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INTRODUCTION 

Research on the use of repellents to protect man and 
his domestic animals against biting arthropods was stimulated 
during the second World War. Since that time many compounds 
have been investigated in the search for a non-toxic, cos-
metically acceptable, effective and long-lasting all-purpose 
repellent. 

Effective protection by an Insect repellent applied to 
the skin varies with the behaviour of the insects, the attrac-
tive properties of the host animal and the environmental 
conditions. The protection also depends on the rate of loss 
of repellent from the site of application as a result of 
evaporation, percutaneous absorption and chemical change (3). 
Kasman, Roadhouse and Wright (10) consider that the chief 
loss of repellency following application of repellents to 
the skin is caused by percutaneous absorption in many cases. 
The protection time of repellents applied to cloth (days or 
weeks) compared with the protection time given by the same 
compounds applied to skin (few hours) suggests the Importance 
of absorption or chemical breakdown of the repellents as fac-
tors limiting the effectiveness of these compounds applied 
to the skin of man and animals. 

Since 1955, N, N-diethyl-m-toluamide (m-DET) has been 
described as one of the most promising of the newer Insect 
repellents (1) (8) (9) (12). Ambrose, Huffman and Salamone 
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(2) found the. compound to be relatively free from toxic 
effects* on repeated dermal application to humans and rabbits, 
and on oral and Intravenous administration to rats and rab-
bits. For human use, this repellent was considered to be 
cosmetically acceptable as it had no unpleasant or pungent 
odour, and felt less "oily" on the skin than repellents 
previously used. Compared with other repellents, m-DET 
has shown greater resistance to removal from the skin by 
wiping (18). And, although none of the repellents yet 
tested gave much protection after rinsing the treated skin 
with water, m-DET was found to be more resistant to this 
treatment than other repellents (18). Protection time 
afforded by m-DET applied to the skin of humans, under normal 
and sweating conditions, has been reported to be superior to 
that given by standard repellents against Aedes aegypti (L. ), 
Aedes taeniorhynchus (Wied. ), Stomoxys calcitrans (L. ), 
Chrysops atlantica (Pech. ), Culicoides canithorax (Hoff. ), 
and Anopheles quadrimaculatus Say. (8). (9). In trials In 
Oregon, m-DET gave longer protection than standard repellents 
where various Aedes species were Involved (6), and similar 
results were obtained in Alaska (1). In Panama it was 

it 
Further studies on chronic toxic effects of m-DET are 

at present in progress (10a). 
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found superior to standard repellents for Mansonia species 
(7). Diethyl toluamide is also very useful as a tick-
repellent, flea-repellent and chigger toxicant. (18). The 
plasticising action of this compound proves a disadvantage 
in that It causes damage to paints, plastics and similar 
materials with which it comes in contact. However, the 
damage is less than that produced by a number of previously 
used repellents (17). 

Schmidt, Acree and Bowman (16) have recently reported 
the use of. C^-labelled m-DET to determine evaporation rates 
and percutaneous absorption of labelled materials after ap-
plying the tagged repellent to the skin of guinea pigs. 
14 

C -labelled m-DET was applied to the dorsal skin of guinea 
pigs at 6. 97 and 7*11 mgm. per sq. in. After six hours the 
repellent was removed by an ethanol rinse. During the six 
hours 0. 96 to 0. 98 mgm. per sq. in. had been lost by evapora-
tion, and 1. 32 to 3. 40 mgm. per sq. In. by absorption through 
the skin. Radioactivity in the urine reached a peak within 
12 hours of application, over 80% of the absorbed dose of 
the radioactive material appeared in the urine in 24 hours, 
and 93% of the C14 absorbed had been excreted by the kidneys 
after 8 days. Ultra-violet absorption studies indicated 
that the radioactive material in the urine was not free 
m-DET. Only 0. 75% of the radioactive material absorbed 
was excreted In the faeces during the eight days after applica-
tion of the repellent. Very small amounts of radioactivity 
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were found in samples of blood, skin and hair. Marked 
variation in the amounts of m-DET absorbed by individual 
guinea pigs was noted. The rates of evaporation of the 
repellent, however, showed little variation. 

Martin (13) used C -labelled m-DET in a pilot experi-
ment to study the percutaneous absorption of radioactive 
material after applying the labelled repellent to the skin 
of guinea pigs. Most of the absorbed radioactive material 
appeared In urine in 24 hours; very little appeared in 
faeces and exhaled carbon dioxide. Two guinea pigs, 
sacrificed after 24 hours, showed higher radioactivity per 
gram of tissue in liver and spleen samples than in the re-
mainder of the carcass. 

The work of Martin (13) represented a part of the pro-
ject on the evaporation and absorption of repellents ini-
tiated at the Department of Parasitology, Ontario Veterinary 
College, at the request of the Defence Research Board of 
Canada. Related work was carried out concurrently at the 
Entomology Research Division of the United States Department 
of Agriculture, Orlando, Florida, and a valuable liaison 
has been maintained between the two laboratories. 

The present research was undertaken in order to investi-
gate further the absorption and distribution of labelled 
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m-DET or its metabolites after application of the tagged 
repellent to the skin of guinea pigs. 



MATERIALS AND METHODS 

One mc. of a similar preparation was used by Martin (13) in 
experiments involving two guinea pigs. From the levels of 
radioactivity reported, it was estimated that - for the 
present investigation - a tenfold dilution of the C -labelled 
m-DET would give satisfactory counting rates. The counting 
rate is an expression of the number of radioactive disinte-
grations detected and recorded by the measuring equipment 
in unit time. A 'satisfactory rate' was defined as a rate 
sufficiently high to avoid a large error from fluctuations 
in the background radiation, but not so high as to introduce 
a serious coincidence loss. Consequently, 45 microliters 
of the labelled m-DET were diluted tenfold with non-radioac-
tive m-DET. The non-radioactive diethyl toluamide (98% meta 
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Fifty-one milligrams of N, N-diethyl-m-toluamide, con-
taining 0. 3 millicuries (mc. ) Carbon-14 in the carbamyl 
group was supplied by the Defence Research Board of Canada. 
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isomer) was obtained from the U. S. Department of Agricul-
ture, Orlando, Fla. This material was redistilled by 
Professor G. F. Wright of the University of Toronto before 
being used in the dilution. 

In each experiment a 225 to 300 gm. male guinea pig 
was used in conjunction with an all-glass metabolism chamber 
of the type described by Roth (15). (Plate I). Two 
modifications to the metabolism chamber and accessories 
were made. These were the attachment of a 50 ml. -capacity 
drinking tube to replace the smaller one supplied, and the 
Inclusion of a second C02-absorption tower which was neces-
sary to ensure removal of CO2 from the air leaving the 
metabolism chamber at the flow rate used. This apparatus 
permitted the separate collection of urine, faeces and ex-
haled carbon dioxide. All ground-glass Joints were lubri-
cated with petroleum jelly to prevent air-leaks. Purina 
Rabbit Chow pellets and drinking water were provided ad lib. 
An air-flow of one litre per minute was drawn through the 
apparatus by an aspirator pump. This air supply was suf-
ficient since guinea pigs of the size used showed no signs 
of respiratory distress or anoxia at flow rates above 350 ml. 
per minute. Moisture and CO2 were removed from incoming 
air as it passed through Drierite and Ascarite containers. 
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(Plate I., A. and B. ) Exhaled CO2 was trapped In two 
series-connected absorption towers (Plate I., F. and G. ) 
containing a total of 400 ml. N NaOH. Sodium hydroxide 
solutions used throughout these experiments were made up 
Just before use by diluting 20 N NaOH with distilled, de-ionised and boiled water to the required strength. In 
this way the carbonate content of the hydroxide solutions 
was minimized. In preliminary studies on the apparatus, 
a bubbler containing saturated barium hydroxide tested the 
efficiency of CO2-removal by the Ascarite. A similar 
bubbler (Plate I., H. ) was used during each experiment to 
test the efficiency of the C02-absorption towers. Sodium 
hydroxide in the CO2-absorption towers was replaced every 
six hours during each 24-hour experiment. The temperature 
of the metabolism chamber was maintained at 23-27° C. In 
hot weather, wet absorbent paper was placed on the outside 
of the metabolism chamber. With ice-cubes on the paper 
and an electric fan used to increase the rate of evaporation 
of water, the temperature within the chamber was effectively 
maintained between 25 and 27° C. 

Each guinea pig was first introduced into the metabolism 
chamber for a period of 6 to 8 hours on each of three suc-
cessive days. During these 'acclimatisation periods' the 
animal learned to make use of the food and water supplies. 
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Urine collected at these times was stored in a refrigerator 
and later used as a control to compare with urine collected 
during the experiment. 

The dorsal hair of the guinea pig was clipped, and an 
area 4 cm. square was shaved dorsal to the thorax. A glass 
cylinder (4 mm. high, Inside diameter 11. 2 mm., outside 
diameter 12. 6 mm. ) was cemented to the skin on the shaved 
area, placed centrally on the dorsum approximately 2 cm. 
behind the scapulae. A period of 24 hours was allowed for 
the recovery of the skin from the effects of shaving. The 
tagged m-DET (o. o5 ml. ) was then placed on the skin within 
the glass cylinder, using an Agla Microsyringe, and a cover 
glass was cemented over the cylinder to minimize evaporation 
of the repellent. 

The glass cylinders were made from small soft-glass 
Insect vials, using a diamond pencil and a hot wire. A 
flange was formed on the base of each cylinder to give a 
larger surface area of contact between glass and skin. Both 
the base and top of the cylinder were ground to smooth flat 
surfaces. The glass capsule was sealed with a circular 
cover glass (Turtox #2, 12. 3 mm. diameter). 

The cementing of the glass cylinder to the skin, and 
of the cover glass to the cylinder presented a number of 
problems. The repellent has plasticising properties, and 
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will soften or dissolve a number of adhesives. Collodion, 
resin-bonded glue, Gum Arabic, low melting point De 

Khotinsky-type cements and a number of commercial 'house-
hold cements' were unsatisfactory. Duco Household Cement, 
which had been used by Martin (13) previously, was tried in 
two preliminary experiments. But much of the radioactive 
material applied to the skin was held in the cement, and 
the amount of radioactive material absorbed through the skin 
was only one-sixth of that absorbed in succeeding experiments. 
In one of the preliminary experiments, the repellent softened 
the Duco cement to such an extent that the capsule became 
displaced, and some of the repellent leaked out onto the 
surrounding skin. A satisfactory adhesive, which Is ap-
parently unaffected by the repellent, was made of equal 
weights of gelatin crystals and water, heated to 60-70° C. 
This adhesive sets within ten minutes of application. It 
has held a glass capsule, containing 0. 3 ml. of non-radio-
active m-DET, to the skin of a human forearm for five days 
without any sign of softening of the adhesive or leakage of 
the repellent. It has similarly held a capsule containing 
0. 5 ml. of m-DET on guinea pig skin for five days. 

Immediately after application of the tagged m-DET to 
the skin of the guinea pig and closure of the capsule, the 
guinea pig was placed in the metabolism chamber, absorption 
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towers were connected and the air flow started. Twenty-
four hours later the guinea pig was sacrificed by cutting 
off the air flow and introducing chloroform Into the 
feeder compartment (Plate I., C. ). 

Urine and faeces collected during the experiment were 
stored in sealed containers in a refrigerator. After re-
moving the guinea pig from the metabolism chamber, the 
urine-collecting funnel was rinsed thoroughly with distilled 
water, and the rinsings were also stored in sealed contain-
ers in the refrigerator. Each guinea pig was dissected 
carefully to prevent transfer of radioactive materials from 
one organ to another. The glass capsule, together with 
the skin beneath it, was first removed. The circle of 
skin had a diameter approximately 8 mm. greater than that 
of the glass capsule. All dissected parts were stored in 
covered glass containers in the refrigerator. 

In order to measure radioactivity present in various 
parts of the body, samples were prepared from the following 
body components: the skin beneath the capsule, skin and 
hair from other areas of the body, brain, heart, lungs, 
blood, spleen, liver, bile, stomach-, foregut- and hind gut-contents, faecal pellets from the rectum, kidneys, bladder, 
testes, skeletal muscle, bone, adipose tissue, and the re-
mainder of the carcass. The levels of radioactivity of 
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the capsule, urine, faeces and exhaled carbon dioxide were 
also measured. 

The measurement of the amounts of Carbon-l4 present 
In these materials involved combustion, by which all carbon 
present In the materials combusted was oxidised to CO2, the 
CO2 then being trapped in NaOH solutions. The carbon 
originally present in the materials combusted was finally 
precipitated as barium carbonate. In this form the amount 

14 
of C present could be measured with more accuracy, and 
corrections for the self-absorption of beta particles by 
the barium carbonate could be applied. 
COMBUSTION METHODS: 
I. Persulphate oxidation: 

This method was used on samples of urine and bile. The 
apparatus is shown in Plate II. The method was based on 
the persulphate combustion described by Aronoff (3). The 
apparatus consisted of a combustion chamber, water-cooled 
condenser, and an absorption tower for trapping CO2. Carbon 
dioxide was removed from the air entering the combustion 
chamber by an Ascarite container. The efficiency of this 
C02-remover was checked by a bubbler containing a saturated 
barium hydroxide solution. Ground glass joints in the ap-
paratus were lubricated with concentrated phosphoric acid. 
Tygon tubing was used for other joints. 



- 13 -

To the combustion chamber was added the sample to be 
oxidised, three grams of potassium persulphate, three +mil-
lilitres of 4% silver nitrate and distilled water to a 
volume of 110 ml. (The water used in this operation was 
first distilled, then passed through a column of ion-
exchange resins and finally boiled before use. ) The com-
bustion chamber was heated in a water bath at 70-80° C for 
twenty minutes with the water-cooled condenser operating. 
During this time a slow stream of air was drawn through 
the apparatus, with bubbles rising in the combustion 
chamber at the rate of 2 per second. Next, the flow of 
air was increased slightly to 3 to 6 bubbles per second, 
and the temperature of the water bath was raised to 95* 
100° C until ten minutes after the persulphate dissolved. 
Carbon dioxide produced In the oxidation of the sample 
was carried over and trapped in the absorption tower which 
contained 150 ml. 0. 1 N NaOH. To ensure complete combus-
tion of samples, It was necessary to limit the volume of 
urine in the sample to 3 millilitres. 

II. Van Slyke Combustion: 
This method was used in the combustion of all materials 

other than urine and bile. The apparatus used was a modi-
fication of that described by Calvin (4) for static wet 
combustion. (Plate III). Two additions to the apparatus 
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described by Calvin were made; a manometer was included 
to measure the pressure within the combustion chamber, and 
a magnetic stirrer was used in the CO2-absorber to hasten 
the trapping of carbon dioxide. 

Reagents used in Van Slyke Combustion: -
Solid reagent: KIO3 and KgCr^Oy (2: 1, ground together) 
Liquid reagent: HgSO^, 67 ml. (fuming, 20% excess) 

H3PO4, 33 ml. (syrupy, sp. gr. 1. 71) 
KIO3, 1 gm. 

The liquid mixture was heated to 160-190° C until the 
iodate dissolved, then slowly cooled. 

Two grams of solid reagent were placed In the combus-
tion compartment. The reagent was weighed in a long trough 
of aluminum foil and was Introduced into the apparatus by 
tipping it down the trough into the combustion compartment. 
Next, the sample to be oxidised was introduced. The size 
of sample was limited in order to obtain complete combus-
tion. With the quantities of reagents used It was neces-
sary to use amounts of samples containing less than 30 mgm. 
of carbon. The carbon-content of various tissues was 
estimated from recorded data (17) and preliminary tests were 
made on guinea pig tissues to discover suitable sample-sizes 
to be used In combustion of these materials. Most samples 
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were placed In shallow glass boats made from #2, 22 X 40 mm. 
coverslides. The boat containing the sample was pushed 
Into the combustion chamber using a long glass rod. Hair 
samples, however, were introduced Into the combustion 
compartment wrapped in glass cloth. This prevented hairs 
from sticking to the walls of the apparatus. Following 
the introduction of the sample into the combustion tube, 
100 ml. of 0. 1 N NaOH and a magnetic stirring-bar were 
placed in the C02-absorber. The combustion tube and CO2-
absorber were then attached to the connecting tube. All 
ground-glass joints were lubricated with concentrated phos-
phoric acid. Ten millilitres of the liquid reagent were 
added to the side-arm, and the glass stopper was replaced. 
The apparatus was then evacuated to 30 mm Hg with the 
combustion compartment submerged in an ice-bath. The 
liquid reagent was tipped slowly from the side arm into the 
combustion tube. The ice-bath was then removed and the 
combustion tube was heated with a micro flame so that the 
contents simmered gently. The magnetic stirrer was started 
In the COg-absorber, and the simmering in the combustion 
tube was continued for fifteen minutes. If heating was too 
violent, SO3 vapour and iodine vapour were produced. These 
vapours, if they were not condensed before reaching the 
CO2-absorblng solution, caused errors in the measurement of 
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carbon-content of the samples oxidised. Particular care 
was necessary in the combustion of adipose tissue by this 
method. The fat tended to spread over the whole surface 
of the liquid, but very gentle heating together with a 
continuous gentle shaking of the apparatus prevented the 
evolution of iodine- or SO^-vapour. Carbon dioxide 
evolved during the oxidation of samples was absorbed over 
a period of two hours. 

After completion of the persulphate oxidation, or the 
Van Slyke combustion, the alkaline C02-absorblng solution 
was transferred to a conical flask. Two rinses of the 
C02-absorblng vessel were made with boiled, distilled water, 
the rinses being poured into the conical flask. In order 
to reduce the precipitation of barium hydroxide along with 
barium carbonate, the alkaline absorber-solution was ad-
justed to pH 8. 4 (the end point of phenolphthalein) with 
Normal ammonium chloride solution. An excess of barium 
chloride (20 ml. solution, Normal for Ba) was added to 
cause precipitation of barium carbonate, and the flask 
corked. At least half an hour was allowed for precipita-
tion to occur before the precipitates were collected on 
weighed Gouch filters (medium porosity, sintered glass) 
and washed with boiled distilled water. The precipitates 
in the filters were dried for at least an hour at 120° C. 
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After drying, the filters were allowed to cool to room 
temperature in an evacuated desiccator-jar before being 
re-weighed In an airtight weighing bottle. This procedure 
prevented inaccuracies in weighing caused by the uptake of 
water vapour from the air by the finely divided glass and 
by the precipitates on the filters. 

Having weighed the barium carbonate precipitate, a 
small quantity (approximately 100 mgm. ) of the precipitate 
was mixed with 1. 2 ml. of absolute ethanol to form a slurry. 
From this slurry the barium carbonate was plated onto an 
aluminum planchet (2. 44 cm. inside diameter). Plating was 
accomplished by using a Nuclear Chicago Sample-Spinner, 
equipped with an infra-red'heat lamp and an air-blower. 
The ethanol evaporated from the slurry in the planchet, 
leaving an even layer of carbonate on the floor of the 
vessel. The weight of barium carbonate In each planchet 
was recorded. In the preparation of planchet no way was 
found to prevent a small amount of carbonate being deposited 
on the walls. Since this fact precluded the use of avail-
able self-absorption data, a self absorption curve was 
determined experimentally for this system. A standard 
barium carbonate source (21. 4 d. p. s. /mgm. ) was used In the 
preparation of this curve. 

Plated samples were kept in an evacuated desiccator-jar 
until measurement of their radioactivity could be made. This 
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Barium carbonate derived from the combustion of material 
remaining in the capsule and from the skin beneath the cap-
sule was very radioactive. In order to measure this radio-
activity without appreciable error due to coincidence loss, 
dilution of the radioactive barium carbonate was necessary. 
Coincidence loss Is the error produced by the inability of 
a detector to record one or more nuclear transformations 

occurring during the refractory period caused by a previous 
disintegration. This error Is Increased if samples have a 
very high rate of disintegration. In the dilution of such 
samples of barium carbonate, the Van Slyke combustion appara-
tus was used. A known weight of the radioactive carbonate 
was introduced into the combustion chamber, and a weight of 

non-radioactive barium carbonate — sufficient to give a 
thirty- to fifty-fold dilution of the radioactive carbonate — 
was also introduced into the combustion compartment. The 
COg-absorber, containing 100 ml. 0. 1 N NaOH and a magnetic 
stirring-bar, and the combustion chamber were attached to 
the connecting tube. Dilute phosphoric acid (13 ml. ) was 
placed in the side-arm, and after evacuation of the apparatus 
to 30 mm Hg the acid was tipped from the side-arm into the 

reduced the likelihood of loss of radioactivity from the 
plated samples caused by the following exchange reaction: 
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combustion compartment. The carbon dioxide evolved was 
trapped In the Co2-absorber, and converted to barium car-
bonate as described above. In this way, a homogeneous 
mixture of the radioactive and non-radioactive carbonate 
could be obtained. 

Counting equipment consisted of an N. R. D. DR-14 pro-
portional gas flow counter and scaler. In order to reduce 
error In counting due to the random distribution of decay 
of the radioactive material, at least one thousand counts 
were recorded from each carbonate sample. In the counts 
recorded, therefore, the 'standard' error did not exceed 
3. 17%* Counts made on each sample were corrected for the 
background counting rate and for the performance of the 
instrument. In addition, corrections were made for the 
self-absorption of beta particles by the barium carbonate. 
No corrections were made for coincidence loss since the 
resolving time of the apparatus was approximately one micro-
second and the highest counting rate recorded was 80, 000 
c. p. m. (This would have given an error of approximately 
0. 13%. ) No corrections for physical decay were necessary. 

All contaminated glassware was cleaned in dichromate 
solution and thoroughly rinsed with tapwater and distilled 
water. Gouch filters, after being cleaned were washed 
through with dilute HC1, tapwater and distilled water. 
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RESULTS 

Tests on the efficiency of the persulphate oxidation 
method for combustion of carbon-compounds in aqueous solu-
tion showed that weights of barium carbonate produced from 
these combustions were very close to the theoretical produc-
tion of barium carbonate (Table I). Reagent blanks, con-
ducted to show the weight of barium carbonate derived from 
carbon-sources other than the organic compound showed that 
negligible amounts of carbonate were derived from these 
sources. Similar tests on the Van Slyke combustion method 
(Table II) showed equally good results comparing the ex-
pected and obtained weights of barium carbonate derived from 
organic compounds. Two sets of reagent blanks were conduc-
ted in these tests; neither with the glass boat nor with 
the glass cloth present was there sufficient barium carbonate 
produced to interfere appreciably with the efficiency of the 
method. 

The method used for diluting highly radioactive samples 
of barium carbonate was also tested. Comparisons were made 
between weights of non-radioactive barium carbonate intro-
duced Into, and recovered from the apparatus. Only very 
slight amounts of carbonate derived from extraneous sources 
were present (Table III). 

The carbon content of various tissues and other materials 
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taken from guinea pigs could be estimated approximately. 
Tests on the effect of varying the size of samples of these 
materials on the estimation of the radioactivity they con-
tained gave the results shown in Table IV. Variation of 
the weight of samples within the limits shown did not 
affect the estimation of the radioactivity of the samples to 
an extent that was considered significant. 

Table V contains mean values of radioactivity present 
in the tissues, excretions and other materials studied 
from six guinea pigs. The capsule, and skin beneath the 
capsule showed high radioactivity. Of the dose of radio-
active material absorbed during 24 hours, only 12 - 13% 
remained in the entire guinea pig at the end of that time. 
More than 85% of the absorbed dose had been excreted in the 
urine, less than 1% had been excreted In the faeces, and 
less than 0. 2% in the exhaled carbon dioxide during the 24 
hours. The rates of excretion of radiocarbon in urine, 
faeces and COg during the 24-hour experiment are shown in 
Graphs I and II. In the Individual tissues of the body the 
level of radioactivity (measured in rn^l. m-DET equivalents**) 
was very low compared with that in urine. Measured in the 

**0ne mul. m-DET equivalent represents the radioactivity 
present in one mul. of the labelled m-DET applied to the skin. 
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same units per gram of material, values from liver, spleen, 
heart, lungs, blood, testes, muscle, bone, brain and peri-
renal fat were uniformly low (1. 4-4. 4). Bile showed 57. 7 
mul. m-DET equivalents per ml. Kidney tissue contained 
10. 9, and the bladder 237. 9 m^l. m-DET equivalents/gm. 
Foregut- and hind gut-contents also showed relatively high 
values (16. 2 and 40. 5), and stomach contents gave a value 
of 5*3* Skin contained 18. 2 m^l. equivalents m-DET/gm. 

Further analysis of the radioactivity present In skin 
samples showed that the hair contained more radioactivity 
per gram than the whole-skin samples, and that subcutaneous 
fat contained only slightly more radioactivity per gram 
than the whole-skin samples (Table VI). Table Via shows 
the very slight differences in radioactivity found In skin 
samples from different sites on one guinea pig. After 
extracting hair samples with various organic solvents, 
chloroform was found to remove more than half of the radio-
active materials from the hair (Table VII). Differences 
in radioactivity were noted between hair samples of different 
colours In two skewbald guinea pigs (Table VIII). White 
hair appeared to contain relatively less radioactivity than 
coloured hair from the same guinea pig. There was consider-
able variation in the amount of radioactive material absorbed 
through the skin of individual guinea pigs (Table IX). 
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Results in Table X show less radioactivity present In 
rectal contents than in gut contents taken from the colon. 
This table shows the slight difference between radioactivity 
per gram of rectal contents, and of faecal pellets collected 
from the metabolism chamber just prior to sacrificing the 
guinea pig. 

Table XI gives a comparison between the amount of 
radioactive material applied to the skin and the amount re-
covered from the capsule, excretions and guinea pig in each 
experiment. Self-absorption corrections were made on the 
counts made from all samples. The experimentally determined 
self-absorption curve, from which these corrections were 
derived, is shown In Graph III. 
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DISCUSSION 

In this investigation on the percutaneous absorption 
14 

of C -labelled (carbamyl group) N, N-diethyl-m-toluamide by 
guinea pigs, tests of equipment and methods formed a large 
part of the experimental work. The cost and limited supply 
of radioactive material made careful preliminary work neces-
sary to prevent wastage. 

The efficiency of the persulphate oxidation method for 
the combustions of aqueous solutions of organic compounds 
proved very satisfactory. The Van Slyke combustion method 
gave more variable results in the combustion of samples con-
taining a large proportion of water, but this method was 
shown to give consistently high efficiency in the combustion 
of known weights of the repellent, another aromatic compound, 
an amino acid and a fatty acid. To ensure complete combus-
tion, the size of the sample to be oxidised had to be limited. 
Results in Table IV show that variation of sample size within 
the narrow limits used had only a very slight effect on the 
estimation of the radioactivity of the samples. Reagent 
blanks performed showed that extremely small amounts of 
barium carbonate were derived from sources other than the 
sample to be oxidised. These 'extraneous' sources of carbon 
included carbon dioxide from the air and Impurities in the 
reagents used. It wa6 necessary to use distilled, de-ionised 
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water, and sodium hydroxide solutions that were 'carbonate-
free' in order to keep the reagent blanks at low values. 
Both methods of combustion were time-consuming and required 
constant attention. One improvement on the method of 
measuring the carbonate produced following combustion would 
be to estimate the amount by titration rather than gravi-
metrically. It Is likely that such a method would be 
equally accurate and more rapid. Time taken in plating 
samples of barium carbonate could be reduced if the preci-
pitate were filtered straight onto filter pads of a size 
suitable for introduction into the radioactivity-detector. 
These procedures of titration and preparation of barium 
carbonate for counting have been described and found satis-
factory by Peters and Gutmann (14). 

Because of the limited supply of radioactive material, 
it was desirable to use small laboratory animals in this 
work. Rats were tried in a few preliminary experiments, 
but were not found to be satisfactory. They showed a great 
ability to chew off the glass capsules and the separate col-
lection of their urine and faeces was difficult in the 
metabolism chamber used, apparently due to the relative 
violence of the flow of urine. Guinea pigs were found to 
be temperamentally more suitable. They were unable to 
disturb the capsules placed on their backs and the separation 
of their urine and faeces was more efficient. A further 
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reason for the choice of guinea pigs was the fact that their 
hair-cycle follows a mosaic pattern. Thus, in any area of 
skin, hairs In all different stages of growth were likely to 
be found, and any difference in percutaneous absorption of 
the repellent due to the stage of the hair cycle at the site 
of application was nullified. In contrast, rats show a 
more or less simultaneous cyclic activity in all hair 
follicles. 

The all-glass metabolism chamber was very satisfactory 
in operation. The funnel-attachment for the separation of 
urine and faeces worked satisfactorily provided that it was 
thoroughly cleaned with dichromate solution, and rinsed with 
distilled water and acetone before use. It appeared that 
some degree of contamination of faeces with the more radio-
active urine must occur. However, comparison between the 
radioactivity per gram of rectal contents and that of the 
last sample of faeces collected in the metabolism chamber 
indicated, at the most, very slight contamination of the 
faeces (Table X). 

Probably the most striking results obtained in the 
measurement of the radioactivity of different materials 
after the 24-hour experiments were the high levels of radio-
activity found in urine (Table V). The great majority of 
the dose of radioactive material absorbed was excreted, in 
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the form of labelled derivatives of m-DET, by this route. 
Using non-radioactive m-DET, it has been shown that after 
application of the compound to the skin, free m-DET as such 
does not appear In the urine (Appendix II) (16). In two 
experiments, urine showed appreciable radioactivity within 
fifty minutes of applying the labelled repellent to the skin 
(Graph I). Thus, the absorption of labelled material from 
the skin and its presumed conversion to a water soluble 
metabolite from the non water-soluble parent compound 
appeared to be quite rapid. It Is possible that material 
absorbed was conjugated with glycine. This detoxification 
mechanism is known to occur with benzoic acid and other 
aromatic acids in mammalian tissues.. Also toluene is con-
verted to benzoic acid before being excreted in the glycerine-conjugated form as hippuric acid. In these experiments, 

the position of the labelled carbon atom in the m-DET 
14 

molecule was known, but the position of the C atom in the 
metabolites or breakdown products of m-DET In the materials 
studied was unknown. It seems likely that the labelled 
carbon atoms were, in the main, not detached from the benzene 
rings. The classical work on the metabolism of benzoic, 
phenylacetic and homologous acids may be considered to 
support this assumption. Also, the very small amounts 
of radioactivity recorded from exhaled carbon dioxide (Table V) 
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might be regarded as evidence that the separation of the 
carbamyl carbon (C14) and the benzene ring by decarboxyla-
tion was not easily accomplished by guinea pig tissues. 

The presence of relatively large amounts of radio-
active materials In bile (Table V) suggested that the 
liver played an important part in the metabolism of m-DET. 
However, since relatively little radioactivity was recorded 
from liver tissue 24 hours after cutaneous application of 
the repellent (Table V), it appeared that very little 
storage of m-DET or its metabolites occurred in the liver, 
and that any chemical changes in labelled materials must 
have been relatively rapid in this organ. The radioactivity 
per gram of kidney tissue (Table V) might indicate that the 
kidney was also responsible for part of the metabolism of 
m-DET. Certainly most of the radioactive metabolites must 
pass through this organ. The high and rather variable 
amounts of radioactivity recorded from the bladder tissue 
was considered to be a reflection of the Incomplete removal 
of urine from this organ before sampling and combustion. 

Stomach contents contained radioactive materials (Table 
V). It would be expected, if the animal ate non-radioactive 
food, that stomach contents would show little or no radio-
activity. The radioactivity present was likely to be the 
result of coprophagy. With the apparatus used, it was found 
impossible to prevent the eating of faeces without Interfering 
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with the collection of faeces and urine. The radioactivity 
in foregut contents was considered to be a reflection of 
the radioactivity present in bile (Table V). Hindgut-
contents showed more than twice the radioactivity per gram 
present in the fore-gut contents. This fact could be ex-
plained partly by concentration phenomena, and also by the 
probability that relatively more mucus and other gut wall 
constituents were scraped off and included in foregut samples 
than in hind-gut samples. It is possible that radiocarbon 
in some form was excreted independently into the hindgut 
lumen. The disparity between radioactivity per gram of 
different samples of Hindgut-contents and of faeces (Table 
X) appears to Indicate that a reabsorption of labelled 
materials from the gut lumen occurred in the terminal parts 
of the hindgut. The faeces dropped during the 24-hours 
contained only a very small proportion of the dose of radio-
activity absorbed during that time (Table V). 

Samples taken from spleen, heart, lungs, testes, blood, 
brain, skeletal muscle and bone showed the presence of uni-
formly slight radioactivity in these tissues (Table V), so 
no significant storage of labelled materials occurred here. 
Similarly, no storage of radioactive materials was evident 
in perl-renal fat deposits. Guinea pigs of the size used 
have extremely small fat deposits, and so very small amounts 
were obtained for sampling. (Table V). 
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High levels of radioactivity found in the capsule and 
skin beneath the capsule (Table V) were to be expected. 
The atmosphere within the capsule was presumably saturated 
with the vapour of the repellent by the end of the experi-
ment, and adsorption of the repellent onto the glass of the 
capsule would have occurred. The levels of radioactivity 
found in skin samples from sites other than beneath the 
capsule were, however, unexpectedly high (Table V). These 
skin samples were taken from sites where contamination by 
urine was unlikely. Samples taken from different sites on 
one guinea pig, showed only very slight differences In 
radiocarbon content (Table Via). The appearance of radio-
active materials In skin, away from the site of application, 
would be of considerable Interest if the labelled materials 
represented free m-DET in sufficient quantities to repel 
insects. Comparisons between whole-skin samples, hair sam-
ples, and subcutaneous fat (Table VI) indicated that hair 
samples contained very much more radioactivity per gram than 
the other two materials. From the results of extracting 
radioactive hair samples with organic solvents (Table VII) 
It appeared that at least half of the radioactivity in the 
hair samples could be removed by extraction with chloroform, 
and less could be removed by more polar solvents. It was 
tentatively concluded from these results that a large propor-
tion of the labelled materials present was held in fatty or 
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sebaceous material on the hair. In the last two experi-
ments, skewbald guinea pigs were used. A difference In 
radioactivity per gram of hair was noted between samples of 
hair of different colours (Table VIII). However, because 
of the limited supply of labelled repellent, It was imprac-
ticable to repeat this part of the experiment. No statis-
tical significance was attached to these results, but 
speculations were made on the possibility that m-DET or its 
metabolites became Involved In the mechanism of melanin-
production. A number of aromatic amines or aniline deriva-
tives have been shown to react with the orthoquinone precur-
sors of melanin (11). 

The reasons for the variation in the amounts of labelled 
material absorbed through the skin of individual guinea pigs 
(Table IX) are not known. Damage to the epithelium is known 
to cause great variation in rates of percutaneous absorption. 
In order to minimise such effects in these experiments, 
shaving of the skin was done with extreme care, and 24 hours 
for recovery of skin from any shaving damage was allowed 
before the repellent was applied. The fact that guinea pigs 
show a mosaic pattern of hair-cycle removes the possibility 
that differences in the rate of percutaneous absorption of 
labelled material were caused by differences in the stage 
of the hair-cycle at the site of application. Apparently 
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similar individual differences in the rates of absorption 
of the repellent from human forearms has been noted In 
experimental work at the United States Department of Agri-
culture, Orlando, Fla. (19). Man also has a mosaic pattern 
of cyclic activity in hair-follicles. The percutaneous 
absorption of many compounds occurs through the walls of 
hair-follicles, and through the basement membranes of seba-
ceous glands (11). It is probable that at least a part of 
the radioactive materials absorbed in these experiments 
followed this route. Individual variations in composition 
of sebum and other skin-surface lipids are known to occur 
in humans. Such variations could have a considerable effect 
In percutaneous absorption of repellents. 

The use of autoradiography on skin sections was con-
sidered as a method for tracing the pathways taken by 
labelled material after application of the tagged repellent 
to the skin. Several factors made this an impracticable 

* project. To ensure fixation of the radioactive material in 
skin sections throughout their preparation, a freeze-drying 
technique of section-preparation would probably have been 
necessary. The minimum thickness of sections cut from 

freeze-dried material is such that the resolution obtained 
from these sections would be unlikely to give a clear picture 
of the position of radioactive material in the different skin 
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structures. Also, to give satisfactory darkening of an 
emulsion placed on a section, approximately ten million 
beta particles from the section must strike each square 
centimetre of the emulsion. With the amounts of radio-
active material available for this project, it was estimated 
that each emulsion would have to be exposed for a period of 
at least five months. 

The loss of radiocarbon during experiments (Table XI) 
may be accounted for In a number of ways. In spite of 
rinsing the urine-collecting funnel at the end of each experi-
ment, it was impossible to collect all the urine produced. 
The radioactive materials on the platform on which the 
guinea pig stood were particularly difficult to collect by 
rinsing. A further loss of radioactive material occurred 
during the removal of the capsule from the skin. The 
atmosphere within the capsule was presumably saturated with 
m-DET vapour. It is likely that m-DET was lost to some 
extent by evaporation after migration through the horny 
layers of the skin beyond the confines of the capsule. No 
satisfactory method was found for checking on this loss, 
since the Inclusion of an ethanol bubbler Into the train of 
absorption towers made the determination of radioactivity in 
exhaled carbon dioxide non-quantitative. Because the size 
of samples that could be completely oxidised by the combustion 
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methods was limited, complete oxidation of whole organs 
was impracticable. Thus, errors in estimation of radio-
activity present in whole organs — errors inherent in 
such sampling methods — were likely to occur. 

Further work is obviously required to elucidate the 
metabolic changes undergone by m-DET after its application 
to skin, and It would be of interest to discover the nature 
of the radioactive materials that appeared in the hair and 
skin samples. If the repellent, applied to one place on 
the skin, was found to appear unchanged in other areas of 
the skin — having an affinity for sebaceous material or 
other skin lipids — a partial explanation for the effective-
ness and protection-time of this repellent would have been 
gained. Also, one might then consider N, N-diethyl-m-
toluamide as an approach to the ideal insect repellent which, 
after oral administration, would appear in skin secretions 
and give adequate protection for more than a few hours. 
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CONCLUSIONS 

14 
1. Following application of C -labelled m-DET to the 

skin of guinea pigs, percutaneous absorption of the 
labelled material occurred at rates varying with Individ-
ual guinea pigs. 

2. Radioactive derivatives of m-DET were excreted 
rapidly in urine. Over 80% of the absorbed dose of 
radioactivity was excreted through the kidney In 24 hours. 

3. An extremely small proportion of the radiocarbon 
absorbed was excreted in the form of carbon dioxide. 

4. Little radioactive material was excreted in faeces. 
Labelled materials probably entered the gut with the bile, 
and reabsorption of some radioactive materials from the 
gut lumen occurred in the terminal part of the hindgut. 

3. Compared with the C^-content of the urine, the 
radioactivity present after 24 hours in other body com-
ponents was very low. Apart from bile, gut-contents, 
kidney, bladder and skin, the remainder of the tissues 
studied showed uniformly minute quantities of radioactivity, 
indicating extremely little if any storage of labelled 
m-DET or its derivatives in these tissues. 

6. Considerable radioactivity remained after 24 hours 
in skin and hair situated away from the site of application. 
A large proportion of this radioactivity appeared to be 
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held In sebaceous or other lipid materials in hair 
samples. A difference in hair colour was apparently 
accompanied by a difference in the amount of radioac-
tivity present in hair samples. 

7* A satisfactory method for tracing percutaneous ab-
14 

sorption of C -labelled repellents, and the distribution 
of their labelled metabolites, was developed, using 
guinea pigs as experimental animals. The evaporation of 
repellent from the skin was minimised by the use of a 
glass capsule. The gelatin adhesive used to cement the 
capsule to the skin may find a wide application in work 
of this sort, since it is virtually insoluble in organic 
solvents. 
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SUMMARY 

A method Is described for the investigation of 
absorption and distribution of labelled compounds after 
application of a C^-labelled insect repellent (N, N-
diethyl-m-toluamide) to the skin of guinea pigs. It was 
apparent from experimental results that the rate of per-
cutaneous absorption of labelled material varied consider-
ably with individual guinea pigs. More than 80% of the 
absorbed dose of radioactive material was excreted in 
urine within 24 hours, whereas very small amounts of 
radioactivity were found in exhaled carbon dioxide and 
faeces. Labelled materials probably entered the gut 
with the bile, and reabsorption of some tagged materials 
occurred in the terminal parts of the hindgut. Much 
labelled material remained in the skin at the site of 
application. The amounts remaining in other body con-
stituents studied were very low, but skin and hair situa-
ted away from the application site showed conspicuously 
higher radioactivity. A large proportion of the radio-
activity in such hair samples was apparently held in 
sebaceous or other lipid materials on the hair. The 
significance of these results is discussed. 
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METABOLISM CHAMBER AND ACCESSORIES 
A. Drierite 
B. Ascarite 
C. Feeder Compartment 
D. Urine Collector 
E. Faeces Collector 
F. CO2 Absorption Tower 
G. CO2 Absorption Tower 

H. Bubbler containing barium hydroxide 
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METABOLISM CHAMBER AND ACCESSORIES 



4 

PERSULPHATE OXIDATION APPARATUS 
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VAN SLYKE COMBUSTION APPARATUS 
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APPENDIX II 

Introduction 
A pilot experiment was conducted, using ether-extracts 

of urine and an infra-red spectrophotometer, to study the 
metabolites of m-DET excreted in urine. 

Materials and Methods 

Ten millilitres of non-radioactive N, N-diethyl-m-toluamide were applied to arms and legs of a human subject. 
Urine was collected over a period of 36 hours following 
application, and was stored in a refrigerator at 34° F. 
Ethyl ether-extracts of this urine were made. Similar 
extracts were made from control urine collected during 36 
hours before the application of the repellent to the skin. 
A third set of extracts were made from control urine to 
which the repellent (0. 25 ml. m-DET per litre urine) had 
been added. A Beckman I. R. 4 spectrophotometer* was used 
in the analysis of these extracts. Infra-red absorption 
was measured between the wavelengths of 1 and 16 microns. 

Results 
The absorptions recorded were free from the masking 

*These analyses were made through the kindness of Naugatuck 
Chemicals Division of the Dominion Rubber Co. Ltd., Elmira, 
Ontario. 
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effects of the absorption spectrum of the solvent only 
between the wavelengths of 13 and 16 microns. Absorption 
peaks of the 'extract containing m-DET' occurred at 13. 6 
and 14. 7 microns. The 'extract containing metabolites' 
showed one peak at 15. 0 microns, and the extract of control 
urine showed no peaks between 13 and 16 microns. 

Discussion and Conclusions 
More satisfactory results could be obtained using the 

double-beam attachment of an Infra-red spectrophotometer. 
In this way, the absorption spectra of m-DET and metabolites 
could be measured over the whole wavelength range without 
the masking effects of normal urine constituents and the 
solvent. 

From the results obtained, it was concluded that free 
m-DET as such did not appear in urine after application of 

, the repellent to the skin. An indication of the chemical 
radicals present In the metabolites of m-DET could be gained, 
using a double-beam spectrophotometer on extracts of urine. 
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