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Abstract. Guinea pig� immuniad with mycelium from 
Tridwphyton 111e111agrophytes in freund', complete adju­
vant were tested intradermally with the following tricho­
phytin preparations: Tr I extractcd by ethylene glycol. 
Tr Il cxtracted by phcnol and Tr I Il. a commercially 
obtained preparation from Säch�i�ches Serumverk KG. In 
our expcrience. Trl was found to be superior to the other 
preparations. It showed significant delayed skin reaction� 
in all �ensiti1ed animal� and none in the controls. Lym­
phocyte stimulation test with th,s preparation (Tr I) gave 
positive results. 
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Trichophytin has been used since 1902 ( 11) a., an aid 

in the demonstration of dermatophyte infections. 

Since then. numerous preparations of varied quality 

have been uscd. Trichophytin was usually obtained 
as a crude extract from cultures of one or '>everal 
dermatophytc species grown on various media un­

der different conditions ( 14). For thcse reasons. thc 

usefulness of the trichophytin reaction for skin test­
ing has been limited, duc to the lack of either 
standardized or pure trichophytin. The first attempt 

to characterize the antigen was made by Bloch et al. 

(2) in 1925. They concluded that the allergen in­

volved wa� an extractable carbohydrate protein

complcx. Cruickshank et al. (I. 4) assigned the

antigenie propertie!> to a chemically defined glyco­

peptide which could produce delayed hypersensi­

tivity in hu mans exposed to derrnatophytes. Subse­
quent invel>tigation, (7. 12) have essentially con­
firmed these finding',.

The intensive dcvelopment of in vitro test 
systems in demon:,trating <.lelayed hyper:.ensitivity 

has increased the use of trichophytin as an antigen. 

Göt1 & Heitmann (5) showed that lymphocytes 

from patients infectcd with dermatophytes were 

stimulated by commercial trichophytin in vitro. La­

ter, Hanifin et al. (6) demonstratcd lymphocyte 
stimulation with a purified trichophytin. Animal 

test!> have not been performed, however. 
The main purposc of this study was to comparc 

different trichophytin preparations with re\pect to 
their biological activity as measured by intradermal 

test and by in vitro stimulation tests using lympho­

cytes from �ensitized guinea pigs. At the same time 

it was possible to test the reproducibility of the 
methods u!>ed in the preparation of trichophytin and 

the sensitivity of the in vitro stimulation tests con­

ducted with lymphocytes from guinea pigs. The de­

termination of DNA-synthe-,is by mcasuring the in­

corporation of HC-thymidine in lymphocytes was 

the method chosen to study reactivity in vitro. 

MATERIALS AND METHODS 

Preparation of a11tige11s 

Organism. A recently isolated pathogcnic strain of Tr

i­

c/10phy1011 1111!11tagrophytes from a patient with tinea 
corporis wa, used. lnoculate!> were cultured �imultane­
ously on Sabouraud's glucose agar without added antibio­
tics, and on dcrmatophyte test medium (DTM) according 
to Taplin et al. ( 17). The strain was po,itive on DTM and 
was identified morphologically on Sabouraud's agar by 
its typical appearancc. i.e. macroscopically. a creamy 
powdery thallus and a brown-tan underside and micro­
scopically, numerous characteristic spherical micro­
aleuriospores "en grappe". 

C11/t11re co11ditions. The growth medium contained I ?I' 
Panmede (Paines and Byme Ltd.). 4<:f glucose and 2<:f 
casein hydrolysate (3). The pH was adjusted to 5.5 with I 

M HCI. Several 5 litrc flasks containing I litre medium 
were inoculated with I ml concentrated mycelium suspen· 
sion. The nasks were incubated at 30°C and shaken at 100 
rpm to ensure proper aeration. After 4 days' growth the 
mycelium was separated from the fluid by filtration and 
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thereafter acetone dried. The dried mycelium was ground 
to a fine powder with a pestle and mortar. 

Antigen l (Tr I) was extracted with ethylene glycol ac­
cording to Cruickshank et al. 1960 (4) and O11aviano et al. 
1974 (13). Ethylene glycol 200 ml was added per gram 
dried powder. The suspension was stirred with a magnctic 
stirrer overnight at room temperature. After centrifuga­
tion at 15000 g for 10 min. thc supernatant was dialysed 
against distilled water at 4°C for 50 hours. The material 
remaining inside the dialysis tubing was concentrated x 15 
on a Diaflo PM 10 membrane (Amicon Led.). Four vol­
umes of cold ethanol were added and the mixture was left 
overnight at 4°C. The precipitate formed was spun down 
by centrifugation at 20 000g for 10 min and collected. The 
precipitme was dissolved in a minimal volume of I % 
sodium borate (pH 8.5). Cetyltrimethylammonium 
bromide (BDH Chemicals Ltd.) 5% w/v was added until a 
precipitate was no longer formed. The pH was adjusted to 
9.5 by careful addition of I M NaOH. Aftcr treatment at 
4'C for 6 hours the suspension was c.entrifuged al 4 000 g 

for 10 min. The precipitate was washed twice with distil­
led water and dissolved in a minimal volume of 2 M acetic 
acid. The precipitate obtained by addition of IO vol cold 
ethanol (95 %) was spun down by centrifugation at 15 000g 
for 10 min. The acetic acid-ethanol treatment was rc­
peated once. The precipitate was washed with cold etha­
nol (99%) and centrifuged at 15 000 g for 15 min. The pre­
cipitate was then dissolved in distilled water. yielding a 
clear, slightly light brown solution. To ensure complcte 
removal of cetyltrimethyl ammonium thc solution was 
washed repeatedly with distilled watcr on a Diaflo PM 10 
membrane. 

The glucosemannose content of carbohydrate of this 
preparation was 3 : 7 as detcrmined by the method of 
McMurrough & Rose 1967 (9). 

Antigen Il (Tr lll was obt:,ined by phenol extraction and 
purification according 10 Nozawa el al. ( 12). LJned myce­
lium 10 g was suspended in 160 ml water and mixed with 
265 ml 75 % w/v. phenol. The mixture was treated at 68°C 
for 30 min with occasional shaking and then centrifuged at 
15 000 g for 10 min. The aqueous layer was collected and 
dialysed for 3 days againSI 0. 15 M NaCI. The dialysate 
was concentrated by ultrafiltration on a Diaflo PM I 0 
membrane and added to a Sephadex G-100 column equili­
brated with 0.15 M NaCI. The elution v.-as followed by 
measurement of the UV-aborbance at 275 nm. and by the 
determination of sugar content of the I ml fractions as 
according to McMurrough & Rose (9). The fraction of the 
first peak corresponding 10 the GP, fraction of Nozawa et 
al. ( 12) was used as antigen Tr I I in the subsequent exper­
iments. The glucosemannose content of this fraction was 
9: 11 as determined by the method of McMurrough & 
Rose (9). 

Antigen fil (Tr 111): Commercially obtained trichophy­
tin. (Trichophyton-Vaccine, Batch no. 181171. Sächsiches 
Serumwerk KG. Dresden) (8). The glucosemannose con­
tent was I : 2 as determined by the method of McMur­
rough & Rose (9). 

Biological tests 

lmmunization of animals. Guinea pigs (males approx. 
400 g) were immunized by subcutaneous injection in the 
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nape of the neck with a mixture containing 0.2 ml myceli­

um-saline and 0.2 ml Freund's complete adjuvant. Each 
animal received 5 mg dried mycelium in this way. 

Skin rests. After 7 weeks, guinea pigs were shavcn and 
then injected intradermally into the abdominal wall with 
the trichophytin preparations. Each animal received 0.1 
ml of two antigen preparations at t wo different concentra­
tions. ln addition the same volume of saline was given as a 
control. 

Tr I was administered in the concentrations of I mg/ml 
and 0.1 mg/ml, Tr II at 5 mg/ml and 0.5 mg/ml. Tr 111 was 
used in a dilution of I : 20 and I : 200 of the stock solmion. 
The skin of the animals was examined after 20 min and 
after 24. 48 and 72 hours. Perpendicular diameters of the 
indurated area were measurcd and the mean value calcu­
lated in each animal. Reactions with a mean diameter of at 
least 5 mm were considered to be positive. 

Lymphocyte srimulation test 

Spleen cells from 2 sensitizcd animals and one control 
animal were prepared approximately 2 months after the 
last injcction. as indicatcd in the text. The animals were 
killed by a blow on the head. The spleens were excised 
under sterile conditions and immediately transferred to 
ice-cooled Petri dishes containing Tris-buffered Hank·s 
balanced salt solution (pH 7.4). The spleens were perfused 
until free from blood. and then cut into small pieces. Cell 
suspensions were prepared by repeated pipetting. The 
suspensions were then transferred to ice-cooled centrifuge 
tubes in which larger pieces and debris remaining were 
allowed to settle to the bottom. The suspension of free 
cells was decanted. The cells were then suspended in 
Eagle's medium supplemented with glutamine, penicillin 
and streptomycin. The medium contained I O o/,- heat­
inactivated (90 min 56°C) foetal bovine serum. The cells 
were washed twice and centrifugated for 10 min at 350 g. 
and were lhen cuuntt:d in a haernocytometer. During thc 

preparation the cells were kepl on ice. Two million lym­
phocytes and Tr I in an appropriate concentration were 
added to tissue culture tubes to a final volume of I ml. 
Tubes without antigen served as controls. After 5 days' 
incubation at 37°C in a continuous flow of a mixture of 5 % 
CO2 in air. 0.4 µ,Ci of "'C-thymidine (spec. activity 54 
mCi/mmol) was added to each tube. After a further 24 
hours' incubation the cell suspensions were transferred 
onto membranes of a multiple sample collector (Type 
Millipore). The cells were washed first in saline and then 
in 5 % trichloroacetic acid. The membranes were left to 
dry and then placed into vials containing 10 ml scintillation 
fluid. The radioactivity was measured with a Packard 
Tri-carb. liquid scintillation spectrometer. The results 
were recorded as the ratio between counts per minute 
obtained with and without antigen. This ratio was termed 
the lymphocyte stimulation Index (LSI). A LSI of 2 was 
considered to be positive. 

RESULTS 

lntradermal tests 

Tr I: Reactions which were present upon examina­

tion after 24 hours were essentially unchanged after 
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Table I. Delayed cutaneous sensitivity to trichophytin antigens 

Mean diameter in mm at 24 hrs Mean diameter in mm at 48 hrs 

Antigen ... Tr I Tr Il Tr III Tr I Tr Il Tr III 

Conc .... I mg/ml 0.1 mg/ml 5 mg/ml I : 20 I mg/ml 0.1 mg/ml 5 mg/ml I : 20 

Guinea pig No. 
l 10.5 6 Il 
2 17.5 0 0 
3 17.5 Il 0 

7.5 6 0 
5 11.5 8 0 
6 18.5 8.5 0 
7 7 0 0 

14.5 3 3 
9 5 2.5 0 

10 12 3 0 
Il 12 4.5 Il 
12 17.5 6 16.5 
13 17.5 2.5 4 

48 hours, but diminished significantly at the 72 hour 
reading. As shown in Table l. all tests performed 
with the preparation containing I mg/ml were posi­
tive upon examination at both 24 and 48 hours. The 

results obtained at a concentration of 0. I mg/ml 

were less consistent, whereby 5 of 13 tests were 

positive. Eight non-sensitized animals were tested 

and none of them reacted with a positive skin test. 
Tr I I: Only one animal of the 6 tested showed a 

positive reaction after 24 hours at an antigen con­

centration of 5 mg/ml (Table I). After 48 hours 

another positive reaction appeared. No distinct 
reactions could be seen when 0.5 mg/ml of antigen 
was used. None of the non-sensitized animals 
showed a positive reaction. 

Tr III: Two of the 7 seven animals tested reacted 

positively at the dilution J : 20 after both 24 and 48 

hours (Table f), No positive reactions whatsoever 

were observed in animals receiving the I : 200 dilu­

tion. None of the 3 contro1 animals reacted posi­
tively when tested with the antigen. 

Furthermore, neither the sensitized animals nor 
the controls reacted when injected with saline. No 
reactions of any kind appeared after 20 min. 

Lymplwcyte stimulation test 

Tr I stimulated increased DN A-synthesis in lym­
phocytes from 2 immunized guinea pigs (which also 
reacted with positive skin tests to Tr I) as compared 

to lymphocytes from the non-immunized guinea pig. 
The completc protocol of one stimulation experi-

10 2 10 
14 5.5 5 

16 9.5 
7.5 3.5 0 

10.5 5.5 2 
14 8 2.5 
6 0 0 

14.5 4.5 0 
5 4 0 
9.5 0 0 

Il 0 10 
17 3.5 12 
15 0 0 

ment is shown in Table IT. It. can be seen from this 
table that all three concentrations of antigen, which 
were used in this experiment, had a clear stimu­
latory effect on lymphocytes from one immunized 

animal. The other sensitized animal reacted in the 

same way. No such effect coulcl be observed on 

lymphocytes obtained from the control guinea pig. 

DISCUSSION 

There is evidence to show that the age of the strain 

affects its antigenie properties ( 15). Moreover 
laboratory strains might lose some of their patho-

Table Il. Incorporation of '4
C

-thymidine info DNA 
in lymphocytes in the presence of trichophytin 
antigen (Tr ]) 

Antigen concentration 
µg/ml CPM 

lm1111111ized guinea pig 

JO 5 233 
I 5 437 
0. I 3 942 

728 

Co111rol guinea pig 

10 501 
I 801 
0.1 I 014 

• LSJ=lymphocyte stimulation index

cpm in the presence of trichophytin
cpm in control tubes without trichophytin 

LSI" 

7.2 
7,5 
5.4 

0.8 
1.4 
1.8 
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geni city through several transfers which could thus 
alter the antigenie nature of the strains. Conse­

quently a recently isolated pathogenic strain of Tri­

chophyton mentagrophytes was used for the prep­

aration of the antigens in this study. 

It is well-known ( 16) that the degree of cutaneous 
sensitivity is lower in guinea pigs than in man. Since 
we lacked information regarding the optimal con­

centration of the antigens Tr Il and Tr 111 in guinea 
pig experiments. we used not only concentrations 
normally given in human experiments but also a 

10-fold more concentrated test solution. This rela­
tionship is already well documented in the case of

Tr l(4).
As shown in Table I. Tr I is superior to the other 

antigens tested. Tr I at a concentration of I mg/ml 

gives positive reactions in all guinea pigs after 48 

hours. As might be expected. 0.1 mg/ml (i.e. the 
concentration used in man) gave less consistent re­
sults. The reactions are essentially unchanged after 
48 hours, which indicates that immunological and 
not toxic reactions are involved. 

Tr I l .  which in its chemical composition is similar 
to Tr I. produced only two positive reactions at the 

higher concentration, and none at the lower, despite 

the fact that all animals reacted to Tr I. The results 

might indicatc that wc have uscd too weak a con­

centration of antigen. It is also possible. however. 

that this discrepancy might be due to a species 
variation. since no guinen pig experiment<. have 
been reportcd with antigen prepared in the manner 
as described for Tr Il. 

It is interesting that Tr lll.  the commercially 
obtained antigen, gave inconsistent results. Only 

two positive tests were observed in the 7 animals 

tested. The results indicate that only the strongly 

immunized animals responded to this antigen. 

Antigen-induced stimulation of lymphocytes has 

been dernonstrated to be closely corTelated to de­
layed hypersensitivity ( I 0). 

Our observations confirrn earlier findings that 
this also applies to the immune response against 

trichophytin antigens (5). The results of stimulation 
tests indicate the great sensitivity of this rnethod, 
which makes it suitable for deterrnining the potency 
of various antigen preparations. 

Our experiments showed in the comparison of the 

biological activity in guinea pigs of different tricho­
phytin preparations, that the purified trichophytin 
Tr I gave the most consistent results. It appeared to 
be sensitive with respect to delayed hypersensitiv-
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ity m guinea pigs immunized with mycelium and 

showed no tendency to produce toxic reactions. 

Thus, it seems that this purified trichophytin is 
suitable for further studies in man. 
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