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I. INTRODUCTION

~ Derived from pluripotent hemopoetic stem cells and their
phenotype is bidirectionally changeable under the .regulation of
“micro environment” (Macy, 1986) mast cells occur in all vertebrate
classes from fishes to mammals, but wide variation exist in their
distribution, numbers, and intracellular constituent (Macy, 1986 and
Madewell et al.,, 1985). However, not been proven to derived from a
common stem cell in either animals or human (Denburg, 1992).

They are classified into two subtypes, mucosal type (MMC) and .
connective tissue type (CTMC), based on their histochemical
properties (Enerback, 1986), reactivity to secretagogues (Shanahan et
al., 1985), type of granule protease's (Miller et al.,, 1989), and also of
their growth factor dependency (Smith and Weis, 1996 and
Hamaguchi et al, 1987). MMC are widely distributed in the
gastrointestinal and respiratory mucosa, and CTMC are commonlyv
seen in the skin and tongue }(Bienenstock et al, 1985) their
distribution varies among speéies and sites. Their primary function.
appears to concern defense inechanism, particularly the induction of,
- acute inflammatory reactions and participation in immune responses
(Galli, 1993). The subsequent response to antigen or otfler micro
environmental changes can be modified or influenced by the behavior

of the enteric nervous system, and ultimately by the central nervous
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system (Hamaguchi et al., 1987). It is well known that dog mast cells
contain an impressive array of physiologically active component (Mc
Kay and Bienenstock, 1994).

Here we further describe the distribution and histochemical
characterizations of mast cells in various sites including
gastrointestinal of dogs. The result show, that mast cells were
observed in the whole organ that examined and the number were

varied among their sites.



II. MATERIALS AND METHODS

II.1. Animals

All animals used in this study were clinically normal adult dogs
(2 male and 1 female). The organs that observed were ear (skin),
tongue, lung, heart, lymphoglandula bronchiole; lymphoglandula
mesentery, spleen, kidney, peritoneum, liver, stomach, duodenum,
jejunum, ileum, caecum, colon and rectum.

In order to served animals as controls, 7 weeks old Wistar rats
were infected by subcutaneous inoculation with 25.000 third-stage
infective larvae (La) of Strongyloides venezuluensis and duodenum

examined 3 weeks after infection.



II.2. Tissue Processing

tissue 2-3 cm

Fixation Carnoy's fixation 2-3 hours

Dehydration 100% alcohol I - 1 hour
100% alcohol I - 1 hour
100% alcohol III - 1 hour
lemosol I - 30 minutes
lemosol II - 30 minutes

lemosol III - 30 minutes

Paraffinization 60° C paraffinI - 1 hour

iy
60° C paraffin II - 1 hour
a
paraffin embedding
iyt
microtome 4-6 um
floated in water - room temperature

fixed in slide glass

floated in water bath - 35°C

over night at 50°C plate
iyt

staining technique



II.3. Staining Process for Distribution of Mast Cells (Nawa et al,
1994)

Deparaffinization lemosol I - 10 minutes
lemosol II - 10 minutes
Rehydration 100% alcohol - dipped for 4-5 times
99% alcohol - dipped for 4-5 times
90% alcohol - dipped for 4-5 times
80% alcohol - dipped for 4-5 times
70% alcohol - d%ped for 4-5 times
washed in tap water
0.1% alcian blue ﬁH 0.3 - over night
0.7 N HCI - 5-10 minutes
rinsed in distilled water
0.5% safranin O pH 0.1 - 15-30 minutes
Dehydration 90% alc%ol - 1time
99% alcohol - 4-5 times
100% alcohol - 4-5 times
lemosol I - 10 minutes
lemosol II - 10 minutes

mounted - studied under light microscope



II.4. Staining Process for Mast Cells Stainability Against Formalin
Fixation (Nawa et al, 1994) ,

Deparaffinization lemosol I, II - @ 10 minutes
Rehydration 100% alcohol - dipped for 4-5 times
99% alcohol - dipped for 4-5 times
90% alcohol - dipped for 4-5 times
80% alcohol - dipped for 4-5 times
70% alcohol - dipped for 4-5 times
washed in tap water
10% buffer formalin (30, 60, 120 minutes)
washed in tap water
0.1% alcian blue IE)LH 0.3 - over night
0.7 N HCI - 5-10 minutes
rinsed in distilled water
0.5% safranin O pH 0.1 - 15—30 minutes
Dehydration 90% alcohol - 1 time
99% alcoh%- 4-5 times
100% alcohol - 4-5 times
lémosol I, II - @ 10 minutes

mounted - studied under light microscope



I1.5. Berberine Sulfate Staining Technique to Confirm the
Presence of Heparin (Enerback, 1974)

slide glass from tongue, liver, jejunum, colon from dog
and duodenum from rat

Deparaffinization lemosol I - 10 minutes
lemosol II - 10 minutes
Rehydration 100% alcohol - diffed for 4-5 times
99% alcohol - dipped for 4-5 times
90% alcohol - dipped for 4-5 times
80% alcohol - d%)ed for 4-5 times
70% alcohol - dipped for 4-5 times

rinsed in distilled water - 10 minutes

stained for 20 minutes in 0.02% aqueous berberine sulfate titrated
to a pH of less than 4 with 37% HCl 1 M

rinsed in distilled water 10 minutes
adjust to a pH corresponding the staining solution

mounted in water
studied under fluorescence microscope
counterstaining with 0.1% alcian blue pH 0.3

mounted - studied the same field under light microscope
(Horii et al, 1992)



I1.6. Critical Electrolyte Concentration (CEC) Staining Technique

to Define Glycosaminoglycans In Situ (Scott and Dorling,
1965)

6 pm serial sectioned tongue, liver, jejunum, colon from dog
- and duodenum from rat

Deparaffinization lemosol I, II ]% 10 minutes

Rehydration 100% alcohol - dipped for 4-5 times
99% alcohol - d%ped for 4-5 times
90% alcohol - dipped for 4-5 times
80% alcohol - dipped for 4-5 times
70% alcohol - dipped for 4-5 times

washed in tap water

0.05% alcian blue in 0.005 M buffer acetate contain
various concentration of MgCl2

rinsed in distilled water
Dehydration 90% alcohol - 1 time
99% alcohol - 4-5 times
100% alcohol - 4-5 times
lemosol I, II - @ 10 minutes
mounted- studied under light microscope

The CEC was defined as the electrolyte concentration at which the
staining of 50 % of mast cells was extinguished.



III. RESULTS

Mast cells in different parts of the body appear to have different
morphologic, biochemical and functional characteristic (Rogers,
1996). As shown in Table 1, mast cells were distributed in the whole
organ that examined and the number were varied andong their sites.
It stained with alcian blue and safranin O had blue granules against
a pale red background (Strobel and Miller, 1981). They distributed
throughout connecti\}e tissue that consist of collagen, elastic and
reticular fibers, adjacent to blood or lymphatic vessels (Figure 1la).
There were no significant decreased after fixed in buffered formalin in
comparison with section that fixed in Carnoy’s fluid (Figure 1b). Even
for some organs (tongue, peaxt, kidney, liver, and spleen) seen the
constant number of mast cells. Alcian blue and safranin O
stainability of mast cells against formalin fixation in ear of dogs were
showed in Table 2. All of them were s'tained mixture (both alcian blue
and safranin O) after fixed in Carnoy’s fluid and several mést cells
were stained with safranin O after 60 and 120 minutes fixed in
buffered formalin. From these results mast cells that distributed in

those organs were formalin resistant.



10

Table 1. Distribution and formalin sensitivity of mast cells in various
sites of dogs.

Ear 54.417.6 544476 54.447.6 54.417.6

Tongue 41.7+1.0 41.7+1.0 41.7+1.0 41.7+1.0
Heart 14.442.6 14.442.6 14.4+2.6 14.442.6
Lung ' 102.617.1 102.447.1 102.4147.1 102.747.2
Lgl.bronchiale 80.1+4.8 80.1+4.8 80.144.8 80.2+4.8
Lgl.mesentery |  43.314.8 43.3+4 8 43.1+4.5 4341448
Kidney 1.1+0.1 1.140.1 1.140.1 1.140.1

Liver 95.7+4.1 95.744.1 95.7+4.1 95.744.1
Spleen 12.243.1 12.243.1 12.243.1 12,2431
Peritoneum 13.240.1 13.240.1 13.240.1 13.340.2

Figures represent mean + Standard Deviation from 3 animals.

Table 2. Alcian blue and safranin O stainability of mast cells against
formalin fixation in ear of dogs.

R & £ 0 RS = >

Safranin O 0 9.7+0.4 13.344.7 0
Mix | 54.447.6 44.617.4 41.143.0 54.447.6

Figures represent mean + Standard Deviation from 3 animals.

Numerous mast cells were 'observed in the gastrointestinal
(Table 3), primary in villous lamina propria and the great number
those were in jejunum and reétum (Figure 2c}. No intraepithelial mast
cells were present in the villous lamina propria from dog on the
normal condition, whereas distribution of mast cells in the
duodenum of Strongyloides venezuluensis-infected rats were

commonly seen in the mucosal lamina propria and occasionally
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intraepithelial. Those numbers in villous lamina propria after 30 and
60 minutes fixed in buffered formalin were less compare after fixed in
Carnoy’s fluid (Figure 2d), whereas for muscularis mucosa,
submucosa,’ muscle layer and serosa seen the constant number of
mast cells after fixed in buffered formalin. The same condition with
mast cells that seen in the other organs that examined (Table 1,2)
mast cells in muscularis mucosa, submucosa, muscle layer and
serosa were formalin resistant and several of them safranin O-
positive cells.

In order to see whether mast cells of ‘dogs contain heparin in
their granules, Carnoy’s fixed tissue section were first examined
fluoromicroscopically by berberine sulfate staining and subsequently
the same sections were stained with alcian blue and safranin O.
Strongly berberine sulfate fluorescence positive mast cells of jejunum
and colon of dogs present in muscularis mucosa, submucosa, muscle
layer and serosa, whereas very few in villous lamina propria (Table 4)
(Figure 3a). There were no berberine sulfate fluorescence positive
mast cells in villous lamina propria from duodenum rats (Table 4).
This point indicated that mast cells in muscularis mucosa,
submucosa, muscle layer, and serosa are of the heparin containing
type. Practically all mast cells in tongue and liver were exclusively

berberine-positive (Table 4) (Figure 4a) indicating that, they contain
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heparin in their granules moreover these mast cells were formalin
resistant.

Table 3. Alcian blue and safranin O stainability of mast cells
‘against formalin fixation in the gastrointestinal of dogs.

Dogs
Duodenum VLP 518.9+472 0 0 0 0 37274242 |0 0 288.51+44.6
MM+SM [159.4+4.9 0 3.9+42.2 0 26.6+6.8 135.1+15 0 39.5+155 121.4+12.8
ML+S 23434659 0 3.9+28 0 11.3+44 226.4+63.7 |0 31.6+178 2054+484
Jejunum VLP 607.1+690 0 0 0 0 5824+63.0 |0 0 535.8465.9
MM+SM- |210.2+16.3 0 54439 0 31.6+5.7 184.6x17.7 |0 323+48 18394173
ML+S 220.2:216 0O 8.5+1.1 0 0 228.2+21.3 (0 25+2.0 225.8+19.4
Ileum VLP 561.6+35.7 0 0 0 0 - 3285+708 |0 0 219.9+84.8
MM+SM [101.1+5.4 0 2.2+1.6 0 15.0+5.0 864+438 0 21.2+39  79.9+6.1
ML+S 136.7+525 0 7.5+1.6 0 0 144.01515 |0 44+1.2 135.6+51.0
Cecum VLP - |507.0+403 0 0 0 0 32794171 [0 0 264.3+355
' MM+SM [145.6+139 0 1.1+0.9 0 26.3+15 120.9+129 {0 436491  103.6120.7
ML+S 104.8+6.8 0 1 6.0+1.9 0 3.0+06 107.6+8.0 0 16.3+43  94.3+6.5
Colon VLP 475.4+274 0 0 0 0 19244810 (0 0 191.0481.6
MM+SM [147.11456 0 3.3+2:6 0 92+1.7 141.1+424 |0 33.3+4.9 117.0+38.7
ML+S §3.3+12.5 0 6.2+0.8 0 0.9+0.1 88.3+13.0 0 106424  78.6+14.1
Rectum VLP 62751142 0 0 0 0 351.6+171 |0 0 201.5+32.7
MM+SM (14004216 O 34126 0 25.1+7.7 119.3+176 10 453+11.0 99.2+10.9
ML+S 92.0+13.0 0 55423 0 29+05 94.2+15.1 0 129435  84.2+13.9
Stomach VLP 319.3+1041 0 0 0 0 16461541 |0 0 132.1474.2
MM+SM |71.0+8.2 0 54409 0 35+14 72.949.0 0 10.0+42 66.4+11.6
ML+S 5274148 -0 24+1.3 0 14405 53.6+14.7 0 4.0+1.1 51.0+15.3
Rats
Duodenume VLP 2036.9+146.3 0 0 0 0 486.4+123.6 |0 0 0
MM+SM [852.2+102.0 O 0 0 0 84434909 |0 89.2+12.1 755.0£79.0
ML+S 1733330 0 5.6+14 0 67.5+6.1 11444274 |0 15914320 19.8+104

Figures represent mean + standard deviation from 3 animals. AB+ =
alcian blue positive; SO+ = safranin O positive; VLP = villous lamina
propria; MM+SM = muscularis mucosa and sub mucosa; ML+S =
muscular layer and serosa.

a  Duodenum tissue were obtained from rats 3 weeks after infection
with 25.000 Strongyloides venezuluensis as a control.

u
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Figure 1. Mast cells in the dog's liver adjacent to blood vessel after
fixed in Carnoy's solution (a) and after fixed in buffer formalin
solution for 60 minutes (b).

Figure 2. Mast cells in the villous lamina of duodenum from dog after
fixed in Carnoy's solution (e¢) and after fixed in buffer formalin
solution for 60 minutes (d).



14

Figure 3. Successive staining of mast cells with berberine sulfate and
alcian blue-safranin O in the inner muscle layer of jejunum. Sections
were first stained with berberine sulfate, photographed under a
fluorescence microscope (a). The sections were then washed and
stained with alcian blue-safranin O, photographed under a light
microscope at the same field (b).

Figure 4. Staining of mast cells with berberine sulfate and alcian
blue-safranin O in the in the liver of dog. Sections were first stained
with berberine sulfate (a) and then stained with alcian blue-safranin
O (b).
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Table 4. Berberine sulfate stainability of mast cells in various sites of
dogs.

4 Dogs

Jejunum + +++ +4+
Colon + 4+ 4+
Rats

Duodenums® - + ++

Dogs
Tongue ' ++++ (practically all)
Liver ++++ (practically all)

VLP=villous lamina propria; MM+SM=muscularis mucosa and sub mucosa;
ML+S=muscular layer and serosa; + = berberine sulfate fluorescence
positive; - = berberine sulfate fluorescence negative.

a Duodenum tissues were obtained from rats three weeks after
infection with 25.000 S.venezuluensis Lz as a control.

To further confirm these findings, the CEC which is the
concentration of MgCly that caused 50% reduction of alcian blue
staining was determined for mast cells in dog. From f{ifth Figure, the
CEC of mast cells in the tongue and liver of dogs were about 1.3 M
and 1.0 M. All these values were far more higher than that of
duodenum rats mast cells about 0.5 M indicating that these mast\
cells contained heparin in their granules. And the CEC of mast cells
in the jejunum of dogs was about 0.9 M; this point was for whole part
of jejunum, inclﬁding villous lamina propria until serosa (Figure '5).‘

As shown in Figure 6, the CEC of mast cells in the villous lamina
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propria was 0.5 M and for those in (muscularis mucosa and
submucosa), (muscle layer and serosa) were about 1.2 M and 1.2 M.
If these findings were connected with the berberine sulfate staining
data (Table 3), those mast cells in muscularis mucosa, submucosa,
muscle layer and serosa were strongly berberine sulfate fluorescence,
whereas that complex were very few in villous lamina propria. Both
situations indicated that jejunum mast cells from muscularis mucosa

until serosa contained heparin in their granules.
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Figure 5. Critical electrelyte concentration staining of tongue (+¢),
liver (0) and jejunum (+) mast cells of dogs in comparison with
duodenum mast cells of rats (s). Each point and vertical bar
represent means value + standard deviation of three animals.
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Figure 6. Critical electrolyte concentration staining of VLP (+),
MM+SM (¢} and ML+S (o) ' jejunum mast cells of dogs. Each point
and vertical bar represent means value + standard deviation of
three dogs. VLP=villous lamina propria; MM+SM=muscularis
mucosa and sub mucosa; ML+S=muscular layer and serosa. '

120 -
100 -
80 4
K]
°
© 604
3 +VLP y=71.133-41.358x
p-—
2 401
& MM+SM y=129.9-65.355x
20 ,
. + O ML+S y=130.333-64.376x

00 02 04 06 08 1.0 12 14 16 18 20 22
MgCl; (M)




IV. DISCUSSION

| Armed with specific IgE antibodies, and strategically positioned
adjacent to blood vessels, lymphatic, and nerves in the epidermal and
mucosal surfaces, the mast cells is in an ideal position to act as an
‘antigen sensor’ or surveillance cell (Galli, 1990). In several species,
there appear to be at least two distinct classes of tissue mast cells
that differ in their content of intragranular amines, proteoglycans,
and proteases (Katz et al.,, 1985). In clinically normal dogs, a few to
several mast cells may be encountered in smear of lymphonode
aspirate, rare in smears of bone marrow aspirate, and absent from
smears of buffy coat (Bookbinder et al., 1992) but found in buffy coat
preparation from any dog with an inflammatory skin disease and not
to disseminated mast cell tumor (Cayatte et al., 1995). Based on
morphologic, ultrastructural and histology criteria, Enerback (1966)
has shown mast cell heterogeneity in different sites of rats. Following
this, histochemical method to demonstrate proteoglycans has been
practically used to distinguish them in situ rats and mice (Enerback
et al, 1986). Staining mast cells populations with alcian blue followed.
by safranin O, two cationic dyes believed to bind differentially
granular proteoglycans (Katz et al.,, 1985) give good result after fixed
with Carnoy’s or Motas’s, whereas some fixatives such as neutral

buffered formalin preserve CTMC granules but not MMC granules in
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histology sections (Enerback, 1966). Optimal fixation- will result in
precipitation of glycosaminoglycans leaving polyanionic sites available
for binding of dye (Strobel and Miller, 1981).

Mast cells observed in various sites of dogs except those
present in villous lamina propria were formalin resistant and several
of them stain mixture between alcian blue and safranin O.
Distributed throughout connective tissue which consist collagen,
elastic and reticular fibers, adjacent to blood or lymphatic vessels. To
destine specially mast cells ih ear, we counted separate between mast
cells which stained only alcian blue or safranin O, or mixture (both
alcian blue and safranin O) whereas several of them  safranin O
positive cells after buffered formalin fixation (Table 2). Fujimaki et al
(1992) reported that no significant differences on morphology of mast-
cells after treated with formaldehyde were see using transmission
electron microscope.

In order to stain mast cells granules that present in villous
lamina propria, alcian blue lost it's stainability against buffered
formalin fixation (Table 3) (Figure 2d) indicating formalin sensitive
granules. Furthermore these mast cells ’pind only alcian blue after
Carnoy’s fixation, whereas some mast cells in the other part of
gastrointestinal bind both alcian blue and safranin O, indicating -

these granules contain proteoglycans with less sulfated
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glycosaminoglycans than do the granules of mast cells in muscularis
mucosa, submucosa, muscle layer and serosa. Strobel and Miller
(1981) suggested that failure of dye binding in intestine mucosal vmast
cells may be due to alterations induced by formaldehyde in the
relationship between glycosaminoglycans and basic proteins of the
granules. Considering such variance, further comparative
‘histochemical and functional characterization such as reactivity. to
secretagogues (Shanahan et al.,, 1985) is necessary to determine
whether formalin-sensitive mast cells in dog are abundant in
gastrointestinal mucosal tissue, those present in villous lamina
propria termed as mucosal mast cells (MMC). Whereas formalin-
insensitive/resistant mast cells are widespread throughout
connective tissue, termed as connective tissue mast cells (CTMC).

The dye berberine sulfate forms a strong fluorescent complex

with heparin, so that it has been used for the detection of CTMC

(Enerback, 1974). Strongly berberine sulfate fluorescence positive of - -

jejunum and colon dogs prgsent in muscularis mucosa, submucosa,
muscle layer and serosa, whereas very few in villous lamina propriq
(Table 4). Furthermore, exclusively berberine positive mast cells
present in tongue and liver (Table 4), these two points indicating are
of the heparin containing type, moreover these mast cells were

formalin resistant.
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In addition to the berberine fluorescence méthod,
determination of the critical electrolyte concentration, the principle of
which was introduced by Scott and Dorling (1965) has also been used
for the detection of mast cells subtypes (Enerback et al.,, 1986). In
rats the CEC of MMC is substantially lower {about 0.6 M) than that
dermal CTMC (about 1.0 M), reflecting chondroitin sulfate and
heparin as their respective granular proteoglycans (Enerback, 1987
and Miller et al., 1972). The CEC of mast cells in the tongue and liver
of dogs were about 1.3 M and 1.0 M, indicating contained heparin in
their granules (Figure 5). As shown in Figure 6, the CEC of mast cells
in the villous lamina propria was 0.5 M and in the (muscularis
mucosa and submucosa) and (muscle layer and serosa) were about
1.2 M and 1.2 M. These findings supported that liver, tongue and
muscularis mucosa until serosa mast cell granules contained highly
sulfated giycosaminoglycans which is heparin, than do the granules

of mast cells in villous lamina propria.



V. CONCLUSION

As an overall conclusion dog also have mast cells that
distributed in the connective tissue of ear (skin}, tongue, lung, heart,
lymphoglandula bronchiole, lymphoglandulé mesentery, spleen,
kidney, peritoneum, liver, stomach, duodenum, ‘jejunum, ileum,
caecum, colon and rectum. Like other species dog's mast cells have
two subtype, MMC, and CTMC, which can be discriminated by their

location and histochemical characterizations.
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