be attracted". Repellents are 

considered to be irritants and irritation leads to more takeoffs and flight activity of 

mosquitoes. Judged by this criterion, Khan & Maibach (1972) defined the oriented 

approach toward skin as attraction and the subsequent turning away or coming closer to 

the surface as repellency. 



17 

Wright (1975) proposed a mode of action for all repellents. Repellents act in one 

way on the CO2 sensor and in a different way on the moisture sensor. The CO2 sensor is 

activated by the repellent. If exposure to a repellent continues, the CO2 sensor will be 

adapted to the levels of the repellent and return to its normal rate. On the other hand, the 

moisture sensor is completely shut off He concluded that this might be the reason 

mosquitoes have difficulty detecting warm and moist objects when repellent vapors are 

present. According to Rudolfs (1922), CO2 was not an attractant but and activator, 

activating the take-off and flight of mosquitoes. Willis (1947) considered CO2 not an 

attractant at concentrations of 1, 10 and 50% in air. Brown (1958) observed that the 

hands of individuals with low moisture output were more attractive than those with high 

moisture. He also concluded that warm skin was more attractive to mosquitoes than cool 

skin. 

Gouck & Bowman (1959) conducted an experiment to test the efficacy of three 

repellents. The repellents used were dimethylphthalate, diethyltoluamide, and ethyl 

hexanediol. Three subjects were involved in the experiment. The authors concluded that 

neither the attractiveness of the subjects nor the natural process of CO2 or moisture were 

correlated with the protection time, which is influenced by the loss of repellent from the 

skin caused by absorption and evaporation. 

The DEET molecule is nonpolar and has an affinity for the lipid portion of cell 

membranes contacted. In the case of olfactory neurons, McIver (1981) suggested a 

model that explained the mode of action of DEET. She suggested that the interaction of 

DEET with the lipid molecules disturb the organization of the membrane in such a way 

that the normal responses to attractants are altered. According to this model, DEET does 
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not compete for specific sites, such as lactic acid receptor sites. Upon approaching the 

host, a mosquito would reach a point where DEET would be present in sufficient 

quantity. As the repellent altered pattern would be distinct from the one associated with 

the host alone, the central nervous system would not elicit the muscular commands 

needed to make the appropriate turning responses that would keep the mosquito within 

the host-stream. Once outside the range of DEET, the olfactory neurons would respond to 

attractants in the normal way. In addition to host location, DEET interferes with other 

behavioral patterns, such as blood and sugar feeding, mating, oviposition, reactions to 

wind, geotaxis, and visual responses to black objects. In those behavioral patterns in 

which olfactory cues are important, DEET would affect the appropriate neurons. 

The efficiency of a repellent varies with temperature, humidity, moisture of the 

skin and the intrinsic activity of the compound. Khan et al. (1973) illustrated that wind 

velocity affects the protection time of DEET. At 26 °C, with normal room air currents, 

the protection time of DEET was 201 min. when 0.16 mg/sq. cm was applied on the skin 

surface. The protection time decreased to 73 min, under 192 m/min. airflow, at the same 

temperature. At warmer temperatures it may be necessary to reapply repellents 

frequently. Mosquitoes are attracted to the skin even when skin is coated with repellent. 

They turn away when they come close to the skin, indicating that high concentrations of 

repellent molecules may form a barrier against mosquito penetration. The volatility of a 

compound also affects the protection time of the repellent. High volatility is not 

desirable, although low volatility repellents may not yield enough molecules to form a 

barrier against penetration. Different repellents give different protection times against the 

same mosquito. A compound with high intrinsic repellency may repel fewer mosquitoes. 
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Abrasion is one of the main reasons for repellent loss in addition to evaporation. 

Abrasion occurs from frictional contacts with clothes and other objects (Maibach et al. 

1974). 

Khan et al. (1975) conducted a series of experiments to determine the factors 

affecting the protection time of DEET and other repellents. The authors concluded that 

the protection times of the repellents against mosquitoes obtained from low and high 

density larval populations were similar. Overcrowding of the larvae resulted in small and 

non-uniform sized adults, but larval overcrowding did not lead to a reduction in 

orientation towards the host. They noted that protection time of DEET decreased with 

increased mosquito density (100 vs. 1000 females/cage). 

The comparative efficacy of insect repellents has been determined by a variety of 

methods including in vivo and in vitro techniques that measure repellent efficacy by time 

to the first bite. A problem with this criterion is that insects responding in this system are 

only those in the least sensitive tail of a population, and measurements taken from the 

extremes of a population distribution are less reliable than those taken from the median. 

(Buescher et al. 1982). 

The minimum effective evaporation rate (MEER) for each repellent represents the 

minimum amount of repellent vapor necessary to repel mosquitoes under given test 

conditions and therefore, is a measure of the intrinsic repellency or potency of a 

compound (Reifenrath & Robinson, 1982). Minimum effective evaporation rate (MEER) 

is calculated by dividing the amount (microgram) of repellent evaporating from the skin 

surface by the skin surface area and by the time. MEER of DEET was found to be 1.2 + 
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0.3 for Aedes aegypti. MEER for the same repellent may not necessarily be the same for 

different types of mosquitoes (Reifenrath & Robinson, 1982). 

By measuring a minimum effective dose (MED) of a compound, it is possible to 

calculate MEER. The MED value of DEET was calculated as 0.36-0.5 mg/sq. in. 

(Maibach et al. 1974; Reinfenrath & Spencer, 1989). In their study, Maibach et al. 

(1974) calculated the MEER values of five repellents (.ig/cm2/hr ± SD) as follows: 0.2 ± 

0.09 for 1-(butylsulfonyl)hexahydro-1H-azepine; 1.1 ± 0.1 for N,N'

dicyclohexamethyleneurea; 1.2 ± 0.3 for N,N-diethyl-m-toluamide; 1.8 ± 0.8 for N,N

diethyl-p-toluamide; 7.5 ± 1.7 for 2-ethyl-1,3-hexanediol. 1-(butylsulfonyl) hexahydro

1H-azepine was the most potent repellent, and 2- ethyl -1,3- hexanediol was the least 

potent repellent among the five repellents tested. 

Another suggestion to increase the protection time of repellents was adding highly 

volatile chemicals to the repellents. If both components of a solution are volatile, each 

lowers the vapor pressure of the other. When the vapor pressure of a repellent applied to 

the skin or to a fabric is depressed to a lower initial level, the deposit may decline to the 

threshold value in a shorter time, and its period of protection may be reduced (Buescher 

et al. 1983; Rutledge, 1988). On the other hand, if the threshold level of a repellent is 

very low, a reduced evaporation rate can result in a longer period of decreasing to that 

level, and the period of protection provided may be extended instead. It has been 

reported that four perfume fixatives, namely, ambrene, xylene musk, 

dinitrotriethylbutylbenzene and dibutylmethoxybenzaldehyde significantly extended the 

protection time of DEET, but not of dimethyl phthalate, ethyl hexanediol or indalone 

(Rutledge, 1988). 
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A study demonstrated the repellent efficacy of N,N-diethylphenylacetamide 

(DEPA) against a wide spectrum of organisms. In a field evaluation, DEPA, DEFT and 

dimethylphtahalate (DMP) were compared against mosquitoes, black flies and land 

leeches. DEPA and DEET exhibited comparable efficacy but both were superior to DMP 

in all tests. Application of these three at doses of 0.5 mg/cm2 on the skin of human 

volunteers gave protection for 3.0, 6.5 and 7.5 h respectively, against the Cu lex 

quinquefasciatus, 2.5, 7.0 and 6.75h against the black fly Simulium himalayanse, and 2.5, 

6.0 and 7.25 h against the land leech Haemadipsa zeylenica. (Rao & Rao, 1991). 

Field and laboratory experiments showed that carbon dioxide can attract 

mosquitoes to traps. Gil lies (1980) reviewed the role of CO2 in host finding by 

mosquitoes. One of the studies conducted demonstrated that the production of CO2 was 

reduced by 100% ethanol within minutes after repellent treatment, indicating that CO2 

reduction by 50% ethanol-repellent solutions were caused by the ethanol diluent and not 

the repellent (Carlson et al. 1992). Treatment with ethanol appeared to cool the skin 

surface temporarily, but did not reduce the attraction of arms to mosquitoes. 

Khan & Maibach (1972) suggested that mosquitoes approach the skin despite the 

repellent on it and turn away when they come close to the surface. They concluded that 

the repellent is not eliminating the attractive signals from the skin but when the 

mosquitoes come close to the skin, the repellent molecules form a barrier to their further 

penetration. The barrier is less than 4 cm from the skin when repellents are freshly 

applied. Beyond 8 cm, the effectiveness of the repellent is minimal, and the attractive 

signals from the skin continue to elicit positive response from the mosquitoes. This fact 
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suggests that the attractive materials coming off the skin are more volatile and have a 

greater vapor pressure, allowing them to diffuse through the repellent molecules. 

In another study, five compounds were evaluated as repellents against Ae. aegypti 

and stable fly Stomoxys calcitrans by comparing the protection times to two standards, 

DEET and dimethyl phthalate. Against mosquitoes, DEET was significantly more 

effective than the candidate compounds or dimethyl phthalate. 4- pentyl- 2-oxetanone as a 

50% solution in ethanol was more effective than DEET, and other three compounds 

tested against Stomoxys calcitrans (Gilbert et al. 1970). 

Gualteri et al. (1972) suggested criteria that are useful in a search for longer 

lasting repellents. In their study, acetals or ketals containing an amine function 

demonstrated useful repellent properties. The alicyclic, bicyclic and polyunsaturated 

groups were useful moieties for enhancement of repellency. Low volatility was a 

property that enhanced the protection time by minimizing the evaporative loss rates. 

A few cases of adverse effects associated with DEET, including a few mortality, 

particularly in children, have been reported. Some incidents of adverse skin reactions 

and encephalopathies were associated with DEET (Goldberg, 1995) 

There has been an ongoing argument about DEET and its adverse effects. A series 

of studies were conducted to determine possible adverse effects of DEET (Blomquist et 

al. 1975; Qui et al. 1997). Diethyltoluamide labeled with C14 was applied to the skin of 

guinea pigs at 6.97-7.11 mg/in.2. After 6 hours, 0.98 mg/ in.2 was evaporated, 1.32-3.40 

mg/ in.2 was absorbed. The remaining repellent was washed with ethanol rinses. The 

radioactivity in the urine reached a peak at 12 h, and over 80% of the absorbed dose were 

excreted in 24 hours. Only 0.75% of the absorbed dose was excreted in the feces during 

http:1.32-3.40
http:6.97-7.11
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8 days, whereas 93% appeared in the urine. Very small amounts of the radioactivity were 

found in blood, skin and hair (Schmidt et al. 1959). 

When studying the distribution of a substance in the animal body, two important 

questions may be asked from a toxicological point of view. Is the compound 

concentrated in any particular organ or tissue? Does it remain there for a long time, or 

does it leave the body rapidly? Blomquist et al. (1975) conducted a series of tests by 

injecting C14 labeled DEET into laboratory animals. Few tissues seemed to accumulate 

radioactivity above the blood level after injection of C14-DEET. The liver showed high 

uptake of C14, as early as 1 min after injection. Little C14 was found in the feces. 

Accumulation of C14 was found in the thyroid within short time intervals. Low 

concentrations of radioactivity were seen in the central nervous system (Blomquist et al. 

1975). Neurological symptoms have been reported in experimental animals given large 

doses of DEET (Reifenrath & Robinson, 1982). Some passage of radioactivity through 

the placenta to the fetus took place after the injection of C14-DEET to the mother; 

however, the average fetal radioactivity concentration was far below the average maternal 

one (Blomquist et al. 1975). 

The data from these studies noted above suggest that dermal absorption is rapid 

but excretion rates are variable. DEET is not usually a dermal irritant or a sensitizer, but 

in selected cases, and under some circumstances, it can cause skin reactions. Soldiers 

using a high concentration of DEET (50-75%) developed burning, erythema, and blisters 

of the anterior fold of the forearm (Schreck, 1989). 

In concentrations higher than 10%, the protection time for DEET is 3-16h. The 

individual variation in duration of protection time is thought to be related to the 
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concentration of fatty acids in skin lipids and skin lipid content of individuals (Robbins & 

Cherniack, 1986). Bueshner et al. (1983) determined that a concentration of 

approximately 50% DEET gave slightly more than 4 hour protection against Ae. aegypti, 

while doubling this dose to a maximum of 100% further increased persistence by less 

than an hour. Of the over 250 DEET formulations marketed by private industry, only a 

few contain concentrations higher than 50% of DEET. 

The duration of protection provided by a mosquito repellent is limited by the 

ways it can be lost from the skin. Many efforts have been made to improve the 

persistence of mosquito repellents by incorporating the active ingredient (usually DEET) 

with a variety of materials such as polysaccharide esters or silicone and acrylic polymers, 

clay, zinc oxide, vanillin and others. However, there is not a repellent formulation that 

has both acceptable cosmetic and toxicologic properties and significantly better duration 

of protection than unformulated DEET. In one test, the acrylate polymer formulation of 

DEET, which had a lower molecular weight enhanced the duration of effectiveness of 

DEET on hairless dogs (Reifenrath & Rutledge, 1983). 

Protection provided by DEET can be prolonged by controlled release techniques. 

A formulation which contained only 2.9% DEET, provided 80% protection for 12 h 

compared with 30% for unformulated DEET at the same strength (Mehr et al. 1985). 

Because of the possible adverse effects of DEET, researchers have been trying to 

develop other formulations which would be as effective as DEET. Mugwort, Artemisia 

vulgaris L., is a perennial weed found in Asia, Europe, and America. It showed insect-

repellent activity when dried plants were burned to yield smoke (Hwang et al. 1985). 

Terpinen-4-ol and cineole, isolated from A. vulgaris showed repellency to mosquitoes. 
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(±)-Camphor, borneol, bornyl acetate, isoborneol, (+)-limonene, myrcene, fi-pinene and 

thujone also repelled Ae. aegypti (Hwang et al. 1985). Skin-So-Soft® bath oil (Avon 

Products, Inc. NY) is widely used as a repellent. Skin-So-Soft contains mineral oil, 

isopropyl palmitate, diisopropyl adipate, fragrance, dioctyl sodium sulfosuccinate and 

benzophenone-11. Diisopropyl adipate and benzophenone-11 repel Ae. aegypti. 

Nevertheless, Skin-So-Soft is not as effective as DEET and some formulations now 

contain DEET. Ae. aegypti is about 30 times more sensitive to DEET than to Skin-So-

Soft bath oil (Rutledge et al. 1982). These authors suggested that Skin-So-Soft bath oil 

did not repel these insects, but did trap them in the film formed by the material on the 

skin and prevented them from biting. 

DEET, a lactone ((2-hydroxymethyl-cyclohexyl) acetic acid lactone), and two 

piperidine compounds, 1-(3-cyclohexeny1-1-carbonyl) -2-methylpiperidine (AI3-37220), 

and 1-(3-cyclohexen-l-ylcarbonyl) piperidine (AI3-35765), were evaluated for initial 

repellency against four Anopheles species. The only compound as effective as DEET in 

terms of initial and extended repellency was AI3-37220. CIC-4 and AI3-35765 were as 

effective as DEET in initial sensitivity tests; however, they provided fewer hours of 

protection against An. stephensi (Coleman et al. 1993). 

Another study evaluated the repellent action of neem oil on mosquitoes in India. 

Neem oil is extracted from the seeds of Azadirachta indica (A.Juss). Kerosene lamps, 

containing neem oil were burned in the living rooms. Neem oil (0.01-1%) mixed in 

kerosene reduced biting and catches of mosquitoes in the rooms. The 1% neem oil in 

kerosene solution provided 100% protection from the bites of anophelines and a 

substantial reduction in landing rates of Cu lex mosquitoes. (Sharma & Ansari, 1994) 
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Nopikex, a repellent soap formulation manufactured under license in Cali, 

Columbia, by Salder Ltd. was developed in Australia and has been tested against disease 

vectors. Nopikex was found to be effective for up to 8 hr after its application in reducing 

the bites of phlebotomine sand flies. The manufacturers suggest that the soap's 

repellency is based not only on the active ingredients of DEET and permethrin, but also 

on the vegetable oils use in the manufacture of the soap. Under laboratory conditions, 

protection by the repellent was effectively complete for up to 4 hr, and the soap remained 

more than 60% effective for at least an additional 4 hr. In the field, protection was 

shorter and the median number of flies captured on protected individuals doubled within 

4 hr of application (Alexander et al. 1995). 
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3.1 Introduction
 

A number of studies have attempt of defining the role of various stimulants in 

host-seeking behavior of mosquitoes. In these studies, horizontal, vertical, Y-tube and 

other types of olfactometers have been used. The basic mechanism of these olfactometers 

is simple. There usually is a wind tunnel system. The flying mosquitoes are trapped into 

different compartments of the tunnel. Mosquito responses are recorded according to the 

distribution of insects within the compartments in which test stimuli are released (Bar-

Zeev et al. 1977; Price et al. 1988; Omer, 1979; Eiras & Jepson, 1991). These results can 

be confusing because of the technique used for trapping and the direction of flight is 

ambiguous. The results of the Y-tubes are also difficult to interpret, because the 

responding mosquitoes cannot perform natural flight (Bos & Laarman, 1975). All 

devices use wind, even though wind may be an anemotropic stimulus. These types of 

olfactometers are usually used for long-range stimuli. 

The olfactometer we built, which we named `repellometer', is a modification of 

the Feinsod-Spielman olfactometer, which is best suited for close range host stimuli 

(Feinsod & Spielman, 1979). The stimuli are diffused and convected vertically, 

transporting the attractant vapors. The repellometer permits the interaction between 

physical stimuli such as heat and humidity and chemical stimuli such as human odor and 

lactic acid to be tested together. The new olfactometer utilizes a single port as an 

entrance to host vapors. 

The objective of this study was to introduce a new device, which divides the 

close-range host-seeking behavior into two components: attraction and repellence. With 
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this device, we have elucidated the mode of action of chemical products and detected four 

true repellents. 

3.2 Materials and Methods 

3.2.1 Study Area 

All experiments were conducted in a temperature and humidity controlled 

laboratory. The laboratory was maintained at a temperature of 22 ± 2 °C, and tests were 

performed under a hood with an exhaust rate of 157 fpm. 

3.2.2 Test Materials 

The following materials were used in the experiment: Feinsod-Spielman 

olfactometer (Feinsod and Spielman. 1979), repellometer, aspirator, fragrance free soap, 

ethanol, and gauze pads. The chemicals used in this experiment are listed in Tables 3.1 

and 3.3. 

3.2.3 Test Insect 

Yellow fever mosquito, Aedes aegypti, Georgia strain, was reared in an insectary 

at a constant temperature of 27 °C and a relative humidity of 65-70%. Egg batches were 

placed in glass containers full of water. Once the eggs hatched, larvae were fed with gold 

fish flakes daily until all larvae reach the pupa stage. The female pupae were sorted by 

using a pupa sorter and approximately 50 pupae were put into 1 pint paper cups filled 

with water. The cups were covered with nylon mesh. Sugar cubes were placed on the 
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mesh to provide nutrient. The colony was maintained in mosquito cages. The mosquito 

cages were 1 cubic foot, screen cubicles made of aluminum. The bottom of the cage is 

made of solid aluminum plate, and the top is half nylon, and half aluminum screen. The 

opening of the cage was made of cotton cloth that allows insertion of a human hand into 

the cage. The remainder of the cage was covered with aluminum screen. Sugar and 

water were provided for mosquitoes at all times. To obtain eggs, the albino rats were 

injected intramuscularly with xylasine and ketamine and anesthetized rats were placed on 

top of the mosquito cages for 10 minutes. The nylon mesh on the top of the mosquito 

cage was used to place the anesthetized rats. This blood feeding process was repeated 

every 10 days. 

3.2.4 Methods 

A repellent action is defined as "a substance that causes orientation away from its 

source" (Klowden, 1996). Upon examination of currently available designs of 

olfactometers, we concluded that none could test this criterion. We therefore added a 

remote chamber to the Feinsod-Spielman olfactometer that would allow quantification of 

a repellent response (Feinsod & Spielman, 1979) (Fig. 3.1). The device operates 

vertically by passive diffusion of chemical vapors. The repellometer is made from 16

mesh copper screen, heavy-duty paper paint containers (Sits), and glass cylinders with a 

diameter of 8 cm. When assembled, the device is composed of three parts. Two 16-mesh 

copper screen funnel-shaped chambers of 15 cm in largest diameter narrowing to 5 cm 

with a height of 17 cm is attached to each other from the widest part. The smaller ends of 

the chamber is covered with screen and 2 cm by 2 cm square holes are cut and these are 
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positioned approximately 2 cm above the hole by wires. This chamber is mounted within 

two 5 quarts paper containers, which closes at the bottom except for a 7 cm diameter 

hole. The hole permits the entrance to the chamber. The paper container holding the 

chamber is attached to smaller chambers. These chambers are glass cylinder tubes with 8 

cm diameter and length with one end covered with screen (Fig 3.1). 

Five to seven days old, post emergence, mosquitoes were used for testing. Ten 

mosquitoes were introduced into the repellometer from the distal chamber into the middle 

chamber by shaking the aspirator tube gently and not by blowing them, to avoid their 

activation by breath. The attractant was placed beneath the olfactometer 2-5 min after the 

mosquitoes were introduced into the apparatus. 

Mosquitoes entering the proximal chamber and distal chamber during this pretest 

period were recorded. As an attractant, the operator's hand was exposed through the 

screen at the bottom of the glass container beneath the proximal chamber. Mosquitoes 

responding to the host fly into the proximal chamber while mosquitoes, which are 

repelled from various chemicals, enter the distal chamber. 

The formulations listed in tables 3.1-3 were provided by International Flavors and 

Fragrances Inc, Union Beach, New Jersey. These formulations were tested to determine 

the repellent properties of each material. The experiment was conducted by using three 

procedures. 
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Fig. 3.1 Schematic design of the repellometer. 



a. The formulations listed in Table 3.1 were impregnated into sterile gauze 

with a rate of 15 mg using both the repellometer and the Feinsod-Spielman olfactometer. 

The gauze was placed on a watch glass, and the watch glass was held in right hand of a 

volunteer. The tests were conducted immediately after the chemicals were impregnated 

in the gauze (time 0). Tests were repeated three times. 

b. The formulations listed in Table 3.2 were tested with the repellometer at 

rate of 15 mg and 30 mg, as described above. 

c. The formulations listed in Table 3.3 were applied to the volunteer's left 

palm, at a rate of 2mg/cm2 at time 0. The bare right hand served as a control. Between 

applications, the volunteer washed her hands with non-fragrance soap and swabbed her 

palm with ethanol to prevent contamination of odors. Tests were repeated three times. 

3.2.5 Statistical Analysis 

Data were collected and graphics were drawn in MS. EXCEL 7.0. Analysis of 

Variation, two factor analysis with replication was used to test any difference between the 

repellometer and the Feinsod-Spielman olfactometer (SPSS 7.5). A general linear model 

(GLM), multivariate data analysis was used to determine the best formulation (SPSS 7.5) 

(Appendix A). The method of scoring responses was used in order to make the design 

easier, where the score is a measure of formulation effect. For each test, each mosquito 

that flew into the proximal chamber scored +1, and every mosquito that flew into the 

lower chamber scored 1. Then two observations turn into one observation, which was 

used in data analysis. 



34 

Table 3.1 The sample codes and names of the formulations used to compare Feinsod-
Spielman olfactometer with repellometer at time 0. 

Sample Code Name of the Chemical 

5000 Apopatchone 

5001 Geraldehyde 

5006 Violiff 

5016 Geraniol coeur 

5018 Rhodinol coeur 

5024 Limonene 

5036 Dimethcyclormol 

5037 MM JOY084-A-MM7410* 

5038 MM-CITR 110-MM7408* 

5039 MM-CITR 110-MM7409* 

5061 IB-XPER-015* 

5062 Cocktaill-HFF0046* 

5063 IB-0050* 

5064 IB-0049* 

* Proprietary chemicals 

i.e. Proximal chamber score = +1; distal chamber score = -1 

Original observation: proximal =8; distal = 1 

Scored observation: 8 + (-1) = 7 

Applied dose 

15 mg 

15 mg 

15 mg 

15 mg 

15 mg 

15 mg 

15 mg 

15 mg 

15 mg 

15 mg 

15 mg 

15 mg 

15 mg 

15 mg 

The graphs did not represent the scored observations. Wilk's lambda (2) values 

were used in the results to describe the overall data, and pairwise comparisons were used 

to indicate the differences among the formulations. 
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Table 3.2 Sample codes and names of the formulations used to compare 15 and 

30 mg at time 0. 

Sample Code Name of the Chemical Applied dose 

5000 Apopatchone 15; 30 mg 

5001 Geraldehyde 15; 30 mg 

5006 Violiff 15; 30 mg 

5016 Geraniol coeur 15; 30 mg 

5018 Rhodinol coeur 15; 30 mg 

5024 Limonene 15; 30 mg 

5037 MM JOY084-A-MM7410* 15; 30 mg 

5038 MM-CITR 110-MM7408* 15; 30 mg 

* Proprietary chemicals 

Table 3.3 The code number and name of the formulations which were applied on skin at 
2mg/cm2 and tested with the repellometer at time 0. 

Sample Name of the Chemical Applied dose 

Code 
5070 3% 4540AV Coco-floral 2mg/cm2 

5071 1 % 4540AV Coco-floral 2mg/cm2 

5072 0.35% Geraniolcoeur in IPM* @ 1% in Sun'N Bug base 2mg/cm2 

5074 0.1% Geraniolcoeur in IPM* @ 1% in Sun'N Bug base 2mg/cm2 

5075 0.02 % Geraniolcoeur in IPM* @ 1% in Sun'N Bug base 2mg/cm2 

5076 Unfragranced Sun'N Bug base 2mg/cm2 

5080 31663785 @ 1.5% in Bug & Sun F.P. 163 2mg/cm2 

5081 Avon Skin-So-Soft Herbal Fresh 2mg/cm2 

* IPM: Isopropyl myristate 
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3.3 Results and Discussion 

In the control study, 9 out of 10 mosquitoes flew into the proximal chamber, and 

none of the mosquitoes flew into the distal chamber. The same number of mosquitoes 

was attracted to the stimulus placed under the lower chamber of the Feinsod-Spielman 

olfactometer. 

a. We compared the Feinsod-Spielman olfactometer to the repellometer and 

measured the attraction of mosquitoes to formulations listed in Table 3.1. The attraction 

did not significantly differ from each other (1=0.336, P=0.37, Fig 3.4). However, samples 

5016, 5036, 5061, 5039 and 5062 repelled mosquitoes consistently throughout the 

experiment (Fig 3.2a and 3.4, Table 3.4), when samples were tested with the 

repellometer. The repellency observed in the other samples was not significant (Fig. 

3.2a-b, 3.4) (Appendix A). From Fig. 3.2a and 3.4, it appears that formulations 5016, 

5036, 5039, 5061 and 5062 offered higher repellency compared with other samples. 

Statistically, the products overall showed significant differences, however, when pairwise 

comparisons were considered, these differences were not significant in most cases. 

b. We compared the samples at two dose levels, 15 mg and 30 mg (Table 

3.2). We did not observe significant differences between the two doses (F=0.68, 

P=0.416). However, formulations 5016 and 5000 showed more repellency at 15 mg 

level, and sample 5001 showed more attraction at the same level (P < 0.05, GLM, 

pairwise comparison). Formulations 5024 and 5037 showed more attraction at 30 mg 

level (P < 0.05, pairwise comparison, GLM) (Fig. 3.2a-b) (Appendix A). 



37 

Fig 3.2 a-b Comparison of eight formulations tested at 15 mg (Fig 3.2a) and 30 mg (Fig 
3.2b). Dashed pattern represents the mean number of mosquitoes that flew into the 

proximal chamber, solid pattern represents the mean number of mosquitoes that flew into 
the distal chamber. 
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Fig. 3.3 Comparison of eight formulations applied to skin at a rate of 2 mg/cm2 at time 0. Solid color represents the mean number of 
mosquitoes that flew into the distal chamber and dashed color represents the mean number of mosquitoes that flew into the proximal 
chamber. 
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c. When we compared the formulations (Table 3.3) applied to skin, we found 

formulation 5071 and 5080 to be significantly different from the other formulations (P 

<0.05, general linear model, pairwise comparison). All the other samples attracted of 4-7 

of 10 mosquitoes, and a mean of 4 out of 10 mosquitoes flew into the distal chamber (Fig 

3.3) (Appendix A). 

Table 3.4 Comparison between Feinsod-Spielman olfactometer and repellometer. 
Numbers represent the mean response of mosquitoes. 

Sample Code Attraction with Attraction with Repellency with 

Feinsod-Spielman repellometer repellometer f S.E.M 

olfactometer S.E.M f S.E.M 

5000 3 ± 0.57 2.67 + 0.88 1 +0 

5001 7.33 ± 0.33 7 ± 0.57 0.33 ± 0.33 

5006 3.33 ± 0.33 3.33 ± 0.66 1.67 ± 0.88 

5016 1.67 ± 0.33 1 ± 0 5.67 + 0.88 

5018 2 ± 0 1.67 ± 0.88 1.33 ± 0.33 

5024 1.67 ± 0.33 2 ± 0.57 2 ± 0.57 

5036 0.33 ± 0 0.33 + 0.33 4 ± 0.57 

5037 1.33 + 0.33 1.67 + 0.33 2.33 + 0.66 

5038 3 ± 0 2.67 ± 0.33 1.67 ± 0.88 

5039 2 ± 0 1.67 ± 0.33 5.33 ± 0.88 

5061 0.67 + 0.33 0.33 ± 0.33 3.33 + 0.33 

5062 1.33 ± 0.88 1 ± 0 6 ± 0.57 

5063 1.67 ± 0.33 1.33 + 0.33 1 ± 0 

5064 2 + 0 1.67 ± 0.33 1.33 ± 0.33 
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GLM, multivariate test's Wilk's lambda values indicated that the formulations 

used in this experiment were significantly different from each other (F= 2.33, P= 0.026). 

Formulation 5071 was least attractive compared with other samples. The same 

formulation also repelled an average of one mosquito indicating that 5071 may be 

considered a non-attractant. 

Our results demonstrated that the two devices are identical when measuring 

attraction. In addition to attraction, the repellometer also measures repellency, which is a 

unique feature that none of the previously described olfactometers have. In evaluating 

repellents, the majority of the studies have been conducted with devices and methods that 

only measure attraction and landing (Daykin & Kellogg, 1965; Khan et al. 1967; 

Buescher et al. 1982). The non-attracting chemicals were mistakenly defined as 

repellent. This study demonstrated that in addition to non-attractants, there are some 

chemicals which could be true repellents. The distal chamber allowed mosquitoes to 

make further 'decisions' about the introduced stimuli. Using the repellometer we can 

divide close range behavior into three responses: attraction, non-attraction, repellency. 

The repellometer is not designed to analyze the probing behavior of the mosquitoes, and 

probing behavior was ignored in our study. 

Even though the majority of samples that were tested did not differ significantly, 

we have determined that five chemicals exhibit the feature of being true repellents. The 

chemicals were not tested on skin; however, they have the potential of being spatial 

repellents at close range. These chemicals should be further tested for duration, dose 

response and adverse effects. 



4.3 

There are many advantages of the repellometer over other devices that use 

multiple ports such as Y-tubes and wind tunnels. Vapors that emanate from multiple 

ports may contaminate the environment in which the tests are being conducted. Devices 

using multiple ports as source of attractant may not provide realistic results of host-

seeking behavior, since mosquitoes search for attractants in response to the stimuli 

coming from one host source (Skinner et al. 1965, Price et al. 1978; Schreck, et al. 1981). 

The repellometer is better designed to discriminate the attraction and repellency behavior 

of mosquitoes during host seeking. The repellometer uses only one port as an outlet for 

vapors and eliminates contamination from other sources (Feinsod & Spielman 1979). 

The objective of the chemical companies is to find a safer and longer lasting 

repellent, which could replace DEET in the market. The majority of chemicals which we 

have tested on skin did not show any repellency, if so, those were random movements of 

the mosquitoes. 
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Chapter 4 

EVALUATION OF DEET ON HUMAN SKIN USING TWO
 
DIFFERENT OLFACTOMETERS
 

4.1 Introduction 

DEET is known to be the most effective, and possibly the only, repellent against 

mosquito bites. Repellents sold in the market today usually contain 0.5-95% DEET 

(Robbins & Cherniack, 1986; Flashinski et al. 1988). People who have purchased these 

products complain about various duration of efficacy in these products (Proctor and 

Gamble, personal communication). Some people may use products that contain a high 

amount of DEET and still get bitten by mosquitoes within a couple of hours, and some 

people may not be disturbed by mosquitoes for longer hours. 

Mosquitoes exhibit a high response to an actual human host compared to the 

sweat extracts tested with convection currents (Parker, 1948; Daykin et al. 1965; Skinner 

et al. 1968). This higher response may occur as a result of the release of chemical stimuli 

from skin which may be absent in the sweat extracts, even though the sweat extracts may 

contain higher concentrations of active chemicals than the surface of human skin (Cage, 

1971). The human body also secretes 300-400 chemical compounds as by products of 

metabolism which diffuse through the skin (Sastry et al. 1980). The human odor contains 

unknown active chemicals released by the skin which are active only when convection 

currents are present (Daykin et al. 1965; Khan, 1977). Therefore, mosquito responses to 

different human hosts varies and this variation is related to their skin chemical 

complexion. The experiment was designed to compare the repellometer and Feinsod
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Spielman olfactometer, using DEET as a standard. The primary goal of this comparison 

was to demonstrate that the repellometer was effective in measuring both attraction and 

repellency. I report that DEET does not behave as a repellent (Chapter 5). I also 

demonstrated the variation among the subjects who use the same attractant or repellents. 

4.2 Materials and Methods 

4.2.1 Study Area 

All experiments were conducted in a temperature and humidity controlled 

laboratory. The laboratory was maintained at a temperature of 22 ± 2 °C, and tests were 

performed under a hood with an exhaust rate of 157 fpm. 

4.2.2 Test Materials 

The following materials were used in the experiment: Feinsod-Spielman 

olfactometer, repellometer, aspirator, fragrance free soap, ethanol, DEET dilutions in 

isopropyl myristate, DEET dilutions in ethanol, Avon Skin So Soft®, OFF!0. 

4.2.3 Test Insect 

Aedes aegypti, Georgia strain, mosquitoes were reared in an insectary at a 

constant temperature of 27 °C and 65-70% relative humidity. Egg batches were placed in 

glass containers filled with water. Once the eggs hatched, larvae were fed with gold fish 

flakes daily until all the larvae reach the pupa stage. The female pupae were sorted by 

using a pupae sorter and approximately 50 pupae were put into 1 pint paper cups filled 

with water. The cups were covered with nylon mesh to prevent escape. Sugar cubes 
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were placed on the cups to provide food. The colony was maintained in mosquito cages. 

Sugar and water were provided at all times. To obtain eggs, albino rats were injected 

intramuscularly with xylasine and ketamine and the anesthetized rats were placed on top 

of the mosquito cages. This blood feeding process was repeated every 10 days (Shieh & 

Rossignol, 1992). 

4.2.4 Methods 

The repellometer described in Chapter 3 was used throughout the experiment. 

Human subjects were selected from students who were non-smokers, did not have any 

skin allergies or respiratory problems. 

The active ingredient of most formulations tested was N-N, diethyl-m-toluamide 

(DEET). The formulations tested were technical DEET (97%) (Sample code: 4999) 

(Sigma Chemical Co., St. Louis, MO), 60, 30, 15, 7.5, 3.75, and 1.87% dilutions in 

ethanol by weight, technical DEET(97%) (Aldrich Chemical Co. Milwaukee, WI), and 

30, 10, 3.33, and 1.11 % dilutions in isopropyl myristate (Sample codes: 5069, 5065, 

5066, 5067, 5068, respectively), Skin So SoftTM bath oil (Sample code: 5008) and 

Suncare (Sample code: 5081) (Avon Products Inc. New York, NY); OFF! spray (Sample 

code: 4998) (S.C. Johnson & Son Inc., Racine, WI). A dose containing 2mg/cm2 of 

product was tested for each formulation. 

a. Two female and two male volunteers conducted the experiments with the 

isopropyl myristate dilutions. Samples were tested at time 0 only using the procedures 

explained in Chapter 3. Each test was repeated three times. The experiment was repeated 

with the Feinsod-Spielman olfactometer. Volunteers were asked to use unfragranced 
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products such as hair shampoo, conditioner, hand lotion and soap prior to the testing. 

Immediately before the tests, volunteers washed their hands with unfragranced soap. 

Using a cardboard template, a 6 cm diameter circle was drawn on each subject's palm 

with a pen. Insect repellents were applied uniformly within the circle with a disposable 

pipette tip (Chou et al. 1997). Ten mosquitoes were inserted into the distal chamber of 

the repellometer using an aspirator. After a two minute pretest period, the volunteers held 

their hands under the repellometer for 8 min. and the number of mosquitoes that 

descended into to the proximal chamber, and the number that were repelled and stayed in 

the distal chamber was recorded. After the 8 min test period, the apparatus was put in the 

freezer for ten minutes and mosquitoes were killed (Chou, 1995). Control readings were 

taken under the same conditions before the test, except that no repellent was used on the 

volunteers. 

Table 4.1 Sample codes and names of the DEET dilutions in isopropyl myristate (IPM) 

Sample Code Name of the chemical Applied dose 

5065 DEET (30% in IPM) 56.52 mg 

5066 DEET (10% in IPM) 56.52 mg 

5067 DEET (3.33% in IPM) 56.52 mg 

5068 DEET (1.11% in IPM) 56.52 mg 

5069 DEET (97%Aldrich, Inc.) 56.52 mg 

4998 DEET (97% SIGMA, Co.) 56.52 mg 

4999 OFF! 56.52 mg 



50 

b. Two female and two male volunteers conducted the two hour duration 

experiment. In this experiment, both devices were used to evaluate the DEET dilutions in 

ethanol, Avon Skin So Soft®, Avon bath oil and sun screen, and OFF!®. The procedure 

described above was followed. Readings were taken every 0.5h for two hours, starting 

from time 0 immediately after the application of repellent. 

4.2.5 Statistical Analysis 

Data were collected and graphics were drawn in MS. EXCEL 7.0. Data were analyzed in 

SPSS 7.5. The data, at time 0, were analyzed using a general linear model (GLM), 

multivariate data analysis. The duration data were analyzed with the GLM, repeated 

measures analysis (Appendix B). The method of scoring responses was used to make the 

design easier, where the score is a measure of formulation effect. For each test, each 

mosquito flew into the proximal chamber scored +1, and every mosquito flew into the 

distal chamber scored 1. The two observations were combined, which was used in data 

analysis. 

i.e. Proximal chamber score = +1; distal chamber score = -1 

Original observation: proximal =8; distal = 1 

Scored observation: 8 + (-1) = 7 

The graphs and tables did not represent the scored observations. Wilk's lambda 

(X.) values were used to describe the results, and pairwise comparisons were used to 

indicate the differences among the formulations. 
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4.3 Results and Discussion 

a. The experiment demonstrated that, immediately after DEET application, 

mosquitoes were still attracted to the volunteers. The dilutions with isopropyl myristate 

failed to show a dose response when tested with four volunteers (Fig 4.1). I compared the 

Feinsod-Spielman olfactometer and the repellometer using DEET products. The results 

showed no significant difference from the control measurements (t = -0.123, P = 0.451 ), 

confirming the results of Chapter 3. However, when DEET products were tested, the 

difference was significant (1 = 5.06, P= 0.0003) (Appendix B). I conclude that the 

significance was due to the variation between volunteers and the various responses of 

mosquitoes to the DEET products, immediately after application on skin. The results also 

demonstrated that the isopropyl myristate dilutions of DEET failed to show a dose 

response at time 0. The technical DEET provided by Aldrich and SIGMA, and OFF! 

were the best products that did not attract the mosquitoes at a greater range (F= 13.295, P 

< 0.001, GLM, multivariate tests, Wilk's lambda). These three products contain 97% 

DEET and DEET isomers. The pairwise comparison demonstrated no significance 

among two technical DEFT, OFF! ® formulations that contain 97% of DEET and 5065 (P 

values = 1.0, 0.848, 0.848, 0.129). Formulation 5065 was within the upper and lower 

limits of all the formulations tested, and therefore was not significantly different from 

other formulations with the exception of 5068 (-4.168 to 4.253, P <0.0001) (Fig 4.2) 

(Appendix B). 
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DEET formulations 

Fig. 4.1 The comparison of five DEET formulations in isopropyl myristate with OFF! and 97% DEET (Sigma, Co.) using 
olfactometer. 
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Fig. 4.2. The comparison of five DEET formulations in isopropyl myristate with the repellometer 
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b. In the second part of the experiment, four volunteers participated, and tested 

the ethanol dilutions of DEET with both the repellometer and the Feinsod-Spielman 

olfactometer for two hours. We did not observe a clear dose response with the set of 

ethanol dilutions. However, we observed high attraction when DEET was applied fresh 

on the skin. The results varied among the volunteers (Table 4.2-3) (Appendix B). The 

significant interaction of time * sample suggests that the response of mosquitoes to 

samples over time was different among samples. There was a significant difference 

between the average number of mosquitoes that responded to DEET formulations at time 

0 and time 1 (30 min.). There were no significant differences among 1 hour, 1.5 hour and 

2 h measurements in the repellometer. 

When I compared the same formulations with the Feinsod-Spielman olfactometer, 

I did not observe a significant difference in the time * sample interaction. This suggests 

that the response of mosquitoes to samples over time did not show high variation among 

samples. The responses of mosquitoes at time 0 and time (30 min) were not1 

significantly different from each other. However, time 1 was significantly different from 

time 5 (2h). These results indicate that the variance was not high enough to measure a 

real dose response. 

The study demonstrated that the mode of action of DEET formulations varied 

among the volunteers. The unclear dose response with isopropyl myristate and ethanol is 

assumed to be due to several factors. The attraction and repellency of a substance on skin 

varies from one to another. There are other factors involved in this mechanism. The 

evaporation rate from the skin varies among subjects, and penetration through the skin 

occurs at different rates (Maibach et al., 1974; Schreck 1989). The dose applied to skin 
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Table 4.2 Dose response of four subjects to DEET products with the repellometer. 
Numbers represent the mean of mosquitoes that flew into the proximal chamber. 

Sample Subject 0 hour 0.5 hour 1 hour 1.5 hour 2 hour 

100% DEET 1 1 2.5 2 0 1 

2 7.5 4.5 1.5 5 2 
3 6.5 1.5 5 5 1 

4 3.5 4 3.5 25 1 

60% DEET 1 6 4 2.5 0 1 

2 5.5 6 5 2.5 2 
3 8 4.5 2 3.5 5 

4 5 3.5 5.5 4 5.5 
30% DEET 1 6 2 4 4 3.5 

2 6 6.5 7 5 4 
3 6.5 4.5 3 1.5 6 
4 7 5.5 4 5.5 2 

15% DEET 1 9.5 3 3 6.5 4.5 
2 8 8.5 8.5 7.5 7.5 
3 6.5 2.5 3 1 3 

4 7.5 4.5 5.5 5.5 6.5 
7.5% DEET 1 2 5.5 0 2.5 2.5 

2 7.5 7.5 5.5 6 5 

3 6 3 2 4.5 2.5 
4 7 7 5 7.5 7.5 

3.75% 1 0.5 2.5 2.5 2 1 

DEET 2 5 3 4.5 4 3.5 
3 3.5 1.5 4.5 2.5 2.5 
4 3.5 6 5.5 5.5 4.5 

1.87% 1 5 4.5 3 1.5 1 

DEET 2 4.5 1 2 3 3 
3 2 1.5 2.5 3.5 3 
4 4.5 5.5 3 3 7.5 

SSS 1 2.5 3.5 8 4 4.5 
2 6.5 3 4 2 7 
3 5 5.5 5 2.5 4 
4 3.5 5.5 4 3 3 

SSS herbal 1 5.5 7 2.5 2.5 6.5 
2 6.5 6.5 6 6 7 
3 5 3 3.5 4.5 5 

4 4 3 3.5 4 5 

OFF! 1 4 5 0.5 0 0 
2 6.5 4.5 1 1.5 1 

3 1 1 1 1.5 3 

4 3 3 2 2 1 
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Table 4.3 Dose response of four subjects to DEET products with the repellometer. 
Numbers represent the mean of mosquitoes that flew into the distal chamber. 

Sample Subject 0 hour 0.5 hour 1 hour 1.5 hour 2 hour 

100% DEET 1 - 0.5 1 

2 - -

3 0.5 0.5 
4 - - -

60% DEET 1 - -

2 - -

3 1 0.5 
4 

DEET 1 - - - -

2 - -

3 0.5 
4 - -

15% DEET 1 0.5 0.5 -

2 - -

3 0.5 -

4 - - - -

7.5% DEET 1 - - 1.5 -

2 - -

3 1.5 
4 - - -

3.75% 1 1.5 0.5 1 1 

DEET 2 - - -

3 

4 - - -

1.87% 1 - 1.5 1 0.5 
DEET 2 - -

3 5 -

4 

SSS 1 0.5 0.5 0.5 
2 - -

3 -

4 0.5 -

SSS herbal 1 -

2 0.5 
3 0.5 1 0.5 -

4 - - -

OFF! 1 - - - -

2 - - -

3 0.5 0.5 0.5 
4 - - -
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Table 4.4 Dose response of four subjects to DEET products with the Feinsod-Spielman 
olfactometer. The numbers represent the mean number of mosquitoes responded. 

Sample Subject 0 hour 0.5 hour 1 hour 1.5 hour 2 hour 

100% 1 2 0 1 0.5 0 
DEET 2 1 0 0.5 0.5 1 

3 2.5 1.5 0.5 0 0 
4 1.5 1.5 0.5 0 1 

60% DEET 1 2.5 4 2 1 1.5 
2 2.5 3 0.5 0.5 0.5 
3 2.5 1 0 0.5 0.5 
4 1.5 0.5 4 4 0.5 

30% DEET 1 1.5 2 4 2 3 

2 2 1.5 2.5 2 1 

3 1.5 2.5 1 0.5 1 

4 4 6 2 5.5 7.5 
15% DEET 1 0.5 0 1.5 0.5 0 

2 3 2 1.5 1 1 

3 1.5 1 0.5 3 4.5 
4 2.5 3 2 2 3.5 

7.5% 1 1 1.5 1 0.5 2 
DEET 2 5.5 3.5 3 3.5 4.5 

3 2.5 2.5 3 3 3 

3.75% 1 4.5 1.5 0.5 5 0.5 
DEET 2 3 2.5 3.5 0.5 1 

3 3 1.5 2.5 3 2.5 
1.87% 1 1.5 4 3 2 1.5 
DEET 2 3.5 3.5 4 1 1.5 

3 1.5 1.5 4.5 4.5 4.5 
SSS 1 0 1.5 4.5 3.5 3 

2 6.5 5.5 2.5 2.5 1 

3 4 2.5 2 1 1 

4 3 2 1.5 2.5 1 

SSS herbal 1 3.5 1 0.5 0.5 0 
2 7 6.5 4 6 4.5 
3 6 7 7 5.5 6 

OFF! 1 1 0.5 0 0 1.5 
2 7 25 3 1 2 
3 1 0.5 0.5 0 0 
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may also affect the response of mosquitoes to DEET. The minimum effective dose was 

16 ug/cm2 (Robbins & Cherniack, 1986). In this study, a dose of 2 mg /cm' was chosen 

as standard to eliminate the possibility of inadequate amount that may cause a failure in 

mosquito response. Even though, the volunteers used unfragranced products prior to the 

studies, the chemical composition of their skin presumably varied. Also, isopropyl 

myristate and ethanol that are used as diluting liquid was found to be attractant to 

mosquitoes (personal observation, Chapter 5). Therefore, these compounds may affect 

the efficacy of DEET. I also unexpectedly observed that DEET did not repel any 

mosquitoes. 

When ethanol dilutions of DEET were applied fresh to the skin, the responses of 

mosquitoes were also high, but lower than the isopropyl dilutions. When I waited for at 

least 30 minutes, the attraction of mosquitoes dropped dramatically. The results suggest 

that, to act as a non-attractant, the skin to a certain degree must absorb DEET. This result 

confirms the results of Buescher et al. 1983. I could not find any significant differences 

among the higher ratios of DEET, which confirms the results of Schreck (1985). He 

reported higher concentrations of DEFT did not affect the attraction behavior of 

mosquitoes and 25% DEET works as well as 100% DEET. Buescher et al. (1983) 

reported 50% of DEET gave a little more than 4 hours of protection, where 100% DEET 

increased protection by less than an hour. 

Previous studies (Khan et al. 1965; Smith et al. 1970) confirmed the differences 

among volunteers and the variation of mosquito responses to those individuals. In this 

study, I did not intend to measure the human variation, because the number of volunteers 
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who participated in this study was small and could not be considered as a true 

representation of a population. 

This study confirmed that there were no differences between the Feinsod-

Spielman olfactometer and repellometer in control readings, and also demonstrated that 

human variation could affect the response of mosquitoes to DEET. 
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5.1 Introduction: 

DEET (N,N- diethyl-m-toluamide) is considered to be the most effective topical 

insect 'repellent' currently available. DEET was formulated for use as a topical insect 

repellent in 1953 and marketed in 1956 (Robins & Cherniack, 1986). Its action seems 

related to the main attraction component of human sweat, identified as L-lactic acid 

(Acree et al. 1968). Davis & Sokolove (1976) reported that DEET inhibited the response 

of at least two classes of receptors on mosquito antennae which are sensitive to lactic 

acid, one type was lactic acid excited, the other was lactic acid inhibited. The behavioral 

implications of these observations have apparently not been examined. In this study, we 

therefore determined whether or not DEET acts as an inhibitor rather than a true repellent 

and whether or not it has potency independent of lactic acid. Using a novel olfactometer, 

we exposed mosquitoes to either lactic acid or DEET, and a combination of both. We 

report that DEET acts as an inhibitor of lactic acid and has no true repellent action, and is 

indeed an attractant in the absence of lactic acid. We also tested the protection time of 

DEET-lactic acid mixtures for 24 hours. 

5.2 Materials and Methods: 

5.2.1 Study Area 

All experiments were conducted in a temperature and humidity controlled 

laboratory. The laboratory was maintained at a temperature of 22 ± 2 °C, and tests were 

performed under a hood with an exhaust rate of 157 fpm. 
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5.2.2 Test Materials 

The following materials were used in the experiment: Repellometer, aspirator, 

fragrance free soap, ethanol, 85% D-L-lactic acid (SIGMA), 97% DEET (SIGMA), petri 

dishes. 

5.2.3 Test Insect 

The Aedes aegypti, Georgia strain mosquitoes were reared in an insectary which 

had a constant temperature of 27 °C. The relative humidity in the insectary was 65-70%. 

Egg batches were placed in glass containers full of water. Once the eggs hatched, the 

larvae were fed with gold fish gold flakes daily until all the larvae reach the pupa stage. 

The female pupae were sorted by using a pupa sorter and approximately 50 pupae were 

put into 1 pint paper cups filled with water. The cups were covered with nylon mesh to 

prevent any escapes. Sugar cubes were placed on the cups to provide food for newly 

emerged mosquitoes. The colony was maintained in mosquito cages. Sugar and water 

were provided at all times. To obtain eggs, albino rats were injected intramuscularly with 

xylasine and ketamine and sleeping rats were placed on top of the mosquito cages. This 

blood feeding process was repeated every 10 days. 

5.2.4 Methods 

To eliminate the human odor contamination, latex gloves were used at all times 

and the olfactometer was cleaned after each use with alcohol. The experiment consisted 

of three parts: a. 20 ml of 85% pure DL-lactic acid was put on a petri dish, and placed 

under the repellometer. The mosquito attraction response was measured in absence of a 
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living host stimuli. This process was repeated with 20 ml of 97% pure DEET. Various 

ratios of DEET-lactic acid mixtures were prepared. These ratios were as follows: 1: 1, 

1:4, 1:9, 4:1 and 9:1of DEET mixed with lactic acid. Ten mosquitoes were inserted 

through the upper chamber of the repellometer, and placed the petri dishes under the 

repellometer. At the end of eight minutes, we recorded the number of mosquitoes 

attracted, and repelled. We repeated the procedure 10 times. 

b. We impregnated sterile gauze with 97% DEET and 85% DL- lactic acid. Two 

impregnated gauze pads, one with DEET, and one with lactic acid, were placed side by 

side in a petri dish. Ten mosquitoes were inserted into the repellometer, and mosquitoes 

were allowed to settle for two minutes. The petri dish was placed under the repellometer 

for 8 min., and the number of mosquitoes attracted, probing and repelled were recorded. 

Impregnated gauze pads with ethanol served as a control. This procedure was repeated 

10 times. 

c. The pH was adjusted to 5.0 with 0.1M NaOH in the DEET-lactic acid mixtures 

of the ratios listed above, then applied to the right hand palm of a volunteer, at a rate of 

2mg/cm2. Ten mosquitoes were inserted into the repellometer, after two minutes of 

settling time has passed, the subject inserted the treated hand under the repellometer. 

After 8 minutes, the number of mosquitoes attracted or repelled was recorded. She tested 

the duration of the mixture every two hours within 24 hour period. The procedure was 

repeated two times. Clean bare hand was used as control reading. 



66 

5.2.5 Statistical Analysis 

Data were collected and graphics were drawn in MS. EXCEL 7.0. A quadratic 

regression model was used to analyze the first part of the experiment, two sample t-test 

was used to analyze the second part of experiment, and a general linear model (GLM) 

with repeated measures was used to analyze the duration tests (Appendix C). 

5.3 Results and Discussion: 

a. We determined whether or not the response of mosquitoes to DEET was 

consistent with repellency. Our results demonstrated that when DEET is presented as the 

only stimulus, that is without an animal or human host, mosquitoes move towards the 

source, as with an attractant. In the absence of a host, DEET displayed a rather 

unexpected effect; 50% of the mosquitoes were attracted when DEET was presented as 

stimuli (Fig. 5.1). 

We then confirmed that lactic acid is a strong attractant to mosquitoes. Lactic 

acid attracted 75% of the mosquitoes when presented without a host. We then proceeded 

to test whether or not the combination of two attractants, namely DEFT and lactic acid, 

acted as an attractant. We exposed mosquitoes to 1:1, 1:4, 1:9, 4:1, and 9:1 ratios of 

DEET-lactic acid. We observed that attraction was very low or non-existent when the 

two chemicals were combined (Fig. 5.1). The combinations attracted an average of 10 % 

of the mosquitoes. There was no evidence of true repellency. The fitted regression 

model involved DEET and lactic acid interaction in addition to the lactic acid and DEET 

parameters. 
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DEET and lactic acid treatments were found to be significantly different from each other 

(F= 35.139; P= 0.0001); however, the other treatments were not significantly different 

(Fig. 5.1) (Appendix C). 

b. DEET is a neutral compound while lactic acid has a very low pH. The 

possibility therefore exists that the chemicals are interfering with each other in the liquid 

phase and masking their effects. We therefore presented both chemicals in the gaseous 

phase. When we put the DEET and lactic acid impregnated gauze side by side in a petri 

dish, we observed the same inhibitory response. DEET and lactic acid impregnated 

gauze put side by side attracted only 14% of the mosquitoes, and ethanol as control 

attracted 52% of mosquitoes. Only 2% of the mosquitoes were repelled by DEET-lactic 

acid vapors. We therefore conclude that DEET acts on the mosquito and not directly on 

lactic acid (Fig 5.2) (Appendix C). 

c. In order to assess the possibility that the interaction between DEET and lactic 

represents a temporary transient effect, i.e. through mosquito habituation, we carried out 

duration tests. Even though there were significant differences among six treatments, we 

found that the inhibitory response was long term (Fig 5.3 a-e) (Appendix C). The 

significant interaction of time * treatment suggests the response of mosquitoes to 

treatments over time varied among treatments. There was no significance from time 0 to 

8 hours, then the responses of mosquitoes increased, indicating the mixture started to lose 

its efficacy. Treatment 5 and 6 were significantly different from other treatments. 

Treatment 6 consisted of control measurements, which during 24 h period, all of the 

mosquitoes responded to untreated bare hand placed under the repellometer. Treatment 5 

consisted of highest rate of DEET (9 DEET: 1 lactic acid). 
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Fig.5.3 a-e DEET and lactic acid (LA) mixture at various ratios, applied on skin at a 
duration of 24h. The data points represent the mean number of mosquitoes flew into 

proximal and distal chambers of the repellometer. 
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The results indicate the highest rate of DEET among other treatments acted as a better 

non-attractant regardless of lactic acid. 

Based on our results, we conclude that DEET is not a repellent, as defined by 

Klowden (1996), but rather is an inhibitor of lactic acid. The term inhibitor is generally 

reserved for physiological inhibition (Klowden, 1996), but in our case, we report 

behavioral inhibition. McIver (1981) suggested that DEET confuses rather than repels 

mosquitoes, and we confirm this hypothesis. We conclude that our observations place 

DEET, in the manner it is currently used for human protection, in the category of 

behavioral inhibitor, apparently for the first time, rather than repellent. In addition, its 

action is obligatorily dependent on the presence of lactic acid, since DEET in absence of 

a host attracted mosquitoes. Wilson et al. (1989) reported DEET and its esters in traps 

attracted mosquitoes. These results link previous physiological studies demonstrating 

that lactic acid sensitive peg grooves on the antennae were inhibited when DEET was 

presented as stimulus (Davis & Sokolove, 1976). When DEFT was presented along with 

lactic acid, the response to lactic acid was reversed in lactic acid excited cells and reduced 

the lactic acid response of lactic acid-excited cells (Davis & Sokolove, 1976). 

This study confirmed that DEET not only inhibits the attractiveness of lactic acid 

in liquid form, but also in vapor form. We demonstrated that when DEET and lactic acid 

impregnated gauze were put side by side, the diffusing vapors were mixed well and 

diffused into the repellometer. DEET also inhibited the attractiveness of lactic acid, and 

mosquitoes did not respond to the stimulus placed under the repellometer. 
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We also tested the duration of the mixtures in 24 h period. The results 

demonstrated that, the DEET-lactic acid mixture was not a better "repellent" than DEET 

applied to human skin by itself. DEET presumably inhibits lactic acid on skin. The 

mixture we prepared consisted of DEET, lactic acid and sodium hydroxide. When this 

mixture was applied on the skin, the mosquitoes were still attracted to the hand. We 

concluded that, lactic acid secreted from the skin was adequate for DEET to work as an 

inhibitor. Our results in this portion of the experiment demonstrated that DEET and 

lactic acid mixture only works in absence of a living host. The results also suggested this 

mixture could be used as a barrier rather than a skin product. Further studies should be 

conducted to test the barrier effects of the mixture. 

Previous studies (Acree et al., 1968; Daykin et al., 1965; Khan, 1977; McIver, 

1981; Davis 1985) investigated the mode of action of repellents and described host-

seeking behavior when a mosquito encounters a repellent. In these experiments, 

activators such as lactic acid, CO2 and heat were identified. The factors that affect the 

protection time of repellents were defined. McIver (1981) and Wright (1975) concluded 

that repellents block the detection of host attractants. Generally, it has been assumed that 

all the 'repellents' act in the same way and they have similar properties which their mode 

of action can be characteristic. However, we found that DEET does not repel the 

mosquitoes, but acts as an inhibitor of lactic acid which blocks the attraction of lactic acid 

to the mosquitoes. 

Mosquitoes are attracted to a host in a complex behavioral cascade involving 

many stimuli. At long range, it appears that these may be redundant, but our results 

suggest that at a close range lactic acid may be a necessary trigger for landing. This 
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bottleneck may be the explanation for the uniqueness of DEET. Tests for further 

chemicals should differentiate between various stages of behavior and carefully 

differentiate between repellency and inhibition, and not use DEET as a standard for both 

behaviors. 



77 

5.4 References Cited
 

Acree, F., R.B. Turner, H.K. Gouck, M. Beroza & N. Smith. 1968. L-lactic acid: A 
mosquito attractant isolated from humans. Science 161: 1346-1347. 

Bowen, M.F. 1996. Discussion. In, Olfaction in mosquito-host interactions. Ciba 
Foundation Symposium 200. Eds. G.R. Bock and G. Cardew,. John Wiley and 
Sons. pp. 181-182. 

Davis, E.E. and P.G. Sokolove. 1976. Lactic acid-sensitive receptors on the antennae of 
the mosquito, Aedes aegypti. J. Comp. Physiol. 105: 43-54. 

Davis, E.E. 1985. Insect repellents: concepts of their mode of action relative to potential 
sensory mechanisms in mosquitoes (Diptera: Culicidae). J. Med. Entomol. 22: 
237-243. 

Daykin, P.N., F.E. Kellogg, & R.H. Wright. 1965. Host-finding and repulsion of Aedes 
aegypti. Can Entomol. 97: 239-263. 

Feinsod F.M. and A. Spielman 1979. An olfactometer for measuring host-seeking 
behavior of female Aedes aegypti (Diptera: Culicidae). J. Med. Entomol. 15: 282
285. 

Khan, A.A. 1977. Mosquito attractants and repellents. In, H.H. Shorey and J.J. 
McKelvey, Jr. [eds.] Chemical Control of Insect Behavior. pp. 305-325. J. Wiley 
and Sons, New York. 

Klowden. M.J. 1996. Vector Behavior. In, The Biology of Disease Vectors. Eds. B.J. 
Beaty, and W.C. Marquardt. University Press of Colorado. pp. 34-50. 

McIver, S.B. 1981. A model for the mechanism of action of the repellent DEET on Aedes 
aegypti ( Diptera: Culicidae). J. Med. Entomol. 18: 357-361. 

Robbins, P.J. and M.G. Cherniack. 1986. Review of the biodistribution and toxicity of the 
insect repellent N,N-diethyl-m-toluamide (DEET). J. Toxic. Environ. Health 
18:503-526. 

Wilson, R.A., J.F. Butler, D. Whitcomb, B.D. Mookherjee, I. Katz and K.R. Schrankel. 
1989. Use of N,N-Diethyl-m-toluamide and/or the ethyl ester of 2-methy1-3
pentenoic acid as mosquito attractants. US Patent No: 4,816,248. 

Wright. R.H. 1975. Why mosquito repellents repel. Sci. Am. 233: 104-111. 



78 

Chapter 6
 

EVALUATION OF VARIOUS TRUE REPELLENTS AND
 
INHIBITORS WITH AN OLFACTOMETER
 

6.1 Introduction 

Repellents work in the vapor state. Insect repellents when applied on the skin are 

lost in time by evaporation and percutaneous absorption. A repellent continues to protect 

if the amount on the skin does not fall below a certain level. The level below which the 

mosquitoes bite is called the minimum effective dose (MED). To prevent repellents from 

falling below the MED, they must be applied to skin in large amounts or frequently. The 

MED varies with repellents (Maibach et al. 1974). For example, these authors calculated 

MED for DEET as 16 1,1g/cm2 where MED for dimethyl phthalate was 64 µg /cm' for the 

same person. The duration of repellent protection against mosquitoes is affected by 

factors such as percutaneous absorption, abrasion, ambient temperature, air velocity, 

amount applied and the nature of the formulation. The effectiveness of a repellent varies 

with the ambient temperature and humidity, the intrinsic repellency of the compound, and 

the moisture of the skin (Khan et al. 1973; Reifenrath & Spencer, 1989). 

The mode of action of repellent compounds is not clearly understood. However, it 

involves affects on the insect's olfactory and taste perception. Insects receive olfactory 

stimuli with the receptor sites on the antennae and gustatory stimuli with their palps and 

tarsi (Maibach et al. 1974; Bowen, 1991). 
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In the previous experiment (Chapter 5), I determined the behavioral mode of 

action of DEET by using an artificial host and the repellometer. In this experiment, I 

tested 53 perfume, body lotion and sunscreen ingredients to evaluate their repellency or 

inhibition against mosquitoes. The main objective of this experiment was to determine 

the best repellent or inhibitory product which could be used as a safe and longer lasting 

alternative to DEET. This experiment was conducted under a contract with IFF, Inc 

(Union Beach, NJ). There was no refutable hypothesis but, rather an assessment of 

various cocktails the repellometer described in Chapter 3. 

6.2 Materials and Methods 

6.2.1 Study Area 

All experiments were conducted in a temperature and humidity controlled 

laboratory. The laboratory was maintained at a temperature of 22 + 2 °C, and tests were 

performed under a hood with an exhaust rate of 157 fpm. 

6.2.2 Test Materials 

The following materials were used in the experiment: Feinsod-Spielman 

olfactometer, repellometer, aspirator, fragrance free soap, ethanol, and chemicals listed in 

Table 6.1-4. 

6.2.3 Test Insect 

Aedes aegypti, Georgia strain, mosquitoes were reared in an insectary at a 

constant temperature of 27 °C and a relative humidity of 65-70%. Egg batches were 
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placed in glass containers full of water. Once the eggs hatched, the larvae were fed with 

gold fish gold flakes daily until all the larvae reach the pupa stage. 

The female pupae were sorted by using a pupa sorter and approximately 50 pupae were 

put into 1 pint paper cups filled with water. The cups were covered with nylon mesh to 

prevent mosquito escape. Sugar cubes were placed on the cups to provide food for newly 

emerged mosquitoes. The colony was obtained in mosquito cages. Sugar and water were 

provided at all times. To obtain eggs, albino rats were injected intramuscularly with 

xylasine and ketamine and the anesthetized rats were placed on top of the mosquito 

cages. This blood feeding process was repeated every 10 days. 

Table 6.1 Code numbers and names of the chemicals used in experiment Part A. 

Sample Code Chemical Name 

5008 Avon Skin So Soft 

5084 Polo Sport Outdoors SPF 8 Fragrance W1733 

5085 Polo Sport Outdoors SPF 8 Fragrance M6059 

5086 Polo Sport Outdoors SPF 8 Fragrance W1734 

5087 Cosmair Ralph Lauren Outdoors 10 Mod3 @ %10 

5088 Cosmair Ralph Lauren Outdoors 30 Mod3 @ %10 

5089 Cosmair Ralph Lauren Outdoors 60 ModS @ %10 

5090 Cosmair Ralph Lauren Outdoors 120 Modl @ %10 

5091 Cosmair Ralph Lauren Outdoors 150 @ %10 
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Table 6.2 Code numbers and names of chemicals used in experiment Part B 

Sample Code Chemical Name
 

5008 Avon Skin So Soft
 

5092
 Total Outdoors Frag. W1734@ 0.5% 

5093 Total Outdoors Frag. W1734@ 0.5%, @ 0.25% citronella 

5094 Total Outdoors unperfumed 

5095 Total Outdoors Frag. W1734@ 3% 

5096 Total Outdoors Frag. W1734@ 1% 

6.2.4 Methods
 

Procedures were divided in four parts:
 

a. Four volunteers, one female and three male, conducted this experiment. The 

samples tested are listed in Table 6.1. All the samples were compared to Avon Skin SO 

Soft bath oil. Volunteers were asked to use unfragranced products such as hair shampoo, 

conditioner, hand lotion and soap prior to the testing, and immediately before the tests 

they washed their hands with unfragranced soap. Using a cardboard template, a 6 cm 

diameter circle was drawn on each subjects' wrist with a pen. The insect repellents were 

applied uniformly within the circle with a disposable pipette tip. Ten mosquitoes were 

inserted into the distal chamber of the repellometer using an aspirator. After a two 

minute pretest period, the volunteers held their hands under the repellometer for 8 min 

and the number of mosquitoes that descended to the proximal chamber, and which were 

repelled and stayed in the upper chamber were recorded. 
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Table 6.3. Code numbers and names of the samples in experiment Part C. 

Sample Codes 

5000 

5001 

5006 

5007 

5013 

5016 

5018 

5019 

5023 

5031 

5032 

5036 

5050 

5051 

5053 

6012 

6013 

6014 

6015 

6016 

6017 

6018 

6020 

Chemical Names 

Apopatchone 

Geraldehyde 

Violiff 

Peomosa 

Floralol 

Geraniol Coeur 

Rhodinol Coeur 

Orange Flower Ether 

Patchouli Oil Light 

Hedione Firm 

Galaxolide 50% Dep 

Dimethyl Cyclormol 

Eucalyptus Oil 

Litsea Cubeba 

Rosemary Oil 

Citral 4:1 with limonene 

Kharismal 

Methyl jasmonate 

Cyclacet 

Dodecanol 

Phenyl Ethyl Alcohol 

Iso E Super 

Sanjinol 
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Table 6.4. Code numbers and names of the samples in experiment Part D. 

Sample Chemical Name 
Code 
5081 Avon Skin So Soft Herbal Fresh 

5095 Total Outdoors Frag. W1734@ 3% 

5097 Polo Sport Total Outdoors W1878 Mod18 @ 0.1% citronella 

5098 Polo Sport Total Outdoors W1878 Mod18 @ 0.25% citronella 

5099 Polo Sport Total Outdoors W1879 ModA @ 0.1% citronella 

6000 Polo Sport Total Outdoors W1878 ModA @ 0.25% citronella 

6001 Polo Sport Total Outdoors W1734 Modl a 0.25% citronella 

6002 Polo Sport Total Outdoors @3%Frag.#60 Mod18 @0.25% citronella 

6003 Polo Sport Total Outdoors @3% Frag.#150 ModA @ 0.25 % citronella 

6004 Polo Sport Total Outdoors alcohol @3% Frag.#150 Mod18 @ 0.25% 

citronella 

6005 Polo Sport Total Outdoors alcohol @3% Frag.#150 Mod A @ 0.25% 

citronella 

6006 Polo Sport Total Outdoors @ 5% W1878 Mod18 @0.25% citronella 

6007 Polo Sport Total Outdoors @ 5% W1879 ModA @0.25% citronella 

6008 Repellent Base SPF 30 @ 5% Frag. Mod 18 @ 0.25% citronella 

6009 Repellent Base SPF 30 @ 5% Frag.#60 Mod 18 @ 0.25% citronella 

6010 Body Lotion G8793 Unfragranced 

6011 Sports Creme G8794 Unfragranced 
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After the 8 min test period, the apparatus was put in the freezer for ten minutes and 

mosquitoes were killed (Chou, 1995). Control readings were taken under the same 

conditions before each test except no repellent was used on the volunteer. Each test was 

repeated three times. 

b. The next part of the experiment was conducted by three female volunteers. 

Samples listed in Table 6.2 were compared with Avon Skin-So-Soft bath oil. All tests 

were conducted four two hours and readings were taken every 30 min. The procedure 

described above was followed. 

c. The third part of the experiment was conducted by two male and one female 

volunteers. The samples tested are listed in Table 6.3. The tests were done following the 

procedure described above. Each test was conducted after the product was applied, and 

repeated three times. 

d. The last part of the experiment was conducted by one male and one female 

volunteers. The samples tested are listed in Table 6.4. The samples were tested for two 

hours, and readings were taken every 30 minutes. The female volunteer left the study due 

to personal conflicts, therefore, missing data exists. The procedure described above was 

followed throughout the study. 

6.2.5 Statistical Analysis 

Data were gathered and graphics were developed in MS EXCEL 7.0. The data of 

the first and third experiments were analyzed with general linear model, multivariate 

analysis. The duration data were analyzed using general linear model, repeated measures 

(Appendix D). The method of scoring responses was used to make the structure easier, 
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where the score is a measure of formulation effect. For each test, each mosquito that flew 

into the proximal chamber scored +1, and every mosquito that flew into the distal 

chamber scored 1. These two were combined into one observation, and used in data 

analysis. 

i.e. Proximal chamber score = +1; distal chamber score = -1 

Original observation: proximal =8; distal = 1 

Scored observation: 8 + (-1) = 7 

The graphs and tables do not represent the scored observations. Wilk's lambda values 

were listed in the results describing overall data, and pairwise comparison was used to 

indicate the differences among the formulations. 

6.3 Results and Discussion 

a. The results confirmed variation among human volunteers (Wilk's lambda value 

= 0.710, F= 4.43, P <0.001). According to the general linear model, multivariate test, 

there were significant differences among samples (F= 2.261, P<0.05). The results varied 

when formulations were individually compared among themselves with pairwise 

comparison. Sample 5087 was significantly different from samples 5084, 5086, 5089 and 

5091 (Fig 6.1-2) (Appendix D). However, this test failed to determine a product which 

may be used as a potential repellent or non-attractant. 

b. The results demonstrated similar dose responses in three volunteers. In this 

case, the data were pooled because the test was conducted once with each subject due to 

the deadlines and requests of the company. Therefore, the human variation among 

volunteers was ignored, and response of volunteers was considered as replications. 



L'Oreal formulations 

Fig. 6.1 Responses of four volunteers to L'Oreal® cocktail formulations at time 0. The y-axis represent the mean of mosquitoes flew 
into proximal chamber. 
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Fig. 6.2 Responses of four volunteers to L'Oreal® cocktail formulations. Y-axis represents the mean of mosquitoes flew into the 
distal chamber. 
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The duration tests showed that all the samples were less effective as non-attractants 

initially, but the efficacy gradually increased, and toward the end of the two hour period, 

efficacy dropped dramatically. However, the differences among 30 min observations 

were not significant (Wilk's lambda = 0.847. F= 0.407, P= 0.8). The best product was 

5095 in three tests and was significantly different from 5092, 5093 and 5096 (Fig 6.3a-c) 

(Appendix D). None of the samples differ significantly from Skin-So Soft® (5008). 

c. The results demonstrated that the variation among three subjects were 

significantly different ( Wilk's lambda = 0.099, F= 149.856, P< 0.001). The results also 

confirmed the differences among the cocktails (Wilk's lambda = 0.005, F= 79.207, P < 

0.001). Samples 5000, 5006, 5007, 5031, and 5053 were significantly different. Samples 

5006, 6014, 6020 and 5051 were the best non-attractants or inhibitors when data were 

pooled (Fig. 6.4 a-c). 

d. Results indicated that 6002 and 6004 were the best products. Sample 6009 was 

also significantly different from other samples, however, it did not show high levels of 

inhibitory response. These products were effective when initially applied, however, their 

efficacy declined with time. There were significant differences between the mosquito 

responses within 30 min periods (Wilks lambda = 0.091, F= 16.567, P< 0.001). The other 

products did not differ significantly from the control responses (Table 6.4-5). 

Hwang et al. (1985) isolated a repellent product, terpinen-4-ol and cineole, from 

Artemisia vulgaris. US Army, Medical Entomology Unit has developed several 

piperidine compounds which are widely used in the military (Coleman et al. 1993; 

Coleman et al. 1994). 
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Fig 6.3 a-c Comparison of Playtex cocktail formulations at a duration of 2 hours with 30 
minute intervals. The numbers represent the mean response of mosquitoes in proximal 

chamber. 



Fig. 6.3a Response of volunteer A to Playtex® cocktail formulations for duration of 2 hours at 30 minute intervals. 



Fig. 6.3b Response of volunteer B to Playtex® cocktail formulations for duration of 2 hours at 30 minute intervals. 
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Fig. 6.3c Response of volunteer C to Playtex® cocktail formulations for duration of 2 hours at 30 minute intervals. 
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Fig. 6-4 a-c Comparison of 22 IFF cocktail formulations at time 0. Diamonds represent 
percentage of mosquitoes flew into proximal chamber, triangles represent that of in distal 
chamber in treatment readings. Squares represent the percentage of mosquitoes flew into 

the proximal chamber, and stars represent that of distal chamber in control readings. 
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Fig. 6.4a Responses of volunteer D to 22 IFF formulations in repellometer. 
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Table 6.5 Dose response of two volunteers to L'Oreal formulations. The numbers 
represent the mean number of mosquitoes flew into proximal chamber. 

Sample Subject Oh 0.5h lh 1.5h 2h control 
Code 
5097 1 9 10 8 10 9 

2 10 7 8 8 10 9 
5098 1 9 8 9 8 10 9 

2 10 10 10 9 

5099 9 8 8 9 91 

2 10 9 9 9 

6000 1 8 10 8 9 

2 9 7 10 9 

5095 1 9 10 9 10 
2 6 5 7 8 10 

6001 1 9 9 8 10 
2 10 9 10 10 

5081 1 10 9 9 10 
2 9 10 8 9 10 

6002 1 4 5 7 8 9 10 
6003 1 8 9 9 10 
6004 1 4 4 6 7 9 9 
6005 1 10 8 8 8 9 10 
6006 1 8 10 8 8 10 

2 9 7 8 8 9 
6007 1 9 9 8 8 10 
6008 1 8 8 8 8 10 
5008 1 4 10 10 9 9 9 
6009 2 10 4 7 9 9 10 
6010 1 4 5 7 10 8 9 
6011 2 5 9 9 8 9 10 
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Table 6.6 Dose response of two volunteers to L'Oreal formulations. The numbers 
represent the mean number of mosquitoes in the distal chamber. 

Sample Subject Oh 0.5h lh 1.5h 2h control 
Code 
5097 1 

2
 

5098 1
 

2
 

5099 1 1 1
 

2 - 1
 

6000 1 1 1 

2 1
 

5095 1
 

2
 1 

6001 1
 

2
 

5081
 1 

2
 

6002 2
1 

6003 21 

6004 1 1 

6005 1 1
 

6006
 1 1 

2
 

6007
 1 

6008 1 

5008 1 1
 

6009 2
 
6010
 1 1 

6011 2 1 

Another repellent isolated from eucalyptus, p-menthane-3,8-diol, was developed 

by researchers in the United Kingdom (Trigg and Hill, 1996). None of these products 

contain DEET, however, their protection time is limited to a couple of hours where DEET 

is effective for up to 3-16 hours. Chou et al. (1997) tested the efficacy of natural oil 

repellent products such as Skin So Soft, Green Ban (Melgum Hollow Farm, Australia) 
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and Buzz Away (Quantum, Eugene, OR) against DEET. These authors concluded that 

natural oil repellents that contain citronella as the main ingredient did not repel Ae. 

aegypti. 

None of the 53 samples tested in this experiment were as effective as DEET. Even 

though the search for a new repellent is continuing, the perfumes, sunscreens and body 

lotions tested in this experiment do not have biologically significant inhibitor or repellent 

properties. As the search for a long-lasting and safer product continues, DEET is still the 

best 'repellent' available. 
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Chapter 7 

SUMMARY 

N,N-diethylamide-m-toluamide (DEET) has been used since 1950s and is still the 

most effective repellent available. Since its introduction, there have been concerns about 

the adverse effects of DEET and manufacturers have been searching for a chemical that is 

safer and longer lasting. 

This study consisted of four experiments. In the first experiment, I developed a 

novel olfactometer which I named a `repellometer'. This device, unlike other 

olfactometers, measures both attraction and repellency responses of mosquitoes to stimuli 

in close range. To compare the efficiency of this device, I evaluated the efficacy of 23 

commercial products and identified four true repellents and one promising 'non

attractant' . 

In the second experiment, I compared the repellometer to the Feinsod-Spielman 

olfactometer using DEET as a standard and observed that DEET did not repel any 

mosquitoes. 

The third experiment is a big contribution to few works that investigated the mode 

of action of DEET. I demonstrated that both DEET and lactic acid, a strong attractant, 

attracted a number of mosquitoes and DEET repelled none. When DEET was combined 

with lactic acid, the mixture neither attracted nor repelled mosquitoes in the absence of a 

living host. I concluded that DEET itself was an attractant; however, DEET inhibited the 

lactic acid on skin by blocking the attractant where mosquitoes do not sense the lactic 

acid. 
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In the last experiment, I compared 54 commercially available products. These 

products did not provide better efficacy against Ae. aegypti mosquitoes and failed to 

show long lasting protection time. 

While the search for safer and long-lasting repellents continues, this study 

presented important concepts to host-seeking behavior of mosquitoes and study of 

repellents. 
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APPENDIX A
 

Statistical Analysis used in Chapter 3
 

A.1. General linear model, multivariate test, ANOVA for the gauze study with 14 
formulations 

Source of Variation D.F. Mean Square F-Ratio 

Model 13 8.368 20.674* 

Intercept 1 214.881 530.882* 

Sample 13 8.368 20.674* 

Error 28 0.405 

*, P<0.05 

A.2. Two sample t-test to compare Feinsod-Spielman olfactometer and repellometer in 
gauze study 

Variance (F-S) Variance (Repel.) D.F t-statistics Significance 

285.93 277.73 26 0.336 0.369 

A.3. General linear model, with general factorial measuring responses at two doses (15 
mg, and 30 mg) in gauze study 

Source of Variation D.F. Mean Square F-Ratio 

Model 15 16.288 4.392* 

Intercept 46.021 12.410*1 

Dose 1 2.521 0.680 

Sample 7 24.164 6.516* 

Error 32 3.708 

*, P<0.05 
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A.4. General linear model, multivariate test ANOVA table for the skin study with 8 
formulations 

Source of Variation D.F. Mean Square F-Ratio 

Model 7 14 4.541* 

Intercept 560.667 181.838*1 

Sample 7 14 4.541* 

Error 16 3.083 

*, P<0.05 
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APPENDIX B
 

Statistical Analysis Used in Chapter 4 

B.1. General linear model, multivariate test ANOVA for Feinsod Spielman 
olfactometer at time 0 with four volunteers 

Source of Variation D.F. Mean Square F-Ratio 

Model 27 14.555 3.243* 

Intercept 1 848.679 189.095* 

Sample 6 40.179 8.952* 

Subject 3 7.917 1.764 

Interaction 18 7.120 1.587 

Error 56 4.488 

*, P<0.05 

B.2. Paired two-sample t-test for Feinsod-Spielman olfactometer and repellometer at 
time 0. 

Variance (F-S) Variance (repel.) D.F t-statistics 

Control 34.45 64.66 19 -0.123 

Treatment 205.53 509.74 19 5.06* 

*, P <0.05 

B.3. General linear model, multivariate test ANOVA table for repellometer at time 0 
with four volunteers. *, P<0.05 

Source of Variation D.F. Mean Square F-Ratio 

Model 19 6.207 2.568* 

Intercept 2381.4 985.404*1 

Sample 4 9.942 4.114* 

Subject 3 7.844 3.246* 

Interaction 12 4.553 1.884 

Error 40 2.417 
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B.4. General linear model, repeated measures ANOVA table for repellometer with 4 
subjects and 5 time intervals 

Source of Variation D.F. Mean Square F-Ratio 

Time 4 43.241 16.752* 

Sample 9 54.456 19.362* 

Subject 3 83.123 29.555* 

Time x Sample 36 6.247 2.42* 

Time x Subject 12 5.8 2.247* 

Error 160 2.581 

*, P<0.05 

B.S. General linear model, repeated measures ANOVA table for Feinsod-Spielman
 
olfactometer with 4 subjects and 5 time intervals
 

Source of Variation D.F. Mean Square F-Ratio
 

Time 4 5.950 2.979*
 

Sample 9 34.647 22.498*
 

Subject 3 28.460 18.481*
 

Time x Sample 36 2.254 1.129
 

Time x Subject 12 4.153 2.079*
 

Error 140 1.997 

*, P<0.05 
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APPENDIX C
 

Statistical Analysis Used in Chapter 5 

C.1. Regression analysis for DEET-lactic acid study in petri dishes. 
Fitted Model: Constant + DEET*Lactic Acid + (Lactic Acid) 

Model D.F. Mean Square F-Ratio 

Regression 2 14277.636 35.139* 

Residual 67 406.325 

Total 69 

*, P<0.05 

C.2. Coefficients of Regression Model 

Model Coefficient (l) t-value 

Constant 8.768* 

DEET x Lactic acid -0.661 -7.556* 

(Lactic acid) 0.166 1.902 

*, P<0.05 

C.3. Paired samples statistics for lactic acid-DEET and ethanol on gauze pads study 

Pairs Mean St. Deviation t-statistics D.F 

DEET-Lactic acid 14 6.325 -19* 9 

Ethanol (proximal chamber) 52 

DEET-lactic acid 2 8.756 -0.361 9 

Ethanol (distal chamber) 3 

*, P<0.05 
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C.4. General Linear Model, Repeated Measures ANOVA table for DEET-lactic acid 
duration study 

Source of Variation 

Treatment 

Time 

Time x Treatment 

Error 

*, P<0.05 

D.F 

5 

16 

80 

85 

Mean Square 

101.891 

56.766 

3.470 

0.483 

F-ratio 

210.809* 

58.783* 

7.180* 
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APPENDIX D 

Statistical Analysis Used in Chapter 6 

D.1. General linear model, multivariate analysis, ANOVA table for L'Oreal 
formulations, with four volunteers 

Source of Variation D.F. Mean Square F-ratio 

Model 35 14.784 3.67* 

Intercept 1 4045.565 1004.416* 

Sample 8 9.106 2.261* 

Subject 3 19.491 4.839* 

Sample x Subject 24 16.088 3.994* 

Error 72 

*, P<0.05 

D.2. General linear model, repeated measures, ANOVA table for Playtex formulations 
with three volunteers 

Source of Variation D.F. Mean Square F-ratio 

Time 4 0.961 0.452 

Sample 5 45.424 3.931* 

Time x Sample 20 2.308 1.086 

Error 48 2.125 

*, P<0.05 
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D.3. General linear model with repeated measures, ANOVA table for 18 formulations 
with two volunteers 

Source of Variation D.F. Mean Square F-ratio 

Time 6 27.126 22.486* 

Sample 17 13.583 3.4* 

Time x Sample 102 2.355 1.952* 

Error 90 1.206 

*, P<0.05 

D.4. General linear model with multivariate test, ANOVA for 23 formulations with 
three volunteers 

Source of Variation D.F. Mean Square F-ratio 

Model 67 19.263 4.77* 

Intercept 3388.933 839.184*1 

Sample 22 27.155 6.724* 

Subject 2 12.273 3.039 

Sample x Subject 43 15.166 3.755* 

Error 139 4.038 

*, P<0.05 




