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ABSTRACT
Objectives: To make a comparative study of histological and histochemical properties of peritoneal mast cells in albino rat using neutral buffered
formalin and formal alcohol as fixatives.
Methods: The stretch preparation from Albino rat peritoneum was made on chemically clean glass slides and immediately placed into the fixatives.

Results: With toluidine blue (pH 4.4), the mast cells stained deep purple and similar reaction was obtained with toluidine blue at pH 2. These staining
reactions indicate the presence of substantial amount of heparin trisulfate, small amount of heparin monosulfate, and neutral mucopolysaccharide.
Conclusion: Heparin trisulfate is an active form of heparin and is the main constituent of the mast cell granules of the albino rat.
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INTRODUCTION
The identification of mast cell as a source of heparin came 60 years
after its discovery by Ehrilich in 1877 [1], preceded by the recognition
of the cell by Recklinghausen in 1863 [2], as well as by Waldeyer. Still,
they could hardly identify this cell as a mast cell. No single cell in the
human body has such varied functions as a mast cell, yet it is a fact
that it took 60 long years to get the first knowledge of its process. In
1907, Michels [3] stated that it many contain chondroitin sulfuric acid.
Ehrlich himself believed in the functional importance of this cell and
especially of its granule content, whose staining reaction with basic
aniline dyes led him to coin the word “Metachromasia.” With the
discovery of heparin 1937 [4], followed by the discovery of histamine
1953 [5], hyaluronic acid 1954 [6], and 5-hydroxytryptamine 1955
[7] and several other enzymes later, its importance was identified.
The mast cell is also considered a source of slow-reacting substance.
Eventually, mast cell is a pluripotent cell that contains several
compounds that tissue may need, especially in the region exposed to
local stress (Selye, 1965) [8].
METHODS

Study design
This was a laboratory-based experimental study.
Study population
Rattus norvegicus (Albino rat).
Data instrument
• Neutral buffered formalin
• Formal alcohol
• Toluidine blue
• PAS.
• Aldehyde fuchsin
• Alcian blue pH – 1.0
• Alcian blue pH – 2.5.

Statistical analysis
Microsoft Excel was used for recording and analyzing the data.

Methodology
Biopsy
The Albino rat was anesthetized in the laboratory under closed
chloroform anesthesia. The abdomen was opened vertically from the
xiphoid process to pubic symphysis. Jejunum and ileum were identified.
The stretch preparation was made on chemically clean glass slides and
immediately placed into the fixatives.
Fixation

The following fixative was used for the fixation of stretch preparation
and tissues.
Neutral buffered formalin (pH – 7.0)
•
•
•

Na H2 PO4 2H2O (4.52 g) + Na2 HPO2 2H2O (8.15 g)
Analytical formalin
– 1000 ml
Distilled water – 900 ml.

Formal alcohol
•
•
•

10% formalin in absolute alcohol
Formalin
– 10 ml
Absolute alcohol – 90 ml.

The stretch preparations of tissues were fixed for 24 h in formal alcohol
and neutral buffered formalin. The stretch preparations were directly
subjected to different staining procedures and fixed in neutral buffered
formalin, then dehydrated in ascending grades of alcohol; while tissues
fixed in formal alcohol were directly brought to dehydrated alcohol, For
histochemical tests the following staining procedures were used.
1. For highly sulfated acid mucopolysaccharides
a. Alcian blue pH – 1.0 (Lev and Spicer, 1964) [9]
b. Alcian blue pH – 1.0 (after active methylation Spicer et al., 1967) [10]
c. Aldehyde fuchsin (Spicer and Meyer, 1960) [11]
2.

For weakly sulfated A.M.P. (Acid mucopolysaccharide)
a. Alcian blue pH – 2.5 (Spicer et al., 1967) [10]
b. Alcian blue pH – 2.5 after mild methylation (Spicer et al., 1967) [10]
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Table 1: Histochemical reactions of mast cells in the mesentery of albino rat fixed in different fixatives
Fixatives

TB at pH

AB at pH 2.5

AB at pH 1.0

NBF
FA

4.4
4p
4P

UT
3B
3B

Ut
2B
3B

3.
4.
c.

5.

2.0
3p
4P

Mild Meoh
1B
1B

Active Meoh
1B
1B

For simultaneous demonstration of highly and weakly sulfated acid
mucopolysaccharides
a. Aldehyde fuchsin – Alcian blue pH – 2.5 Procedure
For simultaneous demonstration of sulfated and neutral
mucopolysaccharides
a. PAS – Procedure
b. Alcian blue pH – 1.0 – PAS procedure
Alcian blue pH – 2.5 – PAS procedure
Toluidine blue for metachromatic properties at different pH
a. At pH – 2.0
b. At pH – 4.4

RESULTS

Morphology and distribution of mast cells of Albino rat
A. Neutral buffered formalin
Mast cells were present 10–12/high-power field (hpf) in toluidine blue
stained material but were about 20–22/hpf in aldehyde fuchsin stained
mesentery. They were hardly 7/hpf in Alcian blue stained material at
pH 2.5. The mast cells were mostly oval with a central unstained nucleus
and the cytoplasm was filled with metachromatic coarse granules. The
granules were deep purple.
B. Formal alcohol
The mast cells were 12–13/hpf in toluidine blue stained mesentery. Here
also, the mast cells were mostly oval with deep purple metachromatic
granules. In some mast cells, the granules were seen outside the cell
membrane which was probably due to mechanical handling during
stretch preparation.

A. Different types of mucopolysaccharides in peritoneal mast cells
Albino rat (Table 1).
1. Neutral buffered formalin
• With this fixative, the mast cells stained deep purple with
toluidine blue at pH 4.4 and moderate purple with toluidine
blue at pH 2. With Alcian blue at pH 2.5, the mast cells stained
moderate blue and this alcianophilia was greatly reduced by
mild methylation
• With Alcian blue pH 1, they stained light blue and this
alcianophilia was reduced after active methylation. With
aldehyde fuchsin, Alcian blue pH 2.5, the mast cells stained
moderate purple. They were unreactive to PAS staining
procedure but stained light blue with Alcian blue pH 2.5 PAS
and Alcian blue pH 1 PAS procedure.
2.

Formal alcohol
• With toluidine blue pH 4.4, the mast cells stained deep purple
and similar reaction was obtained with toluidine blue at pH 2
• With Alcian blue pH 2.5, the mast cells stained moderate blue
and also gave similar reaction with Alcian blue at pH 1. This
alcianophilia was reduced to faint blue after mild methylation
in the former and active methylation in the latter
• With aldehyde fuchsin, they stain moderate purple; and with
aldehyde fuchsin – Alcian blue pH 2.5 also, they give moderate
purple reaction. The mast cells were unreactive to PAS. staining
procedure but stained moderate red with Alcian blue pH 2.5 PAS
stain
• With Alcian blue pH 1 PAS. staining, some mast cells stained light
blue while others gave the moderate red reaction

•

AF

AF

4P
3P

AB pH2.5
3P
3P

PAS

AB

AB pH 1.0

0
0

pH 2.5 –PAS
2B
3R

-PAS
2B
2B,3R

These staining reactions indicate the presence of substantial
amount of heparin trisulfate and small amount of heparin
monosulfate and neutral mucopolysaccharide.

DISCUSSION

Ehrilich (1877) [1] who discovered mast cells noted that the mast cell
granules were highly soluble in aqueous fixation in some species of animals
while in others, this was not so. He suggested that the tissue for mast cell
study must be fixed in 50% alcohol and then stained in alcoholic thiamine.
Holmgren, 1938 [12], used 4% basic lead sub-acetate for the fixation
of mast cells and Mota et al. (1956) used basic lead sub-acetate in 50%
alcohol with acetic acid.
Padawer, 1959 [13], used non-aqueous fixative which was a combination
of absolute alcohol and formaldehyde.

In the present work, the identification of mast cell is based on
metachromatic reaction of its granules with acidified toluidine blue at
pH2, buffered toluidine blue at pH 4.4, and aldehyde fuchsin and Alcian
blue at pH 2.5. Toluidine blue has been used at two different pH levels
to identify both types of mast cell granules containing both lower and
higher sulfates of heparin. Heparin trisulfate has greater affinity for
toluidine blue at low pH while at higher pH, even the monosulfate form of
heparin reacts with the dye Lannert and Schubert, 1959 [14], and Combs
et al., 1965 [8], suggested that the purple to red-purple color of rat mast
cell granule is due to higher sulfate of heparin. Maturation of mast cell
granules begins with sulfation of heparin in the immature cells. Initially,
the heparin has only one sulfate molecule in immature mast cell granules
but as these granules mature the number of sulfate group increases and
in fully mature mast cells, the heparin is found in trisulfate form.
In the present work, most of the mast cells observed are stained purple
in different degrees and as such have not caused any problem in
identifying them. Apart from toluidine blue metachromasia, aldehyde
fuchsin and Alcian blue at pH 2.5 staining have also been taken into
account for the identification of mast cells.
CONCLUSION

Observations were made on histochemical properties of mast cells in
two fixatives; namely, neutral buffered formalin in phosphate buffer at
pH 7 and 10% formalin in absolute alcohol (formol alcohol); in both
stretch preparation and microtome sections. They have been subjected
to a battery of historical staining procedures to determine the chemical
nature of heparin as well as the presence of neutral mucopolysaccharide
in the peritoneal mast cells of different animals under study.
1. Heparin trisulfate is an active form of heparin and is the main
constituent of the mast cell granules of albino rat
2. Heparin monosulfate is present in small amount.
Clinical relevance
Heparin as well as the neutral mucopolysaccharide are present in the
peritoneal mast cells. Mast cells play a central role in the pathophysiology
of various allergic diseases in the respiratory tract and gastrointestinal tract
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