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Abstract
Demonstration of glycogen can be done in different lesions and is considered diagnostically significant, mainly in some 
tumors. Glycogen staining is affected by the type of fixative, the temperature of fixation, and the staining technique.
Grocott’s methenamine (hexamine) silver technique quality was assessed after four different types of fixatives at two different 
temperatures [Bouin’s solution, 10% neutral buffered formalin (NBF), 80% alcohol, and Rossman’s solution at room tempera-
ture (RT) and 4 °C, for 24 h]. These variables were studied to optimize this technique for glycogen demonstration. Archived 
paraffin blocks were used in this study. They were prepared from one rabbit’s liver, and 32 paraffin sections were prepared 
and stained with Grocott’s methenamine (hexamine) silver technique. Eighty percent alcohol provided the highest staining 
quality scores at both RT and 4 °C in comparison with the other fixatives. We concluded that 80% alcohol at 4 °C seems to 
be the fixative of choice for glycogen with the Grocott’s methenamine (hexamine) silver technique at the level of this study.
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Introduction

Glycogen is demonstrated in different lesions including 
glycogen storage disease (Tay et al. 2004), Ewing sarcoma 
(Mahoney and Alexander 1978), and juvenile rhabdomyosar-
coma (de Wit 1986). Furthermore, glycogen can be demon-
strated in some carcinomas including bladder cancer (Rigby 
and Franks 1970).

Gomori’s methenamine–silver nitrate was first described 
for glycogen and mucin demonstration (Gomori 1946), then 
was used by Grocott (1955) as a fungal stain in both smears 
and tissue. However, Grocott’s methenamine (hexamine) sil-
ver technique is a valuable technique for glycogen demon-
stration, which can provide staining results similar to those 
obtained by the periodic acid–Schiff (PAS) reaction, when 

used in combination with diastase or amylase control (Totty 
2002).

It has been suggested that glycogen fixation involves one 
or both of two processes: first, the use of a fixative in which 
glycogen is not soluble and second, the use of a water solu-
ble fixative that is an effective fixative of proteins, so that the 
glycogen is trapped (Totty 2002). Furthermore, some work-
ers recommend picric acid-containing fixatives for glycogen 
fixation (Totty 2002). Consequently, in the present study we 
examined the effect of three types of fixatives (picric acid-
containing, alcoholic, and aqueous fixatives) at 4 °C and 
room temperature (RT) to determine the optimal combina-
tion for demonstrating glycogen using Grocott’s methena-
mine (hexamine) silver method.

Methods

Study design

In this study, we examined the quality of the Grocott’s 
methenamine (hexamine) silver method in tissues fixed in 
different fixatives and temperatures of fixation.
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In this study, we used archived liver paraffin blocks of 
known preparation methods. The blocks were obtained from 
another group in our department. These blocks were pre-
pared from one rabbit by that group as follows:

Sampling

The liver was washed in normal saline, cut into eight sec-
tions of approximately 5 × 3 × 3 mm, and transferred to the 
required fixative.

Fixation

Each piece was fixed for 24 h in one of four fixatives: neutral 
buffered formalin (NBF), Bouin’s solution, 80% alcohol, or 
Rossman’s solution, at one of two temperatures: 4 °C in a 
refrigerator or RT.

Postfixation treatment

Tissues fixed in Rossman’s solution were treated with 95% 
alcohol for 2 h, while those fixed in Bouin’s solution were 
treated with 75% alcohol for 2 h (Hopwood 2002). Then 
each specimen was transported to a cassette, labeled accord-
ing to the temperature of fixation and type of fixative.

Tissue processing

The specimens were transferred to the automated tissue 
processor. For dehydration, specimens fixed in 80% alcohol 
were transferred to one change of 80% alcohol followed by 
four changes of absolute alcohol for 1 h each. The specimens 
fixed in Bouin’s solution were dehydrated in one change 
of both 75% and 90% alcohol, followed by four changes of 
absolute alcohol for 1 h each. Specimens fixed in Rossman’s 
solution were dehydrated in one change of 95% alcohol fol-
lowed by four changes of absolute alcohol for 1 h each. 
Specimens fixed in 10% NBF were dehydrated in one change 
of both 70% and 90% alcohol, followed by four changes of 
absolute alcohol for 1 h each. All specimens were cleared 
in two changes of xylene for 2 h each, impregnated in two 
changes of melted paraffin wax at 60 °C for 2 h each, embed-
ded in paraffin wax using metal molds, and left to harden at 
room temperature and then in the refrigerator.

Cutting

Thirty-two albumenized and labeled slides were prepared 
and 3 µm sections were cut using a rotary microtome, four 
sections from each block (three tests and one control for 
each variable).

Staining

All sections were dewaxed with xylene for 6 min, hydrated 
in descending concentrations of alcohols from absolute 
through 90% and 70% to distilled water (DW) for 2 min 
each. Four sections from each block were stained by Gro-
cott’s methenamine (hexamine) silver technique (three tests 
and one control).

For Grocott’s methenamine (hexamine) silver technique, 
sections were treated with 5% aqueous chromic acid for 1 h, 
washed in tap water, rinsed in 1% sodium metabisulfite, 
washed for 5 min in tap water, rinsed in DW, and placed in 
a preheated (56 °C) incubating solution in the dark for up to 
1 h (composed of 25 ml DW, 5 ml borax solution, and 25 ml 
methenamine silver solution). Sections were then rinsed in 
DW, treated with 3% sodium thiosulfate for 5 min, counter-
stained with Arzac’s stain for 15 s, blotted, dehydrated in 
alcohol, cleared in xylene, and mounted in distyrene, plasti-
cizer, and xylene (DPX) (Stevens and Francis 1996).

Control sections

The negative control sections were brought to water, treated 
with saliva (a source of amylase) for 1 h at 56 °C in a water 
bath, then washed in running tap water and stained with the 
required technique (Fig. 1).

Scoring system

A subjective assessment of staining results was performed 
by two examiners, in which scores from zero to ten were 
given (Zakout et al. 2010). Scores were assigned as follows: 

Fig. 1   Negative control, Grocott’s methenamine (hexamine) silver–
saliva, 80% alcohol at 4 °C. Scale bar, 4 µm
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from 0–4 (poor staining results), 5–6 (satisfactory stain-
ing results), 7–8 (good staining results), and 9–10 (excel-
lent staining results). The average score of two examiners 
was calculated for each test section and the staining quality 
results were as follows:

Poor: 0 to < 5: glycogen is weakly stained, the granules 
appear small and indistinct, and identifying glycogen is hard.

Satisfactory: 5 to < 7: the glycogen is faintly stained; 
however, it is visible.

Good: 7 to < 9: glycogen is visible and distributed fairly 
evenly throughout the section.

Excellent: 9 to 10: glycogen is visible and the granules 
are large and well stained, and distributed fairly evenly all 
through the section.

Results and discussion

Eighty percent alcohol at 4 °C showed the highest stain-
ing quality (average score: 8.7) in comparison with other 
fixatives at the same temperature (Table 1, Figs. 2, 3, 4, 5). 
However, Bouin’s solution gave good results at this tem-
perature (average score: 7.5), but with a lower average score 
compared with 80% alcohol. Furthermore, when fixation 
was conducted at RT, 80% alcohol was also found to be 
the best fixative for glycogen demonstration (average score: 
8.3), where both Bouin’s solution and NBF fixatives gave 
satisfactory results, and Rossman’s solution provided poor 
results at the same temperature.

For the accurate preservation and demonstration of glyco-
gen, it is fundamental to choose an appropriate fixative, tem-
perature of fixation, and staining method. This study aimed 
to optimize Grocott’s methenamine (hexamine) silver for 
demonstration of glycogen by determining the best fixative 
and temperature of fixation for Grocott’s methenamine (hex-
amine) silver technique, using 80% alcohol, NBF, Bouin’s 
fluid, and Rossman’s fluid, at both RT and 4 °C.

In this study, 80% alcohol at 4 °C gave the highest aver-
age score of staining quality for glycogen demonstration 
using the hexamine silver method. By using this technique, 
glycogen appears black and is distributed in hepatocytes. 
These findings support the results obtained by Kugler 

and Wilkinson (1964). In their study, they reported that 
ice-cold 80% alcohol was a good preserver for glycogen 
present in the tissue when using different histochemical 
reactions. Bouin’s solution at 4 °C also provided good 
staining results, but its average score was less than that 
of 80% alcohol. The authors of that study used different 
types of fixatives. However, formalin was apparently used 
in their study without adding a buffer; this can lead to 
the presence of formalin pigment, which might affect the 
quality of evaluating glycogen in tissue. In our study, we 
used 10% NBF, which could prevent the formation of the 
formalin pigments and provides a more accurate and reli-
able evaluation for glycogen in the stained sections. Kugler 
and Wilkinson (1964) did not mention the temperature of 
fixation that was used in their study. In our study, we used 
two degrees of temperature (room temperature and 4 °C). 
This point is very critical as a low temperature during fixa-
tion could avoid the accumulation of glycogen at one side 
of the cells (polarization).

Table 1   The average staining quality scores from three sections for each variable examined by two observers for Grocott’s methenamine (hexam-
ine) silver technique, using four fixatives at two degrees of temperature

Bold shows the fixatives and the temperature of fixation that provided (Good) results

Fixatives and temperatures

Staining 
method

Bouin’s solu-
tion

at RT

Bouin’s solu-
tion

at 4 °C

10% NBF
at RT

10% NBF
at 4 °C

80% Alcohol
at RT

80% Alcohol
at 4 °C

Rossman’s 
solution

at RT

Rossman’s 
solution

at 4 °C
Hexamine 

(methamine)
Silver

6.8
Satisfactory

7.5
Good

5
Satisfactory

5.6
Satisfactory

8.3
Good

8.7
Good

2.8
Poor

6.2
Satisfactory

Fig. 2   Grocott’s methenamine (hexamine) silver; 80% alcohol at 
4 °C. Scale bar, 4 µm
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Kinsley et al. (2000) studied different fixatives to identify 
the best one for the preservation of glycogen in mouse liver. 
They evaluated four different types of fixatives: 100% ethyl 
alcohol, 1% periodic acid in 10% NBF, alcoholic formalin, 
and 10% NBF. They concluded that 1% periodic acid in 10% 
NBF for 48 h at 4 °C was the best fixative to preserve gly-
cogen. The main drawback of their study was the omission 
of using any picric acid-containing fixatives, which are rec-
ommended for glycogen fixation (Totty 2002). In our study; 
Bouin’s fixative, which is one of the main picric acid-con-
taining fixatives, was included. Another point of superior-
ity of our current study is that Kinsley et al. (2000) did not 
evaluate Grocott’s methenamine (hexamine) silver method 
for glycogen demonstration. Instead, they only evaluated 
hematoxylin and eosin, periodic acid–Schiff reagent (PAS), 
and PAS after diastase digestion.

Trott (1961) evaluated several types of fixatives for fixing 
glycogen in rats’ liver. He used Rossman’s solution, alcohol 
formalin, Carnoy’s fluid, 10% neutral formalin, Bouin’s, ace-
tic alcohol formalin, 10% formalin, and formol–saline for 
different durations. He concluded that good glycogen stain-
ing with the PAS method can be obtained after 3 months 
of fixation with acetic alcohol formalin. Furthermore, he 
reported that the aqueous-based fixatives tend to be unreli-
able for demonstrating the maximum amount of glycogen 
after 24–48 h of fixation. One point of superiority of our 
current study is that Trott (1961) did not evaluate Grocott’s 

Fig. 3   Grocott’s methenamine (hexamine) silver; Bouin’s solution at 
4 °C. Scale bar, 4 µm

Fig. 4   Grocott’s methenamine (hexamine) silver; NBF at RT. Scale 
bar, 4 µm

Fig. 5   Grocott’s methenamine (hexamine) silver; Rossman’s solution 
at RT. Scale bar, 4 µm
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methenamine (hexamine) silver method for glycogen dem-
onstration. He only evaluated periodic acid–Schiff reagent 
(PAS) and Best’s carmine methods. Additionally, the tem-
perature of fixation was not clarified in that study.

Moreover, Trott (1961) observed that the appearance of 
glycogen can be affected by the type of fixation. He found 
that tissues fixed in acetic alcohol formalin provide the most 
obvious polarization. However, he mentioned that less polar-
ization is noticed following aqueous-based fixatives. Addi-
tionally, larger and coarser glycogen granules were observed 
following alcohol-based fixatives.

Also, we found that Grocott’s methenamine (hexamine) 
silver technique is a useful method for glycogen demonstra-
tion, particularly when tissue was fixed in 80% alcohol, in 
which it demonstrated glycogen as black clumps or granules 
in hepatocytes. This conclusion is supported by the finding 
of Murgatroyd (1971), who recommended this method as 
a good technique for glycogen demonstration. In conclu-
sion, 80% alcohol seems to be the best fixative for glycogen 
demonstration by Grocott’s methenamine (hexamine) silver 
technique, which provides good staining results at both RT 
and 4 °C.
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