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Abstract. Guinea pigs sensitized to dinitrochlorobenzene 
(DNCB) were iujected intravenously with 200 mg/kg dinitro• 
benzene sulphonic acid sodium salL (DNCB SOJ. The animals 
became totally and tcmporarily unresponsive if they were 
tested al the same time with 6 x 0.025 ml 0.5 % DNCB, but 
only partially unresponsive if the test dose was 1 x 0.025 ml. 
Also only partial unresponsiveness was produced if the test 
dose (0.025 ml) was applied 24 hours after the DNCB S0

3 

injection or if DNCB S03 was injected in 3 divided doses 
of 100 mg/kg. Histological examination or the test sites 
showcd an infiltration with eosinophils into both epidermis 
and dermis, which was 1nos1. marked in the series where the 

tolcrogcnic effect was least pronounced. The eosinophils 
appeared within I day after injection with DNCB SO,, 
increased to a maximum between the 4th and 11th day, 
then decreased, but were still seen at the end of the experi­
ments. 

It has been shown that in guinea pigs already sensi­
tized to potassium dichromate a long-lastiog tolero­
genic effect can be obtained by a high intravenous 
dose of dichromate followed shortly thereafter by a 
small epicutaneous dose-"double shot" procedure 
(5). This double shot effect does not seem to operate 
in dinitrochlorobenzene (DNCB)-hypersensitive an­
imals when dinitrobenzene sulphonic acid sodium salt 
(DNCB SO,) is injected intravenously and DNCB is 
given intradermally in various amounts (3). According 
to Frey et al. (3), the intravenous injection of the hap­
ten causes a temporary tolerance by inhibiting the 
reactivity of all specifically immunologically active 
cells, and the intradermal application prevents these 
cells in some way from accumulating in the circula­
tioo. The absence of the double shot effect with 
DNCB-DNCB SO, is explained by these authors 
by the fact that DNCB so., owing to its systemic 
toxicity, cannot be given in sufficiently high doses 
as to affect the entire population of immunocom­
petent cells. According to Polak & Turk (5), on the 
other hand, there remains after the intravenous in-

jection a small number of immunologically active 
cells which are only susceptible to conjugates formed 
between the sensitizer and the skin. This they con­
sider to be reflected in the observed microscopic 
changes of vasodilatation of the superficial capillaries 
of the dermis and some slight infiltration of poly­
morphonuclear leucocytes. 

In an earlier paper (7) we have shown that, on 
injection of DNCB SO, into DNCB-hypersensitive 
guinea pigs, apart from a temporary disappearance 
or the DNCB reaction, an infiltration of eosinophils 
in the epidermis and dermis takes place. 

To further illustrate the factors which may be 
active in the development of tolerance, the following 
variables have been studied: 

1. The quantity of DNCB for epicutaneous applica­
tion: J x 0.025 ml and 6 x 0.025 ml 0.5 % DNCB
respectively.

2. The interval between intravenous and epicu­
taneous application: less than 15 min and 24 h
respectively.

3. DNCB SO3 intravenously: 200 mg/kg as single
injection, I 00 mg/kg three days in succession.

4. The number of eosinophils in epidermis and
dermis inside and outside area of epicutaneously
applied DNCB.

MATERIALS AND METHODS 

Animals. Albino guinea pigs of both sexes weighing 400-600 
g. They were fed on pellet diet with additional greens and
water.

Chemicals. Reagent grade 1.3 dinitro-4-chlorobenzene 
(DNCB) from E. Merck AG, Darmstadt, Germany, and 2.4 
dinitrobenzene sulphonic acid sodium salt (DNCB SO.) 
from Eastman Kodak, Rocbester, N.Y., U.S.A. 

Sensirizarion. The animals were injcctcd on JO c.onsccutive 
days s.c. in thc hind-legs with 0.0025 mg DNCB in saline (I). 
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Table I. Test with DNCB at different limes alter DNCB SO, injection 

Day .. . 2 4 9 Il 16 

Before test 
Series Mean No.of Mean No. of Mean No. of Mean No. of Mean No. of Mean No. of Mean No. of 
no. 

J. 200 mg DNCB 
S03/kg i.v., 1st 
test with 0.025
ml 0.5'¾ DNCB
on same day

Il. 200 mg DNCB 
S03/kg i.v., 1st 
test with 
6 x 0.025 ml 
0.5% DNCB 
on same day 

IJI. 200 mg DNCB 
S03/kg i.v., 1st 
test with 0.025 
ml 0.5% DNCB 
on next day 

IV. 100 mg DNCB 
S03/kg i.v.,

score 

2.8 

3.0 

3.0 

3 days in succes­
sion, Jst test wich 
0.025 ml 0. 5 °�
DNCB 011 last
day of injection 2.9 

anim. 

12 

14 

12 

17 

score anim. score anim. 

0.8 12 

0 14 1.2 14 

2.0 12 

I. I 17 

score anim. score anim. score anirn. score anim. 

0.8 12 1.9 12 2.0 6 2.0 5 

1.9 14 1.9 14 1.8 14 2.2 10 

2.0 12 2.2 12 2.3 12 2.2 6 

1.8 17 2.1 16 2.9 14 2.8 

Day O = Day of injection of DNCB S03. 3rd injection in series IV. 

Tes1i11g. To choose animals for the series of experiments 
tbey were tested I weck after the completion of the scnsitiza­

tion injections and thereafter once we.ekly. Prior to the test, 

depilation was performed with an electric razor. Epicuta11eous 
resting was performcd on the flank with 0.025 ml of 0.5 % 
and 0.1 % DNCB in olive oiJ and 20%, 6�0 and 2% DNCB 
S03 in distilled water. Reading af ter 24 h: the animals selected 
for the experiments wcre those which reacted to all test 
concentracions of DNCB and also to, at the lowest, 6% 
DNCB S0

3. 
Tesli11g of animals in rhe experime111al and cenlra/ series. 

Epicucaneous applicatioo of 0.025 ml 0.5 % DNCB in olive 
oil on the back. The skin reactions 24 hours after application 

were graded (arbitrarily) from 0 10 3. 0= no reaclion; I �dif­
fuse slight redness; 2= marked redness and slight swelling; 

3 = dcep redness and swelling. The average degree of DNCB 
sensitivity is given by the arithmetical mean of all reactions 
of an experimental series. 

l11jec1io11 of .D NCB SO3 into jugular ve i 11. The animals wcro
anesthetized with Nembutal®, fixed, 1be jugular vein was 
dissected and a silicon-treated polyethylene tube was placed 
in it. DNCB S0

3 was given in doses of 100 LO 200 mg/kg 
as a 10 % aqueous solution. 

Hisrology. The skin specimens wcre fixed in I O % formalin, 
embedded in paraffin and stained with haematoxylin and 
eosin. At least 6 sections from differcm depths of the speci­
mens were examined. Eosinophilia in epidermis and dermis 
was determined by counting Lhe numbcr of eosinophils in 
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representative higll-power fields. The eosinophilia in Tablc Il 
indicate experiments in which tbere was > I eosinophil per 
bigh-power field. "Pronounced eosinophilia" signifies either 

eosinophils in the epidermis and/or 5 eosinophils per high­
power field in tbe dermis. In Table Il the numerals within 
parentheses indicate "pronounced eosinophilia". 

Experimental series I. 200 mg DNCB S03/kg was injected 
intravenously io 12 animals and, at the same lime, 0.025 
ml of 0.5 % DNCB in olivc oil (witbin 15 minures after the 
intravenous injection) was applied on the back. This was the 
first test and the reading was made on day 1 (Table I). 
Further testing with 0.025 ml DNCB was then performed ar 
various intervals up to 15 days after the injection of DNCB 
S03• At the lime of test readings, skin biopsies were taken 

from tlle test area and from an area about 10 mm outside 

the test reaction. 
Experimental series Il. 200 mg DNCB SO,/kg was injectcd 

intravenously in 14 animals and at the same lime 6 x 0.025 
ml of 0.5% DNCB in olive oil was applied close together 
on the back. This was the first test and che reading was macie 
on day I. Furtber tests and biopsies as in series I. 

Experimental series Il/. 200 mg DNCB S03/kg was injected 
intravenously in 12 animals and 24 hours later 0.025 ml 
0.5 % DNCB in olive oil was appJied on the back. This test 
was read on day 2. Further tests and biopsies as in series I. 

Experimental series IV. 100 mg DNCB S03/kg was injected 
intravenously on chrec consecutive days in 17 animals. 
Witllin 15 minutes after Lhe last injection 0.025 ml DNCB 
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Table IT. Orrurrence oj eosinophiliaIn series J, day I, accordiogly. 6/12 signifies that in 6 of 12 experiments thcrc was > 1 eosinophil per high-powerfield. Within ( )= "pronounced eosinophilia" 
Day ... 2 Before 
injection 

Experiment no. ( ··> Il •., Il 

I. 200 mg DNCB SO,tkg 0 6/12 so i.v., 1st test with 0.025 (2/ 12) 
ml 0.5�o DNCBsi multaneously

Il. 200 mg ONCB SO,/kg 0 3/14 21 3/14 i.v., 1st test with 6 0.025 {1/14) ( I /14) ml o.s•., ONCEIsimulluncously 

111. 200 mg ONCB SO3/kg 0 7/14 i.v., lsL test with 0.025 (4/12) 
ml 0.5 °

., 0 CD onnext day
IV. 100 mg DNCB SO,/kg 0 7/ 17 41 i.v., 3 days in succes- ( 1/17) sion. 1st test wi1h 0.025ml 0.5°., DNCB on lastday of i njection

in olive oil was applied on the back. This test was read on day I (Table I). Furthcr tests and biopsies as in series I. 
Co111rols. Six non-sensitized animals werc injected with 100 mg DNCB SO3/kg on 3 consecutive days. Tests and biopsies as in series IV. Nine oLher sensiti1-cd animals which had gradc 2 reactions to 0.025 ml 0.5 �� DNCB were biopsied 24 hours after appli­cation of DNCB. 

RESULTS 
Table l shows the results of the four experimental series. 

0 
0 

21 

58 

Macroscopical/y a reduction of DNCB hypcr­sensitivity was noted in all series. A return of the D CB reactions to rbe same intensity as before the DNCB SO, was observed during the experimental period only in series IV. lo experiment TT, in which 6 0.025 ml DNCB was applied epicutaneously si­multaneously with injection of DNCB SO,, this ap­plication of DNCB did not give rise to macroscopic Jesions in any animal (Fig. 1). lf only 0.025 ml was applied (experiment T), on the other hand, hyper­sensitivity of degree 0.8 was obtained. The microscopic study of positive reactions revealed more or less pronounced acanthosis, cell infiltration and oedema in the epidermis, largely correlatcd to thc rnacroscopic grading. la the case of strong reactions. corresponding microscopic 

4 9 11 16 
Il 

0 
0 Il ... Il 

0 
0 n 

0' 
.. 

10/12 83 5/10 so 4/5 80 3/5 60 (1/12) (3/10) (0/5) (0/5) 

7/14 50 6/14 43 8/14 57 3/10 30 
(1/14) (1/ 14) ( 1/14) (0/10) 
10/12 83 11/12 92 9/12 75 4/6 66 
(3/ 12) (3/ 12) (2/ 12) (3/6) 
11/17 65 8/16 so 7/14 50 6/10 30 (0/17) (1/16) (0/ 14) (1/10) 

features wcre also seen in the area outside the macro­scopically visible reaction. In the biopsies from the macroscopically negative reactions there were no or only slight lesions. A closer analysis was madc of the 14 negative reactions to the single application of 6 0.025 ml DNCB in experiment 11 (day I). No difference was observed in the quantity of infiltratcd mononuclear cells in the test areas cornpared with the areas outside them. The infiltration of cells was very slight and Jocalized 
Mean Score 

'1 
�

..... P-•··············••-o 

"!:-

21 ·.;; 

-· ::;,;..-·o-,_, ___ ;=:� 

·o- -,·i�··••···· -- --... ,o,.,,,'
,,. 

.. , 

1 � 

Bofore � '- 1 2 4
injection .,.- Day of injection 

9 Il 

Series 
lo---<> 
Il o----o 
111 o-•-·• 
IVO•"•••O 

16 Days 

Fig. J. Result of cpicutaneous test with DNCB at various times aftcr ONCB SO, injeetioa. See Table I. 
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Eosinophilia 

% 
100 

80 

60 

40 

1 
9efo,e )' '\. 1 2 4 
injection Day of injection 

9 11 

Series 
I,,_____,, 

16 Days 

Fig. 2. Occurrence of eosinophilia at various tirnes after 

DNCB S0
3 

injection. See Tablc 11. 

to the dermis. In three of these negative reactions 
there were eosinophilic granulocytes in the test 
area, and in one reaction outside it. Mild acanthosis 
and slight oedema in the epidermis occurred in 

six experiments in the test area and in two of them 

outside as well. Vasodilatation was seen both inside 

and outside the test areas. 

Eosinophilia was more or less pronounced in all 
experimental series, especially in the dermis. Table 

IT shows the distribution in the experimental series 
and the number of experiments in which the 

quantily of eosinophils clearly exceeded the number 

appearing in the control experiments. Most experi­

ments with eosinophil infiltration were in series JIT 
and the smallest number in series Il. Eosinophils 
occurred throughout the experimental period. They 
appeared immediately after the DNCB S03 injeccion 

. . 
'--�--

Fig. 3. (a) Series lJJ. Test with 0.025 ml DNCB on day 4. 

Day 5: grade I reaction. Microscopically sligbL ocdema in 

epidermis, moderate infiltration of mononuclear cells and 
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(experiments I, II, IV) and were most in evidence 

on the 4th-llth day after the injection. In some 
experiments a more pronounced eosinophilia was 
seen, usually in the epidermis, at the same time 
(Table II and Fig. 2). This was observed especially 
in series JTT (Fig. 3). 

Control experiments. No reactions occurred and 

no definite microscopic lesions were observed in the 

6 normal guinea pigs injected with DNCB SOs. 
The 9 DNCB-sensitized guinea pigs tested solely 

with 0.025 ml of 0.5% DNCB exhibited micro­

scopical oedema and acanthosis in the epidermis and 

mononuclear cell inriltration in the dermis. Eosino­

phils were never observed in the epidermis; in the 
derrnis an occasional eosinophil appeared in each 

specimen. 

DJSCUSSION 

Our results, like those of earlier investigators, show 

that intravenous injection of DNCB SO3 in DNCB­

hypersensitive animals induces a weakening of the 

DNCB hypersensitivity. The original degree of 
hypersensitivity bad not been attained <luring the 
J 6-day experimental period. We also found that if a 
larger quantity of DNCB (6 x 0.025 ml) was applied 

simultaneously with the DNCB SO, injection, the 

animals became totally unresponsive to this test 

dose, in contradistinction to the use of 0.025 ml 
DNCB alone, when 5 of 12 animals reacted. In 
earlier studies it has not appeared that the quantity 
of epicu1aneously applied DNCB is of any signif-

j 
. -

fairly abundant eosinophils diffusely in dermis. Hematoxylin­
eosin, x 150. (b) Eosinophils in dermis. X 700. 
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icance for the production of total unresponsiveness. 
The condition disappeared quickly, however, and 
did not become permanent as in corresponding 
tests with potassium dichromate (5) or Neoars­
phenamine (2). It has been discussed (3), whether 
the size of the i.v. dose or DNCB S03 is significant 
for the production or total and, especially, long­
lasting um·esponsivcness. We used a dose which 
was one-third of that of Frey et al. (3). Tf the amounl 
of the i.v. injcction is of importance, the epicutane­
ously applied quantity is cqually important. The 
difference between the Chromium, Neoarsphena­
minc and DNCB systems is difficult to understand. 
May diffcrcnces in the degree of hypersensitivity 
between thc different systems have a significance, 
i.e. is hypersensitivity to DNCB considerably more
pronounced than to the other systems? Another
explanation may be that different elimination ratcs
of the substances (8) resuJt in diffcrent durations in
the organism, and thus in differences of inactivation
of specifically immunologically active cells.

According to Polåk & Turk (6) the simultaneous 
epicutaneous administration will have a sigoificancc, 
since conjugates are then formed which eliminate 
the remaining immunologically active cells which 
are sensitive only to conjugates between the sensitizer 
aod the skin. This is reflected in a microscopically 
observable inflamma1ion at the site of application, 
without visible macroscopic lesions. Polåk & Turk 
(6) recorded a marked infiltration with mononuclear
cells, slight infiltration with polymorphonuclear
cells, and marked vasodilatation of the superficial
capillaries of the derrnis. In experiment II wc
compared the microscopic picture of negative
reaction with an area immediately outside it. The
lesions described by Polåk & Turk (6) werc recogni­
zed but only slight cell infiltration and vasodilatation
were observed, and to roughly equal extent where
the seositizer had been applied and outside this
area. Our histological studies, therefore, do not
fully support the theory of the significance of the
conjugate for the dcvelopment of tolerance. The
significance of thc epicutaneous application may
lie solely in the fact that a depot of antigen is formed
there, which takes charge or the rcmaining immw10-
logically active cells.

The eosinophjlia earlicr reported by us (7) was 
recorded in the present series 100. Eosinophilic 
Ieucocytcs were most numerous where tolerogenic 
effect was least pronounced (experiment III, Fig. 2), 
i.e. it was here that the most pronounced DNCB

reactions occurred. This accords with what we 
havc observed earlier (7), that the eosinophils were 
most numerous where the epidermis was most 
affected. There were 'eosinophils also in the other 
test series, and likewise in the macroscopically 
negative test areas in series TI (day I). It is therefore 
difficult to evaluate the significance of eosinophilia. 
The most likely explanation is that scvcral typcs 
of immunological reaction have developed, the 
positive reaction being a typc IV reaction-according 
to Gell & Coombs (4)-and the eosinophilia and the 
generalized dermatitis being expressions of a type 
l or type 1H reaction. This would in such case have
its maximum on the 4th-J J th day after the DNCB
S03 injection, as it was then that we observed the
largest number of eosinophils.
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