
S T A I N I N G  M E T H O D S  A P P L I C A B L E  T O  S E C T I O N S  

O F  O S M I U M - F I X E D  T I S S U E  F O R  L I G H T  M I C R O S C O P Y  

BRYCE L. MUNGER. From the Armed Forces Institute of Pathology, Washington, D. C. Dr. Munger's 

present address is Department of Anatomy, Washington University School of Medicine, St. Louis, Missouri 

Basophilic and  eosinophilic tissue components  are 
difficult to demonst ra te  by stains commonly  used 
in l ight  microscopy after osmium tetroxide fixa- 
tion. Baker (2) states tha t  " i f  only ch romat in  
were left in a state in which  it  could be differen- 
tially stained wi thout  difficulty, this fixative would 
be universally recognized as superior to all others" 
for l ight microscopy. T he  difficulty encountered 
in staining tissues fixed in osmium tetroxide for 
l ight  microscopic study limits the direct  compari-  
son by light and  electron microscopy of the same 
tissue. In  the past several years, the various meth-  
ods which have  been applied to sections of osmium- 
fixed tissue include the following: routine hema-  
toxylin and  eosin (6), Feulgen react ion (8), 
gal locyanin chrome a lum (12, 16), th ionine  (17), 
ammoniaca l  silver (6), Verhoeff 's  elastica stain 
(6), aldehyde fuchsin for pancreat ic  islets (7), the 
Hale  colloidal i ron stain (12); and  methylene 
blue has been used as a stain for epoxy res in-em- 
bedded tissue (l 5). None of these methods provide 
adequa te  visualization of basophilic and  eosino- 
philic structures. T he  present report  describes a 
method  for obta in ing  specific nuclear  and  cyto- 
plasmic basophil ia combined  with eosinophilic 
s taining by means of Ehrl ich 's  hematoxyl in  and 
phloxine (H & P) stain, and  modifications of 
o ther  s taining methods applicable to sections of 
tissue fixed in osmium tetroxide and prepared 
for electron microscopic study. 

M A T E R I A L S  A N D  M E T H O D S  

Preparation of Sections 

The routine method of tissue preparation consisted 
of fixation for 1 hour in Dalton's chrome-osmium 
fixative (4) and embedding in methacrylate. Identical 
results are obtained with buffered osmium tetroxide 
as a fixative (14), and with either fixation followed 
by embedding in Epon 812 (10). Sections 0.5 to 
2/z thick were cut on a Porter-Blum mierotome with 
glass knives, floated onto glass slides with 10 per cent 
acetone, flattened by warming gently, and dried. 

Sections of Epon-embedded tissue were also cut 
with glass knives and flattened on slides as described 
above. Removal of the plastic with sodium methoxide 
(11) has been found to produce greatly altered 

staining properties, and best results are obtained 
when the plastic is not removed. The sections are 
nonetheless placed in xylene, which seems to soften 
the plastic and permits better staining. 

A. The H & P Stain (Ehrlich's Hematoxylin and Phlox- 
ine) : 

1. Place in xylene for 1 hour (to remove plastic). 
2. Rinse in descending strengths (absolute, 95 

per cent, 80 per cent) of ethyl alcohol to distilled 
water. 

3. Leave in peracetic acid reagent (9)--1 hour. 
4. Wash in tap water--2  minutes. 
5. Stain with Ehrlich's hematoxylin (9)--20 to 30 

minutes. 
6. Differentiate--wash in tap water for light 

differentiation, rinse in 0.5 per cent acid alcohol for 
stronger differentiation. Control microscopically. 

7. "Blue" sections in lithium carbonate water (5 
drops of a saturated solution in a Coplin jar  of water). 

8. Stain with 0.2 per cent or 0.5 per cent aqueous 
phloxine B (National Aniline Division, Allied Chem- 
ical & Dye Corp., New York City); intensity of 
staining depends on concentration used. 

9. Drain off excess and let sections dry completely. 
10. Rinse in absolute alcohol until no more color 

comes out. (Can rinse in 95 per cent alcohol for less 
intense staining.) 

11. Clear in two changes of xylene. 
12. Mount  in Permount. 
Nuclear chromatin, nucleoli, and cytoplasmic 

areas of basophilia are stained shades of blue-black 
(Figs. 1, 2 a and b, and 3). Basement membranes, 
collagen, red cells, background cytoplasm, zymogen 
granules of acinar pancreas, and alpha granules of 
endocrine pancreas are stained various shades of red. 
Glycogen-rich areas of hepatic parenchyma apFear 
gray (unstained) (Fig. 3). Oxidants other than 
peracetic acid reagent have been tried but are less 
satisfactory : hydrogen peroxide abolishes cytoplasmic 
basophilia and makes nuclear staining very difficult; 
potassium permanganate results in less crisp nuclear 
staining; performic acid progtuces identical results 
but must be made fresh each time it is used. Any 
hematoxylin will stain following peracetic acid, 
including Harris's, Weigert's, chrome alum hema- 
toxylin, and iron hematoxylin (9). The length of 
time in hematoxylin and the degree of differentiation 
markedly affect the "crispness" of nuclear staining 
and must be controlled by trial and error. Eosin 
will stain only faintly in the above procedure. 
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B. Aldehyde Fuchsin Stain for Elastica and Pancreatic 
Islet Beta Cells: 

1. Perform steps 1 through 4 in "A."  
5. Place in aldehyde fuehsin (5) for 10 to 60 min- 

utes. (Stain with microscopic control by rinsing in 
95 per cent alcohol.) 

6. Rinse in 95 per cent alcohol. 
7. Rinse in distilled water. 
8. Rinse in peraeetic acid r e a g e n t - - ~  to 1 minute. 
9. Wash in tap water--2  minutes. 
10. Stain with Ehrlich's hematoxylin--20 to 30 

minutes. 
11. Differentiate in 1 per cent acid alcohol--a 

few dips; control microscopically. 
12. "Blue" in lithium carbonate water. 
13. Counterstain as desired; a combination of 

orange G and light green SF yellowish is useful (5). 
14. Rinse in 95 per cent alcohol. 
15. Dehydrate, clear, and mount. 
Beta ceils of pancreatic islets, elastica of arteries 

and dermis (Fig. 5), and a zone surrounding cells ot 
squamous epithelium are stained shades of purple; 
nuclei are gray; and background cytoplasm orange. 
The peracetic acid reagent used following aldehyde 
fuehsin staining makes nuclear staining much easier. 

C. Periodic Acid-Schiff Stain for Glycogen and Basement 
Membranes: 

1. Perform steps 1 and 2 in "A."  
3. Place in 0.5 per cent periodic acid for 10 min- 

utes. 
4. Wash in tap water. 
5. Place in Schiff's reagent (9) for 30 minutes. 
6. Wash in tap water. 
7. Rinse in peracetic acid reagent- -a  few dips. 
8. Perform steps 4 through 7 in "A."  
12. Dehydrate, clear, and mount. 
Glycogen in cells (Fig. 4) and basement membranes 

(Fig. 6) are stained intensely with the above method, 
and nuclei are a crisp blue-black. The peraeetic acid- 
reagent rinse following the Schiff-reagent step per- 
mits nuclear staining with ease, 

D. Trichrome Stain for Secretory Granules of Pancreatic 
Islets: 

1. Perform steps 1 through 4 in "A."  
5. Place in 0.5 per cent potassium permanganate 

for 5 minutes. 
6. Wash in water--2  minutes. 
7. Bleach in 2 per cent potassium metabisulfite. 
8. Wash in water--2  minutes. 
9. Place in aldehyde thionine (thionine, 0.5 gin; 

70 per cent ethanol, 91.5 ml; paraldehyde, 7.5 ml; 
HC1 (cone.), 1 ml; (13), (Chroma stain, C.I. $ 52000, 
Roboz Surgical Instrument Company, Washington, 
D. C.))--overnight.  Best results are obtained with 
solutions 3 to 8 weeks old. 

10. Rinse in 95 per cent alcohol. 
11. Perform steps 5 through 12 in "A."  
Beta cell granules are stained clear, deep blue 

(Fig. 7), alpha granules are bright red (Fig. 8), and 
C cells and aeinar cytoplasm are pale gray-pink. 
Nuclei are a pale but crisp blue. Some staining of 
zymogen granules by the aldehyde thionine is usually 
seen. 

In all of the above methods, when applied to tissue 
embedded in epoxy resin, the length of time in the 
staining solutions must be increased two to five 
times. Washes and rinses can be maintained to the 
given time periods, but lithium carbonate must be 
avoided, or sections wash off the slides; sections 
should be "blued" in running tap water. The optical 
quality of epoxy resin-embedded tissue is generally 
inferior to that  of methacrylate, since the plastic can 
be removed following methacrylate embedding. 

D I S C U S S I O N  

Peracetic acid reagent  (9) used prior to hematoxy-  
lin staining overcomes the difficulty encountered 
in demonst ra t ing  basophilic structures following 
osmium fixation. O s m i u m  has been considered 
unreact ive with respect to nucleic acids (1), bu t  it 
could react  by producing an  unblackened  bu t  
bound  form of osmium (3, 20). Hematoxyl in  
staining is though t  to be dependen t  on ionic 
binding of the hematoxyl in  lake to phospha te  
groups of the nucleic acids (2), and  following 
t rea tment  with  osmium, tissues react  poorly wi th  
hematoxyl in  (2, 6). Suggestive evidence has been 
described by Wigglesworth (19) for a b inding of 
osmium to basophilic structures. Assuming tha t  
osmium does react  wi th  nucleic acids in some 
manner ,  peracetic acid reagent  most likely solubi- 
lizes the bound  osmium, l iberat ing s ta inable  phos- 
pha te  groups. 

Peracetic acid following PAS, aldehyde fuchsin, 
and  aldehyde thionine improves nuclear  staining, 
and  these three stains depend on  a Schiff base 
for the staining react ion (18). Some b inding  of 
these Schiff bases to nucleic acids dur ing  the 
staining reaction would impai r  hematoxyl in  
counter-staining,  and peracetic acid could l iberate 
these blocked reactive groups. 

T h e  methods described are thus purely empiri-  
cal, for the chemistry of the reactions of osmium 
tetroxide or staining solutions wi th  tissue com- 
ponents  is poorly understood. T h e  results of the 
methods do enable  specific staining of cell com- 
ponents  for correlat ion with electron microscopic 
studies of the same tissue. T h e  advantage  of using 
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Photographs are taken from osmium-fixed, methacryla te-embedded sections cut at 0.5 
to 2~, except Figure 2b which is from Epon-embedded  tissue. 

FIGURE 1 

H & P-stained rabbi t  pancreas. A small islet (I) is surrounded by aeinar tissue. The  
well-defined nuclei and areas of cytoplasmic basophilia around the zymogen granules 
are shades of blue in the microscope. Zymogen granules and granules of alpha cells 
(arrow) are deep red. )< 350. 

FIGURE ~a 

H & P-stained human  pancreas. Zymogen granules (arrow) appear  black in this 
micrograph,  photographed with a green filter to intensify the areas of red coloration. 
Nuclear chromat in  within the nuclei (n) appears as a delicate net. X 1,500. 

Fm~RE 2b 

H & P-s ta ined rabbi t  pancreas, Epon-embedded.  Zymogen granules (arrow) are less 
"cr isp"  in outline than in Fig. 2a. X 1,200. 

FIGURE 3 

H & P~stained rabbi t  liver. The  liver cells are easily demarcated from areas of sinusoid 
(s). A small portal  area with portal vein (v) and bile duct (b) is present in the section. 
The  smallest connections of the bile ducts to the liver plates, the cholangioles, (arrow), 
can be easily discerned. Unstained areas in the cytoplasm of the hepatic cells represent  
areas of glycogen accumulation. See Fig. 4. X 350. 

FIGURE 4 

PAS-stained rabbi t  liver, counter-stained with Ehrlich's hematoxylin.  Magenta-  
colored areas in the tissue appear black in the photomicrograph and represent  glycogen- 
rich areas (g). Surrounding the sinusoid (s) is a distinct layer of cytoplasm of the lining 
cells (arrow). The  nucleus (n) is distinctly colored. A distinct nucleolus can be seen. X 
1,500. 

FIGURE 5 

Aldehyde fuchsin-stained h u m a n  skin, counterstained with Ehrlich's hematoxylin and 
orange G. The small ramifications of the elastica within the dermis that  penetrate  into 
the dermal  papillae (arrows) are purple as seen in the microscope and are black in the 
micrograph. Surrounding the squamous epithelial cells is a faint purple line (d) which 
most likely represents areas of cell-to-cell contact. X 350. 

FIGURE 6 

PAS-stained h u m a n  skin, counterstained with Ehrlich's hematoxylin. At the junct ion 
of the epidermis and dermis is an irregular gray line, appearing red in the microscope, 
representing the basement membrane  of the epidermis (arrows). X 480. 

FIGURE 7 

Trichrome-stained rabbi t  pancreatic islet, photographed with a yellow filter to accen- 
tuate the blue color of the beta granules. In  the cytoplasm of beta cells (b) are numerous 
black granules, colored blue in the microscope. Alpha cell cytoplasm (a) is light gray. 
(Labels are placed in appropriate  nuclei.) Cells lacking specific-staining granules are 
interpreted as C ceils (c). X 1,500. 

FIGURE 8 

Same section as in Fig. 7, photographed with a green filter to intensify the red colora- 
tion. The cytoplasmic granules in a lpha cells (a) appear  darker than in beta cells (b). 
Density of C cells (c) remains relatively the same. X 1,500. 

5 0 J  B 1t I E F N O T E S 



a I E F ~ o T E s 5 0 5  



methacry la te -embedded  tissue cut  at  0.5 to 2 # 
for l ight  microscopy is obvious in tha t  the cellular 
preservat ion is superior in methac iy la te  as com- 
pared to paraffin, and  the resulting greater resolu- 
t ion of cytoplasmic detail  can be directly corre- 
lated with the ul t ras t ructure  of the tissue. 

S U M M A R Y  

Methods  are described for staining sections of 
osmium-fixed, methacryla te-  or epoxy resin-em- 
bedded tissue 0.5 to 2/~ thick for light microscopic 
study. Included are methods for basophilic and 
eosinophilic components  (the H & P stain), the 
PAS stain wi th  hematoxyl in  counterstain,  the 
a ldehyde fuchsin stain for elastica and a t r ichrome 
stain for endocr ine  cytoplasmic secretory granules. 
All of these methods depend on t rea tment  of the 
sectiens pr ior  to staining wi th  peracetic acid 
reagent.  Sections embedded  in methacry la te  are 
optically superior to those embedded  in epoxy 
resin, for the plastic can be removed prior  to 
staining. 

This study was supported in part  by a grant (E-201) 
from the American Cancer Society. 
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