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ABSTRACT 

DEVELOPMENT OF AN ORALLY EFF!X:TIVE INS!X:T REPELLENT 

The objective of this program is the development of .insect 
repellents that can be administered systemically, pre:.:.erably 
orally. In view of the results of experiments in which a new 
assay procedure was used, previous estimates · of the potency of 
some repellents should be revised. 

In order to study chemically induced feeding behav.ior of 
mosquitoes, chemicals that induce engorgement of mosquitoes were 
investigated. ' Although adenosine-5-monophosphate stimulates 
engorgement to some extent, no nucleotide or othet· compound 
teeted equals the engorgement-stimulating properties of adenoaine­
s:triphosphate. 

Skin permeability to various chemicals W.i 1 nd 
although these studies are incomplete, efforts in this direction 
were suspended temporarily. 

A new assay procedure was developed in which an electronic 
device records the probi.ng, penetration, aali vation, engorgement, 
and withdrawal of a mosquito in relation to its host. Each act 
is distinct and can be separately recognized in the recording 
of a single mosquito bite. The chart recordings were correlated 
wi h the physiolog cal events occurring within the mosquito 
durin~ engorgement and salivation. 

Stati.stical methods were applied to information derived from 
he electronic recordings , and statistically valid criteria for 

assessi g the repellent- attractant phenomena c ~ chemical 
compour.as were investigated . 
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DEVELOPMENT OF AN ORALLY EFFECTIVE INSECT R§>ELLENT 

I. INTRODUCTION 

'lhe objective of this program is the developnent of an insect 

repellent that is effective when administered systemically, 

preferabl ,. orally. Such a repellent should afford more uniform 

and longer-lasting protection from insect bites than conventional 

surface repellents, and it should significantly reduce the spread 

of arthropod-borne diseases as well as th discomfort and 

annoyance caused by the bite of an insect. 

Because the much needed information on the physiological 

basis of insect attraction and repulsion is largely unavailable, 

the development of a systemic repellent cannot be approached in 

a direct way. The host specificity demonstrated by most species 

of mosquitoe and the o ucrence of some humans who appear to be 

naturally unattractive · o mosquitoes indicate that the physico-

1 : 1' ~:.1 factors w1derlying insect attract on JM.y be altered 

within physiological limi ·ts. Thus th ultima.te objective of 

this program app ars to he within the s~ope of realization. 

This year's investiga.tion was d .i vided into two phases. 

The first phase concerned further characterization of substances 

that stimulate engorgement of mosquitoes. This inform&tion was 

to be applied to the deign of chemical compounds or to the 

utilization of other biological means ~J which receptor 

stimulation may be antagonized and engorgement inh b1ted. 
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Also, initial attempts were made to measure the skin permeability 

o potential systemic insect repellents. 

The second phase involved the development of a more accurate 

and reliable methc,d to assay the responses of mosquitoes to 

potential repellentn. Since insect salivation in the host is 

the mechanism by which c1rthropod-borne diseases are transmitted, 

the ability to discern all of an insect's respon es to a potential 

repellent, independent of whether engorgement ensues, conld be 

fundamental to the success of this program. 

II I CHEMICALLY INDUCED FEEDING BEHr\VIOR OF K>SQUITOES AND 
SKIN PERM&\BILITY OF POTmTIAL INSECT R!PELLP.NTS (PHASE I) 

A. Chemically Induced Feeding of Mosquitoes 

In vitro methods for testing chf,mically induced feeding 

behavior have been described in rep:,rts on Project C222. 

Since adenosine-5 1 -triphosphate has been found to stimulate 

mosquito engorgement (ref. 1), investigations were initiated 

to define other chemical structures that may stimulate 

chemoreceptors of mosquitoes. 

Table 1 gives data on feeding of mosquitoes as induced by 

adenine nucleotides and outdated whole human blood. Whereas 

nearly all the mosquitoes fed on blood, adenine nucleotides 

induced feeding in only half the mosquitoes. The a~~unt of 

fluid ingested by the mosquitoes was nearly the same in all cases. 

Table 2 shows the effect of time of exposure on total 

feeding induced by adenosine monophosphate. Exposure of 

mosquitoes to the feeding cylinder for l hr gave optimum 

IIT l!SEAICH INST JTUTE 
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results. Exp:>sure for longer than l hr did not increase the 

number of mosquitoes fed. Therefore l hr was selected as the 

time of exposure for all experiments. 

Table 2 

EFFECT OF TIME OF EXPOSURE 
ON AMP~INDUCED FEEDING RESPONSE OF M:>SQUI'roES 

Solution Ingested 
Time of " of Mosquitoes per Engorged 

Exposure, min Feeding Mosgu to 1 µ.l 

30 37.9 2.1 
39.6 2.4 

60 56.l 2.0 
52.7 2.3 

90 52.8 2.2 
56.9 2.5 

120 53.8 2.2 
52.7 2.3 

180 55.6 2.9 
51.7 2.1 

4 10 µmoles of adenosine monophosphate in 0.15 M sodium chloride. 

Mosquitoes once fed on blood do not feed again unt 1 at 

least 72 hr. It was of interest to know the interval after whLch 

the mosquitoes fed on adenine nucleotides are susceptible to 
feeding again. -3 Therefore mosquitoes were fed on a 10 M 

adenosine triphosphate solution. The engorged mosquitoes were 
separated and exposed to anesthetized mice after var ous time 

intervals . The data in Table 3 show that mosquitoes fed adeno ine 
triphosphate exhibited normal feed1ng 18 hr after first feeding. 

Nearly all the mosquitoes fed adenosine triphosphate bit the mice 
18 and 24 hr af er the first feeding. 

IIT IESEAICH INSTITUTE 
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Table 3 

SUBSEQUENT FEEDING ON MICE BY ATP~FED K>SOUIIDES 

Time after Nwnber Engorged 
Feeding per Nwnber Exposed " Engorged 

15 min 2/25 0.0 
3/24 12 . 5 

2 hr 14/ 4 41. 2 
7/17 4 1 . 2 

4 hr 1 /35 42 . 9 
16/37 4 3 . 2 

18 hr 29/33 87.9 
25/25 100 . 0 

24 hr 30/34 88 . 2 
29/35 82 . 9 

al µ.mole of adenosine triphosphate in 0.15 M 
sodiwn chloride. 

Efforts were made to determine whether other chemical 

struc ures induce feeding in mosquitoes. Table 4 lists the 

chemi.cal agen s that failed to induce any feeding n adult 

mosqu toes. Thew e -insoluble compounds were suspended with 

h aid of Twe n 80 in trace quantity. Tween 80 in control 

ex.perimen s did not noticeably induce feeding in mosquitoes . 

I IT 1 1:SE AI CH IN S JITUT l 
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I 
I Table 4 

CHf.MICAL COMPOUNDS THAT FAILED TO INDUCE FEEDING IN K>SQUITO.ES 

Compound 

Acetycholine 

Cone., M 

10-3 
( i n presence of 0 . 1 mg/ cc 
p o i in ) 

Metrazol 

Creatinine phosphate 

I Adenosine-3, 5-cyclic 
phosphate 

Tri methyl phosphate 

Methyl eugenola 

Tri medlureb 

Adenos i ne 

80ri ent al fru i fly attractant . 
b 3-Ch oro- 6- methyl cyclohdxane-

10-2 

10-3 

10-4 

10-2 

10-3 

10-4 

10-2 

10-3 

10-' 

10- 2 

10-3 

10-4 

10- 2 

10-3 

10-4 

10-2 

10-3 

10- 4 

10-2 

1-carboxyl c acid, tert i ary bu lest er (Med t err nectn fruit fly attract an). 

6 IITRI-L6021- 4 



a, Skin Permeability of Potential Insect Repellents 
Preliminary experiments were conducted to devise ,1 procedure 

suitable for studying the skin penetration of potential systemic 
repellents. The apparatus consists of a glass cyli de.r 
(2-cm ID) open at both ends. Shaved abdominal skin from a 
freshly Killed mouse was dissected from the mouse, stretched 
over one of the open ends of the cyl , .r : n a 
rubber ba • The cylinder was placed in an external glass 
chamber containing Ringer's solution. The external chamber 
rested on a magnetic stirrer in a onstant-temperature water 
bath. The internal nd external chambers contained 10 and 40 ml 
of Ringer'F solution, respectively. The internal solution was 
oxygenated, while the external solution was stirred anagnet cally 
throughout the experiments. To prevent hydrostatic pressure 
from influencing the diffusion, the levels of internal and 
external solutions were kept the same. 

The Ringer's solution and the skin were allowed to 
equilibrate for 15 min. Thiourea-C14 (0 . 1 ml, containing not 
more than 0.05 mg of thiourea/ml) was added in the internal 
cylinder in some experiments and to the external chamber in 
others. The external surface of the skin always faced the 
external chamber . Small aliquots (0.1 too.~ ml) were taken 
from both chambers &t several time intervals and radioassayed. 

IIT l!Sl!AICH INSTITUTE 
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as the mosquito is completing the circuit, and there is a 
displacement from the base line (point of no current flow) on 
the recorder chart paper for the entire time the mosquito is 
biting. When the proboscis is withdrawn, he circuit is broken. 
The wr ng tylus inmediately re rn to the base line, indicating 
that virtually nfinite resistance has been reestablished between 
the mouse and he bror.ze mesh. 

B. Discussion of Method 

The question of whet, er the flow of an electric current 
could ch~nge a mosquito's behavior or create artifacts in the 
system was considered. By considering the total resistance of the 
circuit and the total voltage available, it was calculated 
that a maximum of 8.2 x 10-8 aq> is available in the circuit, 
if there is no resistance between the mouse and the mesh. When 
a si ngl mo3qu o bites a mouse through the screen the average 
displacem nt of the stylus is 10 mm from the base line. In 
calibrating t ~ r ecorder (which was always set at its highest 
sensitivl. ty level of 0 . 5 mv/mm and at maximum qain), it was 
observed tha ad splacement of 3.4 mm from th base line is 
equ valent to l v . A displacement of 0 mm therefore 
' ndicates a voltage drop of 2.94 mv across the recorder. 

From h known input r sistance of the recorder (0.5 megohms) 
an hem a ur d vol age drop across the recorder when a n-10squi to 
b tet; it can be shown that approximately 6.0 x 10-9 amp flows 

Ill IESEAICH INSJITUTE 
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through a mosquito at the time of the bite. This value is 

probably an overestimate, since the resistance of the mosquito 

is not. taken nto account. Thia quantity of electricity s 

extremely small and probably no more than the static electrical 

charge that the insect attains during free flight. Therefore we 

concl1ded t hat artifacts that might affect a mosquito s activities 

are not introduced by this flow of electrical current. We could 

not detect changes in a mosquito's behavior even when all 

resistances were removed from thES circuit. A resistance of 

16 megohms between the battery and the recorder seemed to give 

the most uniform recordings. 

The question of whether biting was the only activity that 

could cause a departure from the base line in the recording was 

also considered. When male Aedee aegypti h mosquitoes or female 

mosquitoes whose proboscises were amputated were placed in the 

mesh-covered container, no displecement from the base line was 

observed at any time. We concluded that only the biting female 

mosquito causes displacement. 

Further experiments were performed with the wire screens. 

A br nze screen between the mouse and the mosqu toes seemed to 

give somewhat more uniform results than a copper screen. To teat 

the assumption that a coating of tin on the screens would not 

only obli erate the d fferences between the copper and the bronze 

but also form a continuous conducting layer of metal on the surface 

of the screen and thus create better contacts between the crosshatch 

wi res, a number of copper and bronze screens were electroplated 

wi th tin. 
IIT IISIAICH INSJITUTI: 
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radioactive counts was divided by the nwnber that had engorged, 

and the total average intake per mosquito was calculated in 

terms of microliters of test substance (ref. 3). Repellency 

wa judgud to be invers~ly proportional to engorgement. Thu, 

if ates s s ance i nhi b ts engorgement but not penetration or 

salivation , the repellent properties of this substance would be 
assessed erroneously. 

well depend upon our 

Since the success of this program may 

bility to define all of a mosquito's 

responses to a repellent or attractant substance, the developnent 
of a more dependable method of assay was considered indispensible. 
Our efforts in this direction are described below. 

III THE ELECTRONIC RECORDING OF 'lliE MOSQUITO BITE (PHASE II) 

A Prine ple and Methods 

We r easoned that our objective could be accompl i shed if the 
contact between a mosqui to and its host were an i ntegr al part 

of an elec r cal c i r cuit connected in seres he mosquito ' s bite 
and w.1 thdrawa.l from he host could be used as the 11 ma1c1ng " and 

"breaking" sw t ch i n the circuit. 

Snee i t s impossi le to connect an electric wire directly 

to a mosquito, a 50- or 100-mesh bronze screen is used to 

separate the mosqui to from i ts host . The screen covers a 1-pint 
cyli ndr cal i c e c earn carton (or glass container if s i multaneous 

vi sual obse v · on i s desired), and female Aedes aegypt L. 

Ill IESEAICH INSTITUTE 

10 IITRI-L6021-4 



mo quitoes are placed into the container. A wire is connected 
from the screen through series of resistances totaling 
16 megohms to the negativ pole of a 1.35-v standard mercury 
cell (Mallory Mercury Battery RM-1-R or RM-12-R). The circuit 
is then carried from the positive pole of the mercury cell to 
the input of a Sanborn model 320 two-channel general-purpose 
recorder (The Sanborn Company, Waltham, Mass.). Another lead 
then continues the circuit from the recorder to the t~il of an 
anesthetized mouse, where it is imbedded v ~j a hypodermic needle 
soldered onto the lead. The mouse is placed on top of the bronze 
screen and contact of the mouse's paws with the screen is 
carefully avoided. The hair on the mouse's body is sufficient 
to insulate the mouse from the screen, and no current flows. 
The entire circuit s thus connected in series (Figure l*). 
The screen is negative with respect to the mouse. Figure 2* 
shows the wiring diagram of the resistor-battery box used in 
the circuit .. 

When the mosquito bit~s the mouse, it holds on to the wire 
screen with its legs and passes its probosc .. s through the spaces 
of the mesh and into the roouse. When the skin of the mouse is 
penetrated, the circuit between the mouse and the screen is 
completed through the mosquito, and the rf'sulting current flow 
is registered by a displacement of the writing stylus of the 
recording instrument. The current flows continuously as long 

* These figures have been corrected. In previous reports, the negati ve and positive poles were reversed. 
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Table 5 

RADIOACTIVITY IN INTER L AND EXTERNAL CHAMBERS 
AFTER ADDITION OF THIOUREA-C 14 TO THE DIFFUSIO SETUP 

Time after 
Thiourea 

Addit on, min 

Radioactivity, 8 counts/mil" 
External Chc1mber Internal Chamber 
(o 2- ml aliquot) ( .1-ml l1guot) 

Thiourea- c 14 dded to Internal Chamber 

0 
60 
90 

150 
210 
2-t0 
270 
300 

19. 5 
15.4 
27.3 
17.0 
17.2 
16.0 
24.7 
17.3 

782.S 
745.2 
769.2 
754.l 
755.3 
805.l 
769.l 
836.l 

Thiourea-c 14 Added to External Chamber 

15 
30 
45 
60 
90 

120 
150 
180 
210 
240 
320 

1315.8 
1572.3 
1388.9 
1362.4 
1408 . 5 
1543.2 
1453.S 
1381 2 
1529 . l 
1453 . 5 
l 19.8 

~ackground rad1oactivi ty -w·as nearly 18. 

IIT IESEAICH INSTITUTE 

15.6 
16.4 
18.2 
14.7 
17. 9 
16 0 
16 7 
18 . 4 
17 . 6 
19 . 5 
22 . 5 
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Results from two typical experiments are given in Table S. 

'rhese data show that the experimental setup did not detect any 

measurable inward or outward diffusion of thiourea-c 14 through 

the excised skin. The reason for this failure to detect 

penetrat on through ski n is not clear, since ,,ther investigators 

usi.ng s i mi lar techniques (ref. 2) succeeded in detect ng 

penetrati on of vari ous compounds hrough sk n. 

Th.e ~rea of invest i gat ion was temporarily abandoned, and 

new effor~ s were directed toward the development of an ccurate 
and reliable method for assaying mosqui to biting, regardless of 

whether engorgement occurs . In all previous experiments the 

assay of repellency was based solely upon engorgement, and there 

was no way to d ~termi ne whether the mosquito had penetrated the 

skin of the host and not engorged. This method of assay is 

seriously limited , because salivation, not engorgement, is the 
vector by which mosqui to- borne diseases are d sserni nated 

The previous method used to determi ne the attractant or 

repellent proper i es of a compound involved the int.ravenous 

injection of radioi od i nated serum alburni (R A) together with 

a fluorescent dye (Blancophore) or the addi tion of these compounds 
to an in vitro tes system Engorgement was determi ned by 

measur .ng the r d oac i v ty of the total group of mosqu i toes 

exposed o he e s sys em and count ng (under ultravio le l ight) 

the number ha had taken up the fluorescent dye . The nwnber of 
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Electronic recordings made with these t n-plated sere ns 

were decidedly nferior to those made with the unco d metal 

scre~ns. The displacement from the base line with a single 

mo3quito biting was only about 3 to 5 nwn indicating greater 

elec r cal resis nc of the screen, and th bite ch c ristic 

co1ld barely bed nguished. Apparently th tin m crocrys ls 

deposited by th l ctroplat ing process considerably decre sed 

the electrical conduct vity of the screens. 

The tin-plated screens were then passed quickly back and 

forth over the flame of a bunsen burner in order to melt the d -

posited tin and break down the crystal structure. A test of the 

screens after this treatment sh:>wed that their electric l pro­

perties were restored and that the differences between the copper 

and bronze screens were indeed obliterated. The tin-melt-coated 

screens did not seem to show any particular advantag over th 

uncoated bronze sere ns although the coated screens ould con 

ceivably have more uniform electrical properties. Bronze screens 

have been used 1.n all work to date. 

During the initial development of the electronic r cording 

met'.hod, th ques on arose as to whether the s nborn model 20 

recorder was th best instrument to use .in this pplic on . We 

had the opportun y o evaluate another recordin ins rument of 

higher sensi t v y han the model 320, the rn mod 1 7701A 

dir c -wr 

fold gre 

n osc llogr phic recorder. This ins rum n h s 1000-

v ty than model 320 (0.5 v/ nwn f~r model 7701A 

comp red w h .s mv/mrn for model 320) . 
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I was fond that t the maximum sensitivity level for model 

7701A x ernal no se lmost completely obliterated the pa.tterns 

o th mosqu ob ing ctiv ties. Only at sensit v ty levels of 

200 v/mm (wh ch appro ch the highest sensitivity of 0.5 mv/mm for 

mod 1 20) could no dequ ely hielded out and clear b ting 

c vi y pt rns ob ined . The patterns recorded were very simi-

1 r to those~ tined with the model 320. Since a paper speed of 

50 mm/sec s the maximurn speed attainable with model 7701A, com­

pared with 100 mn/ sec with model 320, details of the reco~dings 

were not as distinct. 

An attempt was a.lso made to view these patterns on an oscillo-

scope . To date ve not succeeded in reproducing the patterns 

either on a conventional oscilloscope or on a storage oscilloscope, 

in which the mage s retained for about 30 sec after it has swept 

cros he creen . 

Our conclus on his point is that the Sanborn model 320 

r co de s inde d 

t 

h best nstrument for our rpose . 

c. ons 

A v su l observat on nd an electronic recording were made 

mult neou ly du n h course of single mosquito bite. The 

rn d p per speed of l mn/ sec dur ng t observed. 

mosqu o were gener (F gur 

d pl cm nt of 10 nvn is equ v 1 n vol g 
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When the w thdr w 1 o.f the mosqu to' s proboscis was observed 

visually h re w s nvari.ably an intnediate return to h base 

line in th chart recording. 

When h mosqu. to was observed to be still and in the bit ng 

h ch r r cord ng bee me much more regul r (Figure 4). 

R pid downw 

served. Wh l 

p k occurred, although no engorgement w ~ ob-

the mosquito was still maintain! g the bi ing posi-

tion, the recorder p ttern then changed in character (Figure 5). 

As th recording progressed, the peaking reversed from a downward 

to an upward d rection (Figure 5, right side). The position of 

he mosqu o did no change. 

While this pattern continued, the mosquit was suddenly ob­

served to be filling with blood; engorgement had begun. The en­

gorgement patter~ continued (Figure 6, left side) for a peri od of 

bou 4.5 min af er which time the mosquito w s fully d st nded 

w· h blood. Th prolx>sc s was then w thdr wn nd her cording 

imnediat ly re urn d to the base l ne (Figure 6, right side). At 

he time of w h:iraw 1 there w s gain an ndication of p ~tern 

reversal, and the peaks seemed to chang from th upward to 4 

dow~w rd d re on . 

A p ern as corded ta higher p per speed 100 rrm/sec 

wh le th mosqu ow s engorging (Figure 7) becau e the pattern 

c n n lyzed mor c refully t this h gh r p per speed . No 

h ris ow r d h bas line nd c es ncr s ng r sis nc 
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p ern s env s ged s repr 1 nting the reopening of the nterior 
ph rynge l v lv. The -lectrolyte pathway is reestablished as th 
c r 1 nd ph ryng l pumps again expand to receive more blood, 

nd h proc ss s r p ted. 

Al hou h ngor emen pa tern can be ident fied by ctu lly 
o s rv n h mo qu o swell ng with blood, the ct of s liv~tion 
w s no o 

somewh 

v nd hr fore the interpretat on of p ttern 

nuous . Figure 8 s a 100 rrrn/sec recording of the 
p tern n Figur 4 which showed downward peaking at a paper speed 
of 5 mm/ ec. Th p ttern was interpreted to be representative of 
s liv tion bee use it 

ern . Her th v lv 

1 suffic ent s liv 

s the exact reversal of the engorgement pat­

that controls salivation remains closed un­

accumulates . When the valve is closed, there 
s 

h 

h 

higher res s 

1 c roly p 

clos r prox 

c ng h s 

s 1 v v v op ns 

n sis nc 

c uses th abrup 

sin sod l w vs 

s l gh 60-cycl 

nor d). 

nee in the circuit because of the severing of 

hway. Th sis indicated in the recording by 

ty of th upper straight line por '.ion of the 

l ne. The saliva:y pump then contracts the 

.nd saliva spurts out. The sudden decrease 

h mom nt of saliva deposition (electrolyte flow) 

downward peaking in the recording. (The small 

n h recordings a high paper speed represent 

A.c. r pple from the recorder and should be 
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F gur 9 is ano her 100 111T\/sec recording of a single mos-

qu to b nd shows mosquito that apparently went f om en-

gorgemen o salivat on and back to engorgement in A:..out l sec. 

In m croscopic observat ons of a mosquito feeding on a mouse's 

Gr h nd Gordon (ref. 5) described the repeated bser-

v on o " ... d sch rg of fluid from the t p of th l rum 

when feeding was n progress on the mouse's ear. " They further 

s te "There seems no reason to doubt that this flu i d was sal -

v ry secretion d scharged from the hypopharynx." Apparently, we 

h ve now observed th s phenomenon electronically. 

We h e observed salivation occurring i n the initial pene­

ration (F gure 4), duri ng engorgement (Figure 9), and dur i ng 

f nal withdrawal of tha mouth parts (Figure 6, right side). Gordon 

and Lumsden (ref. 6! and Griffiths and Gordon (ref. 5) have also 

oted sal vat on dur ng nitial penetration and during engorgement 

1.n their microscopic observations. 

Record ings of the engorgement phase show that in some cases 

he upward peaking t kes rather large excurs ons (Figure 6 left 

s de) wh le no her cases the excursions are very small and t 

mes h rdly vs bl (F gure 10). The otal feeding time w s 4 

o 6 m n n r cod ngs w th large excursion s nd only 1 to 2 min 

n those w h sm ller excursions . Dur i ng a single mosqui o bite 

h excur ion r n~ d rom very sm 11 to f rly l rg w h n 

ho p r1od o m (F gur 11). We th refor conclud th th 

ze of h excurs ons r not ndi vidual charac rs cs of d f-

n mosqu o s w h very mosqu to is cap bl of how ng 
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n the system nd that descent from the base line indicates de­

creasing resis ance. Correlation of the recorded patterns with 

h proposed movements of the cibarjal and pharyngeal pumps during 

fed ng (ref. 4) leads t the following interpretations. The lower 

s r gh -1 • n per on of this pat tern is envisaged n terms of 

blood flowing from h mouse through the food canal of the mos­

quito's labrum and nto its cibarial and pharyngeal pumps. The 

electrolyte (blood) pathway established causes lower resistance 

between the mouse, the mosquito, and the mesh, and the departure 

from the base l i ne is the greatest 41 As the patter n rises toward 

h base l ine the recorder is responding to an increase of elec­

trical res stanc n the system. This phase is therefore inter­

preted as representi ng the closing of the anterior pharyngeal valve, 

thus sever ng the electrolyte pathway and causing tne increased 

resist nee. 

The v lv clos ng µattern seems to have a bimodal ch racteri 

rs i shows h gh posi ive slope and then it suddenly changes 

o n lmost zero slope . The zero :slope portion could represent 

he contr c on o h pharyngeal pump, which forces blood back 

past th open poser or pharyngeal valve and into the gut whi le 

h ant r or ph ynge 1 v lve remains closed. The process of 

sw llowi ng is represented by the zero slope portion of the pattern 

while v lve c losur is represented by the positive slope portion 

of h p rn . The sudden subsequent drop in renistance in the 
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Pap r a 

l • 

Figure 5 

CHART RECORDING OF A SINGLE MOSQUITO PROBING IN'ro AN ANESTHETIZED MOUSE 
WRING VI SJAL OBSERVATION OF ENGORGEMENT 

(Note Reversal of Peaking and Upward Peaks) 

r B 

Withdr w l Engorgement cont• . , • 
. . 

' . . 

peaking: 6/ ec. • • • 
. _ Frequency of , : : . 

1
1 • 

Range obser ed : S-15/ sec. ·: .: . '. . 1
~ 

1 

. Paper speed: 5 mm/ sec . . : .. ·- .. 
'Paper direction: - , . . ·-•·· • . . • r 

! I t • - ,-L.! ___ ,_, ___ : _! ___ ;_; .. ! .. __ : 
i I I I I ' I ; ! • • • : • • • I 

---'-...J'-------~----· -·-- ·--- - - - .. -

••••••••••••••••••••••• 
Figure 6 

CHART RECORDING OF m3ORGEMENT AND PATTERN REVERSAL 
JUST BEFORE WITHDRAWAL OF PROBOSCIS 

( Totnl Feeding Time: 4. 5 min) 

l ne • • 
I 

• I 

. . 
I 

- __r-__r-_ _,,,--~ ~ ~ -
E RGEMENT 

Fr quency o p _aki ng : 6/ s c . 
R ng obs rv : 5-15/ s c . 

P r sp : 100 / sec . 
Pap r dir ction : 

I 
• 1 • I 

Figure 7 

I ' 

CHART RECORDING OF ENGORGENDT 
AT A HIGH PAPER SPEED 

20 

I 10 



r 

J 

I 

1 ne 

-~ ~.,,...,,..,.., 

SALIVATIO 

k n : 5/ s c . 
: 5-7/ s c . 

p 100 / s c . 
P r • ect1on: 

Pigure 8 

CHART REOORDING OF SALIVATION 
AT A HIGH PAPER SPEED 

- Engo ement-• - -- S liv tion-- -

Bas in 

.., 

S ng e Mosgu ' to 
Show ng Engor m nt-S 1 v tion-Engo e nt 

r ns ' tio s ' ngle mos u to b • 
Arnpl t es but r v rs . 

r: / s ec . 

Figure 9 

- En o eme 

I c . 

CHART REOORDIRl OF ENGORGDIENT-SALIVATION-ENGORGDIENT TRANSITION 
AT A. HIGH PAPER SPE!I> 

-----!-~~-+--+--!----+-+-.-..--........................ .,...... ......... ...-i-.... ,__~ 

k ' ng : 15/ s c. 
: 5-l5/ s c . 
mm/ s c . 

Figure 10 

I I l 

CHART REOORDING OF ENGORGDCEN".L' WITH SMALL EXaJRSIONS OP PEAl<S 
(Total Feedin~ Times l.S min) 
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h ull r ng of n orgement patterns. The particular pattern 

shown by r n mosq itoes is therefore a func on o some 

ct.or ou s d th mosquito per se. 

Gordon nd Lum d n (ref. 6) and Griffiths nd Gordon (ref. 5) 

scri d o yp o feeding behavior of mosqu toe. In one type 

c lled c pill ry feeding the roosquito's f a cicle was nser ed n 

c p 11 ry which pulsated rapidly during feeding: the feeding 

mew bout ~ in. In the other type, called pool feeding, 

blood was extrav sated into the tissues when the fascicle pierced 

cap llary during probing causing a small hemorrhage. The roos­

qu to then sucked up the blood as fast as it flowed into the tis­

sues until i t became completely engorged. Feeding by this method 

took as long as 10 min. 

W therefore sugg st that the large excursions in the re­

cord i ngs w h prolonged feeding time r present pool feeding and 

h he smaller e xcurs ons with shorter feed ng times represent 

c p 11 ry feeding . The relat ve availability and high pressures 

of blood n c pi 1 ry feed ng would penni.t much faster operation 

o . h c bar 1 nd ph ryngeal pumps. A grea er frequency of 

p k ng n c p 11 ry feed ng wold be expected, and this indeed 

s ms o be h cs n h recordings (compare F gure 10 wi h 

F gur 6). Th sm ller pe king excursions during cap 11 ry feed ng 

r s bl du ncomplete closing of th nterior ph rynge 1 

v l dur n con r c ion of the pharyngeal pump) s r ult of 
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h pressur o n sh ng blood from the capillary and the more 

r pd c v ies of h sucking mechanism. The electrolyte path-

w y s thus not as completely severed by he .ction of he nterior 

ph rynge 1 v lv 1n c p llary feeding a it is when here s less 

up yo blood nd lower pressures in pool feeding. 

Th 1 c 1 es st nee change during v lve closure n 

c pill ry fed ng s thus not as great as in pool feed ng since 

v lve closur snot as efficient. In pool feeding the cibarium 

nd pharynx fill more slowly. Slower and roore effic ent valve 

clo ure resul ~ n gre ter electrical resistance changes during 

v lve ctiv y. The lower frequency o peaking greater excur­

sions of h p ks, nd prolonged time of engorgemen are ch r-

cter st1c of pool feed ng, w11ile higher frequency of peaking 

sm ller ex ·1rs ons of the pe ks, and comparatively shorter feeding 

ms ch rac r st c of capillary feeding in these r cordings. 

In ord o further substant ate these interpre ions a 

mod l sy s m wr, d vised that could approxima h cond ions 

und wh ch a In<. ;qu to may exhibit pool feed ng. Th unsh ven 

l:xiom1.n 1 s k n of freshly killed mouse was tr tch d ov r one 

nd o gl ss yl nder (2 cm ID) hair side out and secured 

h n . About 10 cc of outdated citrated human blood 

7°C w s dded o h g ass cylinder with the mouse sk n at the 

o o h ube. The sk n on the bottom of th ube w s placed 

n on h 100-mesh bronze screen cover ng vess 1 con-

n ng m 1 A L. mosqu toes. Th sc n w s 
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onnec o th 

u lly pl ced 

~l ctronic recording system, and the electrode 

nth mouse's tail was allowed to dip into the 

blood solu on. The h iron the skin of the mouse was sufficient 

o nsul 

0 

C 

the blood from the screen. 

r n flowed un 1 the mosqu to, holding on to the 

r ed h kin with its mouthparts. In a quite 

x gg r ed fashion the osqui to was thus presented with a 

po 1 of blood upon which to feed, and electronic recordings of 

ed1ng activity were made. If the interpret tions of the pat­

rn epresenting poo l feeding are correct, a similar pattern 

hould now be recorded. 

F gure 12 shows a. 100 rmvsec recording of an engorgement 

p ern made during this experiment. The general shape of the 

p k is similar to that for engorgement during pool feeding, 

bu h p k mpli ude is much greater than that previously 

s n .. Th s sys em is an exagg rated model of pool feeding, 

nd h mo qu ohs responded in an equally ~xaggerated fashion. 

he time to complete engorgement was also quite prolonged, lasting 

more than 5 min. Th low frequency of pe king (5/sec), the height 

o he pe ks nd th prolonged engorgement times correspond in 

very w y to h f ctors previously interpreted as characterizing 

pool f ed ng. 
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It is interesting to note th considerably greater displac -
ment from the base line during engor ement of a ingle mosquito 
1n the in vitro blood system. Since the current doe, not pass 
through the high re istance of a mouae and since blood itself is r good conductor of electricity, we may a aume that consid rably 
more current passes through the apparatus when the mosquito bites 
in the in vitro than in the in vivo system. COnaequently, the 
change in res stance when the mosquito bite• in vitro will be 
considerably greater than when it bit•• the mouae. In the te­
cording this appears as a greatly increased diaplacement from the 
base line. 

1: 

Figure 13 shows a salivation pattern recorded in the in vitro 
sy tern at a paper speed of 100 nn/aec. Here the nlivation pattern 
is the exact reversal of the engorgement pattern. Two factors dis-
1nguish the salivation from the engorgement pat~erns. First, the 

lower portion of the engorgement pattern, representing the fr 
flow of blood through the food canal and past the open anterior 
pharyngeal valve, lasts for a longer time than the lower portion 
of the salivation pattern, which represents the free flow of saliva 
from the insect al the moment of saliva depo it1on. Second, th 
closing of the anterior pharyngeal valve (which i involved in 
engorgement) appears to be much fa ter than that of th salivary 
v lve. 

f hese 

These d fferences are reflected in the clos ng patl- s 
alves i.e., the UJ>'~ard slopes in the two recordings. 
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ote that amp litu e of pe k Y ch 
uring course of single bit . 

Paper speed : S m/ sec • 
. Pape r direction: I 0 

Figure 11 

CHART U<X>RDIRl or A SIRlLE M)SQUITO BITE 
WITH DirnRBNT SIZSS or aaJRSIONS 

ase l i ne (s k e t che in) 

valve c l osi ng 

\ 
patterns I 10 mm 

>~-!~ _J_ 
Paper di r ect i on : 
4 

PiCJUre 12 

awtT U<X>RDiaJ or IC>SQUITO INOOIIGBNDIT IN VITRO 
AT A HIGH PAPBR SPUD 

(Note Ul)litude of peak and •iCJfflOidal •hape 
of upvard aveep in valve-clo•incJ patterna.) 

--{ ~ -<:< F JJ~ ~ 
Ex nent al dlve cosing p ttern I 

P per i r c '.: io : 
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riQUre 13 

CHART UCX>RDIRl or ll)SQUITO SALIVATION IN VITRO 
AT A HIGH PAPER SPEID 

(Note exponential •hape of upward aveep in valve-clo•ing patterns. 
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In the recording of engorgement, the valve closure pattern 

shows an abrupt ascent to its maximum peak. This r sults in the 

s gtroidal-type appearance of the recorded pattern of valve closure. 

The salivation valve, on the other hand, is apparently slow in 

closing t the beginning, blt speeds up as complete closure s 

approached. Th s results in the exponential-type closure pattern 

recorded for the salivary valve (compare Figures 12, 13, and 9). 

The longer straight portion in the upper part of the sali­

vation pattern (Figure 8) probably represents the period during 

hich the salivary reservoir is being replenished while the sali­

vary valve mains closed. The sudden explusion of saliva is re­

presented l~ the abrupt do'Wnward sweep in the recorded pattern. 

The longer :"' traight line porticn in the lower part of the engor e­

ment patter . (Figure 7) represents the period during which blood 

is flowing fr -.c>m the mouse through the mosquito's food canal and 

1n o the c !ou .. r um. The closing of the anterior pharyngeal valve 

s rvers h e ',ectrolyte (blood) pathway when he pharynx is full: 

ln s is repr . ,_n ed by the abrupt upward sweep in the recorded 

p ern. 

V 

A s l ow pap r peed engorgement or sal . vation can be de 

m.1.n d by h oun of ime writing stylus spends n he 

ous si o s .. Thu s he in vitro engorgement pattern a 

0 

S 0 

n /s c 1s seen as a series of rapid ascen s from 

F 14) wh l salivation at a paper speed of 
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1 mm/sec (Figure 15) is seen as a series of rapid descents from 

se posit on (compare also Figure 4, middle and Figure 6, left 

s1d ). Although the general form of these recorded patterns has 

n observed repe tedly variations in the details of the tracings 

h v occ son lly ppeared. 

When a group of about 50 mosquitoes was placed in the con­

ner and ermitted to bite simul Aaneou ly, the recorded pattern 

w s very irregular, and there was a general obscuring of the char-

cter sties of the individual bites (Figure 16). Also, the de­

parture from the base line was greater than that seen in the single 

mosqu i to bite. Th s greater departure is expected, since the re­

s1st.ance between the mouse and the mesh during the biting of a 

group of mosquitoes s less than during the biting of a single 

mo qu to. 

However , the departure is not proportional to the number of 

mosqu1. toes b t.ing. The first mosquito that bi ted changes the r •­

ance of th sy em from an infinite to a finite value. Sub­

ent bites do not cause as large a change, and proportionality 

hould therefore no be expected. In effect, when a group of mos­

quitoes bites, a number of miniat~re parallel circuits are set up 

ween the mous and the me h. If the resistances of all the 

mosquitoes are equal each biting mosquito should draw the same 

qu ntity of cur en. In terms of amperage then, proportionality 

nd dd v y might be expected as the number of parallel units 

(b 1ng mosqu oes) in the circuit ncrea es. W have not yet 
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CHART RE<X>RDING OF ENGORGEMENT IN VITRO 
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Figure 15 

CHART RECX>RDING OF PENETRATION, SALIVATION, 
MID WITHDRAWAL IN VITRO AT A PAPER SPEED OF 1 MM/SEC 

l 

Figure 16 

CHART RECORDING OF GROUP OF K>SOUITOES BITING SIMULTANFX>USLY 
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succeed d n qu nt1fy ng he apparatus in terms of number of mos­

u toe s simul neou s ly biting, although certain parameters that 

h v be nu lized re probably valid criteria of repellency. 

Th se pr me ers r discussed later. 

o. Ac v i ty Measurements 

As a corollary to the electronic recording method for de­

ecti ng rrosqu to bi ting, we attempted to determ:ine whether it 

is poss ble, with a suitable electrical arrangement, to detect 

nd record the walking activities of a moaquito. 

In order to accomplish this, a square plastic frame was 

wound on four sides with fine-gage co-pper wire and enclosed on 

the remaining two sides with clear Plexiglass. One of the Plexi­

glass s dea had a hole drilled into it 90 that the mosquitoes 

could be placed side, and the hole was closed with a cork. 

A measure of the spread of the legs of a mosquito when 

s tand. ng still showed the average span to be between 4 and 6 mn. 

The fine - gage copper wi re was therefore wound at a distance of 

tx,ut 1 mm betwe n strands, with each three strands (3 ffl'R) elec­

r i cally i nsulated from the next three strands. The alternating 

groups of strands were then independently connected to the nega-

• v nd pos1tiv poles of a 1.35-v mercury cell in an alternating 

sh on. W th h s arrangement , a mosquito standing or walking 

o h w re s rands would be very likely to contact at least two 

s r nds of oppos te electrical charge. 
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The resistor-battery box used in the electronic recordings 

wa used as the power and resistance source and the lea that 

fo erly went to th mouse and the screen were now connected to 

the two gror.ps of wire strands such that each vicinal group of 

hr es r nds was oppos ely ch rged. The leads wer hen con-

nee ed hrough th recorder a.s b fore and mosquito s were placed 

into the activity box. 

As a result when the mosqui o moved or landed on the wire 

strands and bridged two oppositely charged strands with its legs, 

it closed the series circuit. The recorder responded by showing 

a departure from the base line. When the mosquito moved up or 

down the wire strands the recorder responded with erratic and 

abrupt departures from the base line. If the mosquito flew or 

Just stood still the recorded line became straight. 

The mosquitoes were not affected by the small flow of elec­

cal cur en since they landed on the wire strands at least 

frequently as on the Plexiglass sides and they d d not de­

Pr from the s rands with any greater frequency than from the 

sides. This exper ment indicates the feasibility of devising 

n electron c pparatus to measure and record insect activity 

wi hou visu l observ tion. such a device could be used in auto­

ma 1cally ss ss n mosquitoes' movements in response to a repel-

len or r subs nc nd the duration of act v ty of such 

ub . Th Sanborn rcv.:>del 320 recorder is probably not the 

s ins rum for this pcrpose. Wire gr ds re v ilable w th 
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the cros&natch points insulated from each other, and recorders 

are available that c n automatically monitor the position and 

act vity of each insect by scanning the X and Y axes of the 

grid a.t any time interval. This information can be stored and 

reproduced at ny future time. 

E, The Developnent of a Systemically Effective In1ect Repellent 

1, Intravenous Injection of Repellents and Simultaneous 
Electronic Recording 

In general, in order for a compound to exhibit repellent 

activity, it mJst be volatile. This .view seems to be substanti­

ated by our experiments and by those of others in which compounds 

with a low vapor pressure or a high molecular weight were found 

to be gen rally poor repellents. In previous reports on IITRI 

Project C222 it was shown that even when good repellents, such 

as diethyl toluamlde (DEET) or allethrin are injected intra­

dermally intraperitoneally, or intravenously into a mouse, mos­

quito engorgement was not completely prevented, although it was 

decreased. Whether this lack of repellent ar.tivity was due to 

the inability of repellent vapors to pass through the skin or to 

a metabolic alteration of the repellent molecule, rendering it non 

repellen could not be ascertained. Since the test mice were 

exposed to the mosquitoes for about l hr, metalX>lic alteration 

during thi s time may wel have played a role in the failure of 

these compounds to repel. Previous reports on Project C222 des­

er bing radioisotope tracer studies of c14-labeled DEET showed 
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tha the rd o c vity was soon localized in th liver kidneys 
and other excr tory org ns. 

In ord6r to determine why the injected repellent loses its 
activity the electronic method was utilizdd. A group of mos-
qui toes was pl ced in a pint c rdboard ice--cream container and 
covered with bronze mesh. A mouse was anesthe ized and placed 
on top of the mesh. The mesh and the oouse were connected to 
the recording apparatus as previously described. When many of 
the mosquitoes in the group were simultaneously biting the an­
esthetized mouse and the recorder was responding characteristically, 
the mouse none experiment was injected with 0.05 ml of pure DEET 
and in another experiment with 0.05 ml of 94~ allethrin. The re­
corder was observed to determine whether there was inmediate with­
drawal of the mosquitoes from the mouse before there was any pos­
sibil .1 y of metabolism of the high concentration of these compounds . 

The recorder patterns showed that there was now thdrawal of 
the mosquitoes from the mouse iltlT\ediately following the injections 
in either experiment nor for the 30-min time period that the obser­
vations continued. In both cases, however, prolonged salivation 
patterns appeared in the recordings irm,ediately after the injec 
tions. In both cases about l°'' of the mosquitoes had engorged. 
When rd 01od1nated serum album.in (RISA) was njected simultaneously 
with th repellen compounds some mosqu toes were found to be 
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radio ct ve. Therefore not only probing rut also engorgemen 

took place after injection of the repellente. The mouse in­

jected with allethrin died during the test, rut the recorder 

patterns clearly showed that probing continued after the death 

of the mouse. 

2, Diazotization of Repellents to Red Blood Cells 

In another approach to the developnent of a systematically 

effective repellent, we attempted to chemically bond repellent 

molecules to circulating red blood cells. Precedent for such 

lx>nding by diazotizing various chemicals and protein antigens 

to red blood cells has been well established in the field of 

i11111Unology (ref. 7-9). The red blood cell retains its stability 

and the antigen molecule retains its antigenic specificity after 

this treatment. 

If a repellent molecule could be diazotized to a red blood 

cell the large size of the red blood cell compared with the 

size of the repellent molecule, may protect the molecule from 

enzymatic attack by sterically hindering the approach or proper 

orientation of catabolic enzymes. The half-life of a red blood 

cell is between 2 and 3 months, and thus the activity could be 

retained in the circulation for a considerable period of time. 

Since the molecules are bound to red blood cells, the repellent 

probably would not be toxic in vivo. It was not possible to pre­

dict wh t effect the chemical treatment of the red blood cells 
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would have upon repellency, and this work was undertaken to deter­
mine whether this approach 'ft'Ould be fruitful. 

In order to diazotize a compound, an amino group coupled to 
a benzene ring must be available. If the methyl group of DEET 
were substituted by an amine, this compound could be diazotized 
and coupled to a red cell. A search of the literature revealed 
that neither the synthesis of m-amino-N,N-diethylbenzamide nor 
the physical constants for this compound has been reported and 
that the compound is unavailable commercially. We therefore syn­
thesized the oompound in our laboratories. The synthetic procedure 
is described in Appendix I. 

A study of the repellent activity of the compound is given 
in Table 6. It is apparent that the substitution of the amino 
group for the methyl group of DEET has reduced the effectiveness 
of this compound as a mosquito repellent. However, this result 
was not necessarily indicative of how diazotization or bonding 
of the amine to red blood cells would influence the repellent 
or engorgement-inhibiting properties of the compound. The method 
used for diazotizing the m-amino-N,N-diethylbenzamide and bonding 
it to sheep red blood cells is given in Appendix II. 
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Table 6 

REPELLENT PROPERTIES OF m-AMINO-N,N-DIETHYLBENZAMIDE 
AS DETERMINED BY FEEDIOO ON MICE 

Average 
Concentrati on Applidd Number Fed Percentage 

to Mouse Belly 1 mg per Total Fed 

0.1 30/52 
36/53 52.5 
18/55 

1.0 5/45 
18/51 39.3 20/52 
36/53 

10.0 6/52 11.5 

A volume of sheep red blood cells equivalent to about one 

quarter of the total red blood cell• present in a mouse (0.2 cc 

of packed sheep red blood cells) was reacted with m-diazo-N,N­

diethylbenzamide and suspended in isotonic saline in a total 

volume of o.s cc. The suspension was injected intravenously 

into the tail vein of a mouse. After about 2 min, to allow for 

adequate circulation and distri'bltion, the mouse was anesthetized 

placed on a SO-mesh bronze screen covering a vessel containing 50 

mosquitoes, and electronic recordings were made. 

The recordings showed that the attack upon the mouse by the 

mosquitoes was al o s immediate. Patterns of mosquito probings 11 

sal i vation and engorgement were evident throughout the entire 

ecording period of 30 min, and 2°" of the mosquitoes were found 

to have gorged to repletion in this time. 
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The results of these experiments show that ne th r high 

concentrations of circul t ng protein-bound repellents nor c r ­

cul ing free repellents re capable of preventing mosqui to s 

from biting. Vaporization thus indeed appears to be essential 

for repell ncy. 

~ -.:.;A::s:..::s=-=a~y--=o;..:f:.....:R.;.;;e::.ip::.;e::.:l::.:l=-e;::;;n:.:.=.t.:::.s_w.;;..::.i-=t;.:.:h:.....-=t:.:.:h:.;:e;......;;;E;.;:l::.;:e:..;;c::;..;t:;;.;:r:..;;o:..;;n~c;:;-__;sy:.1-.;;;.s.;;;;.t.;;;;.em;.;.;..;.:_ ..;:s;..;;..;;;~~;.::;..;;;..;;;;.l, 
Analys1.s 

In view of th above experiments the successful develop­

ment of a system1.c nsect repellent will probably be l rgely d 

pendent upon th discovery of a substance whose vapors are ef­

fective in repell ng mosquitoes in extremely low concentrations. 

This subs ance should be reasonably stable to metabolic degrad­

ation and eithe have an affinity for skin in itself or be 

alterable by chemical manipulation to increase kin affin ty. 

In the search for such a substance . the importance of def ning 

all of a mosquito's responses to the potential repellent canno t be 

over stimated. The electronic method offers this capability. 

Th pplication of the electronic system to the screening 

of mosquito repellents will probably be most useful at the limits 

of concent at. on for maximum repellent ac ivity exhibited by 

potenti l repellents. The questions that the electronic method 

could nswer include: Does the concentration of a repellent th t 

prevents engorgement also prevent probing and salivat on? If 

not what concen ion of ranal nt is necessary to prevent 
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probing nd salivation? The time periods n which these com­

pounds r in her repellen activity also can be mon tored 

au om ic .lly. 

Although the base line in the electronic recordings be­

com s roc>r d spl ~ed as the number of roc>squitoes biting simul 

aneously increases the total displacement is not related in 

a simple way o the number of rrosquitoes biting. A method was 

therefore developed to reduce the data obta ned from the chart 

r ord ngs into meaningful and realist c numerical terms and 

to make them amenable to statistical analysis. 

The compound to be tested for repellency was applied to 

the skin of anesthetized test mice, a described in previous 

reports on Project C222, and electronic recordings of mos­

quitoes• responses to the test compounds were made. The mos­

quitoes were exposed to the test mouse for 30 min. 

In order to analyze the chart recordings made during that 

period two parameters were utilized: the percentage ~f ime 

that the recording was displaced from the base line du ing th 

30-min per od nd measure of the displacement (in cm) from 

the base line taken every 10 an in the chart recordings. A 

chart speed of 1 mm/sec was used for all of these recording, 

and 18 displacement measurements were obtained for each test. 

Since the increment of displacement success vely decreases as 

more roc>squitoes bite, a more valid measure of his displacement 

in terms of the number of mosquitoes bi ting would be g1 ven by 
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(D) for he cont ol group w s 1.1 while th men percent engorge­

m n (E) w s °"· 
T ble 8 shows h results obt ned when these p rameters were 

used om sure th mosqu to repellency of var ous test compounds 

with the elec ronic me hod. 

Discriminant func ion an lysis w s pplied to these data by 

using a st ndard co put tonal program (r .f. 15). This an lysis 

yield linear combination that maximized separation between the 

control group and the group of typical low level treatment cases 

(0.1 mg/cc). The percent displacement (P) and the percent engorge 

ment (E) could be used wi thout the variable for standard displac 

ment di stance {D) s aimplified discr mination function as l 

lustrated in Figure 17. The line of best separation for the d s 

criminant functi.on is shown and represents those values of the 

d scriminant function that give the least number of misclassifi 

cations . 

The distribution of the discriminant function for the con 

trol grou makes possible a test of significance of the mean of 

s er l ndependent observat ons with the same test compound. 

The formula for the discriminant function is 114 79/-'{n 

where n is the number of observations. This formula can be ap­

plied for any number of ob3ervations of a test compound. In this 

case two observations at the minimum dose were made for all test 

ompounds used in plotting the points in Figure 17. Th 95" con 

fidence 1 mit shown applies for the mean of the discrimination 
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the square of th d st nc s hus weigh ng large d splacemen s 
mo h n sm 11 ones. In order to min mize random ri ions 

n measuremen nd o obtain a more unified p cture of repellen 
ff C cy h squ res of h dis nc s w r dded ( l. D2) h n 

div d d by h num 0 obs rv ions nd a squar 00 0 h 
r sult ak n. Th-: result ng v lue ,/Io2 /n is rela ed 0 

s ndard d vi ion n i S C lled th stand rd d splacement 
dis anc (D) i s. 

It is possible h wh n repellent effic cy is h gh nd 
when ther re only spor d c nd short-1 ved departures from 
the bas l ne h rbitr r ly chosen me surement nterv l of 
10 cm my no necess r l.y co ncide with these departures. At 
u.ch imes he v lue of ✓~D2 /n would be zero. e percent 

devi 0 howev r would h ve finite value 1.ndica ing th 
h w ' nd ed some bi ng o he test mouse by he mosqu oes . 

Bo h th se P r met s , g h r with the known r P llen one n 
r on on h es nim l should yield valid ep llency pro 
le for ny s SU 

In order 0 h se me hods he da a derived from th 
lee ronic r ord ngs of number of un r ed control mice (us d 
s con ro l s du r n he repellent esting) re presented i Tabl 7 

Th con rol cod n s show ha n mos c s he base line s 
1splac d ov r 9°" of h i during the per od in which mos 

qu o b 

(P) of 

ng w s mon tored wi h mean percent d splacement t1.m 
for h group. Th m n s nd rd d spl e n dist nc 
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T b l 7 

ANALYSIS OF ELECTRO IC RECORD! GS OF U TREATED CO TROL MICE 

Sta nda rd 
D spl cement 

Con ro l " of T me 
Distanc 

" of Mosqui toe s 
o . D d (P) -.&o2/ n (D) Engorged (E} 

1 92 0.82 39 

2 100 1 . 7 45 

3 95 1.6 16 

4 87 1.6 15 

5 99 1.2 44 

6 96 1.5 13 

7 100 1 . 4 92 

8 19 0 . 17 0 

9 69 1.2 20 

10 73 0.95 52 

11 62 0.87 10 

12 99 1.4 19 

1 3 99 0.44 37 

14 79 0 . 52 20 
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function for these groups . If a larger number of observations 

are considered s was the case for allethrin and DEET (Table 8)~ 

the discriminant functior changes as the square root of n changes 

1n the above formula . 

The d1scr1m~nant function is O 13281P + 0.13729E where P 

1s the per ent of time d1 placed and Eis the percent engorge 

ment If the mean of this func 10n in h two observat ons 1.s 

less than C .. 078 , there 1s a significant deviation from the con 

trol group at the 95" confidence level Thi.s threshold level for 

the discr1m1nant funct-1on can be r;jmplif1ed tc give P + E .f 58'.' 

for the 95" confidence l1m1t Tabl 8 11s ~s the signif1cances 

of the d.1fferenc s from the control at t:he 95" confidence lim1 t 

T ble 8 l so shows that at concentrations of 0 01 and 0 . 001 mg/ml 

the Iepellent power o.f allethrin i s not significantly different 

f.rom the control at the 95" confidence level This inform- t .on 

neces 1 ates a revision of previous estimates of the repellency 

of this substance . 

A l rg r number of observations on the same compound would 

c use the thre hold for significance to rise e The methods of 

s•·atist1cal experimental design wi ll be used to determine the 

s mple s ze ~ required for the detection of significant differ 

ences t different confidence levels or wher greater precision 

for dev at.1.ons rom the control group are required Further work 

remains to be done on the analysis of repellento and the statis 

l evaluations 
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IV. DISOJSSION AND ruTURE WORK 

Results obtained with the electronic recording method have 

indicated that a rep~llent must vaporize from the treated sur­

face in order to be eff~ctive. The moat potent repellent en­

countered in these studies i.a allethrin and even this oompound, 

coursing through the blood vessels and superficial capillari es 

of ski.n in massive and lethal quantiti.es, conferred no protection 

against mosquito bites . The successful developnent of a systemic 

insect repellent may be largely dependent upon the discovery of 

a substance whose vapors are effective in extremely low concen­

trations. Thi.a substance should either have an affinity for a'kin 

or be alterable l7f chemical manipulation to increase skin affinity . 

On the other hand a substance that has affinity for skin would 

necessarily be retarded in its vaporization from skin. Thus one 

of the requirements for a successful systemic 1naect repellent 

is the very factor that may limit its usefulness . The search for 

a repellent that is sufficiently effective in small enough quan­

tities so that these difficulties may be overcome should not be 

abandoned, since this approach represents one of the alter­

natives available. 

?he other approach that should be pursued is that of sup­

pressing the emanation of natural attractants from the skin. When 

an established surface repellent such as diethyltoluamide (DEET) 

is used to cover a defined area of numan skin, mosquitoes are not 

inhibited from landing and bit ng a few millimeters from the bound­

ary of the DEET application. The question therefore arises whether 
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DEET or any repel] ent is actually acti.vely repellent or simply 

• enders the treated area nonattracti ve. Nonattractiveness could 

be conferred by masking attractive effluents or by lowering the 

partial pressure of skin effluents that are attractive to insects . 

In this connection Gouck and Bowman 'ref 10) measured the d f 

ference in carbon d i oxide and moisture evolution from repellen 

trea.ted and untreated arms of human subjects. These author-s 

showed that retardation of carbon dioxide evolution has little 

relation to the action of repellents. Since carbon dioxide has 

long been thought to be an activator of mosquitoes and not in it 

self attractive (ref . 11) these results are not surpri sing . 

Gouck and BoWlan did not study the effects of repellents on other 

skin effluents . such a study may be basic to the success of this 

program. 

This proposed line of investigation would involve a study 

of emanations from human and other mosquito hosts under carefully 

controlled experimental conditions with a view toward defining 

and chemically characterizing those emanations that attract mos ­

quitoes . Since differences of attractiveness within and among 

animal species have long been recognized, attractive effluents 

could probably be altered within physiological limits. A know 

ledge of the chemical properti c;•e of these attractants could lead 

to the synthesis of tailor made retardants for attractive effluents o 
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The levels of retardant substances required systemically to re­
duce attractive emanations would probably be considerably lower 
than levels of systemic repellents required to exude frcm the 
skin in effective concentrations. Also, a study of the biochemi­
cal and m~tabolic events leading to the production of these eman­
ations could eventually provide a basis for inhibiting their pro 
duction. 

A technique for studying hnman effluents presently being 
used at IIT Research Institute involves the use of a specially 
designed all-glass apparatus capable of holding normal size 
adults . The effluents given off by the subjects are collected 
in a planned trapping sequence and analyzed by n11ltidetection 
gas-chromatographic techniques. Similar or identical techniques 
could become an important part of this program. Since the en­
vironmental atmosphere is carefully defined, the data can be 
evaluated accurately. The new electronic assay procedure will 
be an important tool in characterizing mosquitoes' responses to 
various fractions of human or animal effluents. 

Further statistical analysis of the recorded data will be 
made to discover the possibili,ty of relationships between biting 
and other paramet?rs not considered here. such as duration of 
exposure, number of mosquitoes exposed in the test situation, 
etc. Many factors that influence mosquito behavior are now ac­
cessible to study in a more analytical and critical fashion. 
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Little information is available in the literature regarding 

the biochemical or physiological basis upon which disease­

transmitting capability is dependent. Not only does species 

specificity exist in terms of disease vectors but even within 

the same species some strains are more potent transmitters of 

disease than others (ref. 12,13). As an approach to this pro 

blem the electronic method can be utilized to study the dif­

ferences between the b. ~-e characteristics of vector and non­

vector mosquitoes. The fact that an infection such as d~ngue 

'has 'been found not to be conveyed or to be conveyed only with 

great difficulty by an infected mosquito whose feeding was inter. 

rupted (ref . 14) implies th~t there may be some feeding char­

acter1st1cs of the mosquito that are significant in disease 

transmission. In studies of the electronic recordings, just. 

before w1tl'drawal from the host, considerable salivation has 

been noted repeatedly. Upon interrupting the feed, this terminal 

salivation was abolished . 

A survey of the biting characteristics of various mosquito 

species may yield clues to determining vector requirements. If 

salivation 1s indeEd the key to disease transmission, it may be 

possible to screen for mosquitoes showing little or no salivation 

during biting in the recorded patterns Areas where mosquito-

borne diseases are prevalent may then be populated with males 

and females of these selected strains. The resultant genetic 

h terogeneity may considerably decrease the number of insects 
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capable of being good vectors of disease . Since these selected 

strains should have no survival disadvantage, introduction of 

such heterogeneity would probably be permanent and irreversible. 

Alternatively since a practical method of detecting moaquito 

salivation has been developed, the possibility exists that a com 

pound that inhibits salivation may be discovered. Future screenings 

of compounds will be conducted with a view toward determining pos 

sible salivation-inhibiting properties. 

V. SUMMARY 

1. Chemicals that stimulate mosqu "to engorgement in 

vitro were invest gated, but no unified picture of 

chemical structures that stimulate mosquito engorge­

ment has yet emerged. Studies of permeability of 

skin to potential repellents were initiated. 

2. An electronic method for detecting moaquito biting 

nd salivating activities in the akin of a host has 

been devised. Electronic recordings were interpreted 

in terms of valve activity during salivation and blood 

sucking. 

3. A statistical approach to the interpretations of 

chart recordings made during repellent testing has 

been devised. Confidence limits for repellent testing 

have been established, and all future tests of repel­

lents will be reported in terms of these confidence 
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l imits. Other :relationships will also be sought in 

further statistical analyses . 

4. Other approaches to the development of a systemically 

effective insect repellent as well as new approaches 

to the prevention of the dissemination of arthropod 

borne disease have been ind1.cated . 

The future experimental program wi ll be concerned with several 

i nterrelated lines of investigation . 

1. Screening of chemical c mpounds with the electronic 

recording method. Experiments will be conducted to 

establish repellent properties o.~ these compounds 

to seek common chemical or physic.al properties that 

appear to confer repellency and to determine the ef 

fects of these compounds on engorg,ement and sali 

vation. 

2 . The study of animal and human emamftions to establish 

thei.r attract! ve characterist1cs ant\ chemical identity . 

On the basis of this work likely ciemical candidates 

that may be i ngested or otherwise sys temically adminis 

tered and that may alter or i nhibit t~ese emanations 

will be 1nvest1gated. 

3. Characteri.zation of the bi ting p ofiles of different 

species and strai ns of mor:1qui .. ~es 'co determine relation 

ships between biting characteristics and the ability to 

transmit disease . 
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The screening of additional compounds and the study of 

skin effl ents will be undertaken with a view towards entab­

lishing a rationale and molecular mechan1em for the stimulation 

and i nhibition of the biti. ng drive of insects. 'l'hough current 

information permits only an empi rical approach to this critical 

problem it 1s hoped that further studies wil l leild to findings 

of practical as well as theoretical value . 
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PUBLICATIONS RESULTING FROM CONTa,cT 
FROM NOVEMBER 1 1964, THROUGH OCTOBE~ 31 1965 

1. Kashin P. and Wakeley H. 
1965, in press . 

"An Insect • Bitomf'Jter• " Nature 
' ' 

2. Kashin P . , "Electronic Reco.rding of the Mosquito Bi tE' " 
J. Insect Phys1ol. 1965 in press. 

3. Kash n P 11 The Electronic Recording of Mosquito Biting 
Activity" oral presentation given at Universi ty of Notre 
Dame Department of Biology South Bend , Ind ~ June 21 
1965 0 

4 . Kash1n P. and Hawrylewicz E. J . 1 "Electronic Recording 
of Mosquito Biting " film and slide presentation given at 
Institute for Dermatologic Cormrunication and Education 
Pacific Dermatologic A8S0'=1ation, Portland, Oregon, Juiy 27, 
1965. 
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APPENDIX I 

PREPARATION OF m-AMINO-N,N-DIETHYLBENZAMIDE 

Preparation of N,N-Diethyl-m- ni trobenzam ... de 

N02 

+ 2(C2H5 ) 2NH--+ ~ 

~ 

Fi rst, 18 . 56 g of m-nitrobenzoyl chloride (0 . 10 mole) di.s 

soled i n 200 ml of benzene was placed into a 500- ml 3 necked 

round ,- bottom flask f i tted with a dropping funnel mechanical 

stirrer, and reflux condenser. Then 15.4 g of d1ethylamine 

(0 . 21 mole) dissolved in 50 ml of benze.ne was added dropwise over 

a 10- min period to the m-nitrobenzoyl chloride solution with v1 

gorous stirring. The temperature of the reaction mixture in 

creased about 20 to 30°C during addition tut no cooling was 

necessary. Upon completion of addi. tion, the reaction mixture 

was refluxed for 30 min . The white crystalline m-nitrobenzoyl 

diethylamine hydrochloride (10.6 g, 97%) was filtered by sucti~n 

and wa shed wi th about 50 ml of benzene. 

The comb ned f ltrate was placed in a separatory funnel and 

washed twi ce with 50-ml portions of 2" Na2oo3 twi ce with 50-ml 

port.ions of 2" HCl, and finally washed to neutral! ty with dis­

tilled H2o. The solvent was removed from the benzene layer by 

flas evaporat i on under aspirator pressure,yieldi ng 21.9 g of 

crude product (m.p. 75 to 78°C). 
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The crude product was recrystallized from about 50 ml of 95" 

EtOH H2o mixed solvent . The resulting colorless plate crystals 

were dried at room terrper ture under vacuum, giving 19 . 29 g (87") 

of the desired N N-diethyl-m-nitrobenzam de (m.p. 76 to 78°C). 

Preparation of m-Amino-N~-diethylbenzamide 

First, 11.1 g of N,N e thyl-m-nitrobenzamide (0.05 mole) was 

dissolved in 250 ml of 95" ethanol and placed in solu tio:-, with 

0.1 g Pt02 (Adam•s catalyst) in a glass jar set into a shaker 

hydrogenation apparatus. The system was evacuated and the.n hydro 4
-

g nated under about 40 psi until hydrogen uptake was c mplete 

(30 min) . Addition of fresh catalyst resulted in no further 

hydrogen uptake. 

The catalyst was filtered by suction and insed with fresh 

solvent .. The solvent was then evaporated by using a flash eva­

porator and aspirator at reduced pressure. 

The yellow orange oil was transferred to a microdistillation 

apparatus and d i. stilled at 170 to 172 C and 3 .o mm Hg pressure 

by us1.ng an oil bath for heating. The light yellow product 

(8.20 g; 85" yield), solidified upon storing in the freezer. 

The melting point was 66 to 88°c. 
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Analysis: Calculated Found for c11H16N2o (1) (2) 

68.71 69.11 69.05 

8.39 8.49 8.63 

14.57 14.16 13.99 

Infrared analysis showed this preparation to be essentially 

the desired product, although the CH out-of-plane bending bands 

of the aromatic ring indicate positional isomers other than the 

meta. 
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APPENDIX II 

PREPARATION OF m-DIAZO-N,N-DIETHYLBENZAMIDE 
AND BONDING TO RED BLOOD CELLS 

First, 1.0 g of m-amino-N,N-deithylbenzamide was dissolved 

in 100 ml of H2o containing 3.0 ml of 6 N HCl at 0°C. An aqueous 

solution of 0.35 g NaN02 was then added slowly with stirring. Ad 

dition of the NaN0 2 solution was stopped when starch-iodide test 

paper turned blue within 30 sec after the application of a drop 

of the reaction mixture. The reaction solution was yellow at this 

point. A little urea was added to destroy any excess HN0 2. The 

solution was quickly frozen in a dry ice-acetone bath and stored 

in the freezer until used. This solution contained m-diazo-N,N­

diethylbenzamide. 

Bonding of m-diazo-N,N-diethylbenzamide with washed sheep 

red blood cells proceeded as follows. To 7.0 cc of 0.11 M phos­

phate bJffer, pH 7.38, was added 0.5 cc of the diazotized amine . 

Then 2.0 cc of this mixture was added to 0 .. 2 cc of packed, washed 

sheep erythrocytes. The cell suspension was mixed gently and al­

lowed to stand at room teffl)erature for 10 min. After this time, 

the suspension was centrifuged in the cold at 1500 rpm for 10 min 

and the supernatant was discarded. The cells were w·ashed with 

centrifugation twice, 10 cc of saline was used in each washing. 

The cells were then suspended in saline to a total volume of 0 . 5 cc 

and taken up into a syringe. 
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A mouse was injected intravenously in the tail vein with 
the treatnd red blood cells, anesthetized after about 2 min, 
and tested for mosquito repellency. 

In microscopic appearance the treated red blood cells were 
indistinguishable from normal sheep red blood cells. 
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