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ABSTRACT

The visualization of glycogen deposits in cells and tissues is important for studying glycogen metabolism as well
as diagnosis of glycogen storage diseases. Evidence suggests that the demonstration of glycogen can better be
enhanced by factors such the choice of fixative and temperature during fixation. Here, we assessed efficacy of
neutral buffered formalin (NBF), alcoholic formalin (AF) and paraformaldehyde (PFA) at 4 °C, 37 °C and 40 °C
using Periodic Acid Schiff's staining method. Each liver specimen was fixed in NBF and AF while the brain tissues
were fixed in NBF, AF and PFA. We found that there was a better PAS staining intensity with the liver tissues
fixed in AF compared with NBF. Also, there was no difference in the quality of the staining for tissues fixed in AF
at 37 °C, 4 °C and 40 °C, but fixation with NBF at 4 °C gave the best staining quality when compared with 40 °C
and 37 °C. Furthermore, hippocampal tissues fixed in AF showed better quality of PAS staining compared with
NBF and PFA. A significant increase in staining intensity was observed for PFA when compared with NBF.
Superior staining intensity for PAS was observed at 4 °C for hippocampal tissues fixed with NBF, AF and PFA.
Taken together our results show that AF at a temperature of 4 °C gave the best result. Hence, glycogen de-

monstration can better be enhanced by the choice of fixative and temperature during fixation.

1. Introduction

Glycogen is a large, branched polymer of glucose which provides a
readily mobilized form of energy in many living organisms. Glycogen
concentration varies considerably among different types of cells with its
storage markedly occurring in the liver, muscle and brain [1]. The vi-
sualization of glycogen deposits in cells and tissues under the micro-
scope is important for the study of normal glycogen metabolism as well
as diagnosis of glycogen storage diseases. Its demonstration in the body
is very important for a number of lesions and is significant, especially in
the diagnosis of certain tumours [2-4]. It also serves as a useful tool in
the detection of intracellular accumulation of excessive glycogen in the
liver as a manifestation of metabolic dysfunction [5].

The aqueous fixatives and processing solvents used in paraffin em-
bedding for routine hematoxylin and eosin stains remove both lipid and
glycogen, leaving clear vacuoles of which the precise content is un-
known in routine hematoxylin and eosin-stained sections. Intracellular
glycogen in liver sections is readily diminished by aqueous fixatives and
processing solvents commonly used in routine tissue processing. As a
result, glycogen masses appear as clear vacuoles within the cytoplasm
of hepatocytes in histology sections [5]. The precise content of these
vacuoles is therein undetermined and, in most instances, the

identification of glycogen can be challenging [5]. Demonstration of
brain glycogen poses some unique challenges to experimental ob-
servation. Its relatively low concentration in the brain makes it difficult
for histochemical stains to pick up [6]. The process of glycogenolysis
which begins almost instantly with cessation of blood flow and con-
tinues until the brain is frozen, acidified, or otherwise treated to in-
activate glycogen phosphorylase pose challenges to glycogen brain
demonstration [6]. The demonstration of glycogen using histological
sections depends on a number of factors including choosing a suitable
fixative at a suitable temperature.

Fixation, a physiochemical process in which cells or tissues are fixed
chemically, results in the tissue or cells being able to withstand the
successive treatment by different reagents with negligible change in
morphology [7]. This process differs for the different chemical sub-
stances found in tissues. An ideal fixative involves a complicated pro-
cess of chemical episodes [8]. It stabilizes the cell component by
making them insoluble, thereby reducing the alteration by subsequent
treatment and also preventing osmotic damage of tissues [8].

The temperature at which tissues are fixed also play a pivotal role in
either increasing the rate of fixation or decreasing the diffusion rate of
the fixative both of which affect tissue architecture. By tradition, fixa-
tion of tissues occurs at room temperature, while for some processing
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Fig. 1. A: Photomicrographs of PAS stained liver tissues fixed with NBF and AF. B: Image J count of PAS staining intensity of the liver of rats fixed with NBF and AF.
Staining intensity is quantified using mean gray values, in a scale of 0 to 255 from dark (more staining intensity) to bright (less staining intensity). p < 0.05. Here
and in further figures, the staining intensity is quantified as mean gray value in a scale from 0 to 255 from dark (that is more intense stain) to bright (that is less

intense stain).

for histochemistry and electron microscopy it occurs between 0 and 4
degrees. The lower temperature of fixatives results in slowing down
autolysis and diffusion of various cellular components, whereas che-
mical reactions including those involved in fixation occur faster at a
higher temperature. Increasing the temperature of the fixative increases
the rate of diffusion of the fixative into the tissue thereby speeding up
the rate of chemical reaction between the tissue and the fixative [9].
This study sought to investigate the effect of three different fixatives:
neutral buffered formalin (NBF), alcoholic formalin and paraf-
ormaldehyde (PFA) applying different temperatures (4 °C, 37 °C, 40 °C)
on histochemical staining of Periodic Acid Schiff staining for glycogen.

2. Materials and method
2.1. Experimental animals

Following ethical approval from the institutional ethics committee
(ORD/AD/EAC/19/050), six adult male Wistar rats (180-200 g) were
used in this study. The animals were obtained from the Animal holding
facility of the College of Medicine, Ekiti State University, Ado-Ekiti. The
animals were kept in a cage under normal light and dark cycle for a
week with free access to feed and water ad libitum. Thereafter, the rats
were euthanized via intraperitoneal injection of ketamine (30 mg/kg);
the liver and brain were quickly harvested and fixed in the different
fixatives at the required temperatures.

2.2. Fixation

Each liver specimen was fixed in neutral buffered formalin (NBF)
and 10% alcoholic formalin (AF) while the brain tissues were fixed in

NBF, AF and paraformaldehyde (PFA) at 4 °C, 37 °C and 40 °C. The
tissues preserved in fixatives at 40 °C were placed in an incubator; those
fixed at 4 °C were in a refrigerator while those at 37 °C were left to stand
on a laboratory bench for 24 h.

The labelled specimens were dehydrated using ascending grades of
alcohol for 1 h each, and then placed in four changes of absolute al-
cohol for 1 h each. The specimens were cleared in two changes of xy-
lene for 2 h each and impregnated in paraffin wax. Embedding will be
carried out using paraffin wax and left to solidify at room temperature,
then cooled in the refrigerator. Sections of 4 um were gotten by cutting
blocks with a rotary microtome.

2.3. Staining

For PAS (Periodic Acid Schiff) reaction, sections were treated with
1% periodic acid for 5 min, rinsed in distilled water, stained with
Schiff's reagent for 20 min, then washed in running tap water for
10 min, counterstained with hematoxylin for 8 min, dehydrated in al-
cohol, cleared in xylene and mounted in DPX [10]. The presence of
glycogen was confirmed with negative control sections using diastase
digestion.

2.4. Photomicrography and image analysis

Photomicrographs of the tissue sections were studied and taken at
various magnifications under an OMAX 40 x -2000 x digital light mi-
croscope. Image J software (National Institute of Health, USA) was used
to analyse and quantify photomicrographs. Intensity of PAS staining
was performed by measuring the mean gray value of pixels. The settings
were such that a higher staining intensity corresponded to a lower mean
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Fig. 2. A: Photomicrographs of PAS stained liver tissues fixed in NBF and AF at different temperatures. B: Image J count of PAS staining intensity of the liver of rats
fixed with NBF and AF at 37 °C, 4 °C and 40 °C. p < 0.05, a — significant difference compared to 37 °C.

gray value.
2.5. Statistical analysis

Data was expressed as mean # standard error (SEM) and were
analysed using GraphPad Prism version 5.00 for Windows (GraphPad
Software, USA). Group comparisons were performed using Analysis of
variance (ANOVA) as appropriate, followed by Bonferroni tests for
multiple comparison. Comparisons of two groups were performed using
Student's t-test for unpaired data. Statistical significance was assumed
at p values < 0.05.

3. Results
3.1. Effect of fixative on the staining intensity of PAS in the liver

As seen in Fig. 1A, there was a better morphologic detail of PAS
staining with the liver tissues fixed in AF compared with NBF. Results

from image analysis show an increase in the mean gray value of NBF
(139 = 2.3) when compared to AF (134 =+ 1.5) (Fig. 1B) but it was
not statistically significant (p = 0.1285).

3.2. Effect of temperature on the staining intensity of PAS in the liver

Fig. 2A shows photomicrographs of the liver fixed with NBF, AF and
PFA stained with PAS at different temperatures. Fixation with NBF at 4
°C gave the best staining quality when compared with 40 °C and 37 °C.
Also, there was no difference in the quality of the staining for tissues
fixed in AF at 37 °C, 4 °C and 40 °C. As seen in Fig. 2B, Student t-test
showed a significant difference (p = 0.0366) in the mean gray value
between NBF at 37 °C (144 + 3.6) and 4 °C (132 =+ 1.7). This in-
dicates an increase in the staining intensity of PAS for NBF at 4 °C
compared to 37 °C. However, there was no significant difference be-
tween the mean gray value of NBF at 37 °C and 40 °C (p = 0.4762).
Also, for AF, there was no significant difference between the mean gray
value of at 37 °C and 4 °C (p = 0.7302); similar results was obtained for
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Fig. 3. A. Photomicrographs of PAS stained hippocampal tissues fixed in NBF, AF and PFA. B: Image J count of PAS staining intensity of the hippocampus of rats fixed

with NBF, AF and PFA. a — significant difference compared to AF and PFA.

the mean gray value between 37 °C and 40 °C (p = 0.4762).

3.3. Effect of fixative on the staining intensity of PAS in the hippocampus

As seen in Fig. 3A, photomicrographs show better quality of PAS
staining with hippocampal tissues fixed in AF compared with NBF and
PFA. Image analysis results show that there was a significant difference
in the mean gray value of PAS across the groups (p = 0.0298). As seen
in Fig. 3B, Students' t-test showed that there was a significant difference
in the mean gray value of PAS stained with NBF (164 + 0.62) and AF
(149 = 6.2) (p = 0.0236). This indicates a higher staining intensity
with AF. Also, a significant difference (p = 0.0073) was observed be-
tween NBF and PFA (145 = 6.4) showing a higher staining intensity
with PFA. However, there was no significant difference between the
mean gray value between AF and PFA (p = 0.6458).

3.4. Effect of temperature on the staining intensity of PAS in the
hippocampus

Fig. 4A shows a superior staining intensity with PAS for tissues fixed
with NBF, AF and PFA at 4 °C. This was followed by better staining
quality with PAS at 40 °C for tissues fixed with NBF and AF when
compared with fixation at 37 °C while staining intensity with tissues
fixed with PFA was better at 37 °C when compared with 40 °C. As seen
in Fig. 4B, there was a significant difference in the staining intensity
between for NBF (p < 0.05), AF (p < 0.001) and PFA (p < 0.05) at
37 °C and 4 °C. However, there was no significant difference in the
staining intensity of PAS for NBF (p > 0.05), AF (p > 0.05) and PFA
(p > 0.01) at 37 °C and 40 °C.

4. Discussion & conclusion

The natural structural integrity of a tissue is preserved by fixation,
which employs the use of chemicals that maintain the cell structure
from degradation. The chemical composition of the tissue is retained
during this phase in which hardening of the tissues for sectioning and
prevention of degradation also occur [11]. Appropriate fixation is
paramount for the demonstration of morphological features and loca-
lization of cellular components. Asides the mechanism of action of
different fixatives, temperature is also an important factor in achieving
good results. Hence, the histological preparation of sections for the
demonstration of glycogen depends on the quality of staining taking
into account the fixative and the temperature at which fixation is car-
ried out.

Although formaldehydes are the most commonly used fixatives for
histochemical studies, alcohol based fixatives have been found to pro-
duce excellent results and also devoid of attendant hazards associated
with the former [12]. From this study, we found out that AF stained
glucose better in the liver and brain compared to NBF in the liver and
NBF and PFA in the brain. Mostly, NBF is used almost universally for
fixation because of its ability to preserve consistently the morphological
details of cells and tissues [13]. The better staining results with AF
could be as a result of the two-phased fixation it employs viz. an initial
alcohol fixation phase which precedes a cross-linking phase mediated
by formalin. Formaldehyde-based fixatives penetrate the tissue well,
but are slow. The use of alcohol to dilute the concentration of for-
maldehyde increases the speed of tissue penetration. This could further
help prevent the loss of glycogen from the tissue, leading to a better
demonstration. Result from our study is in agreement with that of
Holda et al. [14] who studied the penetration depth of different fixa-
tives and found out that AF solution was the fastest fixative among the
studied ones. Alcoholic formalin can be considered as a good fixative,
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Fig. 4. A: Photomicrographs of PAS stained hippocampal tissues fixed in NBF, AF and PFA at different temperatures. B: Image J count of PAS staining intensity of the
hippocampus of rats fixed with NBF, AF and PFA at 37 °C, 4 °C and 40 °C. p < 0.05, a — significant difference compared to 37 °C.

because in addition to fixing the tissue, the process of dehydration al-
ready began. One of the suggested methods of fixing glycogen which is
through dehydration seems tenable, because it results in decreased
solubility. The process of dehydration of glycogen initiated by the al-
cohol portion of AF probably rendered the glycogen denatured resulting
in a better staining quality. A contrary result was gotten by [15] who
found out that AF was not the best fixative for preserving glycogen
because it left the tissues brittle upon sectioning and showed cell lysis at
the tissue periphery. Although the authors acknowledged that AF was
better than other fixatives been compared together because little gly-
cogen was lost, but it left the tissue in a brittle state for further pro-
cessing.

Paraformaldehyde acts as a cross-linking agent that reacts with

proteins and nucleic acids in the cell. It has a rapid rate of penetration
and prevents extraction of glycogen provided fixation time is not pro-
longed [16]. In this study, PFA was able to retain tissue glycogen better
than NBF, probably because formaldehyde generated from PFA is the
most effective monoaldehyde. It is preferred over formalin because the
later contains undetermined amounts of impurities such as methanol
and formic acid in other to prevent formaldehyde polymerization over
time [16]. These findings are in line with the work of Guth and Watson
[17] whose quantitative studies showed that during initial ischemia,
glycogen decreased to approximately 60%, but after the introduction of
paraformaldehyde, glycogen levels remained.

Temperature is an important factor for fixation. The temperature of
fixatives during tissue processing may affect the architecture. An
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increase in the temperature of fixation will result in an increase in the
rate of diffusion of the fixative into the tissue. This results in speeding
up the rate of chemical reaction between the tissue and fixative. The
rate of fixation is increased with increase in temperature, but increased
temperature also increases autolysis rate for unfixed parts of the tissue.
If the temperature of the fixative is low or decreased, the diffusion rate
also decreases, which results in extended penetration time. The results
obtained from this study show that NBF fixative gave the best staining
quality in the liver at 4 °C when compared to 37 °C and 40 °C. It has
been reported that chilling the fixative and tissue has been shown to
prevent enzymatic loss of glycogen, which could be the reason why NBF
at 4 °C gave a better staining intensity [18]. In our study, there was no
difference in the staining intensity of glycogen in the liver at 4 °C, 37 °C
and 40 °C which could be indicative of the fact that AF fixes well under
both high and low temperatures.

Similarly, all 3 fixatives (NBF, AF and PFA) showed a better staining
intensity at 4 °C in the brain. This was closely followed by 40 °C for NBF
and AF. Also, PFA stained best at 4 °C followed by 37 °C. Results from
our study are in agreement with that of Zakout et al. [19] who de-
monstrated an increase in the staining intensity of glycogen in the liver
at 4 °C. They found that there was polarization of glycogen granules in
hepatic cells at 37 °C. This is suggestive of the fact that the reduced rate
of penetration of the tissue which occurs at a low temperature reduces
glycogen dilution which enhances the containment of glycogen within
the cells.

In conclusion, alcoholic formalin at low temperature gave the best
staining results in our study. Hence, the choice of fixative and appro-
priate temperature are essential determinants for the proper localiza-
tion of glycogen in paraffin sections.
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