- Original Article

Toluidine Blue Stain and Crystal Violet Stain Versus H&E Stain
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ABSTRACT

rBackground: Hirschsprung’s Disease (HD) is a congenital disorder of the colon in which certain nerve cells, known aD
ganglion cells are absent.

Setting and Design: To demonstrate the efficacy of Cresyl Violet and Toluidine blue (Tb) special stains in the identification
of ganglion cells in suspected Hirschsprung’s disease and to find other adjuvant histological criteria for the diagnosis.

Method: In Sulaimani Teaching Hospital and Pediatric teaching hospital in Sulaimani Governorate/ Kurdistan-Iraq a
total of fifty non selected cases biopsied for suspected HD were stained with hematoxylin and eosin (H&E) stain and
divided into two groups: HD and-non-HD. All cases then should be stained with Tb special stain to identify ganglion
cells and to count mast cells in the submucosa. Cases were stained with Cresyl Violet special stain to identify ganglion
cells. H&E- and Tb-stained sections were examined for the presence or absence of hypertrophic nerve fibers in the

submucosa.

Results: Both Cresyl violet and Tb stains were superior to H&E in the identification of ganglion cells with no statistically
significant difference between the two stains. Mast cell count in the submucosa has no important effect on diagnosis
while nerve bundle hypertrophy was found to be associated with absence of ganglion cells in Hirschsprung disease.
Conclusions: Toluidine blue and/or Cresyl violet stains should to be used as the routine stain to highlight ganglion cells
in suspected Hirschsprung’s disease cases. Submucosal nerve bundle hypertrophy has to be assessed as an adjuvant

\histolological criterion. J
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Introduction

Hirschsprung’s Disease (HD) is a congenital disorder of
the colon in which certain nerve cells, known as ganglion
cells are absent, causing chronic constipation'. The first
report of Hirschsprung disease dates back to 16912 however,
the disease is named after Harald Hirschsprung,
the Danish physician who first described two infants
who died of this disorder in 1888 °. The most accepted
theory of the cause of Hirschsprung’s disease is that there
is a defect in the craniocaudal migration of neuroblasts
originating from the neural crest that occurs during the
first 12 weeks of gestation. Defects in the differentiation
of neuroblasts into ganglion cells and accelerated ganglion
cell destruction within the intestine may also contribute
to the disorder. Hirschsprung’s Disease occurs in about
one in 5000 births’. Most cases are diagnosed before the
patient is 10 years of age ¢. The gold standard for definitive
diagnosis of HD is rectal biopsy, looking for the absence
of ganglion cells and the finding of hypertrophied nerve
trunks. The biopsy is taken 2-3 cm above the dentate line
on the posterior wall of the rectum. Going too distally
may result in a false-positive diagnosis of HD because
ganglion cells are normally absent in the anal canal. The
most common technique used is full thickness rectal wall
biopsy. A suction rectal biopsy can be used to obtain tissue
for histologic examination. Rectal mucosa and submucosa
are sucked into the suction device. In experienced centers,
the accuracy is 99.7%’.

In 1884 Franz Nissl (1860-1919) a medical student in
Munich, discovered darkly colored granules in neuronal
perikarya in sections of brain stained with methylene blue,
a cationic (basic) dye ®. Advances in electron microscopy
and biochemistry in the 1950s showed that the Nissl bodies
represented aggregations of rough endoplasmic reticulum,
containing numerous ribosomes. Here, mRNA is translated
and proteins are synthesized °.

Hematoxylinand Eosin(H&E)staining,Acetylcholinesterase
staining (AChE) are commonly used in the diagnosis of
HD. However, diagnosis is not possible with H&E every
times, because staining has limitations in the diagnosis of
immature ganglion cells in neonates and the submucosal
area in which the ganglion cells are small in number (three
to five cells per ganglion) and irregularly distributed and so
their identification is difficult and requires high expertise'®.
On the other hand although AChE activity is diagnostically
the most useful set of enzyme—histochemical reactions, it
is not sufficient; AChE stains the parasympathetic nerve
fibers and trunks of fibers that increase dramatically in the
lamina propia mucosa and submucous layer, but is not a
specific marker for ganglion cell !'. AChE staining requires
the experience of pathologists and in some instances
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interpretation is difficult 2. There are reports of false
positive and false negative results using this technique .

The Cresyl Violet Stain shows cell bodies of neurons
and processes by virtue of their abundant rough ER and
ribosomes (rRNA) or Nissl substance '*. Nissl substance
is very basophilic and will be very sharply stained with
basic aniline dyes like Cresyl violet '*. DNA present in the
nucleus stains a similar color. In all the neurons studied the
most prominent cytoplasmic basophilia consists of a broad
dense band lying near the cell periphery. This peripheral
basophilic ring is somewhat granular and shows local
variations in density. Additional smaller masses of Nissl
substance are usually to be found lying in the more central
cytoplasm. Frequently, small rounded basophilic masses
are found arrayed against the nuclear membrane forming
a nuclear cap '¢.

Toluidine blue stain (Tb): (also known as tolonium
chloride) is a synthetic, acidophilic metachromatic dye
that has an affinity for nucleic acids, and therefore binds
to nuclear material with a high DNA and RNA content,
in chromatin or Nissl substance '7 and selectively stains
nucleus blue and cytoplasm light blue '8.

Other acidic tissue components (sulfates, carboxylates, and
phosphate radicals) are stained in shades of blue. Toluidine
blue stains mast cells metachromatic violet (with histamine
and heparin metachromatic granules) '°. Metachromasia is
attributed to stacking of dye cations at the sites of high
density of anionic groups in the tissue. Stacking shortens
the wavelength of maximum absorption, a hypsochromic
shift, so that the maximum wavelength in the spectrum of
the transmitted light is longer making the observed color
red instead of blue .

The aim of this study was to demonstrate the efficacy
of Cresyl Violet and Toluidine blue special stains in the
identification of ganglion cells in suspected Hirschsprung’s
disease and to find other adjuvant histological criteria for
the diagnosis.

Materials and Methods

This prospective cross-sectional study was carried out from
February 2013 to February 2014, in Sulaimani Teaching
Hospital and Pediatric teaching hospital in Sulaimani
Governorate/Kurdistan-Iraq. A total 50 non selected cases
biopsied for suspected HD were stained with H&E stain.
Cases negative for ganglion cells were serially sectioned
and at least 4 additional sections were examined to confirm
the diagnosis and cases were divided accordingly into two
groups: HD and-non-HD. Mucosa and submucosa were
available for review in all the cases. Muscularis propria
was available in resection specimens only.
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All 50 cases then were stained with:

1. Toluidine blue (Santa Cruz Biotechnology) special
stain. This stain was used for two purposes; first to
identify ganglion cells. Second to count mast cells
in five high power fields (x 400) in the submucosa.
2122 Toluidine blue staining on paraffin sections was
performed using a simple Tb method that required
incubation of sections in 0.2% aqueous solution of Tb
in 56C° for 30 minutes and mounting in a water based
medium. (Mast cells in normal skin biopsies were
used as positive control).

2. Cresyl Violet (Santa Cruz Biotechnology) special
stain. This stain was used to identify ganglion cells.
Staining in 0.1% Cresyl Violet for 30 minutes was
done at 56C° and mounting in water based medium.
(Neurons in normal brain tissue were used as positive
control, Figure 1a)

According to the two special stains all cases were graded
as follows:

1 + Some what easy to identify

2 + Easy to identify

3 + Very easy to identify

- No ganglion cells seen #

H&E- and Tb-stained sections were examined for the
presence or absence of hypertrophic nerve fibers in the
submucosa then the relations between ganglion cells,
hypertrophied nerve fibers and mast cells were studied.
The results of the three stains were evaluated together and
compared with similar studies.

All data (mean, standard deviation, percentile and
graphical presentation) were inferred and analyzed using
the Statistical Package for Social Sciences SPSS version
21 software for windows 7. Chi square test was used to
compare the differences between variables and other
tests used where found applicable .Level of statistical
significance was set at P value < 0.05.

Result

A total of 50 cases of chronic constipation in children
below 7 years were studied. The age of the patients ranged
from 0.6 month (2 days) to 84 months (7years) (mean +
2 SD = 19.425 + 20.098 months). 27 cases (54%) were
rectal punch biopsies while 23cases (46%) were resection
specimens. Based on the findings of H&E stained sections
of rectal biopsies, they were divided into two groups: HD
included 20 cases (40%) and-non-HD included 30 cases
(60%). In HD group a male to female ratio = 1.5. Biological
demography of all cases is shown in both Table-1and 2.

By using Toluidine blue special stain the ganglion cells
were identified in 34 (68%) out of 50 cases and the ganglion
cells were very easily identified in 36% cases. While only
in 16 cases no ganglion cells were identified i.e. HD group.
By using Cresyl violet special stain (figurel,b) the ganglion
cells were identified in 36 (72%) out of 50 cases i.e.
non-HD group while only in 14 cases no ganglion cells
were identified i.e. HD group as shown in Table 3.

So the HD group consists of 20 cases by H&E stain while
it consists of 16 cases by Tb and only 14 cases by Cresyl
violet stain.
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Fig. 1: (a) Normal brain tissue as positive control. Note the distribution of the stain in the nucleolus, perikaryon and
dendrites. (b): Different size ganglion cells in non-HD case. (Cresyl Violet, x400)
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Table 1: Relation between gender and age groups in months in HD and non-HD patients.

<1 1 1 0 1
1-11.9 7 11 2 3
12-23.9 0 2 1 2
24-35.9 0 3 5 2
36-47.9 2 1 0 0
48-59.9 2 0 0 0
60+ 0 3 0 1
Total 12 21 8 9
33 17

Table 2: Descriptive Statistics in all cases.

All cases 50 0.6 84.00 19.4258 20.09820
HD 20 0.13 48.00 19.0565 16.41888
Non-HD 30 0.6 84.00 19.6720 22.48861

Table 3: Identification of ganglion cells by Toluidine blue and Cresyl violet stains

No ganglion cells seen 16 32% 14 28%
Some what easy to identify 8 16% 10 20%
Easy to identify 8 16% 12 24%

Very easy to identify 18 36% 14 28%
Total 50 100% 50 100%

No statistically significant difference between Cresyl violet
and Toluidine blue in the identification of ganglion cells is
found as shown in table 4 (p-value=0.96).

The number of mast cells in the submucosa in Shpf was
counted. The relation between mean number of mast
cells in the submucosa in Toluidine blue stained sections
between HD (18.10 = 10.06) and non-HD (18.0 = 9.94)
groups in H&E stain was done and no statistically
significant correlation between the two variables was
found (P-value=0.971). In HD group the mast cells were
characteristically distributed around the nerves and blood
vessels in addition to being randomly scattered. Mast cells
were also present in large numbers in some non-HD cases
(figure 2 a, b) mainly near submucosal blood vessels.

www.pacificejournals.com/apalm

Kobayashi et al 2, Demirbilek et al >* and Amit et al *'in their
studies found there is statistically significant difference
between the number of mast cells in the submucosa of HD
and non-HD groups but with no clear cut base line value.
The mean number of mast cells in the submucosa of HD
group in this study was compared with mean number of
mast cells in the previous studies and a no statistically
significant difference is found between this study and Amit
et al study (p. value 0.159) as shown in Table 5.

The mean number of mast cells in the submucosa of non-
HD group in this study was compared with mean number
of mast cells in other similar studies and no statistically
significant difference is found between this study and
Demirbilek et al > study as shown in Table 6.
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Table 4: Relation between Identification of ganglionic cells by Cresyl violet stain & Toluidine blue stain.

Cresyl violet No ganglion cells 14 0 14
stain ganglion cells 2 34 36 0.96
Total 16 34 50

Table 5: Comparison of mean number of mast cells/5 hpf in submucosa of HD cases with previous studies.

Kobayashi et al22 72+34 18.10 £ 10.06 0.000
Demirbilek et al 24 54+1.2 18.10 £ 10.06 0.000
Amit et al21 14.8+5.3 18.10 £ 10.06 0.159

Table 6: Comparison of mast cells/5 hpf in submucosa of non-HD cases with previous studies.

Kobayashi et al 22 239+6.6 18.0 £9.94 0.003
Demirbilek et al 24 18.2+3.3 18.0 £9.94 0.913
Amit et al 21 36.36 + 39.58 18.0 +9.94 0.000

another non-HD case. (arrows to submucosal ganglia), (Tb, x400)

The correlation between the hypertrophied nerve fibers
presence and ganglion cells presence by H&E stain in
all fifty cases were studied and statistically a significant
difference is found between HD and non HD groups as
shown in Table7. All the seven cases of hypertrophied
nerve bundles were found in HD group confirmed by
Toluidine blue (figure 3) and Cresyl violet.

Discussion

Evaluation of suction rectal biopsies for the presence of
ganglion cells remains very challenging, especially in
negative or equivocal cases. The majority of these biopsies
are performed on newborn infants, in which the immature
ganglion cells can be confused with endothelial cells or
fibroblasts. As a result of these difficulties, a large number
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Table 7: Relation between HD and non-HD groups and
the presence hypertrophied nerve bundles.

Presence presence of
of ganglion | hypertrophied nerve P-
cells in H&E bundles value
stain absent present | Total
HD 13 7 20
Non-HD 29 1 30 0.048
Total 42 8 50
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Fig. 3: Hypertrophied nerve bundles with no associated
mast cells in HD case. (Tb, x200)

of histochemical and immunohistochemical stains have
been proposed to assist in the identification of ganglion
cells, or to delineate the nature of the nerve fibers in suction
rectal biopsies®.

Cresyl violet or Toluidine blue with or without H&E were
used in many studies as the main stains to highlight the
ganglion cells in suspected Hirschsprung’s desease by the
principle of metachromasia %,

This study was performed to find a stain superior to H&E for
identification of GC spatially when immunohistochemistry
is not available. It showed that both Toluidine blue and
Cresyl violet stains are superior to H&E for identification
of ganglion cells in rectal specimens with no statistically
significant difference between the two stains. This is
partially in agreement with HM. Canil et al who used
Tb stain and found that Toluidine blue method is a
reproducible and reliable way of demonstrating ganglion
cells in frozen rectal biopsies. This method provides faster
and easier identification of ganglion cells than with H&E
staining **. Both Tb and Cresyl violet stains are fast, easy,
cheap, do not need a counter stain and can be performed
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in any lab. as a routine stain instead of H&E in suspected
HD cases. Grading of specimens according to the two
stains was somewhat identical; the minor differences seen
were related to the scantiness of remaining material for
processing for Cresyl violet and obviously encountered in
punch biopsy only.

This study was also designed to find adjuvant histological
criteria that assist in the diagnosis of HD cases. Mast cells
secrete a great variety of biological active substances, MC
synthesize, store and release nerve growth factor (NGF)
responsible for the growth and repair of nerve fibers 2**
32, MC are observed in great amount in digestive tract
and may exert an important effect on differentiation and
regeneration of intestinal nervous system. *-° . The exact
role of MC in HD is still not known 2243334 Toluidine blue
stain serves to highlight mast cells. Recently there has been
a lot of interest in the role of mast cells in HD. Kobayashi
et al described an increased number of mast cells in the
aganglionic segment of the colon in patients with HD*.
Similar findings were reported by Demirbilek et al ** and
Amit et al*'. They mentioned a transmural distribution of
these cells in HD cases and notably around nerve fibers
and perivascularly. This is highly in disagreement with this
study which shows statistically no significant difference in
mast cell number in the submucosa between HD and non-
HD groups. In this study mast cells were characteristically
distributed around the nerves and blood vessels in addition
to being randomly scattered HD group. However, in one
study done by Hermanowicz et al®, it was mentioned that
MCs were increased in the mucosa and lamina propria
of HD but the increase in mast cells in the submucosa,
muscularis propria and serosa were not statistically
significantly changed, which is in agreement to our finding.

In this study mast cells were also seen in the ganglionic
segment. A similar finding was mentioned by Amit et al
2!, This may be due to the response of the mast cells to
infectious agents or allergens rather than their association
with aganglionosis. An increased number of mast cells is
also reported in various other gastrointestinal disorders
such as acute appendicitis, ulcerative colitis, celiac disease
and gluten enteropathy ***’. This creates a dilemma in the
interpretation of a rectal biopsy in suspected HD and may
lead to some bios.

Cholinergic nerve hyperplasia is a consistent finding in
the aganglionic segment of bowel. whole-mount studies
have suggested that the hypertrophic nerve trunks are blind
ending, bulbous terminations of extrinsic enteric serosal
nerves and not from intrinsic submucosal and muscle
nerves *¥. Clearly NGF and its receptor play a role in
this stimulus, possibly from NGF produced by the hypo-
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innervated colonic muscle or from the distorted intrinsic
nerve plexuses *. In this study Nerve bundle hypertrophy
in the submucosa was another histological criterion to be
noted in suspected HD cases. M. K. Babu et al *used H&E-
and Tb and AChE-stained sections in their study to measure
the thickness of nerve trunks in the submucosa using the
Leitz oculometer . Kakita et al in their study used 2 nerve
markers-erythrocyte-type glucose transporter (GLUT-1),
and nerve growth factor receptor and they conclude that
measurements greater than 50 microm in diameter (a figure
which may be used as a threshold for hypertrophic nerves),
are suggestive of Hirschsprung disease “. While Monforte-
Muiioz H et al conclude that submucosal nerve trunks that
are 40 microm or greater in diameter strongly correlate
with abnormal innervation/aganglionosis *'. Since no clear
cut line for nerve bundle hypertrophy, in this study simple
histological criteria in H&E and Toluidine blue stained
sections were used; the hypertrophic nerve bundles,
unlike the random arrangement of the round nuclei of
Schwann cells in normal neuronal plexuses, had a parallel,
longitudinal pattern of elongated Schwann cell nuclei in
the nerve trunks. Collagen and a distinct perineurium were
clearly seen in the hypertrophic nerve bundles but not in
normal plexuses. A significant correlation between the
presence of submucosal nerve bundle hypertrophy and HD
cases is found in this study and confirmed by Toluidine
blue and Cresyl violet. One case in which hypertrophied
nerve bundles were seen in non-HD case could be a case
of intestinal neuronal dysplasia which is out of the scope
this study.

Conclusion

Toluidine blue and/or Cresyl violet stains should to be
used as the routin stain to highlight the ganglion cells in
suspected Hirschsprung’s disease cases. Submucosal nerve
bundle hypertrophy has to be assessed as an adjuvant
histolological criterion. While mast cell count in the
submucosa is a non significant criterion in HD.
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