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Summary. Histological sections of paraffin-embedded formalin-fixed postmortem speci- 
mens have been prepared for electronmicroseopic study by a modified method of "open-face" 
embedding. Lesions or other features are located and photographed by the light microscope. 
Their locations are then marked, eoverglasses removed, sections rehydrated, postfixed in 
Os04, dehydrated and the study foci embedded in epoxy resin, separated from the slide, 
sectioned and stained for eleetronmicroscopy. Thus, the morphological features of disease 
processes may be recorded through a much greater range of magnification than hitherto 
available. 

Zusammen/assung. Die vorliegende, modifizierte ,,Open-face"-Methode erlaubt, histologi- 
sche Schnitte von formalinfixiertem, in Paraffin eingebettetem Autopsiematerial fiir die 
elektronenmikroskopisehe Untersuchung umzubetten. Pathologische Ver~nderungen oder 
andere Besonderheiten werden lichtmikroskopisch festgestellt und photographiert. Man 
markiert die genauen Lokalisationen yon ultramikroskopisch zu untersuchenden Stellen in den 
histologischen Pr~paraten, entfernt die Deckgl£ser, rehydriert die Schnitte, fixiert dann in 
Osmiumtetroxyd and entw~ssert. AnschlieSend werden die zu untersuchenden Stellen in 
Epoxyresin eingebettet, vom Objekttr~ger entfernt, mit dem Ultramikrotom geschnitten nnd 
ffir die elektronenmikroskopische Untersuchung gef~trbt. Auf diese Weise sind viele morpholo- 
gische Einzelheitcn in konventionellen histologisehen Schnitten der elektronenmikroskopi- 
schen Untersuehung zug~nglich. 

Introduction 

Interpreta t ions  of ul trastructures of cells and tissues are commonly believed to 
require material  taken either by  biopsy or immediately  after death from a subject 
tha t  has been killed, and processed specifically for electronmicroscopy (EM). 
Hence, EM study of disease processes usually has been limited to biopsy speci- 
mens. Tissues from autopsy,  especially after formalin fixation, are seldom con- 
sidered suitable for EM study.  

If, however, suitable specimens might  be obtained from autopsy  and processed 
specifically for EM study,  this s tudy  might  require an impossibly great  expendi- 
ture of t ime and effort unless clinical diagnosis had indicated sites to be examined 
and lesions to be expected. But  even with accurate clinical diagnosis, morbid 
changes or microorganisms m a y  be widely scattered and difficult to  locate. 

Authors  who a t tempted  to reduce the t ime and effort needed for these studies 
have embedded specimens in media suitable for EM and thereafter  have selected 
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foei for EM examina t ion  by  scanning with the light microscope either the embedded 
tissue faces, or large sections cut from these faces (Gray, 1961; De Bru i jn  and  

McGee-I~ussel, 1966; Grimley, 1965; Lehner  et al., 1966; Goricki, 1966; Seliger, 
1968). When,  however, autopsies are not  supported by  definitive clinical 
diagnoses, these methods are no t  par t icular ly  helpful. 

We have overcome the deficiencies of these methods by  locating and  photo- 
graphing lesions in  convent ional ly  prepared paraffin sections from which the 
s tudy  focus, even single cells or parts  of cells, was then  processed and  examined 
by  EM. This method permits  the histopathologist  to record informat ion  of disease 
processes th rough an unusua l ly  large range of magnificat ion.  

The Method 

Sections processed by this method usually had been prepared from formalin-fixed autopsy 
materials after paraffin embedding. Fixation in Bouin's solution or embedding in carbowax 
have served equally well and sections cut by the freezing microtome also have been processed. 
Sections have ranged from six to ten microns in thickness, the thicker sections being more 
readily cut for EM study. None of the stains commonly used for light microscopy has interfered. 

Proceed as follows: 

1. Locate the Lesion and Marls the Slide 
Find and center a lesion or study focus in the microscopic field, then without moving the 

slide, replace the objective with a "marking objective" Winkel-Zeiss (Fig. l a) a~td cut a 
circle, one to two mm in diameter, in the cover glass; the circle centered about the study focus. 
Next, turn the slide face-down, center the circle in the microscopic field and again cut a circle 
concentric to the first on the undersurface of the slide. 

EM study will be aided by selecting study loci that are located near an easily recognized 
tissue structure, as, for example, a bronchiole or an artery. 

2. Record Study Foci by Photomicrographs 

3. Remove Cover Glass and Rehydrate Section 
Place slide on end in a tightly covered jar of xylene until the cover glass separates and falls 

to the bottom. Next, rehydrate the section by successive steps from xylene through graded 
alcohols to water without allowing it to become dry. 

4. Post-/ixation in Os04 
Rinse the rehydrated section thoroughly in acetate-veronal buffer pH 7.2. Then place the 

slide in a Petri dish on wooden or glass supports two to three mm in thickness, carry the dish 
and slide to a well ventilated hood and add OsO4 solution (Palade, 1952) in drops to the section 
surface until the section is covered. Allow fixative to remain on the section for five minutes, 
then decant and replace it with fresh fixative through four changes (twenty minutes), and 
rinse thoroughly in acetate-veronal buffer. 

5. Dehydration, In/iltration and Embedding 
Return the slide through graded alcohols to absolute ethanol, place it in a Petri dish, 

flood the section with a mixture of Durcupan 1 I-ethanol 1:3 and tightly cover the dish. 
Decant this mixture after an hour and replace it with Durcupan I-ethanol 1 : 1, followed by a 
3 : 1 mixture and undiluted Durcupan I, allowing one hour for each step. 

1 Durcupan ACM, Fluka (Araldite). 

1 5"  
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Fig. 1. a Marking objective, b Infi l t rat ion in embedding medium of an  area preselected in a 
conventional histological section, e Hardened block a t tached to the glass slide, d Hardened 
block after separation from glass slide. Arrow points to the pre-selected area as found after 

embedding, e Block holder 

The undiluted Durcupan (ca 0.25 ml) is contained in a plastic embedding capsule (BEEM), 
the open end of which is brought  into contact  with the section in and about  the encircled focus 
(Fig. lb) .  After one hour, replace the capsule of Dureupan I with a capsule of Durcupan I I  
setting the capsule orifice concentric with the circle t ha t  marks the s tudy focus. 

6. "Curing" and Separating the Durcupan Block/rom Slide 

Transfer the slide with the capsule of Durcupan I I  to an  incubator at  60 ° C for 48 hours, 
which hardens the Dureupan and at taches i t  firmly to the slide (Fig. 1 c). Next  cut away the 
BEEM capsule from the Durcupan block and carefully scrape away with a razor blade the 
unwanted parts  of the section and  the small amount  of Durcupan t ha t  may have been spilled 
about  the base of the block. 
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Again, warm the slide and attached block to 60 ° C, then thoroughly chill by placing the 
undersurface of the slide on a block of "dry-ice" after which bring the slide into contact 
with hot water. Usually, at this point, with no difficulty the block and embedded tissue will 
separate cleanly from the slide (Fig. 1 d) but if the first attempt fails, repeat the warming- 
cooling-warming cycle a secortd o1" third time until the separation will occur. 

7. Hardening the Block Face, Precision Trimming, Ultrasectioning and Staining 
Immediately after separation, brush a minute quantity of accelerator (Durcupan C) over 

the block surface previously adherent to the slide and incubate the block at 60 ° C for 24 hours. 
Clamp the hardened block in a suitable holder (Fig. 1 e), examine the central area of the 

face with the light microscope and identify the study site. Next, center the site in the micro- 
scopic field and cut a circle about it with the "marking objective". With this circle for orienta- 
tion, trim the block face under a stereomicroscope. 

Insert the block into the ultramierotome with the block face as nearly parallel as possible 
to the plane of section. Collect all sections or fragments of sections since all will contain parts 
of the tissue. Stain the section in uranyl acetate and lead citrate (Reynolds, 1963). 

8. Electronmicroscopic Examination 
Examine the sections at low magnification (i.e. scanning position, Philips EM 300) and 

determine their exact orientation by comparing the EM image with the photomicrograph. At 
this point, the study focus may be examined by higher magnification and photographed. 

Results  and Comments 

This me thod  is based  on the  so-cMled "open-face"  embedding  technique  b y  
which cells f rom tissue cul ture  or smears  on f lat  surfaces of slides m a y  be p repa red  
for EM s t u d y  (Gay,  1955; I-Iowatson and  Almeida ,  1958; Heyner ,  1963; Rosen,  
1962; Robb ins  and  Gonatas ,  1964; Sheffield, 1965; Sparvol i  et al., 1965). Electron-  
micrographs  ob ta ined  f rom specimens t h a t  have  been processed b y  this me thod  
demons t r a t e  t h a t  cell componen t s  and  pa thologica l  changes m a y  be ident i f ied  
even though  formal in  f ixa t ion  and  paraff in  embedding  m a y  have  caused some 
dis tor t ion.  

F o r  example ,  Fig.  2 a and  b i l lus t ra te  progressive magni f ica t ion  from photo-  
mic rograph  to low-power e lec t ronmicrograph.  The t issue is an  area  of smal l  
in tes t ine  f rom a dog t h a t  d ied a t  age eleven years.  I t  had  been f ixed approxi -  
m a t e l y  3 hours  af ter  dea th  in 4% neu t ra l  fo rmaldehyde ,  and  e m b e d d e d  in 
paraff in.  Fig.  2 c i l lus t ra tes  t h a t  m a n y  components  of the  cells are  recognizable,  
and  Fig.  2 d shows t h a t  even the  myof i l aments  of a smooth  muscle cell are reason- 
ab ly  well preserved.  Fig.  3 a - - c  a rc  to i l lus t ra te  the  u l t r a s t ruc tu r a l  deta i ls  of a 
sect ion of tes t is  f rom a dog t h a t  d ied a t  age three  years .  The t issue had  been 
f ixed in Bouin a b o u t  30 minutes  af ter  dea th  and  embedded  in paraffin.  These 
e lec t ronmicrographs  do not  differ widely  f rom views ob ta ined  f rom convent ional  
EM preparations. 

An example of study of a lesion is given in Fig. 4a--c. The low-power electron- 
mierograph Fig. 4 a shows the wall of a meningeal artery from a dog that died at 
age fourteen years. The tissue had been fixed approximately 6 hours after death 
in 4 % neutral formaldehyde and embedded in paraffin. The photograph demon- 
strates that many structural details are preserved and readily visualized by the 
method. Fig. 4b illustrates the ultrastructural details of collagen fibers from the 
tuniea media and 4 c the typical structure of amyloid. 
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Fig. 2. a Microphotograph of a section o~ small intestine from a dog age 11 years. Formalin 
fixation, H and E staining. The area within the rectangle (EM) was selected for electron- 
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Fig. 3. a Electronmierograph of a sperm from the testis of a dog age 3 years. The cell was 
pre-selected oll a conventional Bouin fixed paraffin section, stained with H and E. N nucleus, 
gc galen eapitis, ct eentriole, m mitochondrion, b Detail of dog sperm, m mitochonch'ion, 
an  annulus, /8 fibrous sheath, c Detail of dog sperm. Cross section through the first portion 

of the principal piece of the tail. o / o u t e r  fibers, a x  axial filament complex 

microscopy, b Dog intestine. Low power electronmicrograph of the selected area outlined in 
Fig. 4a. Arrow (ae) points to free surface of epithelium, c Details of absorptive cell (Fig. 4:b, ae). 
AT nucleus, m mitochondrion, er endoplasmic reticulum, tw  terminal web, m v  microvilli. 

d Dog intestine. Detail of smooth muscle cell from core of villus; m/myofi laments 



Fig. 4. a Low power electronmicrograph of the wall of a meningeal ar tery from a dog age 
14 years. The site was pre-selected on a conventional paraffin section stained with thioflavine S. 
N nucleus, sm smooth muscle cytoplasm, ei elastica interna, en endothelium, bm basement  
membrane,  a m y  amyloid, rbc erythrocytes, b Detail  of dog meningeal artery. Collagen fibers 
from the  tunica media, cr cross sections, lg longitudinal sections, c Detail of dog meningeal 

artery. Amyloid deposit from the tuniea media 
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Fig. 5. a Microphotograph of a section of liver from a dog age 3 months  affected by infectious 
canine hepatitis.  Formal in  fixation, H and  E staining, ib intranuclear  inclusion body. The 
area within the rectangle (EM) was selected for eleetronmieroscopy, b Dog liver. Electron- 
micrograph of the intranuelear  inclusion body present in the selected area outlined in Fig. 5 a. 
nm nuclear membrane,  c Dog liver. Detail  of viral particles present in the inclusion body 
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A fur ther  example  of s t u d y  of a lesion is given in Fig. 5 a - - c .  The microphoto-  
g raph  shown in Fig.  5 a was ob ta ined  from the l iver  of a dog t h a t  d ied a t  age three  
months  for canine infect ious hepat i t i s .  The t issue had  been f ixed a p p r o x i m a t e l y  
8 hours  af ter  dea th  in 4 % fo rmaldehyde  and  embedded  in paraffin.  The electron- 
micrographs  shown in Fig.  5b  and  c i l lus t ra te  u l t r a s t ruc tu ra l  deta i ls  of an  in- 
clusion body  and  the  fine morpho logy  of the  virus.  

This me thod  obviously  is not  offered as a subs t i tu te  for the  convent ional  
g lu t a ra ldehyde-osminm f ixa t ion  and  resin embedding  in p repar ing  mate r i a l  for 
EM s tudy .  However ,  i ts  l imi ta t ions  do not  render  i t  inval id  since i t  br ings to 
e lee t ronmicroscopy ma te r i a l  t h a t  would otherwise be lost. A n d  cer ta inly,  i t  can 
be an a id  to  diagnosis  and  more impor t an t l y ,  i t  can provide  in format ion  t h a t  m a y  
be needed to p lan  more de ta i led  s t u d y  of disease processes. 
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