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_____________

W)NIUJ.) K. SMI?i~1IN, SP4 , MARK L. GABEL . SP4 ,
WILLIAM A. AKERS, COL, M
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lETTERMAN AZ4Y INSTITUTE OF RESEARCI’~
PRESIDIO OF Se’.N FRANCISCO, CA 94129

Malaria , yellow fever, dengue, and other mosquito-borne
diseases become a major problem when military forces must enter areas
where mosquitoes have not been co~itro11cd . g u n , sone means
of personal protection is necessary whei& the exposed individuals do

• not have natural o~ acquired iir.nunity to these disc.isec. To ~~~~~
most efforts to develop an effective mosquito repellent have been
directed toward the chemical aspects of repellency (1,2) rather than

• the physical and biological aspects.

To investigate the behavior of repellents on man ’s skin and
‘— the impor tance of the physical properties of the repellent in pro-

tection from mosquitoes, a repellent testing progr~m is bsing carried
out at the Department of Deri.iatology Research , Letterman Army
Institute of Research (LFtIR) . By employ ing a closed group of re-
search subjects, we have studied the biological variations present
in repellent protection and the relative effect of the evaporation
rate of repellents.

Some factors affecting mosquito repellent protection times
include the species , the avidity , and the density of the mosquito
population.

Climatic conditions like tem~crature and relative humidity
arc known to affect both the mosquito pe~ulation and m~in.(3,4) Wa rm
mois t clim3tes tend to increase mosquito avidity and density (3) ?nd
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-S. • to make the individual both more attractive due to sweat (5 ,6) and
more exposed because of thinner and scantier clothing. Theso1con-
ditions make the individual more susceptible to~mo~quitocs’ biting .
Sweating and abrasion are factors which are difficult to quantitate

- in repellent failure. 
-

• 
- 

Repellent evaporation is subject to individual physical
repellent—skin interactions. Possible synergistic effects between
the repellent and the individual may occur %ihich would prolong the

• protection time of the repellent compound. (6) Differences in repel-
lent protection times have been attributed to differing rates of loss
rather than differences in attractancy between individuals. (6)

• The minimum effective dose (NED) which will repel mosquitoes
has been reported to vary only slightly among individuals. (6) The

• • MED has been used historica].ly as a measure of intrinsic ràpcllcncy
of a compound . Although the I-lED measures in part the intrinsic
repellency of a mosquito repellent, (7,8) the evaporation rate of the

• repellent from the skin must also be considered in evaluating the
• repellency per molecule. The intrinsic repellency of a com pound has

been related to molecular structure ; (1,2) however , the interaction
of the repellent with the skin needs consideration.

F.
This paper reports the human biological variation in mos-

quito repellent dry protection times and :ninimwn effective repellent
• conëentrations for several now repellents . Relative repellent pro-

tection is shown to be related to the in vitro evaporation rate of
the repellent under ambient temperaturä .

• 

- 
Materials and Methods

- 

The repellents used in these tests arc: Cl) N,N-diethyl—
m—toluarnide (DEET), Eastman Chemicals, Practical Crade; (2) 2—ethyl—

~ 1,3—hexanedio]. (6—12), Eastman thernicals , Practical Grade ; (3) n—
• ~~~ - butane-hcxarnethyleno—sulfonaii ide (sulfonamide) (9) ; (4) cyclo—

• hexamethylone—carbamide (carbamide) (lO ,ll) ; - and (5) 3 ,6 ,9—
- trioxapontadecan—l—ol (SRI—6) (12) -

The volunteers used for all of these tests were healthy
male , active duty military personnel with an average age of twenty—
two years. All porsonnel were stationed at the Lettcr~tan Army
Institute of Rcschrch . Informed consent was obtained before any • .

part of the described procedures was carried out .

All dry protection times (DPT) were determined in the fol-
lowing manner (13) : two 7 by 10 cm pa tches were marked off on each
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volunteer’s ventral forearm (total of four sites). Repcllcnts were
spread evenly within these test sites with a clean glass rod. The

•

~ 

repollents were mixed wit~ ethanol (95%) to provide the specified
unit/area concentration desired. In this case, 0.32 mg/cm2 was

L ~ applied. The standard test (13) involved a three minute exposure to
the test species; 250 avid female Aedes acqypti mosquitoes held in a
1’ x 1’ x 1 1/2’ test cage with three sides and top covered by ~24
net. A site was considered to have failed when it received two or
more bites during one three-minute period or one bite during each of
two consecutive three-minute test periods occurring 1 hour apart.

In the MED procedure, four 70 cm2 sites were again marked
off on the subject’s ventral forearm. Then a low dose rate of repel—
lent was applied to one site in the configuration. If this site

•failed by the standard test, a higher cbncentratiorm was applied to •

another site to bracket the MED. If the first application did not
fail , a lower concentration was applied and tested . Using the first
two applications to approximate the MED , the last two applications of
different doses defined the exact MED for the individual.

The profile test was performed using the sai~te standard dry
• protection test, except only one site was used in the four-site

configuration. This site had a 0.32 rng/cm~
2 concentration of DEET

applied to it. Thirty subjects were used for each profile test.
These subjects were all tested the same day and against the same
population of mosquitoes. The standard two bite criteria for fail-
ure was used to determine dry protection times for these subjects
(13).

• Rvaporation rates of repellents were determined gravirnetri—

• - cally by static evaporation from a 1.13 cm2 aluminum planchet filled -

with repellent using a Calm RTL millibalance coupled to a Honeywell
3. mV recorder. The evaporation rates were determined at five tern- -

peratures from 25 to 600 C in a temperature controlled incubator.
All runs were corrected for electronic drift wh ich was determined by
tare runs at each temperature studied. To determine the energy of
activation of vaporization of the repellent, the evaporation data
were plotted using the Arrhcnius relation of in k vs l/T. (14)

Results and Discussion

The repellent dry. protection times (DPT) of DCET for the
volunteer population can be described by the histograms in Figures
1 and 2. Probit analysis of these tests indicates that the sarn~.lc
population has a normal distribution in terms of mosquito repellent
DPT (Figure 3). The moan DPT’s (Table 1) Were 6.8 ± 1.9 hours for
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• DEET applied at 0.31 mg/cm2 in February, and 7.1 ± 1.8 hours in Octo—
ber . Those results are close to the yearly average D?T for DEET in

• a).]. tests of 6.78 ± 0.81 bours. Hence, the population distribution
for a mosquito repellent is a reproducible biological distribution. 

•

-- The variation in DPT between individuals occurs although
individuals were tested under conditions where abrasion was excluded
as a major experimental variable. In addition , the differences are
consistent over a period of time so that individuals can be identified
as long, medium, or short duration in terms of DPT . The variation
between individuals is also found in the MED for a repellent (Figure
4) • The MED profile shown for DEET is similar in distribution to
those for carbamido and SRI-6, although the average MED ’ s are dif—
ferent as indicated in Table 2. MED depends on the intrinsic repel—
lency, the evaporation rate, and the repellent—skin interaction for
a given repellent as well as individual attractancy (7) . Since by
definition a repellent has some intrinsic repellency, the evaporation
rate becomes the important factor in the length of protection

= - afforded by a given compound.

- 

The evaporation rates of the test repellents are shown in
Table 3 with the DPT’s for each repellent. The length of protection
time for these repe].lents increases as the evaporation rate decreases, ‘
hcnce, the evapor~ttion rate for a known repellent is an important
physical property. The boiling points of all the repe1 lents studied
are similar (Table 3), thereby indicating that the volatility under
anibient qonditions has little relation to the boiling point as
previously proposed (15). For a known repellent, the relative

- • 
. evaporation rate gives an indication of relative DPT. Moreover,
those rates are readily determined in vitro.

The molecular structure of the repellents are indicated in
Table 4. All show good to excellent protection against mosquitoes
under dry conditions (1,2). Each repellent has both polar hydroxyl J
or carbonyl groups and nonpolar hydrocarbon character. In the case -

- of bEET, when the N-ethyl groups are reduced to N—methyl groups, the
• - - repellent protection time is reduced . (15) The effect might be a

f actor of volatility, but on the ot:her hand, a balance between
• polar and nonpolar grouping should enhance the interaction between

the repellent and the skin, t hereby reducing the rate of evaporation.
In addition , the balance between polar and nonpoJ .~zr properties
might be necessary for interaction of the repellent molecule with
hte mosquito sensory mcmbranes . - —

The molecular structure and the evaporation rate of repel—
- 
lonts cern be evaluated• in the laboratory, but the major factor in the

-

_______ - •~~ ~~~~~~~~~~~~~~~~~~ -S
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S length of pzotcction time -is individual variability as indicated by
the distribution profiles previously described . For a given repel—
lent like carbantide , when compared to the st~ i-~da rd military repel—
lent DEET , a higher initial dose might he ncce-:~ary to overcome the -

- - effects of a higher MED (7) • At first glancc• , one might reject a
repellent as inferior on the basis of a higher ~~~~ Nevertheless ,
the protection time offered by a rcpe].lent with a low volatility can
be much greater than DEET when an adequate do~c is applied under

S field conditions regardless of the MCD. Act% rd unago application -

rates are 5 - 10 times greater than the doses used in screening
tests. The higher MED (Table 2) for carbainid~ i~ simply a refl ection
of a lower volatility of carbamide versus DJ~lT; therefore , a higher

• initial concentration is necessary to put the requisite number of
repeller1t molecules in the air to keep mosquitoes from landing on the
skin. • •

• In summary , a large variation in d~~~ti~ n has been demon-
strated by a given repellent . This variability also reflects the S

minimum effective amount of repellent nec-ess.-~ry to repel mosquitoes .
- 

Purthormore, differencez in DPT’s between rep~~ients have beenrelated to the evaporation rates of the repellor.t which influences
both the DPT and the MED . Finally , c:~~ would ext’cct to obtain the
longest protection from rosquitoes with a repellent which has an
evaporation rate close to the threshold of r~2:~~ ent vapor or min im u m
inhibi tory cc.ncontration which is necessary i D  repel mosquitoes .

• 
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• 

DEET Profile Dry Protection Time 3

S 
- February October One Year Moan 2

5 6.8 7.1 6.68 
- -

Sd 
• 

1.9 1.8 0.81
- 

Nu~~cr of
Subj ects-s 32 32 - S

Skewness 
• 

0.17 0.43 0.15

1Dry protection time in hours for flEET applied at 0.3]. mg/cm2 using
4—patch method. • -

• 2Averaye of 12 tests with a total of 128 subject exposures from
- 
June 1972 to October 1973.

• S

- 

Table 2 • S

- Dry Protection Times for Test Repellents
- - 

Subject
DPP (hrs) MED (mg/cm 2) Exposures

S 
~~. flEET 6.68 ± 0.81 0.025 + 0.02 128 

5 - -

S 6—12 3.40 ± 0.5* 5 

- 

40 -

SRI-G - 8.50 
~ 
4.7 0.039 ± 0.02 12 

5 . S

Sulfonamide 14.90 ± 1.9* . 8 • 
-

Carbamicle 17.40 ± 2.2* 0.095 ± 0.05 
• 

12 
-

*Sigi-jfjcant~y different from DEflT at the 95~ level.

. . 
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V.o~ecu1ar Structurc of Repellents
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(1) 5 
-

Ui -

. 
S .

S 1.5 3~5 - 3.5 
5 

- 7. 5 9.3 11.3

• 

- PROTE CTION T I M E  (hrs)
S S 
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. - • Figure 1

Profile of repellent dry protection tirn~s for 32 subjects
tested on the same day. DEEP was applicd at 0 32 mg/cm2 .
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Profile of repellent dry protection times for 32 subjects
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S tested on the same day . DEEP was applied at 0.3k m’j/cn~
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Probit anaiy~ is of dry protection t im e profiles
• where a norn~~l distribution is indicated by the

1inc~rity of the probit points.
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Profile of the r~in i~n~:n c:r e’~t i.ve dose
of thc r-~pel1ci•~ ~~1-:T fer 1C’ ~ubject~ .
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