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I. INTRODUCTION 

In previous reports (IITRI-L6021-5 and IITRI-L6021-6) a 

hypothesis that could explain the mechanism of attraction of 

mosquitoes to warm-blooded animals was presented. In brief, 

the hypothesis stated that gamma-aminobutyric acid (GABA), a 

substance known to inhibit transmission of nerve impulses across 

certain synaptic junctions in ~nimal species, may also play an 

inhibitory role in the nervous system of mosquitoes. It was 

further proposed that GABA can combine with carbon dioxide (co2), 

and that the GABA-CO2 complex may no longer possess the synaptic 

inibitory power of GABA alone. Support for the hypothesis was 

obtained when it was found by amino acid analysis that GABA 

exists in aqueous whol~-body extracts of mosquitoes and that 

GABA combines with co2. 
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During this report period additional work was carried out: 

(1) Certain GABA analogues were tested fer mosquito 

repellency. 

..(..2-t The crayfish intestine preparation was further 

studied to detect the effects, if any, on inhi­

bition of contractions by GABA with and without 

the presence of bicarbonate (Hco3) ion. 

(3) Preliminary work was begun on the crayfish 

abdomi~al 3tretch receptor preparation, which 

may be a more sensitive assay for detection of 

GABA-co2 complexes than the intestine preparation_. 

J.4) Experiments were initiated to determine the effect 

of temperature on GABA-CO2 complexes. 

J_S) Amino acid analysis were performed on separated 

heads and bodies of mosquitoes. 

(6) Visits were made to the University of Tennessee 

School of Pharmacy and to the Gainesville . 

Laboratories of the u.s. Department of Agriculture, 

to discuss mutual problems and to observe testing 

methods. 
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I I . MOSQUITO REPEL LEN CY OF GABA AND GABA ANALOGUES 

If our hypothesis on the mechanism of GABA action is 

correct, GABA or its chemical analogue:; when volatilized in the 

vicinity of a mosquito should alter the mosquito's biting 

behavior. To test this approach, garrma-amino-n-butanol (City 

Chemical Corp., New York) and gamma-aminobutyraldehde 

diethylacetal (Aldrich Chemical co., Milwaukee) were tested as 

mosquito repellents. The electronic recording method was used 

for assay, and statistical analyses were performed as described 

in reports IITRI-L6021-4 and IITRI-L6021-5. During the course 

of these tests 23 control experiments were carried out, and the 

control groups were pooled. The mean for the controls was 

P + E = 87.63. This is lower than that for the previously 

reported control group and indicates somewhat less bi ting. 

The variance (s2) was 1807. 6, which :1 
.. s larger than the previous 

C 

variance. Due to these differences, the threshold values for 

ni, i.e., the values of~+! which may not · be exceeded if 

repellency of the test compound is significantly different 

from control values at the 95% confidence interval, is lower 

than for the previous controls. "'.''his actually tends to make 

the test of significance somewhat more demanding. Sane of 

these threshold values are calculated in Table 1. 

IIT ll!SEAICH INSTITUTE 

3 



' 

-:1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 1 

THRESHOLD VALUES FOR Ni 

Number of 
Trials (ni) 

Thresh~ld Value for 
Significm'lt T. i fference 
___ ,_~_5" _bound) 

1 

2 

3 

4 

10 

13.02 

33.79 

42.81 

48.06 

59.96 

GABA itself was found to have no significant repellency, 

even at a concentration of 10 mg per square inch of skin. This 

was probably due to the fact that GABA is a salt, and, as such, 

probably has a very low vapor pressure. 

Gamma-amino-n-butanol (GABOH) , however, is a liquid, and 

at a concentration of 1 mg per square inch of skin was considerably 

repellent. The degree of repellency was about the same order of 

magnitude as that of m-diethyl toluamide (DEET) . At a cc>ncen­

tration of 0.1 mg per square inch of skin repellency was no 

longer evident. The repellency effects of GABQi were not very 

long lasting, and disappeared after about 5 hr (Table 2). This 

may be due to a high rate of evaporation of this compound. 
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Gamma-aminobutyraldehyde diethylacetal, also a liquid, was 

quite repellent at a concentration of 10 mg per square inch of 

skin. It also exhibited a significant, though lower, repellency 

at a concentration of 1 mg per square inch of skin. It was 

ineffective as a repellent at a concentration of 0.1 mg per 

square inch of skin (Table 3). 

When the diethylacetal was hydrolyzed at 4°C overnight in 

an acetone solution containing a few drops of 0.1 M hydro­

chloric acid, the resulting compound, presumably gamma­

aminobutyraldehyde, was repellent at concentrations of 1.0 and 

0.1 but not significantly repellent at 0.01 mg per square inch 

of skin. The butyraldehyde is obviously a closer analogue 

of GABA than the acetal, since the carbon:r l function is free. 

It is a better repellent than the acetal, and also exceeds 

the repellency of GABOH. Table 2 shows that the repellency 

of the aldehyde lasted for at least 5 hr at a concentration 

of 1.0 mg per square inch but was not longer apparent after 

24 hr. 

It is premature to draw firm conclusions at this time. 

The data are insufficient, and the actual degree of hydrolysis 

of the diethylacetal under the conditions used is uncertain. 

In future work the acetal will be hydrolyzed by the usual 

method, i.e., heating in aqueous acidified solution. It is 

probably correct to conclude, however, that these GABA analogues 

~onsiderably affect mosquito-biting behavior. 
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Thus the possibility for development of a completely new 

approach to the design of insect repellents arises. For instance, 

compounds such as 

or 

fi 12 11 
HC-CH 2-CH2-CH-CH 2-CH2-CH, 

which are "double-edged II GABA analogues, as well as many others 

based on the GABA structure may be designed, which have the 

necessary physical and chemical properties to be potent and 

long-lasting mosquito repellents. Such compounds may also 

have a wide spectrum of activity toward other insects that 

are parasitic on warm-blooded hosts. GABA has been found to be 

present in many insects (ref. 1,2) and to play a role in the 

normal physiology of these insects. Further work with these 

analogues is in progress. 

III. BIOASSAY OF GABA-CO2 CCMPLEXES 

In a prev;.ous attempt (Report IITRI-L61)21-6) to substantiate 

the hypothesis that a GABA-CO2 complex does not inhibit nerve 

transmission, as does GABA alone, we performed an experiment 

with the hind gut of a crayfish. This preparation was originally 

described by Florey (ref. 3). When GABA alone or a GABA solutin 

that had co2 bubbled through it for 5 min before the assay 

IIT RESEARCH INSTITUTE 

8 



was added to the Florey crayfish intestine preparation, inhibition 

of both spontaneous as well as acetylcholine-produced contraction 

of the crayfish intestine was observed. Therefore we could not 

confirm our hypothesis by this method. The assay was performed 

at room temperature, and it was thought that dissociation of 

GABA-CO2 complexes at room temperature together with constant 

aeration in the assay system may have contributed to the failure 

of these experiments, as co2 probably escaped rapidly under 

these conditions. 

We therefore attempted to repeat this assay at near O°C 

temperature, using known amounts of sodium bicarbonate as the 

GABA-CO2 complexing agent instead of unknown quantities of 

absorbed gaseous co2. Figures 1 and 2 shc~ii the results of 

some representative experiments. The experimental conditions 

are described in the figures. It is obvious that confirmation 

of the hypothesis could still not be obtained with the intestine 

preparation under these new conditions. Both GABA alone and 

compounds that are presumably GABA-CO2 complexes inhibited the 

gut contractions. 

Although there are other premutations of the test system 

that we shall try before abandoning the gut preparation, it does 

not appear hopeful that this preparation is adequate to either 

prove or disprove the hypothesis. Smooth muscle, as a relatively 

undefined tissue, may not be sensitive to GABA-CO2 complexes: 

continuous aeration may dissociate the GABA-CO 2 complex even 

at low temperature and in the presence of excess bicarbonate. 
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t 
ACh 

1 min 

Figure 1 

INHIBITION OF CONTRACTIONS OF CRAYFISH INTESTINE BY GABA. 
Not, inwnediate decrease in amplitude upon additions of 
10-~g/ml of GABA. Addition of acetylcholine (10-3g/ml) 
did not overcome the inhibition. Tests perf(1-r.med at 4°c. 
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1 min 

Figure 2 

INHIBITION OF CONTRACTIONS OF CRAYFISH INTESTINE 
BY GABA-CO2 CCMPLEX. 1 ml GABA (lo-3g/cc) mixed 
with 1 cc of 0.3 M NaHC03 (25 x 10-3g/cc) before 
addition. Acetylcholine c10-3g/cc) did not 
overcane the inhibition. Tests performed at 4°c. 
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Edwards and Kuffler (ref. 4) did not stir the GABA solution 

around the crayfish stret~h receptor when release from inhibition 

was noted, and they obtained inhibition of impulse transmission 

when the solution was stirred. Therefore the crayfish stretr.h 

receptor may be the preparation of choice in answering the 

question posed by the hypothesis. This preparatior., is a 

r.onsiderably more difficult one than the intestine, and we have 

obtained the consulting services of Dr. Sidney Katz, a neuro­

physiologist for performing experiments on r.rayfish abdominal 

stretr.h receptor. This work is presently in progrbss. 

IV o EFFECT OF TEMPERATURE 0~ GABA-CO2 CCMPLEXES 

This work was initiated as a result of the observat ion that 

heat di~sociates GABA-co2 complexes . The effect of temperature 

is a r.entral point in the hypothesis of the me~hanism of mosquito 

attrar.tion to mammals (see reports IITRI-L6021-5 and IITRI-L6021-6) o 

Our initial attempts to determine the effer.ts of various 

temperatures on the stability of GABA-co2 complexes were 
• 

unsuc~essful for 2 reasons: The various GABA and blank (distilled 

water) solutions were not adequately proter.ted from absorption 

of atmospheri~ co2 during experimental procedures: and the 

r.hoi~e of sodium bir.arbonate as the co2 donor substance was 

unfortunate. 

Essentially, the prote>r.ol involved the addition of known 

sodium bir.arbonate solutions to known G.~A solutions at various 

temperatures o Any ex~ess bir.arbonate was prer.ipitated with an 

exr.ess of saturated barium hydroxide. The supernatant 

12 
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resulting after centrifugation was heated in a boiling-water 

bath for 15 min in the presence of excess barium hydroxide to 

release the co2 bound t.o GABA. This secon_d precipitate was 

considered to be GABA-bound co2. The same procedure was applied 

to distilled water blanks not containing GABA. 

In both GABA-containing solutions and water blanks the 

precipitate after boiling was considerable. Apparently, all 

the unbound bicarbonate was not precipitated with the first 

addition of barium hydroxide. This was probably due to a 

~onsiderable alkaline pi shift resulting from the formation of 

sodi um hydroxide from the sodium ion originally present as 

bicarbonate. Thus, complete removal of free carbonate was 

prevented . When gaseous co2 was used as the co2 complexing 

agent for GABA, the blank solution showed little or no precipitate 

upon heating with excess barium hydroxide, while the GABA solution 

showed a considerable amount of the second precipitate when heated 

in a boiling water bath in the presence of excess barium hydroxide o 

In the next series of experiments, gaseous co2 will be used 

as the GABA-complexing agent. To prevent absorption of atmos­

pheric co2 during t he procedures, the tests will be performed 

under a layer of paraffin oil. The amount of GABA-bound co2 

precipitated as the barium carbonate will be quantitated by the 

method described by Roessler and Brown (ref. 5). 
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V. AMINO ACID ANALYSES OF MOSQUITO EXTRACTS 

It was reported in IITRI-L6021-6, that GABA was the third 

most abundant free amino acid in water-soluble dialyzable 

extracts of mosquitoes. To localize the area of GAB concentra­

tion, the heads were separated from the bodies of 500 mosquitoes, 

and both parts were analyzed. 

The extraction procedure was as follows. The tissue was 

homogenized in about S cc of distilled water in a glass 

homogenizer with a teflon pestle. The insoluble residue was 

separated by centrifugation and discarded. The opalescent 

supernatant was heated for 10 min in boiling water, and much 

material precipitated from the the solution. This material was 

separated by centrifugation and also discarded. The clarified 

supernatant was put into a dialysis bag and lialyzed with 

stirring at 4°c overnight. The dialysand (water external to 

the dialysis casing) was freeze-dried, the residue was 

redissolved in 1 cc of 0.1 N hydrochloric acid, and an aliquot 

of this solution was taken for amino acid analysis. 

Perusal of the amino acid profile showed that fewer free 

amino acids were present in the head than in the body, a result 

undoubtedly due to the respective amounts of tissue present. 

GABA was present in both the head and body in approximately 

equivalent amounts. The cunount of GABA relative to the concen­

tration of other amino acids was considerably larger in the head 

than in the body. However, the total GABA in the head and in 

the body 1id not add up to the high concentration originally 

detected with the first whole-mosquito extract. 

14 



Another extract using the whole bodies of about 500 mosquitoes 

was repeated, and the total GABA content was again much lower 

originally observed. 

The first b.itch of mosquitoes was older than the batches 

used for the above analyses, the age of the mosquitoes at t~e 

time of extraction may have been a factor. For the next amino 

acid analysis, a group of mosquitoes equivalent in age to the 

first group will be used. 

There remains, however, the question of how much free amino 

acid is not extractable by our methods because of their non­

specific binding to the discarded insoluble tissue. If we 

cannot resolve this question, an alternative is to measure GABA 

in these tissues by using enzymayic methods (ref. 6-9) . Some 

workers (ref. 10) using enzymatic methods have obtained 95 to 

100% recoveries of GABA added to brain homogenates. We there­

fore plan to investigate the GABA content of mosquitoes by 

enzymatic means. 

VI. VISITS TO orHER INSTALLATIONS 

During this report period, visits were made to the University 

of Tennessee College of Pharmacy at the invitation of Dr. Andrew 

Lasslo and to the Laboratories of the U.S. Department of Agriculture 

at Gainesville, Florida. 
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We became familiar with Dr. Lasslo's approaches toward 

development of an orally effective insect repellent. We agreed 

to use our electronic rer.ording method to test some griseofulvin 

conjugates synthesized by his group. 'l'able 4 shows the preliminary 

data. At the concentrations used, only compound A013 PADSII-lSc 

showed significant repellency. One of the compounds was insoluble 

in acetone and was not tested. We hope to solubize this compound 

by using other solvents. We have also received larger quantities 

of these compounds for testing at higher levels. The results 

will be reported later. 

Our main objective in visiting the Gainesville Laboratories 

was to observe their methods of repellency testing, since, though 

repellency estimates by the two methods generally agree, some 

discrepencies between our judgment and their judgment of 

repellency had been noted. We concluded that our respective 

testing methods may account for these discrepencies. Whereas the 

the USDA method presents the whole stocking-covered arm to a 

container full of mosqui ·oes, with only a small area covered 

with the test repellent, the !ITRI method presents to the 

mosquito only the repellent-treated area on the mouse. The 

USDA method appears tc be more accurate in terms of attractant 

and repellent interaction that may culminate in a landing, 

while the !ITRI method is more sensitive in testing the 

repellent-treated area itself and is perhaps more quantitative 

in terms of the actual biting activity of the mosquito. 
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A combination of the two methods may provide the most 

ar.curate test system. For example, a repell ,:mt-treated area 

in the stocking ,test t::ould be covered by the wire mesh and 

the human test subject wired into the electronic rer.ording 

apparatus. This would be simple to doi an eler.trode r.overed with 

a potassium chloride paste can be used to complete the circuit 

to the human subject. In this way, only the mosquitoes landing 

on the mesh and biting the repellent-treated area would be 

registered by the electronic apparatus. Ber.ause of the size of 

the subjer.t, such a test would probably have to be performed in 

an eler.trically shielded room to remove stray electromagnetic 

fields that r.an influence the sensitive eler.tronic recording 

apparatus. We hope to test the feasibility of such a.~ 

arrangement. 

VII. FUTURE WORK 

We shall continue to test GABA analogues as mosquito 

repellents and also to test their repellency when administered 

orally or parentally. 

Further work with the crayfish intestine pr~paration and 

the rrayfish stretch rer.eptor preparation will be rarried out. 

cooperation with other laboratories participating in this work 

will be r.ontinued to further our mutual efforts in the developnent 

of an orally effer.tive inser.t repellent. 
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