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Calcofluor white M2R is useful as a nonspecific fluorescent stain for the 
identification of fungi. In tissues, calcofluor white M2R is used commercially 
as an additive to detergents that make clothes appear "whiter." Many other 
compounds are also used in this fashion. These other whitening compounds 
were examined for their ability to stain fungi in frozen and paraffin-embed
ded tissue. All compounds were effective to some degree, but Tinopal CBS-
X was especially effective. The fluorescence of fungi stained with Tinopal 
was subjectively and objectively more intense than that using calcofluor 
white M2R. 

The identification of fungi in tissue 
is usually done with the aid of 

special staining procedures such as 
Gomori's methenamine silver and pe
riodic acid Schiff. The performance of 
these methods is time-consuming and 
requires considerable technical ex
pertise; these methods are also rela
tively expensive. Recently it has been 
shown that the fluorescent brighte-
ner, calcofluor white M2R, will rap
idly bind to fungi in frozen or paraffin-
embedded tissue and cause the fungal 
elements to fluoresce intensely when 
viewed with a fluorescent micro
scope.1"3 Calcofluor white M2R can also 
be included with the reagents com
prising the Papanicolaou stain with 
the result that fungi can be quickly 
identified in specimens submitted for 
cytopathologic examination.4 Calco
fluor white M2R is just one of a va
riety of similar compounds used in 
industry as fluorescent brighteners. 
The purpose of this study was to ex
amine these other compounds for their 
ability to stain fungi in tissue with 
the goal of determining whether any 
of these were superior to calcofluor 
white M2R. 

From the Department of Pathology and Laboratory 
Medicine, The Medical School, The University of Texas 
Health Science Center, Houston, TX 77025. 

Materials and Methods 

Fluorescent Compounds 
The compounds tested are shown in 

Figs 1 and 2. The compounds could be 
grouped into four classes by their basic 
structure as follows: coumarin (CI and 
C2), naphthotriazolystilbene (NTS), 
pyrazoline (P), and diaminostilbene 

disulfonic acid cyanuric chloride 
(DASC1-DASC5) (These compounds 
could be further differentiated by the 
side chain structures). Stock solutions 
(1% w/v or v/v) were prepared by dis
solving the powder or adding the liq
uid to the appropriate amount of 
distilled water. Some of the com
pounds are sparingly soluble in water 
and required filtration to remove par
ticulate matter prior to use. 

Preparation of Tissue Slides 
Fresh-frozen tissue containing fungi 

was obtained from a Swiss mouse in
fected through the tail vein with Can
dida albicans. After seven days, the 
mouse was killed, and a kidney was 
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Fig 1. Structures of the diaminostilbene disulfonic acid group of fluorescent compounds. 
Names of compounds with different R group side chains are listed below each structure. 
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Fig 2. Structures of the coumarin, napthotriazolystilbene, and pyrazoline groups of flu
orescent compounds. Names of compounds with different R group side chains are listed 
below each structure. 

frozen in OCT, sectioned, alcohol-fixed, 
rehydrated, and stained by placing 
several drops of the fluorescent brigh-
tener stock solution on the slide. After 
a reaction time of one minute, the slide 
was washed in tap water and counter-
stained with a dilute solution of Evan's 
blue, cover slipped, and examined with 
an AO series V20 Fluorestar micro
scope with a BG 12 exciter filter, 0G1 
b a r r i e r f i l ter , and No. 1088 con
denser . Paraff in-embedded t i s sue 
known to conta in fungi were sec
tioned, deparaffinized, hydrated, and 
stained in the same manner as that 
for frozen tissue. 

Fluorometry 
A suspension of Candida tropicalis 

in saline was prepared to yield a final 
yeast concentration of approximately 
1 x 108 organisms per milliliter. One 
milliliter of this yeast suspension was 
mixed with an equal volume of the 
fluorescent brightener working solu
tion. The yeasts were collected by 
centrifugation and were resuspended 
in 10 mL (.010 L) of distilled water. 
The optimum wavelength and inten
sity of fluorescence was determined by 
scanning fluorometry on a Gilford 
Model 250 scanning spectrophotome
ter. 

Results 

All of the compounds (Figs 1 and 2) 
were used to stain wet and heat-fixed 
preparations of yeasts, and all caused 
the fungi to have a blue-green fluo
rescence when examined by fluores
cence microscopy. Two of the groups 
of brighteners (DASC-4 and DASC-3), 
however, were clearly superior in in
tensi ty of fluorescence when com
pared wi th the o ther compounds , 
i n c l u d i n g calcofluor w h i t e M2R. 
Yeasts stained with these compounds 
are viewed with a fluorescent micro
scope have a typical blue-green fluo
rescence as shown in Fig 3. 

All of the compounds stained fungi 
present in frozen or paraffin-fixed tis
sue. The DASC-3 group was superior 
to all of the other brighteners in the 
intensity of fluorescence. Figures 4 and 
5 demonstrate the fluorescence of fungi 
stained with these compounds in fro
zen and paraffin-embedded tissue, re
spectively. Fungi, which have a blue-
green fluorescence, can be readily dis
tinguished from background tissue, 
which has a yellow-green fluores
cence. Tissue components such as col
lagen, elastin, and keratin are also 
stained with these brighteners but to 
different degrees . I m m e r s i n g the 
stained slide into a dilute solution of 
Evan's blue followed by a water wash 
significantly diminishes the back
ground staining. Frozen OCT-embed-
ded tissues have much less background 
fluorescence than the deparaffinized 
tissues. The DASC-5 group of brigh
teners has the advantage of even less 
background staining since it appears 
to stain elastin but not collagen. The 
background fluorescence is useful in 

Fig 3. Wet mount of Candida albicans stained with any of the 
compounds listed in the Table (400 xj . 

Fig 4. Comparison of fungal fluorescence in frozen kidney tissue 
stained with various fluorescent compounds (400 x). 
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Fig 5. Comparison of fungal fluorescence in paraffin-embedded 
tissue stained with various fluorescent compounds (400 xj . 

Fig 6. Appearance of Candida albicans in frozen kidney tissue. 
From upper left clockwise, the stains are hematoxylin-eosin, pe
riodic acid Schiff, Tinopal CBS-X, and Gomori's methenamine 
silver (400 x). 

Group 

P1 
CI 
C2 

NTS 
DASC1 
DASC2 

DASC3 

DASC4 
DASC5 

Intensity of Fluorescence as Determined Using Fluorometry 

Compound 

Phorwite FBW 
Calcofluor white LD 
Aclarat 
Calcofluor white SD 
Hiltamine Arctic White Solution 
Phorwite BBh pure 
Phorwite BA solution 
Calcofluor white M2R new 
Hiltamine Arctic White CWD 
Tinopal UNPA 
Phorwite MBBH 766 
Hiltamine Arctic White DML 
Tinopal AMS pure 
Tinopal CBS-X 
Tinopal 5 BM ec 
T H 4 0 

Value (0 to 10,000) 

0 
0 
0 
0 
0 
0 
0 

200 
50 
50 

700 
400 
400 

8,000 
500 
100 

defining landmarks in the tissue while 
not interfering with the identification 
of fungi. Routine stains for the detec
tion of fungi (Gomori's methenamine 
silver and periodic acid Schiff) were 
done on all tissue samples and used 
as a positive control in comparison 
with the brighteners (Fig 6). These 
fluorescent compounds s tained all 
fungi tested, including species of Mu-
cor, Aspergillus, Candida, Cryptococ-
cus, and others. 

The intensity of fluorescence and the 
peak excitation and emission wave
length for each compound were deter
mined by s c a n n i n g f luoromet ry . 
Tinopal CBS-X was clearly superior 
to the other compounds with regard 
to intensity of fluorescence. The other 
DASC-3 and DASC-4 compounds were 
also superior to calcofluor white M2R 
(Table). All of the compounds had peak 
excitation and emission wavelengths 

of approximately 290 and 354 nm, re
spectively. 

Discussion 

Fluorescent brighteners have been 
used for many years in the textile and 
detergent industry as agents to make 
clothes "whiter." Calcofluor white M2R 
has been shown to bind tightly to car
bohydrate constituents of fungal cell 
walls,2 which can be clinically useful. 
Fungi present in tissue that is either 
frozen or paraffin-embedded or other 
clinical specimens can be stained with 
calcofluor white M2R and seen with 
a fluorescent microscope. 

Other compounds have also been 
used as fluorescent brighteners. Some 
are structurally related to calcofluor 
white M2R; but others are quite dis
tinct. It was the purpose of thfs study 
to de t e rmine w h e t h e r these com
pounds could be used in the identifi

cation of fungi in tissues. As shown 
here, all of the compounds tested are 
effective to some degree. All have 
s i m i l a r e x c i t a t i o n and emiss ion 
wavelengths; however one compound, 
Tinopal CBS-X, was clearly superior 
to the other compounds, including 
calcofluor white M2R, with regard to 
intensity of fluorescence. 

The future usefulness of these com
pounds is bright. Many of them are 
laser dyes, which may allow direct de
tection of fungi in body fluids by flow 
cytometry. Their utility in the detec
tion of bacteria and protozoa is largely 
unknown. However, it could be pre
dicted that these compounds will also 
be useful in the detection of this group 
of organisms, especially in the case of 
bacteria that have cell wall carbohy
drates that are similar in structure to 
those found in fungi. The main ad
vantages of using these compounds are 
that (1) specimens can be examined 
rapidly for the presence of fungi, (2) 
the time required to stain specimens 
is minimal, (3) the reagents are sta
ble, (4) the fluorescence is stable, (5) 
the reagents are inexpensive, and (6) 
the staining procedure is uncompli
cated. 
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