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Abstract We have studied the possibility of associatingsed to discriminate calcified bone and elastic fibers us-
fluorescence microscopy and hematoxylin-eosin stainiimgy the fluorescence microscope (Bradbeer et al. 1994).
for the identification of elastic fibers in elastin-rich tisThe selective fluorescence exhibited by these two main
sues. Elastic fibers and elastic laminae were consistetidgue components is based on the very faint eosin stain-
identified by the proposed procedure, which revealediitg, while intensely eosinophilic substrates and those
self to be easy and useful for the determination of swsthined with the highly absorbing basic dyes show no
structures and their distribution. The fluorescence prdftorescence or just a very faint signal.

erties of stained elastic fibers are due to eosin staining a€onsidering the possibility of using eosin fluores-
revealed by fluorescence analysis of the dye in solutiaence for the selective identification of some tissue com-
with no or only minor contribution by the elastin autgponents, we have extended this approach to the study of
fluorescence. The main advantage of this technique e&astic fibers in hematoxylin-eosin (H&E) preparations.
sides in the possibility of studying the distribution ofhis paper then describes the results of observations with
elastic fibers in file material without further sectioninghe fluorescence microscope of some H&E stained sec-
and staining. The use of the confocal laser scanning tiehs and evaluates the use of the confocal laser scanning
croscope greatly improved the resolution and selectivityicroscope to image elastic fibers in the same prepara-
of imaging elastic fibers in different tissues. The detdiens. Furthermore, we have also studied absorption and
mination of the three-dimensional distribution and strufftiorescence spectra of eosin and phloxine, a closely re-
ture of elastic fiber and laminae using the confocal laseted dye, in solution, to correlate them with the fluores-
scanning microscope was evaluated and also producedce detected in tissue sections.

excellent results.

Materials and methods

Introduction

File material was used throughout this study. Mainly human and
Eosin is a very common plasmal stain. It is acidic anther mammalian paraffin tissue sections were used, regardless of

usually employed in combination with basic dyes suchgaﬁxation procedure employed. H&E preparations from at least

: : ee research and diagnosing centers were utilized. The best re-
azures and hematoxylins. Eosin has long been rec fs were achieved by combining Harry’s hematoxylin plus eo-

nized as a green fluorescent dye (Pearse 1972) and siashloxine staining procedure, as follows: Harry's hematoxylin
previously used as a fluorescent protein tracer (Chéat-4 min followed by differentiation in 70% ethanol:1 N HCI (9:1,
wick et al. 1958). Currently, it is used in protein motioyiV) and washing in running tap water for 10 min plus eosin:phlox-

ot ; ; (10:1; v:v)(1% solution of each) in acidified ethanol for 2 min.
and association studies using fluorescence spectro mounting medium was Canada balsam. Erlich’s hematoxylin

tometry (Kenny et al. 1993; Londo et al. 1993). _ plus alcoholic eosin stained material produced very poor results.
Tissues stained with eosin alone show very diffuse A Zeiss Axioskop miscroscope operating with reflected light
fluorescence but, recently, it was proposed that eosirwds used in this study. Fluorescence of H&E stained sections was

; ; _atai ; ; ined with the following excitation/emission filter combina-
fluorescence in Giemsa-stained tissue sections COUId'([ei({)Sgés]? 395 nm and a broad band pass barrier filter, 420/530 nm,

H.F. Carvalho []) and 530/600 nm, for blue, green, and red fluorescence, respective-
Débartment ofCeII Biology, UNICAMP, CP6109 ly. Alternatively, analyses were carried out using a Zeiss laser
13083-970 Campinas SP Brazil ’ ' scanning microscope model LSM310, equipped with an argon la-
Tel. +55 19 239 7821- Fax +55 19 239 3124 ser emitting visible light at 543 nm, for the analysis of the eo-

' ’ sin/phloxine red fluorescence. Plan-Aplochromatic 20x and 40x
S.R. Taboga dry and 40x (NA=1.4) oil immersion objective lenses were used.

IBILCE, UNESP, Sao José do Rio Preto SP, Bazil Confocal analyses were carried out under different work condi-
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tions, which are described in the figure legend when essential f@rresponds to the same material as observed under fluo-
the image comprehension. A ?e“erﬁ" gg;ofedurg was the use fbdcence microscopy using filter sets for red and green
relatively large pinhole setting (usually or attaining better i : ; :
aging of long fibrillar elements. Images were obtained as gray @040“?5‘3‘3”‘?8’ reSpe(.:t“./er' The _conspicuous internal
els and artificially colored as red, green or blue, using the RE#stiC lamina of the intima and thin fibers of the adven-
system of the controlling software. Since similar results weti¢ia are resolved under these conditions. The two fluo-
?éisl?tlr?é/tee% ?g/rzgﬁllgfsﬂf?grmﬁegrrgg?l J!)lJrgrS%Sé%ecrlece, the analyses wekence filter sets result in virtually identical results, ex-

Fluorescence analyses were carried out in a Hitachi F-3(fi%pt. that red qu_orescence IS Vlsua.”y less mten_se. .
fluorescence spectrophotometer working with a Xe lamp. Scan- Figure 2 dep'_CtS the same section as seen In the previ-
ning velocities ranged from 5 to 10 nm/s, using solutions of ea@ds figures but imaged with the confocal laser scanning
dye in water and in absolute ethanol. Emission and excitatigficroscope. Figure 2a corresponds to the non-confocal
spectra were recorded for diluted solutions and the effects of cgigde and is thus similar to Fig. 1b,c. Figure 2b is the
centration on emission spectra were also investigated. - X A

confocal imaging of the same region using the confocal

mode. Figure 2c corresponds to the superpositioning of
Fig. 2b over Fig. 2a, which was taken in the blue chan-
nel. This thus demonstrates that confocal imaging allows

The materials presented here are very common in his?opetter resolution of elastic fibers.

oqy and, fo ihe sake of breviy, we wil concenrate g " 0L1® 3215 1 et of e mouse mesentcly 2ot
the description of imaging results rather than the distrE P

bution of elastic fibers. It is also worth mentioning that: fodr bretd quoreslceg_c?_. Elasglcdf;bersthareb e?(sny 0%’

mounting in Canada balsam did not interfere with t@grve BE _ﬁretpotorythls mgwsf teh romf € I ?C ground.

fluorescence analyses in our preparations. 'gure Sb tliustrates ﬁ. %Selo . ef't():on ocal laser SCI?n'
Figure 1a shows a muscular artery of the rat jejurﬂi?g microscope, In which elastic fibers were optically

? . ged and superpositioned to the phase contrast image
submucosa, as seen after H&E staining. Figures 1%? viously taken in the green channel. Since elastic fi-

bers present in just one optical section are represented,

Fig. 1 aHematoxylin-eosin (H&E) staining of a muscle artery othis results in apparently fragmented profiles.
the rat jejunal submucosa. Despite the relatively distinct appear-Figyre 4a shows an H&E stained section of the rabbit
ance of the intimal elastic laminae, no further detail is observ . - .
b The fluorescence view of a regionafising the filter set for red ?&rynx and Fig. 4b,c_represents the same section region
fluorescence. The intimal elastic laminae is readily seen as welPgs Seen under the filter set for blue and green fluores-
additional elastic elements of the adventitia. Diffuse staining in thence, respectively. In Fig. 4b, elastic fibers are seen as
media is due to basement membrane staining of smooth muggieenish-silver structures and in Fig. 4c they are easily
cells.c The aspect of the complementary regiorbptlearly de- observed in green

icting images of the elastic elements. x*16 - : .
picting Imag Figure 5 was taken from a human aorta cross section

Eigi a The tr‘;'uoresce”‘}e elxhibi(';ed fbt% the Same material agter H&E staining and imaged with the fluorescence mi-
ig. 1a using the non-confocal mode of the confocal laser scann ; .
microscopeb A confocal image of a single optical section of théngCOpe using the filter set for green fluorescence. Elas-

same area as in. High resolution of the elastic elements waiC lamellae are long and continuous in the media and
achievedc The superimposition df on the same image seenain short in the adventitia, clearly depicting different densi-

which was acquired in the blue channel of the RGB system. x28§es and spacial distributions.

Fig. 3 aThe fluorescence view of elastic fibers in the mouse me- Figure 6 is a-view of an elastic lamella such as those

sentery. Elastic fibers are seen but not clearly resolved from #®en in the median layer of Fig. 5. Forty optical sections
background fluorescencb.The superimposition of a single optl-W?re taken, 0.5m apart from each other, reconstructed,

cal section obtained with the confocal laser scanning equipmen . .
on the phase contrast image taken in the green channel of the &8 observee@n face The thickness of the lamina thus

system. Since only one optical section was taken, elastic fibeé@responds to the section thickness, i.e 20 Regard-
(arrows) appear short and fragmented. x1460 less of their origin, details of the surface are delineated.
Fig. 4 a An H&E stained section of the rabbit larynx showing Figures 7 and 8 show sections of the human skin
part of the epitheliume) and the lamina propria. Under UV illu- stained by Weigert's resorcin-fuchsin technique (Weigert
mination and with a blue barrier filter, elastic fibers show a faig_tggg) and H&E plus confocal laser scanning microsco-

yellowish-green signat The same field as in the previous figure : .
now observed with the filter set for green fluorescence. Elastic o4 respectively. These two figures demonstrate that

ber distribution is clearly observed. x%30 some of the elastic fibers fuse together and form thick

Fig. 5 The green fluorescence of elastic elements in the humand flat structures, assuming different aspects, which are

n
aorta after H&E staining. Distinct aspects of the elastic eIemeFﬁ?a_rly revealed by both methods.
in the media and adventitia are clearly revealed. In the adventitia,Figures 9 and 10 present results of the fluorescence

elastic elements are oblique or perpendicular to the plane of gpectrophotometric experiments for eosin and phloxine,
section and appear as short segments. <930 respectively. We have employed two conditions, water
Fig. 6 An en face view of an elastic lamella of the rabbit aort@nd absolute ethanol, to verify the possible effect of de-

media. Three-dimensional reconstruction of 40 optical SectiOﬂShﬁydraﬁon on the dye fluorescence. In absolute ethanol,
an elastic lamella of the rabbit aorta after H&E staining as o

tained by the confocal laser scanning microscope. Optical sectigﬁ)ém and phloxine ﬂuor.esqence.ShOWS a shift to green
were 0.5um apart from each other. Surface structure is observédld @ marked decrease in intensity. The results are sum-

with evident waving and small projections. x3100 marized in Table 1. Figures 9d and 10d demonstrate the

Results



Fig. 7, 8 Human skin. InFig. 7 a section of thick human skinphloxine, and the study of the distribution of elastin in

stained by Weigert’s fuchsin-resorcin is shown. Elastic fibers in Filharr i i
thick and commonly fuse together to form flattened structuratzgf‘aStIC fiber-rich tissues, demonstrated important aspects

€
which are readily observed with the confocal laser scanning rﬁsit both. L
croscopy of an H&E stained sectiofig. 8). Details of the elastic It was shown that the fluorescence spectra of eosin in

fiber distribution and structure are comparable with the two metelution and fluorescence aspects of eosinophilic materi-
ods. The elastin fluorescence is obviously not observed in the §pin histological sections resemble each other. Further-
called oxytalan fibersig. 7 x470,Fig. 8 x56¢ more, elastic fiber autofluorescence makes little contri-
bution to the fluorescence of elastic fibers in H&E prepa-
effect of dye concentration on fluorescence emission.rations, as investigated in other systems (Carvalho and
spite of a minor red shift, there is a marked decreaselaboga 1996).
fluorescence intensity as dye concentration increases.  Eosin and phloxine fluorescence spectra are very sim-
ilar to each other. Eosin showed an emission peak cen-
tered at 550 nm after excitation with 490-nm light. Exci-
Discussion tation with 265-nm light resulted in emission peaks at
325, 390, and 550 nm, the latter being around 10 times
As molecular aspects of elastic fiber structure, biosymore intense than the others. This suggests that complex
thesis and physical properties are revealed, their rolesniiernal energy transitions occur and that most of the
extracellular matrix biology and pathology gain increagmission of the near UV-blue emission is absorbed by
ing importance. Furthermore, the possibility of integraether molecular components, resulting in the higher
ing the presence and distribution of elastic fibers wigimission at 550 nm. Under the fluorescence microscope,
other matrix components in special fibrillar collagergxcitation with green light also resulted in red fluores-
and proteoglycans has allowed for a better understandiegice. The wide fluorescence spectra detected for both
of biomechanics in tissues with complex architecture a@asin and phloxine strengthens the idea of the occurrence
functioning (Carvalho 1995; Carvalho and Vidal 1995).0f complex inter- and intramolecular energy transitions.
The purpose of the present investigation was to dem-The effect of dye concentration in solution
onstrate the usefulness of employing fluorescence iffiigs. 9d,10d) is probably related to a concentration
croscopy in the identification of elastic fibers in H&Ejuenching effect (Pearse 1972), usually resulting from
stained sections, rather than analyzing physico-chemigdérmolecular energy transitions. This effect is also ob-
aspects involved with the phenomenon itself or the fibggrved in tissue sections in such a way that intensely eo-
distribution in specialized tissues. However, the compasinophilic structures show very low fluorescence or none
son of the fluorescence exhibited by elastic fibers af@rall. In solution, this results in a red shift, which sug-
H&E staining and the fluorescence spectra of eosin agebts that most of the blue and green fluorescence is ab-
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Fig. 9a—d Fluorescence properties of eosin Y in solutianThe Fig. 10a—d Fluorescence properties of phloxine in solutiaffhe
excitation spectra of 14.5 mM eosin Y in water and absolute etlexeitation spectra of 12 mM phloxine solution in water and abso-
nol. The fluorescence signals are similar to each other, except farta ethanol. The spectra are similar to each other and to those ob-
slight shift of the absorption peak at longer wavelengths and higained for eosin Yb The emission spectra of phloxine after excita-
er intensities in wateb The emission spectra of eosin Y after extion at 530 nm. Excitation at 275 nm results in a fluorescence
citation at 490 nm. Emission in water is more intense and showspactrum similar to that obtained for eosin¢y. d The effect of
slight red shift.c The emission spectrum after excitation atlye concentration on the fluorescence emission by phloxine. The
265 nm. Excitation at this wavelength results in a very intense yebncentration effect is less marked for phloxine than for eosin Y.
lowish-green fluorescencel The effect of dye concentration inThe 1:100 spectrum corresponds to that of 12 mM phloxine solu-
water. Increasing dilutions result in higher fluorescence intensitiéisn
In this case, the dye concentration results also in a red shift. The
1:100 spectrum corresponds to that of 14.5 mM eosin Y so'.ition
Table 1 Summary of the fluorescence properties of eosin and
phloxine presented in Figs. 9 and 10. Values in nanom=ters

sorbed. The concentration effect observed is less pﬁg{é Medium Excitation Emission
nounced for phloxine, probably because it is a less ab- wavelengths peaks
sorbing dye or lighter, according to Lillie (1977).

Since elastic fibers are usually, and perhaps alwakssin Water 490 545
faintly stained by eosin, fluorescence microscopy analys- Water 265 325, 375, 550
es accordingly reveal the distribution of elastic fibers j}, . ine %‘i‘g?' 45%% 553;%
H&E preparations. Elastic fibers appear highly fluores- Water 275 325. 370, 560
cent against a completely dark or slightly fluorescent Ethanol 530 560

background.
The fluorescence of double-stained sections is, how-

ever, highly dependent on the very low staining of elastar involved in the fluorescence of elastic fibers in these
fibers under diachromic staining and, additionally, on tipeeparations since intense staining by eosin/phloxine
staining balance amongst the surrounding structures. Bls» abolishes fluorescence as a result of a concentration
higher the eosin staining the lower the fluorescengaenching, as discussed above.

emission. Bradbeer et al. (1994) associated the elastic fiConfocal analyses further improved elastic fibers im-
ber and mineralized bone fluorescence to the lack agfing, resulting in clear-cut pictures of elastic fiber
staining by azure Il and methylene blue after Giemstucture and distribution. The possibility of optical sec-
staining. We must add that the lack of hematoxylin bintlen reconstruction with the confocal facility opens new
ing after H&E staining is important but not the only fagossibilities for applying the procedure to the three-di-



592

mensional fiber distribution and lamellar structure Beferences
elastin-rich tissues during development, aging, ang

pathophysiological conditions. Indeed, we were able ggadbeer JN, Riminucci M, Bianco P (1994) Giemsa as a fluorescent
distinguish aspects of elastic fiber structure and distribu- stain for mineralized bone. J Histochem Cytochem 42:677-680

tion in some skin regions and in several patho|0gi(§‘@rva|h0 HF (1995) Understanding the biomechanics of tendon fi-
brocartilage. J Theor Biol 172:293-297

modifications (Carvalho et al. 1996) and in different, .o HE. Taboga SR (1996) The applicability of the H&E

elastic cartilage (Carvalho and Taboga 1996). . staining plus fluorescence microscopy to the study of elastic
Even though the identification of elastic fibers is fibers in elastic cartilages. C R Acad Sci lll

made possible by several histochemical methods, inclG@valho HF, Vidal BC (1995) The elastic system of a pressure-

ing some fluorescence techniques (Vidal 1978, 1980) tl’g"%‘fis”gg?jigio” of the bullfroRana catesbeianaAnn Anat

af‘d immunoqytochem_istry, we believe that the, r_nain CQ¥rvalho HF, Taboga SR, Felisbino SL (1996) Fluorescence and
tribution of this study is founded on the possibility of ex- confocal laser scanning microscopy of H&E stained sections

amining file material in retrospective investigations with- for the study of elastic fibers in skin and in skin disorders. Br J

out further sectioning and staining. The wide use %& Dermatol

P : adwick CS, McEntegart MG, Nairn RC (1958) Fluorescent pro-
H&E in diagnosis and research means that the H&E p tein tracers: a trial of new fluorochromes and the development

fluorescence microscopy technique is an easy method forof an alternative to fluorescein. Immunology 1:315-327
the study of elastic fibers. Kenny N, Rahman NA, Barisas BG, Roess DA (1993) Class | ma-

Though the analysis with the present procedure mayjor histocompatibility complex antigens are not associated

; ; TR s -~ with the LH/CG receptor on ovine luteal cells. Biochim Bio-
be conclusive for the identification of elastic fibers in phys Acta 122094-100

most cases, it must be kept in mind that the staining Pgire RD (1977) H. Conn’s biological stains, 9th edn.Williams
havior of the tissue as a whole is involved with the selec- and Wilkins, Baltimore _
tive imaging of elastic fiber and that, in certain highliyondo TR, Rahman NA, Roess DA, Barisas BG (1993) Fluores-

fluorescent H&E stained tissues, the presence of elasticcence depletion measurements in various experimental geome-
tries provide true emission and absorption anisotropies for the

fibers may be obliterated. study of protein rotation. Biophys Chem 48:241-257
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