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Cryofixation is generally believed to provide optimal tissue 
preservation. However, certain post-embedding cytochemi- 
cal reactions, such as high-iron diamine (HID) staining for 
sulfated glycoconjugates, are not applicable to ayofixed and 
freeze-substituted tissueS. In the present study, the HID tech- 
nique was therefore adapted for post-embedding staining. 
HID staining was performed on thin sections of chemically 
and ayofixed kidney and growth plate cartilage, embedded 
in Epon and various acrylic-based resins. All resins and most 
tissue preparation conditions allowed post-embedding stain- 
ing with HID, albeit to variable degrees. However, no sig- 
nificant cytochemical reaction was obtained with tissue sec- 
tions of osmicated kidney embedded in Epon. Profile views 
of re-embedded sections showed that large stain deposits were 
usually restricted to the surface, whereas small ones were ob- 
served throughout the entire thickness of the section. The 
staining pattern was essentially similar between chemically 
f ied  and ayofiied specimens. In the glomerulus, stain 

Introduction 
High-iron diamine (HID) is a cytochemical stain which selectively 
reacts with sulfated glycoconjugates and which is usually applied 
as a pre-embedding step (Spicer et al., 1978; Spicer, 1965). Slices 
or fragments of conventionally fixed tissues are first reacted with 
HID and reactive sites are then counterstained on sections with 
thiocarbohydrazide-silver proteinate (TCH-SP) to enhance their 
electron density (Sannes et al., 1979). With this technique, sul- 
fated glycosaminoglycans such as chondroitin sulfate and/or hepa- 
ran sulfate have been localized at the ultrastructural level in a wide 
variety of tissues (Kogaya et al., 1990; Washizuka et al., 1989; Kogaya 
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deposits were mainly seen over the free surface of podocyte 
foot processes and over the lamina rara externa. The pericel- 
lular cartilage matrix of chemically fied specimens often 
appeared as condensed elements, usually stained with large 
deposits. In ayofixed tissues this matrix formed a meshwork 
composed of thin, extended fiiamentous structures, many 
of which showed linear arrays of smaller stain deposits. The 
data presented here indicate that post-embedding HID- 
TCH-SP staining can be successfully performed on thin sec- 
tions of tissues embedded in various resins and, as a result, 
can be further adapted to cryo-prepared specimens to give 
a high resolution localization of sulfated glycoconjugates in 
tissues with optimal molecular preservation. (1 Hisrochem 
Cyrocbem 40:1257-1267, 1992) 
KEY WORDS: HID-EH-SP; Post-embedding staining; Sulfated 
glycoconjugates; Cryofixation; Glomerulus; Basement membrane; 
Cartilage; Extracellular matrix. 

and Furuhashi, 1987,1988; Sannes, 1984; Takagi et al., 1982; Sannes 
et al., 1979; Spicer et al., 1978). HID staining has also been per- 
formed as a post-embedding step on thin tissue sections in an at- 
tempt to improve accessibility of the reagents to intracellular struc- 
tures (Thomopoulos et al., 1983,1987). 

Chemical preparation of tissues for microscopy may produce sev- 
eral artifacts such as extraction, displacement, condensation, and 
denaturation of tissue components (Gilkey and Staehelin, 1986; 
Hopwood, 1985). Rapid-freezing followed by freeze-substitution 
is believed to rapidly immobilize and preserve most labile biologi- 
cal materials (Kellenberger, 1991; Gilkey and Staehelin, 1986). Ac- 
cordingly, preservation and ultrastructural localization of sulfated 
glycoconjugates should be optimal in cryo-prepared tissues (Hun- 
zicker and Herrmann, 1987). but such specimens are not readily 
amenable to pre-embedding cytochemical reactions. A pre-embed- 
ding approach was recently used to stain polyanionic macromolecules 
in growth plate cartilage by addition of alcian blue to the freeze- 
substitution medium (Maitland and Arsenault, 1989). The local- 
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ization of proteoglycans in cryofixed growth plate cartilage has also 
been demonstrated by post-embedding immunocytochemistry with 
monoclonal antibodies against chondroitin sulfate (Hunzicker and 
Herrmann, 1987). Since HID-EH-SP staining has the advantage 
of directly detecting sulfate groups of glycoconjugates both en bloc 
and on tissue sections, we have evaluated and compared the local- 
ization of sulfated glycoconjugates on thin sections of chemically 
fixed and cryo-prepared tissues embedded in various resins. 

Materials and Methods 
Chemical Fixation of Tissues. Male Wistar rats (Charles River Canada; 

St-Constant, Quebec, Canada) weighing 80-100 g were anesthetized with 
chloral hydrate (Sigma; St Louis, MO) and perfused through the left ven- 
tricle with lactated Ringer's solution (Abbott; Montreal, Quebec, Canada), 
followed by 1% glutaraldehyde (Mecalab; Montreal, Quebec, Canada) in 
0.08 M sodium cacodylate buffer, pH 7.3, for 20 min. The kidney cortex 
and tibial growth plate were dissected and immersed in the same fixative 
for an additional 3 hr at 4'C. Some tissues were fixed by immersion only, 
in the above fixative. They were then dehydrated, infiltrated and embed- 
ded in either LR White, LR Gold, Lowicryl K4M (see Bendayan et al., 1987), 
or Epon as briefly described below. For Epon embedding only, some tissues 
were post-fixed with 1% osmium tetroxide in the above cacodylate buffer 
for 1-2 hr before dehydration. 

LR White Embedding. The tissues were dehydrated in graded concen- 
uations of ethanol (50-100%) and infiiuated with a 1:1 mixnue of LR White 
resin (hard grade)-absolute ethanol for 12 hr, a 3:l mixture for 5 hr, fol- 
lowed by three changes at 1-hr intervals in pure LR White (Bio-Rad Labora- 
tories, Watford-Hertfordshire, UK or JB EM Services, Pointe-Claire, Que- 
bec, Canada), all at room temperature. The tissue samples were then 
embedded in pure LR White resin in gelatin capsules and the resin was 
polymerized at 48% for 48 hr. 

LR Gold Embedding. For embedding in LR Gold resin, tissue samples 
were dehydrated in 50% methanol containing 20% polyvinyl pyrrolidone 
(PVP, MW 44,000; JB EM Services) for 15 min at 4'C and in 70% and 90% 
methanol containing 20% PVF' for 45 min each at -20 to -30%. They 
were then infiltrated at this same temperature with a 1:l mixture of LR 
Gold monomer:90% methanol containing 20% PVP for 30 min. a 2:l mix- 
ture for 60 min, and finally with only the monomer containing 5 %  ben- 
zoin methyl ether (Bio-Rad) for 16-20 hr. They were then embedded in 
LR Gold monomer containing 5% benzoin methyl ether in gelatin cap- 
sules and left overnight at - 25'C. The resin was polymerized for periods 
ranging from 4-10 days at - 25'C under two pairs of F15T8 BLB ultraviolet 
(w) lights placed 30 cm above and below the specimen. 

Lowicryl K4M Embedding. The tissues were dehydrated in 30% and 
50% methanol for 30 min at 4°C and in 75% methanol, 90% methanol 
and pure methanol for 30 min. at -20 to - 30'C. They were infiltrated 
at - 20 to - 30'C for periods of 60 min with a 1:l and 2:l mixture of Lowicryl 
K4M:pure methanol, followed by pure Lowicryl K4M (Chemische Werke 
Lowi, Germany, purchased from Mecalab). The tissues were then embed- 
ded in pure resin in gelatin capsules, left ovemight at - 30'C, and the resin 
was then polymerized using the UV light arrangement describe above. 

Epoxy Resin Embedding. Non-osmicated and osmicated tissue sam- 
ples were dehydrated in a graded series of ethanol followed by propylene 
oxide. They were then infiltrated with a 1:l mixture of Epon LX-112 resin 
(Ladd; Burlington, VT):propylene oxide overnight followed by pure Epon 
for 5 hr. embedded in pure resin, and polymerized for 2 days at 60'C. 

Rapid-freezing and Freeze-substitution. Male Wistar rats (Charles River 
Canada) weighing 80-100 g were anesthetized with chloral hydrate (Sigma). 
The kidney cortex and tibial growth plate were rapidly removed, dissected 
into small pieces using razor blades, and immediately cryofixed by impact 
onto a liquid nitrogen-cooled copper block using a Reichert MM80 
(Reichert-Jung; Vienna, Austria) or a Life Cell CFlOO (Life Cell Corpora- 
tion; The Woodlands, ?x) rapid-freezing device. The frozen tissues were 
substituted using an "in house" set-up as follows. Specimens were trans- 
ferred to glass vials containing either (a) 0.05% uranyl acetate and 1% acrolein 
in pure acetone or (b) 0.5% tannic acid in pure acetone first, followed by 
1% osmium tetroxide in pure acetone (Akisaka et al., 1983). The vials were 
placed beforehand within a thermos bottle containing an acetone-CO2 
slush. The temperature was controlled by the addition of dry ice to the 
slush and samples were maintained at -7% for 24 hr, -5O'C for 6 hr, 
and gradually raised to - 30'C. The vials were then transferred into a freezer 
and kept at - 30'C for 18 hr, and then placed in a fume hood in a cold 
(- 30%) acetone bath which gradually was allowed to warm to room tem- 
perature (approximately 5 hr). The tissues were washed in ethanol or ace- 
tone and embedded in LR White or Epon LX-112, respectively. 

Preparation of HID Solution. This solution was prepared by adding 
1.6 ml of 40% FeCI3 (BDH Toronto, Ontario, Canada) to a freshly pre- 
pared diamine solution containing 120 mg 0fN.N-dimethyl-m-phenylene 
diamine ( H Q  (Sigma) and 20 mg of N,N-dimethyl-p-phenylene diamine 
(HCI) (Sigma) in 50 ml of distilled water. The solution was allowed to stand 
for 3 hr before use (Sorvari and Arvilommi, 1973). 

Post-embedding Staining with HID Solution and TCH-SP Enhance- 
ment. Thin sections, mounted on uncoated stainless steel grids, were im- 
mersed in HID solution for 18 hr (time conventionally used for pre- 
embedding HID) (Spicer, 1965) at room temperature and then washed three 
times (30 min each) by immersion in distilled H20. The sections were 
reacted with 2 %  thiocarbohydrazide (Merck Darmstadt, Germany) in 10% 
acetic acid for 15-20 min, rinsed in distilled HzO, and treated with 1% 
aqueous silver proteinate (Merck) for 10-15 min in the dark. Silver pro- 
teinate stain was filtered twice using Whatman filter paper #2 before use. 
Sections were then washed in two or three changes of distilled H20. Some 
thin sections were placed on glass slides, air-dried, and then stained with 
HID-TCH-SP. The stained sections were re-embedded in Epon, from which 
thin sections were then cut at right angles to the original section (profile 
views). Rat kidney and tibial growth plate cartilage, processed by the con- 
ventional pre-embedding HID method (Kogaya et al., 1990), were also ex- 
amined. All sections were observed without any heavy metal contrasting, 
using either a JEOL JEM 1200EX-I1 or JEOL ]EM 2OOOFX-I1 transmission 
electron microscope operated at 60 or 80 kV, respectively. 

Controls for HID-TCH-SP Staining. The specificity of HID-TCH-SP 
staining was evaluated by (a) digestion of tissue slices or sections with 
hyaluronidase and (b) incubation of tissue sections with TCH-SP only. For 
post-embedding enzymatic digestion, thin sections of growth plate carti- 
lage embedded in LR White were mounted on stainless steel grids or glass 
slides and exposed for 6 hr at 37°C to 0.01% testicular hyaluronidase (Sigma; 
Type VI-S) in 0.1 M sodium acetate buffer (pH 5.8) containing 0.15 M so- 
dium chloride. After digestion the sections were rinsed in the same buffer 
followed by washing with distilled H2O and then processed for post- 
embedding HID-TCH-SP staining as described above. Some slices of tis- 
sue were similarly digested before pre-embedding HID staining and embed- 
ding in Epon. Specimens incubated with 0.1 M sodium acetate buffer alone 
were used as a control for the enzyme digestion treatment. 

Results 
The pre- and post-embedding HID-TCH-SP staining of chemi- 
cally fixed kidney and growth plate cartilage, embedded in Epon 
and various acrylic-based resins, was compared with the post- 
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Table 1. HID-TCH-SP staining of glomewlus and growth p/ate cartilag8 
Post-embedding staining 

Pre-embedding staining (chemical &cation)b Post-embedding staining 
( h e m i d  fixationlb (cryofixation)b 

Epon 
No& Os IRW LRG K4M Epon LRW Epon 

Kidney glomerulus 
Glomerular basement 

membrane LRE + +  f - + +  + + e + 

Podocyte P f S  + +  + + e + 

Chondrocyte SG + +  e + + ( +  + )  

N ( +  + )  
+ +  e + +  + + +  e + +  + ( +  + + )  

* * - * * * e * LRI 

N 
- + - 
- - - * + f e + +  

Growth plate cartilage 
+ e + 
- e - + e f + 

Extracellular matrix 

a 0 ,  not evaluated; - , no staining; * , occasional staining; + , weak staining; + + , moderate staining; + + + , intense staining; *, staining with regional hcterogene- 

K4M, Lowicryl K4M; LRE. lamina rata externa; LRG, LR Gold: LRI. Lamina rara interna; LRW, LR White; N. nucleus; Os, osmium; F‘fs. free surface of podocyte 
ity; ). data not shown. 

foot process; SG. putative secretory granule. 

embedding staining of their cryo-processed counterparts. The data 
obtained are summarized in Eble 1 and detailed below. 

HID-ZH-SP Staining by the 
Pre-embedding Method 
HID-TCH-SP staining of the kidney glomerulus embedded in Epon 
showed regional heterogeneity. Stain deposits were detected pref- 
erentially over the lamina rara externa, while a weak reaction was 
usually observed over the lamina rara interna (Figure la). Occa- 
sionally a strong reaction was observed over both laminae (Figure 
1b). Little or no staining was seen on the free surface membrane 
of podocyte foot processes adjacent to the urinary space (Figures 
la and Ib). 

In the pericellular matrix of chondrocytes, large stain deposits 
were associated with thick fibrillar structures (Figure IC) whose pres- 
ence and appearance seemed related to the quality of fmtion (com- 
pare with Figures 2a, 4, Sa, and 6a). In contrast, the territorial ma- 
trix showed mainly small stain deposits (Figure IC). As evident from 
the re-embedded sections, the large stain deposits were localized 
preferentially at the surface whereas the smaller ones were observed 
throughout the entire thickness of the section (Figure Id). Diges- 
tion of tissue slices with testicular hyaluronidase diminished 
HID-EH-SP staining of the cartilage matrix but did not signifi- 
cantly affect the staining over intracellular structures (Figure 2 b). 
Control non-digested specimens, incubated with the enzyme buffer 
solution only before HID-TCH-SP staining, showed many stain 
deposits over both the matrix and intracellular structures (Figure 
2a). Although some extremely fine deposits were occasionally ob- 
served after counterstaining with TCH-SP, no “typical” large or 
small stain deposits (see Figure 5 )  were obtained when tissue sec- 
tions of osmicated (Figure 2c) or non-osmicated (Figure 2d) Epon- 
embedded specimens were exposed to TCH-SP only. 

HID-EH-SP Staining by tbe 
Post-embeddng Method 

Chemically Fixed Specimens. Sections of LR White- and K4M- 
embedded kidney stained with HID-TCH-SP showed a reaction 
over the free surface of podocyte foot processes and over the lamina 
rara externa of the glomerular basement membrane (Figures 3a and 
3c). However, no reaction was observed over the lamina rara in- 
tema (Figure 3a). Control specimens stained with TCH-SP exhibited 
no significant reaction product (Figure 3a, inset). With LR Gold, 
a moderate HID staking was detected on the free surface of podo- 
cyte foot processes but the reaction was faint over the lamina rara 
externa (Figure 3b). Non-osmicated specimens embedded in Epon 
showed stain deposits only over the free surface of podocyte foot 
processes (Figure 3d). No significant staining was observed with 
osmicated specimens (Figure 3e). 

Both large and small stain deposits were observed over the ex- 
tracellular matrix surrounding proliferating chondrocytes from LR 
White-embedded growth plate (Figure 4), whereas only small stain 
deposits were obtained over structures within cells (Figure 4). In 
the early hypertrophic zone, pericellular and territorial matrix were 
distinctly visible. Small stain deposits were present throughout the 
matriu; however, large stain deposits were observed more frequently 
over the pericellular matrix (Figure Sa). Profile views showed that 
the large stain deposits were mainly present at the surface, while 
small ones were observed across the entire section thickness (Fig- 
ure 5b). Digestion of sections with testicular hyaluronidase re- 
sulted in a significant reduction in the amount of stain deposits 
(Figures 5c and 5d). Sections of Lowicryl K4M-embedded cartilage 
gave essentially similar cytochemical results as LR White (compare 
Figures Sa and 6a). The overall staining, however, was more promi- 
nent with LR White than with Lowicryl K4M. Unlike the glomeru- 
lus, osmicated cartilage matrix embedded in Epon was stained by 
the post-embedding method (Figure 6b). 
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Figure 1. (a,b) Glomerulus and (c,d) growth plate cartilage stained by the pre-embedding HID method and embedded in Epon. (a) Distinct HID-EH-SP staining 
is observed over the lamina rara externa (LRE) but appears faint over the lamina rara interna (LRI). Note that the free surface of podocyte foot processes (pf) 
shows no significant reaction. (b) A specimen in which staining is detected in both the laminae rara externa and interna. (c) Large stain deposits are found mainly 
in pericellular matrix (PM) in association with thick fibrillar structures (arrow). In contrast, small stain deposits are predominant in the territorial matrix VM). (d) 
Profile view of a section processed by HID-EH-SI? Note that large stain deposits tend to localize on the surface (arrowheads), whereas Small Ones are Seen 
throughout the entire thickness of the section. m. mitochondrion. Original magnifications: a x 20,000; b x 25.000; c x 20,000; d x 30,000. Bars = 0.2 vm. 

The reaction pattern after post-embedding HID-TCH-SP stain- 
ing of tissue sections was basically similar to that obtained with 
pre-embedding-stained specimens (compare Figures 5a, 5b, and 
6b with Figures IC and Id). 

Cryofued Specimens. HID-TCH-SP staining of cryofixed glo- 
merular basement membrane and podocyte foot processes embed- 
ded in LR White was basically similar to that of chemically fixed 
specimens. Staining was mainly detected over the lamina rara ex- 
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Figure 2. Controls for HID-TCH-SP staining of Eponsmbedded tissues. (a) Incubation of tissue slices with enzyme buffer solution alone before pre-embedding 
HID staining. Stain deposits are observed over vacuolar elements (arrowhead) in chondrocytes (Ch) and over the extracellular matrix (EM). (b) Enzymatic digestion 
of tissue slices with testicular hyaluronidase before pre-embedding HID staining results in the abolishment of staining over the extracellular matrix but not within 
intracellular vacuolar elements. (c,d) Incubation of tissue sections of either (c) osmicated or (d) non-osmicated specimens with TCH-SP only shows no significant 
staining of intra- or extracellular structures. Original magnifications: a,b x 20,000; c x 12,000; d x 15,000. Bars = 0.2 pm. 
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Os/Epon 

e 
Figure 3. Chemically fixed glomerulus stained by the post-embedding method and embedded in various resins. (a) LR White (LRW); intense staining is observed 
on the free surface (arrowheads) of podocyte foot processes (Pf), but the reaction is moderate over the lamina rara externa (LRE). (Inset) No significant reaction 
is seen in a control specimen treated only with TCH-SP. (b) LR Gold (LRG); moderate staining is detected on the free surface of podocyte foot processes, but 
the staining in the lamina rara externa is faint. (c) Lowicryl K4M (K4M); staining is prominent on the free surface of podocyte foot processes but weak in the LRE. 
(d) Epon; staining is observed mainly on the free surface of podocyte foot processes. (e) An osmicated specimen embedded in Epon; no significant staining 
is obtained with such osmicated specimens. OS, osmium tetroxide. Original magnifications: a x 25,000; Inset x 30,000; b-d x 30,000; e x 20,000. Ban = 0.2 pm. 
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Figure 4. Section of LR White-embedded, 
chemically fixed growth plate cartilage (pro- 
liferation zone) processed by post-embed- 
ding staining with HID-TCH-SP. Both large 
and small stain deposits are observed over 
the extracellular matrix (EM), whereas only 
small stain deposits are found over vacuoles 
(arrowheads) within chondrocytes (Ch). N, 
nucleus. Original magnification x 6000. Bar 
= 1 pm. 

terna and on the free surface of podocyte foot processes (compare 
Figure 7a with Figure 3a). However, the size of the HID-TCH-SP 
stain deposits on cryofixed specimens was generally more uniform 
(Figure 7). Furthermore, the heterochromatin also showed intense 
staining, particularly with LR White-embedded specimens (Fig- 
ure 7b). Cryofixed chondrocytes from the upper hypertrophic zone 
usually filled the entire lacunae and their membrane was not 
retracted from the surrounding pericellular matrix (Figure 7c). This 
matrix consisted of fine fibrillar elements, many of which were la- 
beled with HID-TCH-SP stain deposits whereas others showed no 
staining (Figure 7c). In cases where cryopreservation was not op- 
timal, the pericellular matrix was usually composed of a thicker 
fibrous network which tended to show larger stain deposits (Figure 
7c, inset). 

Discussion 
Post-embedding HID staining has been applied to thin tissue sec- 
tions to improve the accessibility of the cytochemical reagents to 
intracellular compartments (Thomopoulos et al., 1983,1987). We 
report here the application of this post-embedding procedure to 
sections of chemically fixed and cryo-processed tissues embedded 
in Epon and various acrylic-based resins. The data obtained con- 
firm that HID-TCH-SP staining can be performed on sections of 
tissues processed by conventional chemical fixation. Furthermore, 
they indicate that this approach can also be advantageously applied 
to sections of cryo-prepared tissue samples. The application of this 

staining technique to cryofwed specimens is of particular impor- 
tance, since cryo-preparation allows the ultrastructural localization 
of sulfate groups on native state molecules. Epon and acrylic-based 
resins (Lowicryl K4M, LR Gold, LR White) were all found suitable 
for post-embedding HID staining. However, of the various resins 
used LR White seemed to yield the most intense reaction. The ap- 
plicability of post-embedding HID staining to acrylic-based resins 
can prove advantageous, since these resins are usually favorable for 
the retention of antigenicity (Bendayan et al., 1987), and there- 
fore could allow correlative dual cytochemical (H1D)limmunocy- 
tochemical studies. 

HID staining has been shown to be specific for sulfated glycocon- 
jugates (Sannes et al., 1979; Spicer et al., 1978; Sorvari and Ar- 
vilommi, 1973; Sorvari, 1972; Gad and Sylven, 1969; Spicer, 1965), 
but under certain conditions the diamine complexes may react with 
several other tissue components such as nucleic acids or sialic acid 
residues (Sorvari and Arvilommi, 1973). In the presence of ferric 
chloride, HID does not bind to nucleic acids or carboxyl groups, 
and hence this stain can be used to selectively localize sulfated 
glycoconjugates (Sorvari and Arvilommi, 1973). Our data, how- 
ever, show that HID will nevertheless bind to heterochromatin in 
the presence of ferric chloride when applied to thin sections of ei- 
ther chemically fixed (weak or no reaction) or cryofixed (intense 
reaction) tissues embedded in LR White. With pre-embedding 
staining, DNA may be masked by surrounding nuclear components 
such as histones. DNA is exposed at the cut surface of a tissue sec- 
tion, allowing interaction with the stain. The labeling of hetero- 

 at UNIVERSIDAD DE SEVILLA on March 18, 2015jhc.sagepub.comDownloaded from 

http://jhc.sagepub.com/


1264 KOGAYA, NANCI 

. . .  
P . . . . .  

d 

Hya-d igest i o n  

r 

Figure 5. Post-embedding staining of chemically fixed growth plate cartilage embedded in LR White (LRW). (a) Large stain deposits are prominent in the PeriCellU- 
lar matrix (PM), whereas mostly small ones are found over the territorial matrix (TM). (b) Profile view of an original HID-TCH-SP-stained thin section. Note that 
large stain deposits are preferentially localized on the surface (arrowheads), while small ones are observed throughout the entire thickness of the section. (C) 
A thin section treated with testicular hyaluronidase before HID-TCH-SP staining. Most large stain deposits are digested, whereas a portion of small ones persists. 
(d) Profile view of a thin section treated with testicular hyaluronidase (Hya) before HID-TCH-SP staining. Most stain deposits at the surface (arrowhead) of the 
section are mainly affected by enzyme digestion. Original magnifications: 8 x 8000; b x 12,000; c,d x 20.000. Bars = 0.5 pm. 

chromatin appears weaker in chemically fixed specimens, possibly 
because material can aggregate around DNA and/or because DNA 
may be denatured under certain conditions of chemical fixation, 
phenomena minimized by cryofixation (Kellenberger, 1991). On 
the other hand, the nuclear reactivity may reflect the actual pres- 
ence of glycosaminoglycans in the nucleus, some of which may be 
sulfated (Hart et al.. 1989). 

Profile views of sections of both pre- and post-embedding stained 
tissue show that HID staining is found across the thickness of the 

section. Large stain deposits are restricted to the surface, whereas 
small ones are observed throughout the entire section thickness. 
It has been suggested that the size of the stain deposits is related 
to variability in the content of sulfate in reactive molecules (Takagi 
et al., 1982). Our data further suggest that large deposits result 
from the fact that HID-stained molecules may be more accessible 
to TCH-SP at the surface of the section. Indeed, it has been pro- 
posed that molecules are exposed by fracture, rather than cutting, 
when sections of Lowicryl K4M-embedded tissues are prepared, 
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Figure 6. Chemically fixed growth plate cartilage processed for post-embedding staining with HID-EH-SI? (a) Non-osmicated cartilage embedded in Lowicryl 
K4M; (b) osmicated cartilage embedded in Epon. In both cases, staining is observed in the pericellular (PM) and territorial matrix (TM). Ch, chondrocyte. Original 
magnifications: a x 15,000; b x 12,000. Bars = 0.5 pm. 

thereby presenting a three-dimensional conformation at the sur- 
face of the sections (reviewed by Villiger, 1991). 

Osmication of tissues is not recommended with the HID method 
since (a) osmiophilic sites may react with TCH-SP and produce 
nonspecific stain deposits (Sannes et al., 1979; Seligman et al., 1966) 
and (b) on sections, osmication affects the intensity of the HID 
reaction (Thomopoulos et al., 1983). Our data with kidney processed 
by post-embedding staining are in agreement with the latter ob- 
servation; however, the staining of cartilage does not seem to be 
significantly affected by osmium. These data indicate that the ef- 
fect ofosmium may be dependent on the nature, and also perhaps 
on the concentration, of the reactive molecules. 

Pre-embedding HID-TCH-SP staining of the glomerular wall 
from Epon-embedded kidney shows stain deposits mainly over the 
lamina rara externa. With the post-embedding method, HID- 
reactive sites are also observed along the free surface of podocyte 
foot processes adjacent to the urinary space. This staining is partic- 
ularly evident with specimens embedded in LR White resin. A simi- 

lar staining pattern was observed by Washizuka et al. (1989). who 
also showed staining of the lamina rara intema using pre-embedding 
HID staining on tissues subsequently embedded in Quetol resin 
for on-section enhancement with TCH-SP. The nature of resin may 
therefore play an important role in the visualization of sulfated 
glycoconjugates with the HID-TCH-SP method. 

The proteoglycans of cartilage matrix processed by conventional 
chemical fixation may appear as dense granules (Thyberg et al.. 
1973). These so-called “matrix granules” are believed to represent 
condensed proteoglycan monomers (Hascall, 1980). resulting from 
loss of water-soluble components and morphological changes of 
chondrocytes during tissue preparation (Arsenault et al., 1988; 
Akisaka et al., 1987; Hunziker and Schenk, 1984; Hunzicker et al., 
1983,1984; Akisaka and Shigenaga, 1983). In the present study, 
large stain deposits were observed over the pericellular matrix, which 
sometimes showed thick fibrillar structures. Elemental analysis has 
shown the presence of sulfur in association with similar thick fibrillar 
aggregates (Landis and Hodgens. 1990). However, cryofixed pericel- 

 at UNIVERSIDAD DE SEVILLA on March 18, 2015jhc.sagepub.comDownloaded from 

http://jhc.sagepub.com/


, .:.- .:' . . .  _ - .  . .  ;_.,... . . . .  . .. 

Figure 7. (a,b) Cryofixed kidney embedded in LR White (LRW) and (c) growth plate cartilage embedded in Epon and processed for postambedding HID-EH-SP 
staining. (a) Staining is observed mainly on the free surface (arrowheads) of podocyte foot processes (Pf) and over the lamina rara externa (LRE). (b) Nucleus 
(N) of an endothelial cell in the glomerulus. Heterochromatin (arrowheads) is heavily stained. (c) An early hypertrophic chondrocyte (Ch) and pericellular matrix 
(PM). Stain deposits are associated with certain fine filamentous structures (arrows). Note that some structures (arrowheads) are not reactive to HID-TCH-SP. 
(Inset) Poorly preserved cryo-prepared specimen. Note that stain deposits, usually of large size, are observed along the proteoglycan meshwork. Original magnifi- 
cations: a x 30,000; b x 20,000; c x 15,000 (Inset x 20,000). Bars = 0.2 wn. 

 at UNIVERSIDAD DE SEVILLA on March 18, 2015jhc.sagepub.comDownloaded from 

http://jhc.sagepub.com/


POST-EMBEDDING STAINING WITH HID 1267 

lular matrix usually appears as a fine filamentous network showing 
linear arrays of HID-TCH-SP stain deposits. Hunziker and Schenk 
(1984) have proposed, using cryo-prepared specimens counterstained 
with uranyl, that the proteoglycan network in cartilage matrix is 
composed of (a) thick, intensely staining “strands” representing 
the core proteins of the proteoglycan molecule and (b) fine, lightly 
staining filaments representing the carbohydrate side-chains. The 
distribution of proteoglycans in cartilage matrix has also been ex- 
amined by immunocytochemistry with antibodies to chondroitin 
sulfate side-chains. It was concluded that although immunosensi- 
tivity may be high, resolution is poor (Hunziker and Herrmann, 
1987). The data from the present study are generally in agreement 
with the distribution of proteoglycans found in the above reports 
and further indicate that the HID staining is a selective high- 
resolution method that can reveal sulfate groups along the length 
of glycosaminoglycan chains. Combined with cryofiiuon, this post- 
embedding staining technique can be used advantageously to ex- 
amine the distribution and potential role of proteoglycans in carti- 
lage calcification. 
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