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ALLERGIC CONT ACT DERMA TITIS OF THE MOUSE EAR* 
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Abstract. Allergic contact dermatitis to picryl chloride on 
the mouse ear was registered by measuring the increasing 
wet wcight during the inflammatory reaction. This quan
titative technique permitted the use of small experimental 
groups of regular laboratory mice. 

Full sensitization lo picryl chloride is achieved as early 
as 3 days after a single painting with the hapten. The 
allergic reaction peaks at 24 h after challenge. Sensitiza
tion and challenge are not inhibited. whether by antihis
tamine. histamine liberator, or antiserotonin. The hyper
sensitivity state lasts at least 4 months. 

Key words: Contact dennatitis; Delayed allergy; Sen
sitization; Mouse; Picryl chloride 

The rnouse has been far too neglected by derrnato
logists as an experimental animal in studies on 
allergic contact dermatitis. but it has been widely 
used by irnrnunologists for studies on delayed-type 
hypersensitivity as well as pathogenically related 
immediate-type allergy. The contact dermatitis 
proper, being less eczematous than in the guinea pig 
and in man. has been insufficiently studied. The 
present work provides data on lime prerequisites 
for optimal sensitization and challenge to picryl 
chloride in the mouse as well as the influence of an 
antihistamine, a histamine liberator, and an an
tiserotonin. 

MATERIAL AND METHODS 

Animals. Female CBA albino mice were obtained from 
Anticimex AB. Stockholm, Sweden. Their weight was 
about 30 g, their age 2-3 months when starting the experi
ments. 

Drags. Picryl chloride was purchased from BDH, 
Poole. U.K.: before delivery 20% water is added. thus 
reducing the figures given below to the same degree. 
Clemastine (Tavegyl® ) and methysergide (Sansert®) were 
obtained from Sandoz AB, Täby, Sweden. According to 
the manufacturer the mouse LD5° by intravenous ad
ministration is 43 mg/kg for clemastine, and 180 mg/kg for 
methysergide. The dose of clemastine used. 1.5 mg/kg 
i.p.: is about 50 times that recommended for human in
tramuscular administration. The methysergide dose of 6.0

1-802801

mg/kg i.p. was chosen on the basis of LD•0 of the two 
preparations: also. higher doses were not tolerated by the 
animals. Polymyxin B sulphate was purchased from 
Pfizer. Brussels. Belgium. It was given in dose of 10 mg/kg 
i.p. on 3 consecutive days. which is of the same order as
that which liberates 53 % of the histamine in the mouse
ear. and 38% of the serotonin (16). 

Sensiriz,a1io11 was performed by a single painting onto a 
3-4 cm' area of the shaved abdomen with picryl chloride 
7 % in 0.1 ml 99.5 % ethanol. The fluid was allowed ro 
evaporate. after which the animal was not bandaged or 
otherwise rcstrained. 

Challrnge was performed by a singI.- painting on both 
sides of the ear with picryl chloride l % in 0.05 ml olivc oil. 

E.,a/uarion. The animal was killed by a blow on the 
head and the challenged ear excised. The wet weight of 
the ear tissue was calculated by comparing the weighl 
before and after one hour of heating in a 110°C oven. A 
similar method ha� been used successfully in our laborato
ry to assay phototoxic dermatitis in the mouse tail (6). As 
controls we used ears from animals 'sensitized' with 
ethanol only. or from animals sensitized with picryl 
chloride but ;challenged' with olive oil only. Thus, the 
inflammatory reaction of the mouse ear may be expressed 
as the wet weight increase (%) over controls. Mean values 
from 5-10 animals were used for statistical evaluation 
which was performed with Student's 1-test. 

RESCLTS 

Tirne course of allergic reactio11. Twenty mice di
vided into four groups of 5 animals were sensitized 
with picryl chloride and challenged one week later. 
The animals were killed 12 h, 24 h, or 48 h, after 
challenge. Controls "challenged' with oil were killed 
after 24 h. The wet weight increase was: after 12 h. 
15%: 24 h. 25%; and 48 h, 14%. The absolute 
values are given in Table I. The statistical differ
ence between reactions in controls and specifically 
challenged animals. as well as between 24 h re
sponses on the one hand and 12 h and 48 h re
sponses on the other, was highly significant. 

• Presented lo the Vth lnternational Symposium on Con
tact Dermatitis. Barcelona. Spain. March 29. 1980.
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Fig. I. Epicutancous car testing in mice sensitized to 
picryl chloride: reaction at 24 h. Mean valucs and S.D. 

Clwllenge do:,e a11d 1·ehicle. Thirty mice divided 
into six groups of 5 animals were sensitized to picryl 
chloride and challenged one week later with doses 

of0.125-2.0% picryl chloride in olive oil (controls: 

oil only). The animals were sacrificed 24 h after 
challenge. As shown in Fig. I there was a weak 

edematous reaction to 0. 25 % picryl chloride 
(p<0.05) and strong reactions to 0.5. 1.0 and 2.0% 

(p <0.001 ). There was no statistical difference be

twcen the responscs to the three highest challenge 
doses. 

The role of the challenge vehicle was examined 
by painting JO non-sensitized micc with olive oil on 
the right ear, and 10 other mice with 95%- ethanol 

on the right ear. The animals were sacrificed after 

24 h and both ears assayed for wet weight. It was 

found (Table Il) that oil application increased 

(p<0.05) the wet weight of the ear tissue by 2.8% 

while ethanol had no effect. 

Sensiti:ation time. Five groups of 5 animals each 
were sensitized to picryl chloride and challenged 
l-5 days later. As control 1 used a non-sensitized

Table I. Time course <!f' chal/c111se reaclio11 in 
111011se ear ajier sensiti;:,alion ll'ilh picryl cl,/oride 

n 

Mean w.wt. % 
S.D. ±
p (vs 24 h)

Controls 12 h 

5 

57.5 
1.6 

<0.001 

5 

66.4 
1.4 

<0.001 
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24 h 

5 
71.8 
2.3 

48 h 
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65.8 
2.4 

<0.001 
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Fig. 2. Contact dermatitis in mice challcnged 1-5 days 
after sensitization 10 picryl chloride. NS = non-sensitized 
controls. Mean values and S.D. 

group which was challenged with picryl chloride 

after 5 days. All mice were sacrificed 24 h after 
challenge. As can be seen in Fig. 2 there was no 
allergic reaction in animals challenged I or 2 days 

after sensitization. but a clear reaction in those chal

lenged after 3-5 days (p<0.001 ). There was no 

stattstical difference between responses obtained in 
animals challenged 3. 4 and 5 days after sensitiza

tion. 

D11ra1io11 of' aller,:_1·. Five groups of 5 animals 
each were sensitized to picryl chloride and chal

lenged 1-16 weeks later. As controls I used five 
groups of non-scnsitizcd animals but challenged 
with picryl chloride at the same Lime as the earlier 

described groups. All mice were sacrificed 24 h 

after challenge. As shown in Table III an allergic 

response could be elicited after all imervals tested. 

/11fl11e11ce C!/' a11 a11tihisla111i11e 011 sensiti�atio11 

and c!wllenge. Mice sensitized to picryl chloride 

Table 11. The rote oj lhe clwl/e11,:e 1·ehicle 

Animals were painted with olive oil or ethanol on right 
ear. All ears were assayed for wet weight 24 h later 

No. of an i mals . . .  

Ear treatment 
Mean w.wt % 
S.D. ±
Statist. dif-
ference

10 

Left 

56.6 
1.5 

Right 

Oil 
58.2 

I. 7

p <0.05 

10 

Left Right 

Ethanol 
56.2 55.6 
1.4 I. I
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Fig. 3. Allergic contact dermatitis to picryl chloride in the 
mouse ear induccd in animals treated and not treated with 
clemastine during sensitization and challengc. Mean val
ues and S.D. 

were treated once daily from sens1t1zation with 
clemastine 1.5 mg/kg intraperitoneally. Simultane

ous with challenge one week later they were given 

the same dose which was repeated after 12 h; the 
animals were sacrificed after a further 12 h. One 

group of animals were treated during ihe 24 h of 

challenge only. As controls I used one group sen
sitized and challenged with picryl chloride but not 
treated with clemastine. and one group not sen
sitized but challenged with picryl chloride. The re
sults are presented in Fig. J. 

It can be seen that the challenge induced an 

allergic contact dermatitis in all three groups sen
sitized and challenged with picryl chloride. The re
sponse was not inhibited in animals treated with 

clemastine <luring development of the ear ederna. 

nor in those also treated <luring the sensitization 
period. 

Table 111. D11ratio11 of al/ergy 

Five groups of 5 mice each sensitized to picryl chloride as 
well as 5 non-sensitized control groups were challenged 
after 1-16 weeks 

Challenge Controls Sensitized 
time (w.wt% (w. wt% lncrease 
(weeks) ±S.D.) ±S.D.) (%) 

I 64.0±1.1 73.8± 1.8 15.3 
2 61.2±2.1 71.7±2.5 17.2 
4 62.6±4.3 72.3±2.1 15.5 
8 59.0±2. I 66.5±2.4 12.7 

16 55.8± 1.0 67.4±4.6 20.8 
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Fig. 4. Allergic contact derrnatitis to picryl chloride in the 
mouse ear induced in an i mals treated and not treated with 
polymyxin B before and during challenge. Mean values 
and S.D. 

/11J111e11cc <�/' a hista111ine /ibcrator. Mice sen
sitized with picryl chloride were treated on 3 con

secutive days with polymyxin 8, 10 mg/kg i.p. On 
the last day they were challenged with picryl 

chloride and sacrificed 24 h later, this being 8 days 

from sensitization. As controls l used one group 

sensitized and challenged with picryl chloride but 
not treated with polymyxin B, and one non-sen
sitized group challenged with picryl chloride but not 

treated with polymyxin B. As shown in Fig. 4 the 
challenge reaction in sensitized animals was similar, 
whether they had been treated with polymyxin B or 
not. 

/11//uence o_f'a11 antiserotonin 011 sensiti:a1io11 and

cha/le11ge. Mice sensitized to picryl chloride were 

treated once daily from sensitization with 

methysergide 6 mg/kg intraperitoneally. Simultane

ous with challenge 4 days later they were given the 

same dose which was repeated after 12 h: the ani

mals were sacrificed after a further 12 h. One group 

of animals were treated during the 24 h of challenge 

only. As eon tro Is I used on group sensitized and 
challenged with picryl chloride but not treated with 

methysergide, and one group not sensitized but 

challenged with picryl chloride. The results are pre

sented in Fig. 5. 

It can be seen that the challenge induced an aller

gic contact dermatitis in all three groups sensitized 
and challenged with picryl chloride. The response 
was not inhibited in animals treated with methyser
gide <luring development of the ear ederna, nor in 

those also treated <luring the sensitization period. 
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Fig. 5. Allergic contact dermatitis to picryl chloride in the 
mouse ear induced in animals treated and not treated with 
methysergide during sensitization and challcnge. Mean 
values and S.D. 

Actually, the inflammatory response was slightly 

increased in the group treated with methysergide 
during sensitization and challenge when compared 

with that treated du ring challenge only (p <0.02) or 

with the non-treated group (p<0.01). 

DISCUSSION 

Experimental allergic contact dermatitis has tradi

tionally been studied in the guinea pig. The choice 
of experimental animal has been based on the simi

larity of macroscopic and microscopic challenge 

reactions to those in man, and the relative ease with 

which sensitization has been induced. Crowle & 

Crowle (2) should be credited for introducing the 

regular laboratory mouse as an in vivo modet for 
allergic contact dermatitis. They used flank skin for 

sensitization and challenge and the latter reaction 

was recorded on the basis ofdiameter, thickness and 

necrosis. The rnethod was elaborated by Asherson 

& Ptak (I) who found the challenge reaction to 
be more easily elicited on the ear. This has been 

ascribed to the rich occurrence of mast cells con

taining histamine and serotonin in auricular dermis 

(4, 16). For the same reason, allergic contact der

matitis is more easily provoked in the mouse·s paw 
than in the flank skin. 

The registration procedure was improved by 
Asherson & Ptak (I). The allergic contact der

matitis of the mouse ear is in essence a dermal 

reaction, not eczematous. Therefore. with the mice 

under light ether anaesthesia, they could measure 
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the increment of edematous thickness with an en
gineer's micrometer. The method has become very 

popular among immunologists for studying the de
layed-type allergy. using picryl chloride, oxazolone 

and dinitrotluorobenzene as principal sensitizers. 

In the present study the ease with which labora

tory mice can be sensitized with picryl chloride was 

confirmed. The allergic contact dermatitis was re

corded by assaying the increase in wet weight of ear 

tissue over that of controls. In this way, standard 

deviations within animal groups were small, the 

groups could be limited in number to 5-10 mice. and 

graded inter-group comparisons were easily carried 

out. These conditions would probably be modified 

by using weaker sensitizers. 

For several reasons it is recommended to use 

proper controls through all experiments. First, the 

wet weight of ear tissue from non-treated mice rnay 

vary from one batch to another (-58--64%), and 

second. it seems to decrease with age (Table 111). 

Third, controls using identical vehicles are neces

sary. since application of olive oil alone may induce 

a slight wet weight increase (Table Il). 

One disadvantage with the method is, of course, 
that the inflammatory reaction could be assayed 

only once. 

Earlier studies have suggested (I, 9, 13) that the 
challenge reaction is maximal at 24-48 h, with a 
regression to normal at 72 h. but the peak has never 
been defined. With the present method it was possi

ble to demonstrate a maximal challenge reaction at 

24 h. clearly stronger than that at 12 h and 48 h. 

Since it is known from studies in man that the 

maximal challenge reaction can vary from one anti

gen to another, it would be wise in future experi
mental studies in the mouse to define the peak chal

lenge reaction for the particular antigen. 

When testing different challenge doses in picryl 
chloride sensitized mice, 0.25 % gave a weak reac

tion, and 0.5, 1.0 and 2.0 % strong reactions without 

significant differences between the latter. Thus, a 

dose-response curve was indicated but could not be 

statistically confirmed. 

All mice were sensitized within the optimal time 
range, 2-4 months of age (10). According to Crowle 

& Crowle (2) mice became sensitized 2 weeks after 
a single exposure to dinitrochlorobenzene, the sen
sitivity being maximal after 3 weeks, and disappear

ing after 4 weeks. With two exposures, contact al

lergy lasted at least 3 months. With picryl chloride 

the challenge reaction was found evident 7 days 



after a single painting but not after 14 days (I). With 
two daily paintings of dinitrofluorobenzene or 
oxazolone a positive challenge reaction was ob
served as early as after 4 days (9). 

In the present study with picryl chloride the shor
test sensitization period was looked for and found 
to be 3 days (Fig. 2). This remarkably short induc
tion period agrees well with other evidence of con
tact sensitivity obtained in the mouse: the prolifera
tion of pyroninophilic blast cells in the thymus-de
pendent area of draining lymph glands at 3 days 
(13); the increased DNA synthesis there at 4 days 
(7); and the transfer of contact sensitivity by lympho
glandularcells already 4 days after sensitizacion ( 18). 
There was no evidence in the present experiments 
of an increased sensitivity in mice challenged later 
than 3 days. 

The duration of contact allergy in the mouse after 
a single exposure to the hapten has thus been 
claimed to be less than 4 weeks (2) or even less than 
2 weeks (I). This would of course limit the useful
ness of the technique for experimental work. In the 
present report, however. contact sensitivity was 
proved to last much longer: vigorous challenge 
reactions were elicited at least 16 weeks after sen
sitization (Table III). My results. at variance with 
the earlier investigations, are probably explained by 
the refined recording procedure. 

It has been repeatedly shown that experimental 
contact allergy in the mouse and guinea pig is not a 
pure cell-mediated delayed-type hypersensitivity 
(2. 14. 17). The process definitely contains elements 
of immediate hypersensitivity, too. Thus. signs of a 
positive challenge reaction are discernible as early 
as after 4 h. Histologically, the cellular infiltrate in 
the mouse is dominated by polymorphonuclears ( 12, 
13), while in the guinea pig substantial numbers of 
basophils appear (3). In the mouse, reaginic anti
body is produced within a week of a single painting 
with picryl chioride (14). 

These findings have renewed the old interest in 
the role of biogenie amines in cell-mediated skin 
reactions. lnderbitzin (5) demonstrated a marked 
increase of cutaneous histamine in the allergic con
tact dermatitis andltuberculin reaction of the guinea 
pig, but the reacti�ns were not inhibited by an an
tihistamine. In th� mouse, chaUenge reactions are 
more easily elicited in the skin areas where his
tamine- and serotonin-containing mast cells abound 
(4, 16). Crowle & Crowle (2) could not influence the 
contact sensitivity reaction in the mouse with an 
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antihistamine but some inhibition was observed with 
an antiserotonin. Reserpin does not affect the total 
histamine content of the mouse, but it liberates a 
large amount of body serotonin (15). This drug 
which suppresses the capacity of mast cells to take 
up and/or store serotonin, was tested in mouse 
contact sensitivity (4); it partially inhibited the 
challenge reaction to oxazolone and dinitro
tluorobenzene. However. reserpin also brings about 
the complete disappearance of cutaneous catechol 
amines (8); the importance of this effect was not 
ascertained. Recently, Roupe & Granerus ( 11) dem
onstrated an increased urinary excretion of his
tamine during provocation of contact dermatitis in 
the mouse without a concomitant change of his
tamine content in the challenged ear. 

Against this background it seemed essential to 
examine the effect of a strong and long-acting an
tihistamine on allergic contact dermatitis in the 
mouse. Clemastine was tested both during the en
tire sensitization period to picryl chloride and/or 
during challenge, all without effect on the inflam
matory reaction (Fig. 3). Nor did polymyxin B, an 
effective histamine liberator in the mouse (16). in
hibit the development of contact dermatitis (Fig. 4). 
Nevertheless, it is interesting that polymyxin B in
duces a partial disruption and degranulation of 
cutaneous mast cells in the mouse (16), a similar 
event that has been observed <luring the contact 
sensitivity challenge reaction (12). 

The role of serotonin in delayed-allergy reactions 
is poorly defined. Polymyxin B is not only a his
tamine but also a serotonin liberator (16) and there
fore. since this drug did not influence the inflam
matory response, serotonin too seems to be of little 
importance. In the original work by Crowle & 
Crowle (2) the effect of methysergide on the chal
lenge reaction to dinitrochlorobenzene was incon
clusive; that of another antiserotonin. however. in
hibitory. By the present quantitative technique 
methysergide had no inhibitory effect on the chaI
lenge reaction 10 picryl chloride (Fig. 5). It should 
be pointed out that care was taken to avoid interfer
ence by any factors of humoral allergy by using a 
sensitization period of only 4 days. Sureiy, effect of 
reserpine on the delayed-allergy reaction described 
above must work by some other mechanism than by 
an influence on cutaneous serotonin. 

It remains to be explained why methysergide 
treatment, when given du ring the sensitization 
period. resulted in a somewhat exaggerated chal-
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lenge reaction. Should this be confirmed in another 
species. the role of serotonin will have tO be consid
ered from a new aspect. 

CONCLUSlON 

Allergic contact dermatitis is easily achieved in the 
mouse, at !east when using a strong sensitizer. A 

positive challenge reaction can be provoked after a 

few days and the hypersensitivity state persists for 

months. The new assay technique has improved 
quantification and this in vivo model should certain
ly be used more widely by experimental der
matologists. not least for reasons of economy. 
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