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ABSTRACT 

Guinea pigs which were subjected to l-fluoro-2, 

4-dinitrobenzene (FDNB) by the aerosol route developed 

a delayed-type hypersensitivity toward FDNB. The delayed 

hypersensitivity was evident on the 4th, 6th, and 12th 

day after a single aerosol exposure of inhaled doses 

ranging from 440 to 1000 pg FDNB. Multiple aerosol 

exposures of guinea pigs to cumulative inhaled doses of 

980 to 1800 yg FDNB and 228 to 260 pg FDNB resulted in 

-.uniform delayed-type responses on the 10th, and 11th day, 

respectively, following the initial aerosol exposure to 

FDNB. 

Animals treated with multiple aerosols of either 

autologous or homologous dinitrophenyl-guinea pig serum 

conjugates developed delayed-type dermal responses to 

FDNB. The effective cumulative inhaled dose ranged from 

0.005 to 0.014 pmole dinitrophenyl group and the delayed 

reactions were manifest on the 12th, 27th, and 29th day 

following the initial aerosol exposure to the dinitro-

phenyl-conjugates. The delayed hypersensitivity induced 

by a homologous dinitrophenyl-conjugate was transferred 

to a recipient animal by lymph node cells in one 

experiment. 

xi 



XI 1 

FDNB proved to be lethal for normal guinea pigs 

in inhaled doses ranging from 430 to 1200 vg FDNB. Inhaled 

doses of FDNB ranging from 720-790 ug gave a mortality rate 

of 40% and those ranging from 850-1200 gave a mortality 

rate of 66.6%. Animals developed characteristic signs of 

respiratory distress following these inhaled doses. Animals 

usually died between 12-24 hrs following such aerosol 

exposures. Grossly, sections of the lungs of animals 

killed by an aerosol of FDNB were either solid or spotted 

with dark red areas. Portions of their lungs not possess

ing this liver-like appearance were inflated. 

There was no apparent alteration in the systemic 

response of animals previously treated with an FDNB 

aerosol and subsequently challenged with an FDNB aerosol. 

Guinea pigs pretreated with either a FDNB aerosol or 

dinitrophenyl-conjugate aerosols were not affected 

systemically by challenge with an aerosol of dinitro-

phenyl-conjugate. 

There was suggestive evidence that animals pre

treated with dinitrophenyl-conjugate aerosols not result

ing in good dermal responses, may be protected against a 

small cumulative inhaled dose of 226-271 ug FDNB. 

Aerosol samples obtained with the Andersen sampler 

showed that 58.5% of the FDNB aerosols collected on stage 

five whereas 50% of the dinitrophenyl-conjugate aerosols 
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collected on stage six. The mass median diameter for the 

FDNB particle was 1.7 u, the geometrical standard deviation 

1.6 v. The mass median diameter of the dinitropheny1-

conjugates was 0.9 p and the geometrical standard deviation 

1.8 v> • 



INTRODUCTION 

Little is known about the capacity of experimental 

animals to acquire altered reactivity following exposure 

to an aerosol of a free chemical or a serum conjugate of 

the chemical. Animals so treated can be examined for their 

ability to contract a delayed dermal response or a, systemic 

reaction following challenge with an aerosol of either 

simple chemical or conjugate. 

Experiments employing sensitization or challenge 

by the inhalation of proteins, protein extracts, and 

polysaccharides have shown that the response is that of 

acquisition of an immediate hypersensitivity, particularly 

active systemic anaphylaxis (1-8). Active immunization 

with viruses (9-12), bacteria, and bacterial products by 

way of the aerosol route have also been reported (13,14, 

22,23). 

Induction of contact dermatitis is most readily 

achieved by application of certain chemicals to the skin 

(20). Gell (15) demonstrated that animals exposed to a 

simple chemical administered by the aerosol route may 

subsequently develop a delayed response towards the simple 

chemical. He reported that inhalation of a "smoke" of 

"tetryl" (trinitrophenylmethylnitramine) by eight guinea 

1 
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pigs resulted in one of the animals developing a skin 

reaction of the delayed type. 

Several investigators (16-18) have reported that 

contact dermatitis toward simple chemicals may be induced 

by injection of a protein conjugate of the chemicals. 

Others (19-21) have been either unsuccessful or have found 

that a delayed state is best induced by a mixture of 

conjugate and complete Freund's adjuvant (19,31-36). The 

acquisition of a delayed-type hypersensitive state in 

experimental animals following aerosol exposures to a 

conjugate of a free chemical has not been reported. 

However, several studies are of particular interest. Lurie, 

Abramson, and Heppleston (22) found that resistant and 

susceptible rabbits developed positive tuberculin skin 

reactions following a single inhalation of human type 

tubercle bacilli. Middlebrook (23) reported an induction 

of dermal tuberculin reactivity in guinea pigs following 

inhalation of Bacilli Calmette-Guerin(BCG). The develop

ment of histoplasmin sensitivity in guinea pigs was achieved 

by aerosol methods employing either formalin-killed mycelial 

and yeast particles or viable mycelial particles of 

Histoplasma capsulatum (24). 

One-fluoro-2,4-dinitrobenzene is a simple chemical 

compound which readily causes dermal sensitivity by intra

cutaneous injection (25-27) and by topical application to 

the skin (30,44). It conjugates readily to proteins ' 



(19,28-30,34) and is a good incitant for testing whether 

a delayed hypersensitive response can be elicited in 

animals administered a simple chemical by the aerosol 

route. 
I 

Another consideration is the effect of air pollutants 

upon animals (37,38). Rabbits exposed to aerosols of ozone 

developed precipitin titers to a significant level when 

tested with an ozonized egg albumin conjugate (39). Guinea 

pigs injected with 2-nitro-2 butene mixed in Freund's 

adjuvant appeared to lose their dermal responsiveness to 

2-nitro-2 butene after several hours of inhalation with 

this chemical but no alteration of sensitivity was observed 

when similarly sensitized animals were challenged with 

aerosols of two varieties of exhausts (40). Guinea pigs 

inhaling nitrogen dioxide over extended periods of time 

developed serum agglutinins for a preparation composed of 

normal lung extract and latex particles (41,42). Injection 

of an ovalbumin-antibody complex in complete Freund's 

adjuvant into guinea pigs resulted in the microscopic 

appearance of a delayed hypersensitive response in their 

lungs following challenge with an aerosol of ovalbumin (43). 

Animals exposed to common air pollutants by way of 

inhalation have not been subsequently examined for their 

capacity to react with either a delayed or immediate 

hypersensitive response toward these chemicals. 
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The present studies were undertaken to determine 

the capacity of guinea pigs to acquire a contact dermal 

sensitivity following exposure to aerosol containing 

l-fluoro-2,4-dinitrobenzene or its protein conjugate. 

In addition, previous aerosol exposure of animals with 

these chemical substances might provide a method by which 

their altered reactivity or systemic responses can be 

studied when challenged with aerosols. 

The necessity to consider the quantitative aspects 

of such experimentation cannot be ignored (23). A requisite 

intention of this inquiry must therefore include an attempt 

to determine the quantity and particle-size distribution 

of aerosols to which the animals are subjected in a manner 

conforming to current standards (45). 



MATERIALS AND METHODS 

Experimental Animals 

Male and female guinea pigs weighing 220 to 800 

grams were employed in these studies, They were maintained 

on a diet of Purina guinea pig chow, supplemented by fresh 

cabbage and water containing vitamin C, Two strains, the 

Amana and Rockefeller, from guinea pig colonies of the 

Department of Microbiology and Medical Technology, University 

of Arizona, were utilized, 

Chemical 

One-fluoro-2,4-dinitrobenzene (Eastman) was 

crystallized three times from 951 ethanol in the cold, 

Recrystallized 1-fluoro-2,4-dinitrobenzene (FDNB) 

was dried in a vacuum desiccator containing Drierite for 

a period of one to two weeks before use, 

Quantitative Determination of l-fluoro-2, 

4-dinitrobenzene (FDNB) 

FDNB was assayed by a method modified from 

Burchfield and Storrs (46), To a S-ml sample, 6 ml of 

11,7t pyridine in water was added, After 20 minutes at 

room temperature 1 ml of 7 N NaOH was added and optical 

density readings recorded after two minutes at 545 mp 

with the Coleman Jr, spectrophotometer, Samples were 
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determined in duplicate and a standard curve devised using 

FDNB, Solutions of 1 i*g of FDNB/ml of distilled water gave 

optical density readings of 0,240 at 545 mp. 

Preparation of Dinitrophenyl-Protein Conjugate 

Guinea pigs were bled by cardiac puncture and the 

serum collected, The decanted serum was centrifuged at 

2500 r.p.m. for 15 minutes, placed into sterile vaccine 

bottles and stored at -20 C, Biuret protein determinations 

were performed according to the method described by 

Campbell et al, (47), Crystallized bovine serum albumin 

was used as the reference standard, Dinitrophenyl 

conjugate was prepared by a modification of the method 

of Sanger (28), described by Long (29) and Cozine (30). 

i To 500 mg of serum protein, 0,2 ml of FDNB was added and 

followed by addition of 100 ml of 0,15 M NaCl, The 

mixture was adjusted to pH 8,0 with NallCOj, The resulting 

solution was allowed to react at room temperature for two 

to four hours, followed by refrigeration overnight, It 

was dialyzed at room temperature or 4 C against 20 volumes 

of 0,15 M NaCl. The dialysate was changed every two to 

four hours, a total of 10-12 changes made, The resulting 

dinitrophenyl-guinea pig serum derivative was sterilized 

by filtration through millipore filters, tubed in 10 ml 

quantities and stored at -20 C, 
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Quantitative Determination of Dinitrophenyl-

Guinea Pig Serum Conjugate 

. A dinitrophenyl (DNP) group had a molar 

absorptivity of about 16,000 when determinations were 

made at a wavelength of 360 my (48,49). Hence, the DNP-

guinea pig serum conjugate may be tested for by optical 

density readings at 360 mp with the Beckman DU spectro

photometer. These optical density values were divided by 

16 to obtain the ymoles of dinitrophenyl groups/ml of 

conjugate. 

Aerosol Methods 

Animals were subjected to aerosols of either free 

chemical or dinitrophenyl-guinea pig serum conjugates in 

an aerosol apparatus which consisted of an environmental 

safety cabinet (Fig. 1) and an exposure box (Fig. 1,3)'. 

The environmental safety cabinet contained the atomizer 

(Fig. 2), the hydrometer (Fig. 2), operating valves, and 

a rotating drum (Fig. 1). The rotating drum and exposure 

box were constructed from sketches originally designed 

by B. L. Lust, Experiment Station, Suffield, Alberta, 

Canada. The rotating drum was not used in the aerosol 

exposures and aerosols were passed directly from the 

atomizer to the exposure box. 

Animals can be exposed to aerosols under conditions 

of controlled temperature and humidity. Animal exposures 

to aerosols of FDNB were performed at 73-74 F with relative 



Figure 1. Aerosol Apparatus. 

A photograph demonstrating the relationship 
between the environmental safety cabinet and 
the exposure box. The rotating drum is inside 
the environmental s'afety cabinet. Beneath the 
exposure box is the compartmented restraining 
cage. The Andersen sampler is attached to the 
side and at the rear of the exposure box. 

Figure 2. Interior of the Right Window of the 
Environmental Safety Cabinet. 

A photograph showing the Collison atomizer 
attached to a 50 ml centrifuge tube containing 
a dinitrophenyl-guinea pig conjugate solution. 
The hydrometer is situated to the left of the 
atomizer assemblage. 



Figure 1. Aerosol Apparatus. 

Figure 2. Interior of the Right Window of the 
Environmental Safety Cabinet. 



Figure 3. The Exposure Box, Compartmented Restraining 
Cage, and the Andersen sampler. 
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humidities of 50-52 per cent and at temperatures of 59-63 

F with relative humidities of 74-78 per cent. Preliminary 

studies indicated that solution of the conjugate after 

sampling was best achieved when aerosol exposure conditions 

were adjusted to temperatures of 61-65 F with 89-90 per 

cent corrected relative humidities. Thus, when exposing 

animals to conjugate this condition of higher relative 

humidity was maintained. 

Various numbers of guinea pigs were placed in a 

compartmented restraining cage, 6 1/2" x 6 1/2" x 40" 

(Fig. 1,3), which was then inserted into the exposure 

box. Guinea pigs represented in Tables 2, 4, and 5 

were placed into plastic bags prior to aerosol exposure 

with FDNB. The exposure box consisted of an 8" x 8" x 42" 

rectangular duct with an 18"-long entrance pyramid and a 

6"-long exhaust pyramid. Its total capacity was approx

imately 78 liters of air. Observations of the animals 

were made through a sheet of plexiglass mounted at the 

top of the exposure box. The remaining portion of the 

exposure box was constructed of 16-gauge aluminum. 

In most trials, an air flow rate of 28.3 liters/min was 

maintained in the exposure box by the use of a venturi 

orifice inserted at the tip of the exhaust pyramid. 

The aerosols were generated with a Collison-

type atomizer (50,51). The spray assemblage consisted 

of the atomizer and a 50 ml-centrifuge tube containing 
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the fluid to be aerosolized. The atomizer was operated at 

a primary air pressure of 28-29 p.s.i. The air flow 

output of the atomizer was only 7 liters/min. To maintain 

an air flow rate of 28.3 liters/min in the exposure box, 

conditioned air from the environmental safety cabinet was 

supplied at an air flow rate of 21.3 liters/min. A 

negative air pressure of 0.5-1.0 inch of water was main

tained during operation. The negative pressure was 

attained by regulating the air supply to the environmental 

safety cabinet. 

During aerosolization sampling was accomplished 

with an impinger AGI-30 (45) or an Andersen sampler (52, 

53). The collection flow rate of the impinger was 12.5 

liters/min and that of the Andersen sampler 28.3 liters/min 

The animals were removed after an appropriate interval of 

air-washing, usually 20 minutes or more. 

Aerosol samples of FDNB were collected in at least 

20 ml of distilled water or 0.15 M NaCl in the impinger, 

diluted in distilled water, and assayed. 

Two methods were utilized when aerosol samples of 

conjugate and FDNB were collected with the Andersen sampler 

Initially, circular aluminum foil was placed on the surface 

of 27 ml of 2% Bacto-agar in Andersen petri plates which 

serve as collecting surfaces for each stage of the 

Andersen sampler (52). Later, collections were made upon 
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commerically available metal discs adapted for use with 

the Andersen sampler (53). Each of the six aluminum foil 

or metal discs was transferred to a clean petri dish. For 

collection of FDNB, 6 ml of 95% ethanol were added to the 

top of each disc and an L-bent glass rod used as an aid in 

dissolving the-aerosolized particles in the suspending 

medium. The disc was inverted, rinsed, then removed, and 

the petri dish bottom was tilted to permit collection of 

5 ml of the chemical. Each collection of the six stages 

was placed into a separate screw-capped test-tube and 

retained for analysis. Appropriate dilutions of each 

stage were made in distilled water and a quantitative 

evaluation of FDNB determined. 

Borate-saline buffer (46) warmed in a 37 C water 

bath was found to be a suitable medium for solution of 

aerosolized conjugate. Borate-saline buffer in 3.2 ml 

amounts was pipetted upon the surface of each disc. An 

L-bent glass rod was used to dislodge the yellow particles 

and assist in dissolving the conjugate. The disc and 

petri dish bottom were tilted simultaneously to permit 

the flow of collected conjugate into the angle of the 

dish. The surface of the disc was flooded several times 

with portions of the borate-saline buffer containing 

dissolved conjugate. The disc was removed, and a pipet 

used for collection of 3 ml of aerosolized material. 



13 

Collections of conjugate from the six stages were placed 

in a 37 C water bath for 30 minutes prior to spectro

photometry determinations. 

Calculation of Estimated Maximum Inhaled Dose 

The total respiratory volume per min in ml for a 

guinea pig was calculated according to the formula intro

duced by Guyton (54): Resp vol per min in ml • 1.55 x 

(Wt in g)3^. The value 1.55 is a constant for the 

respiratory rate of the guinea pig. For a 500-g guinea 

pig the respiratory volume per min in ml is equal to 

163.88 when the above formula was used. 

The respiratory volume per min in ml of each 

guinea pig was divided by the respiratory volume per 

min in ml of the specific sampler employed during aerosol 

exposure. This quotient represents a respiratory rate 

ratio between the animal and aerosol sampler. The 

respiratory rate ratio for a 500-g guinea pig is 0.01311 

when sampling with the impinger and 0.0058 when using the 

Andersen sampler. The inhaled dose for a 500-g guinea 

pig was computed by multiplying the total amount of 

aerosolized material collected by a factor of 0.01311 

when using the impinger and by a factor of 0.0058 when 

using the Andersen sampler. For other weights of animals 

the respiratory volume per min in ml was calculated and 

this value was divided by the respiratory volume per min in 
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ml of the sampler used. The resulting respiratory rate 

ratio was multiplied by the total amount of aerosolized 

material which was collected to obtain the inhaled dose. 

Calculation of Particle Sizing 

The graphical method described by Kethley, Cown, 

and Fincher (55) was used to characterize the particle-

size distribution of FDNB and dinitrophenyl conjugate 

aerosols. 

Sensitization By Contact 

The topical sensitizing procedure was essentially 

the method of Jeter and Seebohm (56) , substituting FDNB 

for 2,4-dinitrochlorobenzene. An area of hair approximately 

2 
25 cm was clipped from the back of the neck of each 

guinea pig. On the first day, five drops of a 2% solution 

of FDNB in 95% ethanol were deposited at the nape of each 

neck. The FDNB was gently rubbed into the skin using a 

glass rod and confined to an area 7 cm . This treatment 

was repeated on day 3 and day 5. In certain instances, 

five drops of a 2% solution of FDNB in 95% were applied 

daily for six days upon the skin of animals previously 

treated with aerosols of the free chemical to test their 

respons iveness. 

In one experiment, guinea pigs were injected 

intradermally using multiple site inoculations at the 
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nape of the neck with 0.1-ml amounts of varying concen

trations of FDNB in 0.15 M NaCl. An initial concentration 

of 12 mg of FDNB/ml in 95% ethanol was prepared and 

subsequent dilutions made in 0.15 M NaCl. Identical 

amounts were administered to groups of guinea pigs by 

topical application. 

Skin Tests 

Skin tests were performed with solutions of FDNB 

in olive oil. Areas to be tested were clipped and wiped 

with cotton moistened with ether. One drop of varying 

dilutions of FDNB was dispensed by Pasteur pipet on 

individual areas. Each drop was gently rubbed upon the 

skin using a glass rod and confined to an area not greater 

2 
than 3 cm . Observations were made 1, 4, and 18 hrs. 

after testing. The results of the skin testing were 

read after 18 hrs. and recorded as follows: 0, no 

reaction; * doubtful erythema; 1+ patchy erythema; 2 + 

homogeneous erythema; 3+ homogeneous erythema, raised; 

4+ homogeneous erythema, raised, with necrosis. 

No reactions were observed when guinea pigs were 

skin tested with plain olive oil. 

In some instances , the animals were tested for 

their response toward the dinitrophenyl-guinea pig serum 

conjugate and control non-conjugate serum. An area was 
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clipped, wiped with 70% ethanol and 0.1 ml of the conjugate 

or control serum was injected intradermally. Observations 

were made immediately and after 1, 4, and 18 hrs. 

Passive Transfer Experiments 

Guinea pigs were injected intra-abdominally with 

20-25 ml of sterile mineral oil. Forty-eight hours after 

injection of the oil, the animals were anesthetized and 

exsanguinated. The peritoneal cells were harvested by 

washing the cavity with three-40 ml quantities of Hanks' 

Balanced Salt solution (57) containing 0.0008% heparin. 

The cells were centrifuged at 2,000 r.p.m. for 10-12 

minutes, the supernatant fluid discarded, and the cells 

resuspended with Hanks' solution. The cells were washed, 

centrifuged, the supernatant fluid discarded, the cell 

volume recorded and resuspended in Hanks' solution for 

intra-abdominal injection into a recipient animal. 

Lymph node cell preparations were also employed. 

The supra-scapular axillary lymph nodes were removed, 

trimmed, and cut into small fragments on a stainless steel 

screen positioned above a mortar. A suspension of lymph 

node cells in approximately 10-12 ml Hanks' solution was 

prepared by repeated washing of the lymph node fragments. 

The resulting cell suspension was centrifuged, washed, and 

adjusted to the appropriate dilution for injection into 

a recipient animal. 



17 

The harvesting of alveolar macrophages was per

formed according to the method described by Myrvik, Leake, 

and Fariss (58). 

Forty-eight hours after injection of the cells 

into recipient guinea pigs, the animals were skin tested 

with FDNB• 

Interfacial Serological Titrations 

Precipitin titrations were performed by overlay

ing constant amounts of guinea pig serum with varying 

dilutions of dinitrophenyl-guinea pig serum conjugates. 

Readings were made at room temperature against a black 

background within 1 hr after the addition of the last 

quantity of antigen. 

Passive Hemagglutination Technique 

The procedure followed was that outlined by 

Daniel and Stavitsky (59) and a modification of the tanned 

sheep erythrocyte hemagglutination technique described by 

Boyden (60). Guinea pig serum containing antibody 

capable of agglutinating tannic acid treated sheep 

erythrocytes coated with a DNP-conjugate was employed as 

a control in these titrations. 



EXPERIMENTAL RESULTS 

Sensitization of Guinea Pigs with 

1-fluoro-2,4-dinitrobenzene (FDNB) 

In the initial attempts to induce a delayed-type 

of hypersensitive response by aerosols of FDNB it was 

necessary to estimate the particle size of the aerosols. 

It has been reported that a particle size of 1 p was the 

most favorable for alveolar deposition in the guinea pig, 

and the percentage deposition was about 50 per cent (61). 

Because sampling with the impinger does not indicate 

particle size, but total amount of chemical substance 

collected, it was necessary to employ the Andersen sampler. 

A 4% Bacto-agar medium containing 10% sheep serum made 

slightly alkaline with 1 N NaOH was used in 27 ml 

quantities in the Andersen sampler. Aerosols of FDNB 

collected in this manner were observed to be most con

centrated at stages 5 and 4. The bright yellow color 

produced by union of the FDNB with the protein was used 

as a visual detecting method. These results established 

the fact that it was possible to obtain particles of FDNB 

of 0.9 to 2.2 y which could potentially be retained by the 

guinea pigs when inhaled. Subsequent aerosol samples of 

FDNB in this portion of the results were obtained with 

the impinger. 

- 18 
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The results of a standard assay of FDNB are 

indicated in Table 1. These results show that the optical 

density at 545 my of the reaction mixture is proportional 

to the concentration of FDNB in the range between 0.25 

and 4.0 yg/ml of FDNB. 

The first experiment entailed exposing animals for 

25 seconds to aerosols of FDNB at various day intervals over 

a period of 5 days. All animals were skin tested on the 
\ 

10th day following the initial exposure. The results are 

shown in Table 2. A positive skin reactivity was obtained 

in four of the six animals at the 1.01 concentration of 

FDNB. Group I animals reacted positively at 1.0% FDNB, 

group II animals reacted positively at 1.0% FDNB, and one 

of two animals in group III showed a doubtful skin reaction 

at 1.0% FDNB. The results suggested that the animals may 

have become tolerant to FDNB by previous exposure to an 

aerosol containing FDNB. To test this hypothesis, they 

were subjected to a series of 6 daily topical applications 

of a 2% solution of FDNB beginning on the 14th day.- When 

skin tested on the 23rd day, all animals responded with 

good delayed-type skin reactions. The animals had not been 

rendered tolerant by previous exposures to FDNB by the 

aerosol route. At the same time, several animals were 

sensitized by topical application of FDNB at day intervals 

simulating group III animals in Table 2. These results 
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Table 1. The quantitative relationship between optical 
density determinations and solutions of 1-
fluoro-2,4-dinitrobenzene treated with 
pyridine and sodium hydroxide 

yg FDNB/ml Optical densities of various concentrations of 
distilled FDNB 545 Millicrons 

H20 Replicate 1 Replicate 2 Avg. of Replications 

4.0 1.000 1.000 1.000 

3.0 0.750 0. 750 0.750 

1.0 0. 240 0. 240 0.240 

0.5 0.120 0.125 0.123 

0.25 0.060 0. 060 0.060 
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Table 2. Delayed-type skin responses of guinea pigs 
subjected to twenty-five second single and 
multiple aerosols of l-fluoro-2,4-dinitro-
benzene 

Group- Aerosol Exposure Total Dose Skin reactivity 
animal exposure time exposure ug FDNB in olive 
no. day . sec time sec FDNB oil-lOth day 

0.1% 0.5% 1.0% 

I  1  1  2 5  2 5  2 . 0  0  0  1 +  
2  1  2 5  2 5  2 . 0  0  0  1 +  

I I  1  1 , 3  2 5  5 0  3 . 6  0  ± 3  +  
2  1 , 3  2 5  5 0  3 . 6  0  ± 2  +  

I I I  1  1 , 3 , 5  2 5  7 5  5 . 4  0  0  i  
2  1 , 3 , 5  2 5  7 5  5 . 4  0  0  0  
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appear in Table 3. Topical application with the amount 

designated resulted in positive dermal delayed responses 

in all animals at 0.1$, 0.51, and 1.0% FDNB. 

An attempt was made to increase the amount of 

FDNB to which the guinea pigs were exposed by aerosol 

inhalation. Five groups of animals were exposed to a 

single or multiple 50 second FDNB aerosol on the 1st, 2nd, 

3rd, and 5th days (Table 4). Group I animals were non-

reactive. One of the animals in each of groups II, III, 

IV, and V reacted positively at 1.0% FDNB. Likewise, it 

was possible to markedly increase their skin sensitivity 

on the 16th day by an intermediate treatment with either 

a 50 second aerosol of FDNB on the 11th day or an 

intradermal injection of dinitrophenyl-protein conjugate 

on the 14th day. 

An experiment to increase further the time of 

aerosol exposure to FDNB was designed and the results are 

presented in Table 5. One of the two animals in groups 

I, II, and III reacted positively at 0.5% and 1.0% FDNB. 

The two animals in group IV reacted positively at only the 

1.0% FDNB concentration. The two animals in group V were 

non-reactive. One of the two animals in group VI developed 

positive skin reactions at 0.5% and 1.0% FDNB. The two 

animals in each of the groups VII, VIII, and IX developed 
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Table 3. The delayed hypersensitivity reactions of 
guinea pigs induced by topical application 
of 5,000 yg of l-fluoro-2,4-dinitrobenzene 
on the 1st, 3rd, and 5th day 

Animal no. Skin reactivity FDNB in olive oil-lOth day 
0.1% 0.5% 1.0* 

1 2+ 3-4+ 4+ 

2 3+ 4+ 4+ 

3 1+ 3+ 4 + 
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Table 4. Delayed skin reactions of guinea pigs 
following single or multiple 50-second 
aerosols of l-fluoro-2,4-dinitrobenzene 

Group- Aerosol Total Dose Skin reactivity FDNB in 
animal exposure exposure yg olive oil-lOth day 
no. day time sec FDNB 0.1% 0.51 1.0% 

I  1  1  5 0  5 . 7  0  0  0  
2  1  5 0  5 . 7  0  0  0  

I I  1  1 , 2  1 0 0  1 1 . 0  0  0  * 

2  1 , 2  1 0 0  1 1 . 0  ± i  1 - 1  +  

I I I  1  1 , 3  1 0 0  1 1 . 0  0  0  ± 

2  1 , 3  1 0 0  1 1 . 0  0  0  1  +  
3  1 , 3  1 0 0  1 1 . 0  0  0  0  

I V  1  1 , 2 , 3  1 5 0  1 6 . 0  0  0  1  - 1 +  
2  1 , 2 , 3  1 5 0  1 6 . 0  0  0  * 

V  1  1 , 3 , 5  1 5 0  1 6 . 0  0  * 1 +  
2  1 , 3 , 5  1 5 0  1 6 . 0  0  0  0  
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Table 5. The delayed-type skin reactivities on the 
10th day of guinea pigs following exposure 
to aerosols of 1-fluoro-2,4-dinitrobenzene 
at various intervals and times of exposure 

Group- Aerosol Exposure Total Dose Skin reactiv-
animal exposure time exposure ng ity FDNB in 
no. day min. time min FDNB olive oil-

10th day 
0.1% 0.5% 1.0% 

I 1 1 5 5 57 0 2 + 3 + 
2 1 5 5 57 0 0 0 

II 3 1,3 5 10 120 0 1 + 2 + 
4 1,3 5 10 120 0 0 0 

III 5 1,3,5 5 15 179 0 0 0 
6 1,3,5 5 15 179 . 0 1 + 2 + 

IV 7 1 30 30 310 0 0 1 + 
8 1 30 30 310 0 0 . 1 + 

V 9 1 60 60 490 0 0 0 
10 1 60 60 490 0 0 0 

VI 11 1,3 30 60 620 0 1+ 1+ 
12 1,3 30 60 620 0 0 0 

VII 13 1,3,5 30 90 980 0 1+ 1+ 
14 1,3,5 30 90 980 0 3 + 3 + 

VIII 15 1,3 60 120 1100 0 2 + 2 + 
16 1.3 60 120 1100 0 3 + 3 + 

IX 17 1,3,5 60 180 1800 0 1 + 2 + 
18 1,3,5 60 180 1800 0 2 + 2 + 
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positive reactions at 0.5% and 1.0% FDNB. The most uniform 

skin reactivities appeared to have been induced by inhaled 

doses ranging from 980-1800 ug FDNB. 

Guinea pigs were treated by topical applications 

of FDNB ranging from 75 to 900 yg (Table 6). One of the 

two animals in each of groups I and II developed positive 

skin reactions at 0.5% and 1.0% FDNB. One of the two 

animals in group III demonstrated a doubtful skin reaction 

at 1.0% FDNB. A uniform skin reactivity was not induced 

by these amounts of FDNB when applied topically. 

Three groups of guinea pigs were treated with 

concentrations of FDNB by intradermal injections of FDNB 

ranging from 75 to 900 yg (Table 7). A positive skin 

reactivity was observed in both animals from each group 

at 0.5% and 1.0% FDNB. 

All animals represented in Table 5 were skin 

tested for the second time on the 16th day with no 

intermediate treatment. Skin reactivities did not 

differ from initial results. 

Peritoneal cells of guinea pigs from groups 

I, II, and III (Table 5) were pooled on the 24th day 

and injected into a normal animal. On the 24th day, the 

peritoneal cells from animals represented in Table 7 were 

pooled and injected into a recipient animal. Passive 

transfer with pooled peritoneal cells of animals in 
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Table 6. Delayed skin reactions of guinea pigs after 
topical treatment with 1-fluoro-2,4-dinitro-
benzene on the 1st, 3rd, and 5th day 

Group-
animal 

no. 

Amount 
ug 

FDNB 

Total 
amount 
ug FDNB 

Skin reactivity FDNB 
oil 
0.1% 0.5% 

in olive 
10th day 

1.01 

I 1 25 75 0 3 + 2 + 
2 25 75 0 0 0 

II 3 150 450 0 1 + 1 + 
4 150 450 0 0 0 

III 5 300 900 0 0 t 
6 300 900 0 0 0 
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Table 7. The delayed skin reactions induced in guinea 
pigs by intradermal injections of l-fluoro-2, 
4-dinitrobenzene on the 1st, 3rd, and 5th 
day 

Group - Amount Total Skin reactivity FDNB in olive 
animal Mg amount oil - 10th day 
no. FDNB pg FDNB 0.1% 0.5% 1.0% 

I 1 25 75 0 3 + 3 + 
2 25 75 0 3 + 4 + 

II 3 150 450 0 1 + 1 + 
4 150 450 0 2 + 3 + 

III 5 300 900 0 3 + 2 + 
6 300 900 0 2 + 2 + 
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groups V, VIII, and IX (Table 5) was attempted on the 

32nd day. In each instance a * skin reactivity occurred 

in recipients at 1.01 FDNB. Sera obtained at these time 

intervals were used in precipitin tests. Animals 4, 5, 

and 6 (Table 7) gave positive titers of 1/128, 1/32, and 

1/64, respectively. All other animals reacted only 

weakly with undiluted conjugate. 

Aerosol Sensitization of Guinea Pigs with 

Dinitrophenyl-Guinea Pig Serum Conjugates 

Guinea pig sera before reaction with FDNB, dilution, 

and dialysis in the preparation of conjugates were found 

to contain 64, 66, and 73 mg of protein/ml serum. Portions 

of these guinea pig sera which were not treated with FDNB, 

but underwent identical dilution and dialysis yielded 

solutions containing 3-4 mg protein/ml. 

An experiment was performed during dialysis of the 

conjugate to determine the quantity of FDNB bound in the 

conjugation procedure. It was possible to recover a total 

of 31% of the free chemical in the solutions of 0.15 M 

NaCl used in the dialysis of the conjugate preparation. 

One liter of the 10th change of 0.15 M NaCl solution 

resulting after dialysis was concentrated to 46 ml by 

flash evaporation and did not yield a color reaction with 

pyridine and NaOH. Likewise, solutions of conjugate did 

not yield a positive color reaction for the presence of 

FDNB. 
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The hydrogen ion concentration of an aerosolized 

-7.3 
conjugate solution prepared in this manner was 10 

- 1 0 " 7 , 4 .  

Absorption spectra determinations of several 

conjugates revealed maximum absorption at 355 my and 

minimum absorption at 300 mn. An identical absorption 

spectrum was obtained from a conjugate collected with the 

Andersen sampler. FDNB yielded a maximum absorption at 

360 my with a minimum absorption at 300 my. Non-conjugated 

guinea pig sera were found to yield maximum absorption at 

280 my, a minimum at 250 my and neglible absorption between 

300-400 my. An indication of the reliability of recording 

optical densities of conjugate in relation to ymoles DNP/ 

ml is presented in Table 8. 

The initial experiment involved aerosol exposures 

of guinea pigs to three inhalations of autologous or 

homologous conjugates (Table 9). Both types of conjugates 

were capable of inducing positive skin reactivities at 

0.5% and 1.0% FDNB. Sera obtained from each of the 

animals on the 16th day failed to reveal the presence of 

precipitating antibody for the conjugate. Sera from group 

II animals did. not agglutinate tanned sheep red blood 

cells coated with conjugate. No immediate dermal re

activity resulted when animals of group I were injected 

with either autologous or homologous conjugate. As no 

immediate-type reactivity resulted following the intradermal 



Table 8. Quantitative relationship of optical density 
determinations at 360 my and ymoles DNP in a 
dinitrophenyl-guinea pig serum conjugate3 

Dilution of 
conjugate 

Optical density 
360 my 

ymole DNP/ml 

1/20 0.920 0.058 

1/30 0. 580 0.036 

1/40 0.440 0.028 

.1/50 0.355 0.022 

1/60 0. 283 0.018 

1/70 0. 250 0.016 

Standard curve for a dinitrophenyl-guinea pig serum 
conjugate at 360 my employing the Beckman DU spectro
photometer . 
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Table 9. The thirteenth day delayed skin reactivities of 
guinea pigs following three aerosol exposures 
to autologous and homologous dinitrophenyl-
guinea pig serum conjugates 

Group- Aerosol Sensitization Delayed skin reactivity 
weight Conjugate Dose FDNB in olive oil-13th day 

g Days 1,3,5 yMole DNP 0.11 0.5% 1% 

I 667 homologous 0.0059 0 1 + 2 + 

670 homologous 0.0059 0 1 + 2 + 

683 autologous 0.0060 0 1 + 2 + 

697 homologous 0.0061 0 1 + 2 + 

II 657 autologous 0.0046 0 *-1+ 2-3 + 

657 homologous 0.0046 0 2 + 2-3 + 

660 homologous 0.0045 0 2 + 2 + 

683 homologous 0.0048 0 1 + 2 + 
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injections of conjugate, the results suggest the absence 

of humoral antibodies in the sera of group I animals. 

Table 10 shows the results following increased 

inhaled doses when animals were treated with three 

aerosols of a homologous dinitrophenyl-guinea pig serum 

conjugate. Five animals reacted with a positive delayed 

response at 1.0% FDNB. Four animals reacted with 

positive delayed responses at 0.5% and 1.0% FDNB. The 

animals from this experiment were employed in an attempt 

to transfer passively this state of delayed reactivity. 

Six ml of serum from the animal weighing 750 g and 0.25 ml 

packed alveolar macrophages did not passively sensitize 

recipients but lymph node cells did. When 0.35 ml * 0.05 

ml of lymph node cells in 6 ml of Hanks' Balanced Salt 

solution were transferred, the recipient developed a 

1*, 2*, and 2-3* delayed skin reaction at 0.1%, 0.5%, and 

1.0% FDNB solutions, respectively. The lymph node 

recipient animal was bled 6 days following skin testing and 

its serum was precipitated by conjugate dilutions up to 

1/4. This result suggests that lymph node cells from 

animals rendered hypersensitive by aerosols of dinitro-

phenyl-conjugate may be capable of transferring the 

capacity for humoral antibody production as well as 

transferring the delayed state to a recipient animal. 
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Table 10. The thirteenth day skin reactivities of guinea 
pigs administered three aerosol exposures of a 
homologous dinitrophenyl-guinea pig serum 
conj ugate 

Weight Dose Delayed skin reactivities FDNB in 
g umole DNP olive oil - 13th day 

0.1% 0.5% 1.04 

5 6 1  0 . 0 1 0  0  0  2  +  

6 4 1  0 . 0 1 2  0  1  +  2  +  

6 6 2  0 . 0 1 2  0  1  +  

6 8 9  0 . 0 1 2  0  * 1  +  

7 2 0  0 . 0 1 3  0  t  1  +  

7 5 0  0 . 0 1 3  0  1  +  2  +  

7 7 9  0 . 0 1 3  0  t 1  +  

7 8 4  0 . 0 1 3  0  1 - 2  +  2 - 3  +  

8 0 3  0 . 0 1 4  0  1  +  2  +  
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The results which were obtained when guinea pigs 

were administered one aerosol exposure of homologous 

conjugate and skin tested on the 27th day rather than on 

the 12th day are presented in Table 11. Three animals 

demonstrated doubtful-positive reactions at 0.51, and 

1.0% FDNB. Two animals displayed doubtful-positive 

reactions at 0.5% FDNB. One animal displayed a doubtful-

positive reaction at 1.0% FDNB. The six animals were 

segregrated into three groups and received additional 

treatments (Table 12). The results suggested that animals 

pretreated with a homologous conjugate may have developed 

an increased systemic susceptibility to aerosols of the 

free chemical. These were the "first fatalities observed 

in animals following their exposures to aerosols of FDNB. 

Signs of marked coughing, gasping, and labored breathing 

as a result of the 28th day challenge with the FDNB 

aerosol were noted in the two animals presented in group II, 

Table 12. These animals had inflated lungs and portions 

of same were dark red, resembling liver tissue. Two 

animals (group IV, Table 12) which were subjected to a 

FDNB aerosol on the 30th day survived this challenge and 

displayed signs of respiratory distress. The systemic 

response of animals in groups I and III was not altered 

but their dermal sensitivities were increased as a result 
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Table 11, The twenty-eighth day delayed dermal responses 
of guinea pigs treated with one aerosol 
exposure of a homologous dinitrophenyl-guinea 
pig serum conjugate 

No. Weight 
g 

Dose 
pinole DNP 

Delayed 
in olive 
0.1% 

skin 
oil 

reactivity 
-28th day 
0.5% 

FDNB 

1.0% 

1 234 0.0021 ± * -1 + ±-1 + 

2 258 0.0023 0 *-1 + t-l + 

3- 259 0.0023 0 * -1 + t 

4 271 0.0024 0 *-1+ t 

5 287 0.0025 0 ± ±-1 + 

6 295 0.0025 1 ±-1 + 1 -1 + 
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Table 12. The systemic and dermal responses of previously 
treated guinea pigs (Table 11) toward dinitro-
phenyl-guinea pig serum conjugate and 1-fluoro-
2,4-dinitrobenzene aerosols and conjugate 
administered intracardially 

Group- Treatment 
animal 28th day 
no. 

Results Results Skin 
after an FDNB 
aerosol of 
FDNB-30th 0.1% 
day 150, 
000 yga 

reactivities 
in olive oil 
34th day 

0.5% 1.0% 

II 

III 

IV 

1 

3 

4 

6 

Homologous 
conj ugate-
aerosol 
0.49 
ymole DNPa 

Survival 

Survival 

FDNB- Death in 
aerosol 10-19 hr 
540,000 Death in 
yg& 10-19 hr 

Homologous 
conj ugate-
intracardial 
inj ection 
0.1 ymole DNP death 

None 
(Normal 
animals) 

Survival 

Survival 

Survival Survival 

Non
specific 

Survival 

Survival 

0 

0 

2+ 3 + 

1+ 2 + 

3 + 

t 

0 

3 + 

1 + 

0 

~s 
Exposed dose, not inhaled dose. 
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of the additional treatments. The surviving animals were 

killed on the 35th day. Their lungs did not appear to be 

ballooned and no dark red areas were observed. The sera 

did not reveal precipitating antibody. 

To investigate these results an experiment was 

done in which guinea pigs were exposed to aerosols of 

homologous conjugate on the 1st, 3rd, and 5th day rather 

than with a single aerosol exposure to conjugate. Animals 

were skin tested on the 29th day and these results appear 

in Table 13. Three animals developed a positive response 

at 1.0% FDNB. Two animals developed a doubtful to positive 

response at 0.51 FDNB and a positive response at 1.01 

FDNB. Seven animals developed positive responses at 

0.5% and 1.01 FDNB. After recording results of the skin 

reactions, they were separated into groups and subjected 

to additional treatments (Table 14). Animals challenged 

with conjugate by aerosol and intracardial injection 

survived these procedures. Animals in group II did not 

survive challenge with an aerosol of FDNB whereas the 

controls (page 42, Table 14. Continued, group IV) did 

survive. During challenge with aerosolized FDNB signs of 

respiratory distress were observed in both group II and 

IV animals. The signs included: rubbing their noses, 

shaking of fur, a lurching forward movement, watery eyes 



1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  
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13. The thirtieth day delayed dermal responses of 
guinea pigs exposed to three aerosolizations 
of a homologous dinitrophenyl-guinea pig serum 
conjugate 

Weight Dose Delayed skin reactivity FDNB 
ymole in olive oil-30th day 
DNP 0.1% 0.5% 1.0% 

1 6 5  0 . 0 0 5 0  0  ± 1 +  

1 8 4  0 . 0 0 5 4  ± t 1 - 2  +  

2 2 1  0 . 0 0 6 2  0  1 +  2  +  

2 4 3  0 . 0 0 6 6  0  1 +  2  +  

2 5 0  0 . 0 0 6 8  . 0  -  - 1 +  2  +  

2 5 7  0 . 0 0 7 0  0  1 +  2  +  

2 5 8  0 . 0 0 7 0  0  ± - 1 +  1 - 2  +  

2 6 9  0 . 0 0 7 2  0  1 +  1 - 2  +  

2 6 9  0 . 0 0 7 2  '  0  1 +  1  +  

2 8 0  0 . 0 0 7 3  0  * - 1 +  1 - 2  +  

3 3 0  0 . 0 0 8 4  0  1 +  2  +  

331 0 . 0 0 8 4  0  i  1  +  
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Table lH. The systemic and dermal reactions of guinea pigs 
treated previously with conjugate aerosols 
(from Table 13) and challenged with dinitrophenyl-
guinea pig serum conjugate and 1-fluoro-2,4-
dinitrobenzene aerosols and conjugate administer
ed intracardially 

Group- Treatment Results Delayed skin Inhaled doses 
animal on 30th day reactivity to and results 
no. FDNB-37th day after aerosol 

0.5% II of 160,000 
yg FDNB 37th 
day 

6 Homologous 
conjugate 

8 by aerosol 
0.55 

10 ymole DNPa 

12 

II 

III 

11 

FDNB by 
aerosol 
160,000 
Hga 

Homologous 
conj ugate 

by intra-
cardial 

inj ection 
0.1 umole 

DNP each 
animal 

Survival 2+ 

Survival 2+ 

Survival 2+ 

Survival 2+ 

Death in 
18 hrs 

Death in 
29 hrs 

Death in 
24 hrs 

Death in 
20 hrs 

Survival 

Survival 

Survival 

2 + 

2 + 

1 + 

Survival 2-3+ 

3+ 

2-3 + 

2-3 + 

2-3 + 

3 + 

2-3 + 

1 + 

4 + 

631.79 
Death in 8 hrs 
739.86 
Death in 31-
35 hrs 
871.20 
Death in 5 
hrs 
924.41 
Death in 20 
hrs 

794.72 
Death in 31-
35 hrs 
756.48 
Death in 22 
hrs 
866.21 
Death in 31-
35 hrs 
869i53 
B€ath in 6-10 
hrs 
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Table 14. Continued 

Group- Treatment Results 
animal on 30th day-
no. 

Delayed skin Inhaled doses 
reactivity to and results 
FDNB 37th day after aerosol 
0.5% 1% yg FDNB 37th 

day 

IV FDNB by 
aerosol 
Inhaled 
dose (ug 
FDNB) . 

13 460.86 Survival^ 
14 519. 08 Survival13 

aExposed dose, not inhaled-dose. 

^Killed on 32nd day. 
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and a gasping reflex (mouth breathing). When the animals 

in group II were observed 9 hrs after the FDNB treatment 

they appeared, to be highly agitated, gagged, and gasped. 

The signs were repeated at periodic intervals. One of 

the controls also appeared to gag, rubbed its nose and 

gasped for air. A common observation of group II animals 

was the whitish foam which bubbled from their nostrils. 

This foam was tinged red and dried upon death of- the animal. 

A dying animal was unable to raise itself upon its legs, 

turned over upon its side, gasped, gave several convulsive 

kicks and expired. The lungs from animals in group II 

appeared distended and either solidly dark red or spotted 

with dark red areas. 

The dermal reactivity of groups I and III seems 

to have been increased by the additional treatment with 

conjugate. None of these animals survived subsequent 

treatment with an aerosol of free chemical after skin 

testing. The signs of respiratory distress and gross 

pathology of the lungs were similar to those observed 

in animals of group II. 



The Effect of either a 1-Fluoro-2,4-dinitrobenzene or 

Dinitrophenyl-conjugate Aerosol upon the Systemic and 

Delayed-type Skin Response of Guinea Pigs Previously 

Treated with an Aerosol of either 1-Fluoro-2,4-dinitro-

benzene or Dinitrophenyl-conjugate 

This is principally concerned with investigations 

designed to clarify the systemic effect of aerosols of FDNB 

upon animals previously exposed to an aerosol of either 

dinitrophenyl-conjugate or FDNB. In addition, the capacity 

of surviving animals to acquire a delayed-type skin response 

following aerosol exposure to FDNB was studied. 

The results of the first experiments in this 

endeavor are presented in Table 15. The systemic response 

of animals previously exposed to a single aerosol of 

conjugate (group I) was not altered when they were 

challenged with an aerosol of FDNB. Three of the four 

survivors of this group, however, died when skin tested 

3 days after the FDNB aerosol treatment on the 22nd day. 

Conjugate treated controls (group II) not challenged with 

an aerosol of FDNB responded with doubtful skin reactions 

at 1.0* FDNB on the 26th day. Animals in groups III and 

IV receiving inhaled doses of FDNB for the first time de

monstrated a 25 per cent mortality rate. These were the 

first observations that normal untreated animals were fatally 

affected by aerosols of FDNB. These animals displayed 

4 3 



Table IS. The systemic and delayed skin responses of guinea pigs treated with 
homologous conjugate or fluoro-dinitrobenzene aerosols and challenged 
with aerosols of fluorodinitrobenzene or homologous conjugate 

Group- Aerosol Results Aerosol Results Skin reactivities Results after 
animal treatment treatment FDNB in olive oil 25th day 
no. 1st day 22nd day 26th day 

0.5% 1.0% 

Homologous h 
conjugate3 FDNB0 

1 0.0013 S* 890 S t 1+ S 
2 0.0017 S 1000 D**:5.5hr 
3 0.0020 S 1100 S 0 ± D: 26-30 hr 
4 0.0020 ' S 1000 S 1+ 1+ D: 99-103 hr 
5 0.0020 S 1000 S D: 5-7 hr 

Homologous 
conjugate3 

6 0.0015 S None S 0 1 
7 0.0021 S None S 0 t 

FDNBb FDNBb , 
8 520 S 850 D: 8.5 hr 
9 530 S 760 S 1+ 2-3 + S 
10 580 S 700 D:31-42 hr 
11 720 S 1000 S 1+ 2 + S 
12 760 S 1000 D: 7 hr 
13 810 D: 8-18 hr 
14 830 D: 24-25 hr 



Table 15. Continued 

Group- Aerosol Results Aerosol Results Skin reactivities Results after 
animal treatment treatment FDNB in olive oil 25th day 
no. 1st day 22nd day 26th day 

25th day 

0.5% i-
* •
 
O
 

«*
> 

IV b Homologous 
FDNB0 conjugate3 

15 490 S 0.0045 S 2 + 3+ S 
16 560 D :20-22 hr -

17 710 S 0.0045 S 2 + 3+ S 
18 820 S 0.0046 S 1 + 2+ S 
19 840 S 0.0043 S 1-2+ 3+ S 

V FDNBb 

20 1000 D: 1 hr 
21 1000 S t 1 + S 
22 1080 S t 1 + S 
23 1000 S not done D: 2-6 hr 

24 1000 S not done S 

* Survival 
** Death 

*doses, pmole DNP 
"doses, ug FDNB 

i n  

» 



46 

respiratory difficulties and upon examination after death 

areas of their lungs were conspicuously dark red. The 

signs of respiratory distress and appearance of the lungs 

of those animals dying after exposure to, FDNB were not 

distinguishable from those previously described. 

When surviving animals in group III were exposed 

to an aerosol of free chemical on the 22nd day a mortality 

rate of 60 per cent resulted. Survivors of these treatments 

disclosed good dermal hypersensitivity on the 26th day. 

When surviving animals in group IV were challenged with a 

conjugate aerosol no deaths were recorded. These animals 

demonstrated good skin reactions as a result of the treat

ments . 

Group V animals which served as controls for the 

FDNB challenge on the 22nd day showed a mortality of 

40 per cent. This experiment (Table 15) was the first 

to demonstrate the inherent toxicity of FDNB aerosols 

upon normal animals. 

The next experiment demonstrated the relationship 

between inhalation doses and toxicity of aerosols of FDNB 

upon guinea pigs and the capacity of survivors to acquire 

a delayed state of dermal reactivity following aerosol-

ization(s) of the free chemical (Table 16). Group I 



Table 16. The systemic response and delayed-type hypersensitivity reactions 
of guinea pigs resulting from one and two aerosol exposures of 
fluorodinitrobenzene 

Group-
animal 
no. 

Weight 
g 

Dose (ug 
of FDNB) 
1st day 

Results Dose ( j i g  
of FDNB) 
21st day 

Results Skin reactivity FDNB 
in olive oil-27th da-

0.11 0.5% 1.0; 

I 1 303.5 850 D:28-30hr 
2 384 1000 D:14 days 
3 397 1100 Survival 660 Survival ± 2 + 3+ 
4 400 1100 Survival 610 Survival * -1+ 2 + 3+ 
5 419 1100 D:12-23hr 
6 462 1200 D: 7 days 

II 7 292 450 Survival 690 D:26-29hr 
8 311 470 Survival 670 D: 9-17hr 
9  318 480 Survival 670 Survival i  1 + 2 + 

10 362 520 Survival 730 - D: 9-17hr 
11 406.5 570 Survival 770 Survival 0 1 + 2 + 

III 12 300 440 D:12-23hr 
13 369 510 Survival 680 D:42-54hr 
14 380 530 Survival 770 D:98-116hr 
15 389.5 540 Survival 690 Survival 0 1 + 2+ 
16 407.5 540 Survival 760 Survival *-1 + 2 + 3-4 + 

IV 17 425 Not 720 D: 31.5hr 
18 338 treated 740 Survival 1 + 2 + 2-3 + 
19 404.5 750 Survival 1+ 2 + 3+ 
20 446 790 Survival 1+ 2+ 3 + 
21 422.5 790 D:21-23hr 



48 

animals were exposed to an aerosol for 24 min employ

ing an air flow rate of 1 ft3/min. A mortality of 66.6 

per cent resulted. The 2 survivors did not die upon 

rechallenge with an FDNB aerosol. Group II animals were 

exposed to an aerosol of FDNB for 12 min using an air 

3 
flow rate of 1 ft /min. No deaths resulted. When 

challenged with the second FDNB aerosol exposure the 

resulting mortality was 60 per cent. Group III animals 

were initially treated for 24 min employing an air flow 

rate of 2 ft /min to attain the inhaled doses indicated. 

A 20 per cent mortality rate resulted. When this group 

was challenged with the free chemical for the second 

time the mortality was increased to 50 per cent. A 

40 per cent mortality resulted in the animal group used 

as controls for the challenge FDNB aerosol on the 21st 

day. Apparently animals previously treated with FDNB 

do not acquire a different systemic response from that 

of untreated animals. A delayed hypersensitivity 

developed in all survivors as a result of treatment(s) 

with aerosols of FDNB. The delayed skin reactivity of 

a respresentative guinea pig from groups I, III, and 

IV appear in Figures 4, 5, and 6. 

An experiment was next designed to test the effect 

of skin testing upon animals initially exposed to aerosols 

of the conjugate and challenged with non-toxic inhalation 



Figure 4. The Delayed-type Skin Reactivity of a Guinea 
Pig Resulting from a Cumulative Inhaled Dose 
of 1706 yg FDNB. 

A photograph of a guinea pig (Table 16, animal 
no. 3) demonstrating the 27th day delayed-type 
skin response following exposures to an aerosol 
of FDNB on the 1st and 21st day. The skin 
reactivity to 0.5% FDNB is lateral and anterior
ly situated on the animal. The skin reactivity 
to 1.0% FDNB is lateral and located toward the 
posterior of the animal. 

Figure 5. The Delayed-type Skin Reactivity of a Guinea 
Pig Resulting from a Cumulative Inhaled Dose 
of 1403 yg FDNB. 

A photograph of a guinea pig (Table 16, animal 
no. 16) demonstrating the 27th day delayed-
type skin response following exposures to an 
aerosol of FDNB on the 1st and 21st day. The 
skin reactions are laterally located on the 
animal. The skin reaction to 0.5% FDNB is 
anteriorly located and the skin reaction to 
1.0% FDNB is posteriorly located on the animal. 
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Figure 4. The Delayed-type Skin Reactivity of a Guinea 
Pig Resulting from a Cumulative Inhaled Dose 
of 1706 yg FDNB. 
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Figure 5. The Delayed-type Skin Reactivity of a Guinea 
Pig Resulting from a Cumulative Inhaled Dose 
of 1403 pg FDNB. 
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Figure 6. The Delayed-type Skin Reactivity of a Guinea 
Pig Resulting from an Inhaled Dose^of 790 yg 
FDNB. A photograph of a guinea pig (Table 16, 
animal no. 20) demonstrating the 6th day 
delayed-type skin response following a single 
exposure to a FDNB aerosol. The skin reaction 
to 0.5% FDNB is located anteriorly and lateral 
to the animal. The skin reaction to 1.0% 
FDNB is located posteriorly and lateral to 
the animal. 
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doses of aerosolized FDNB. These results appear in Table 

17. Group I and II animals which received aerosols of 

conjugate survived subsequent aerosol exposures of FDNB 

regardless of prior skin testing. Group III and IV animals 

not receiving conjugate by aerosol each showed mortalities 

of 40 per cent following the second aerosol exposure of 

FDNB. These results suggest that the conjugate may confer 

some degree of protection against minimal, multiple 

aerosol exposures of FDNB. The multiple treatments appeared 

to induce about the same degree of skin sensitivity in 

the survivors. 

No apparent differences were observed when 

animals pretreated with conjugate were challenged with 

inhaled doses of 590-690 vg of FDNB (Table 18). Animals 

treated with aerosols of conjugate had a mortality rate 

of 16.6 per cent when challenged with an aerosol of FDNB 

that caused a mortality of 25 per cent in normal animals. 

Guinea pigs administered a single aerosol of 

FDNB underwent a mortality rate of 33.3 per cent upon 

initial exposure (Table 19). Subsequent challenge of the 

survivors of this group with an FDNB aerosol had no 

effect upon its mortality but killed 33.3 per cent of 

the untreated control group. 

The skin reactivities of survivors of both control 

groups (Tables 18 and 19) demonstrate the capacity of 



Table 17. A comparison of the systemic and delayed dermal responses of guinea 
pigs treated with aerosols of homologous conjugates with and with
out intermediate skin testing and subsequent challenge with aerosols 
of fluorodinitrobenzene 

Group-
animal 
no. 

Dose ymole 
DNP Days 1 
3,5 

Skin Reactions 
to FDNB in 
olive oil 
23rd day 
0.51 1.0* 

Dose (pg of Dose (tig 
FDNB) and FDNB) 
results ' 27th day 
23rd day 

Results Skin react
ions FDNB 
in olive 
oil 34th 
day 
0.1% 0.5% 1.0% 

I 1 0.0045 i 1+ 110 S 175 s 0 2+ 2 + 
2 0.0046 2 + 2 + 100 S 160 s 0 1 + 1 + 
3 0.0048 ± 1 + 100 S 160 s ± 2+ 3 + 
4 0.0048 ± 1 + 130 s 200 s 0 1+ 2 + 
5 0.0054 ± 1 + 110 s 170 S 0 2 + 3+ 

II 6 0.0043 Not 100 s 160 S 0 2 + 3 + 
7 0.0044 done 110 s 180 S t 2+ 3+ 
8 0.0048 110 s 180 S ± 2+ 2 + 
9 0.0050 130 s 200 S 1 2+ 2 + 
10 0.0051 120 s 190 S 0 2 + 2+ 

III 11 Not 0 ± 88 s 140 S ± 2+ 2 + 
12 treated 0 0 89 s 140 S ± 1+ 2+ 
13 0 ± 93 s 150 D:33-43hr 
14 0 t 100 s . 160 D:9-19hr 
15 0 t 110 s 170 S 1+ 2 + 3+ 

IV 16 Not Not 88 s 140 S 1+ 2 + 3 + 
17 treated done 96 s 150 D:24-25hr 
18 96 s 150 S t 2+ 2 + 
19 100 s 160 D:25-27hr 
20 100 s 160 S t 2 + 2 + 
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Table 18. The systemic response and delayed skin re
activities of guinea pigs treated with three 
aerosols of homologous conjugate and challenged 
with an aerosol of l-fluoro-2,4-dinitrobenzene 

Group- Weight 
animal g 
no. 

Dose ymole Dose 
DNP 1st FDNB 
day day 

yg Results 
22nd 

Skin reac
tivity 
FDNB in 
olive oil 
34th day 
0.1% 0.5% 1% 

I 1 371 0.0059 590 Survival 0 1+ 2 + 

2 375 0.0059 570 Survival' ± 1+ 2 + 

3 433. 5 0.0067 640 Survival ± 1+ 1 + 

4 473 0.0071 640 Death in 
12-21 hr 

5 480. 5 0.0072 630 Survival ± 2 + 2 + 

6 492. 5 0.0073 690 Survival 0 2 + 3+ 

II 7 324 Not 490 Survival 0 1 + 2 + 
treated 

8 380. 5 590 Death at 
4 hr. 

9 451 660 Survival 1+ 2 + 3 + 

10 516 660 Survival 0 1 + 2 + 



Table 19. The systemic response and delayed skin hypersensitivity of guinea 
pigs exposed to an aerosol of 1-fluoro-2,4-dinitrobenzene and 
challenged with an aerosol of l-fluoro-2,4-dinitrobenzene 

Group-
animal 
no. 

Weight 
g 

Dose yg 
FDNB 
1st day 

Results 

i  
Dose yg 
FDNB 
22nd day 

Results Skin reactivity FDNB 
in olive oil 34th 
day 
0.11 6.5$ 1,01 

I 1 373 490 Survival 420 Survival * 2+ 2+ 

2 383 500 Survival 420 Survival t 1 + 1+ 

3 411 520 Survival 440 Survival t 1 + 1+ 

4 453 560 Death in 
18-20 hr 

5 509.5 620 Survival 500 Survival 1+ 2 + 3 + 

6 550 650 Death at 
20 hr 

II 7 354 Not 
treated 

430 Death at 
24 hr 

8 370 440 Survival ± 1+ 2+ 

9 386 ' 450 Survival i 1+ 2 + 

10 449.5 480 Survival 1 1+ 2+ 

11 464 510 Survival ± 1+ 3+ 

12 534 580 Death in 
12-21 hr 
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guinea pigs to develop a delayed skin response following 

~ aerosol exposure to the free chemical. 

Characterization of l-Fluoro-2,4-dinitrobenzene 

and Dinitrophenyl-conjugate Aerosols 

Of an average of fifteen aerosols of FDNB, the 

free chemical was found to be distributed on the stages 

of the Andersen sampler as follows: stage 6=12.5%; 

stage 5=58.5%; stage 4=23.8% stage 3=4.8%; stage 2=0.4%. 

Of an average of twenty-two collections of conjugate, the 

following distributions were obtained: stage 6=50%; 

stage 5=441; stage 4=3%; stage 3=0.81; stage 2=2.1%. 

The mass median diameter for the FDNB particle was 1.7 y ,  

the geometrical standard deviation: 1.6 y. The mass 

median diameter for the dinitrophenyl-conjugate was 

0.9 y and the geometrical standard deviation: 1.8 p. 

j 



DISCUSSION 

Experimental evidence has been presented indicating 

that it is possible to induce a delayed-type dermal 

hypersensitivity toward the simple chemical, 1-fluoro-

2,4-dinitrobenzene by exposing guinea pigs to either aerosols 

of the free chemical or dinitrophenyl-guinea pig serum 

conjugates. 

In preliminary experiments guinea pigs treated with 

aerosols of FDNB resulting in cumulative inhaled doses from 

980 to 1800 ug FDNB developed uniform delayed-type skin 

reactions. Certain guinea pigs treated with aerosols of 

FDNB resulting in inhaled doses ranging from 2 to 620 ug 

FDNB developed positive skin reactivities to FDNB, but, 

in general, the responses were not uniform. Most of the 

aerosol exposures were multiple and skin testing was 

performed on the tenth day after the first exposure. 

Several reasons which attempt to explain the non-uniformity 

of the results include: the possibility that the respir

atory efficiency of the guinea pigs may have been hampered 

by use of the plastic bags, the 50 per cent relative 

humidity range employed during aerosol exposure, or, the 

use of a limited number of animals in each group. Later 

studies showed that a single FDNB aerosol was effective 

5 6  
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in achieving a uniform delayed skin response. A positive 

skin reactivity to 1.0% FDNB was obtained when survivors 

of inhaled doses of 1000 yg FDNB were skin tested on the 

4th day after the exposure. Guinea pigs surviving inhaled 

doses of 740-790 yg FDNB showed good dermal responses on 

the 6th day after the first exposure. Inhaled doses of 

440-660 pg FDNB induced good delayed skin reactions 

on the 12th day following the inital aerosol exposure. 

Guinea pigs which received cumulative inhaled doses of 

between 228-260 yg FDNB developed good delayed dermal 

responses on the 11th day following an initial FDNB 

aerosol. 

When guinea pigs were treated with cumulative 

75-900 yg quantities of FDNB by topical applications 

and intradermal injections, more uniform delayed skin 

responses were obtained by the intradermal route. Skin 

testing was done on the 10th day following the initial 

topical application or intradermal injection. FDNB 

administered to guinea pigs by the aerosol route in 

quantities comparable to that employed in induction of 

the delayed state by the intradermal route, have yielded 

positive skin reactions. The inhaled doses reported in 

these experiments are in terms of an estimated maximum. 

Hence, any further conclusion concerning whether the 
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intradermal route is more effective than the aerosol 

route, should by necessity be determined by additional 

experimentation. 

The absence of precipitating antibody in the 

sera of animals rendered hypersensitive by aerosols of 

FDNB is perhaps evidence of a delayed hypersensitivity. 

Whereas passive transfer with peritoneal cells was not 

successful the results are considered inconclusive and 

additional studies should be made. 

Multiple "smokes" of "tetryl" administered so that 

each guinea pig should have absorbed 7-10 mg resulted in 

a minimal delayed hypersensitivity but six of the eight 

animals were anaphylactically sensitive (15). The animals 

were skin tested on the 26th day after the initial aerosol 

exposure to "tetryl". When considering the results of 

Gell (15) with those reported here with FDNB, it is 

suggested that perhaps a more uniform delayed-type response 

might be obtained if animals are skin tested on the 5th-

12th day after initial exposure(s) to smaller quantities 

of "tetryl" "smokes". 

The capacity of animals subjected to aerosols of 

the dinitrophenyl conjugates to develop a delayed skin 
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reaction to FDNB appears to be dependent upon the cumulative 

inhaled doses the animals receive. Inhaled doses of less 

than 0.0025 ymole DNP were not effective in producing a 

delayed skin response when animals were skin tested 27 

days after the initial aerosolization. Treatment with 

three aerosols of dinitrophenyl-conjugate resulted in 

delayed skin responses on the 12th, 27th and 29th day. 

The ability to transfer this delayed skin reactivity by 

lymph node cells in the absence of detectable humoral 

antibody is suggestive that a delayed hypersensitive state 

was produced by aerosolizations of the conjugates. 

Whereas preliminary studies indicated that 

conjugate may have increased the susceptibility of guinea 

pigs toward large inhaled doses of free chemical, a later 

experiment suggested that conjugate administered by aerosol 

may protect guinea pigs against smaller inhaled doses of 

free chemical. 

Animals pretreated with aerosols of either 

conjugate or free chemical were not affected systemically 

by challenge with conjugate aerosols, in the amounts 

employed. 

These studies demonstrated"the toxicity of FDNB 

for guinea pigs when administered by the aerosol route. 

Normal guinea pigs exposed to an inhaled dose between 
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430 and 1200 yg FDNB reacted quite characteristically 

and a common observation was that of the liver-like 

appearance of portions of their lungs when animals died 

subsequent to aerosol exposure. In the preliminary studies 

animals exposed to these quantities of FDNB were observed 

to display signs of respiratory distress. None, however, 

died following these aerosol exposures. It is statistically 

possible that both animals could survive these inhaled 

doses when employing two animals within a group (62). 

No gross pathological differences were observed 

in animals which died as a result of the toxicity of the 

free chemical and thosepreviously treated with aerosols 

of either conjugate or free chemical. 

The distribution of aerosols collected in the 

Andersen sampler permitted particle size characterization 

of FDNB and dinitrophenyl-conjugates. The size of the 

particles indicated that they were both potentially 

capable of being deposited and retained in the lungs 

of guinea pigs. 



SUMMARY 

Experiments were performed to ascertain whether 

guinea pigs acquire a delayed-type dermal hypersensitivity 

or altered systemic response following aerosol exposure 

to a simple chemical or a protein conjugate of that 

chemical. 

Experimental evidence has been presented that 

guinea pigs may acquire a state of delayed hypersensi

tivity toward 1-fluoro-2,4-dinitrobenzene (FDNB) by 

previous exposure to an aerosol or aerosols of FDNB. 

It was also possible to demonstrate the induction of a 

delayed-type dermal sensitivity by exposing guinea 

pigs to multiple aerosols of protein conjugates of FDNB. 

Quantitative determinations of the free chemical and 

dinitrophenyl-guinea pig serum conjugates were used in 

conjunction with aerosol sampling methods to permit 

calculation of maximal inhaled doses. The inhaled doses 

assisted in the interpretations of the observed results. 

These combined techniques also allowed characterization 

and particle sizing of aerosols of FDNB and dinitro-

phenyl-conjugates. Serological studies indicated the 

absence of circulating antibody in animals rendered 

hypersensitive by aerosol treatments. Intradermal 

61 
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injection of dinitrophenyl-conjugate into animals 

demonstrating a delayed response to FDNB showed no signif

icant reactivity of the immediate type. 

The finding that an FDNB aerosol was capable of 

killing a normal, untreated animal complicated the inter

pretations concerning the observed systemic effects of 

FDNB aerosols. The observation that animals die a delayed 

death following FDNB aerosol exposure was an equally 

complicating factor. Their respiratory response, however, 

was quite characteristic and reproducible. The animals 

which survived these inhaled doses developed good delayed-

type dermal responses. 

The results indicated that there was no alteration 

in the systemic response of animals previously exposed 

to a FDNB aerosol or dinitrophenyl-conjugate when 

challenged with an aerosol of a dinitrophenyl-conjugate. 
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