
Virchows Archiv (1995) 426:267-270 © Springer-Verlag 1995 

O R I G I N A L  A R T I C L E  

Ichiro Takayama • Yasuhisa Fujii • Shinichi Ohno 
Masayuki  A. Fujino 

Freeze-fracture immunocytochemistry for intracellular localization 
of serotonin in mast cells stimulated with compound 48/80 

Received: 4 October 1994/Accepted: 14 December 1994 

A b s t r a c t  Changes  o f  intracellular localization of  sero- 
tonin in rat mast cells were examined by freeze-fracture 
immunocytochemis t ry ,  to prevent the translocation of  the 
serotonin antigen. Rat peritoneal cells including mast  
cells were stimulated in vitro with compound  48/80, at 
17 ° C for 0, 30 or 60 s for exocytosis  to occur. The mast  
cells were fixed, quickly frozen and freeze-fractured to 
expose the antigen on the fractured surface. They were 
immunosta ined with serotonin antibody, and the im- 
munoreact ions  on the fractured surface were examined 
on ultrathin sections by electron microscopy.  Unst imu-  
lated mast  cells exhibited serotonin localization most ly  
in each intragranular matrix. In contrast, mast  cells stim- 
ulated for 30 s exhibited increased serotonin in their in- 
tergranular cytoplasm. Mast  cells showed more  distinct 
immunoreact ions  in the cytoplasm where degranulation 
would be promoted  after 60 s. It is suggested that intra- 
cellular release o f  serotonin occurred in the stimulated 
mast cells. 

Key  w o r d s  Mast  cell • C o m p o u n d  48/80 • Exocytosis  • 
Freeze-fracture immunocytochemis t ry  

Introduction 

Secretory granules of  rat mast  cells contain much hepa- 
rin proteoglycans  and various chemical  mediators such 
as histamine and serotonin [1, 3, 11, 16]. However,  it has 
been suggested that coexisting histamine and serotonin 
have divergent roles in delayed hypersensit ivity with dis- 
crepancy between their corporate functions [4]. Differen- 
tial release o f  serotonin and histamine is promoted  by the 
tricyclic anti-depressant drug, amitriptyline, which pre- 
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vents exocytosis of  secretory granules and histamine re- 
lease, while serotonin is released without  exocytotic 
mechanism [16] and it has thus been suggested that mast  
cells have an unknown mechanism for the release of  se- 
rotonin. It has also been reported that a varying propor- 
tion of  granules released serotonin intracellularly [2a], 
but there is little work on the ultrastructural localization 
o f  serotonin in stimulated mast  cells. 

Recently, freeze-fracture immunocytochemis t ry  has 
been used in electron microscopy  because of  its advanta- 
ges in avoiding the translocation of  antigens [5]. We used 
this method to investigate ultrastructural localization of  
serotonin in mast cells st imulated with compound  48/80. 

Materials and methods 

Twenty-five male Wistar rats weighing 240-280 g were purchased 
from Japan SLC (Shizuoka, Japan). The rats were anaesthetized 
with ether and bled out from bilateral carotid arteries. Then 10 ml 
of Dulbecco's modified Eagle's medium (Flow Laboratories, 
USA) containing 10 unit/ml of heparin and 0.1% bovine serum al- 
bumin (BSA) was injected into each peritoneal cavity. After gentle 
massage of the abdomen, peritoneal fluid was pipetted [2b, 7, 9]. 
The peritoneal fluid of each rat was mixed, and centrifuged at 
1000 rpm for 10 min. The supernatant was then discarded and the 
centrifuged peritoneal cells were collected. To produce degranula- 
tion of mast cells, they were stimulated with 10 ,ug/ml of com- 
pound 48/80 (Sigma, USA), which has often been used as a mast 
cell stimulator, at 17 ° C for 30 or 60 s [1, 9, 15, 16]. Unstimulated 
must cells were designated as resting cells. 

For freeze-fracture immunocytochemistry, mast cells were im- 
mediately fixed in 2.5% glutaraldehyde (GA) in 0.1 M phosphate 
buffer (PB) for 1 h, embedded in 30% BSA, and gelatinized by 
crosslinking with 2,5% GA in PB for 8 h. The gelatinized BSA 
were cut into small pieces, immersed with 30% glycerol in PB and 
quickly frozen in isopentane-propane mixture (-193 ° C) cooled 
with liquid nitrogen. Frozen specimens were transferred to a tissue 
homogenizer filled with liquid nitrogen and repeatedly fractured 
into fine fragments [5, 8]. The specimens were washed in 0.1 M 
phosphate buffered saline (PBS) containing lysine, and incubated 
with rabbit anti-serotonin serum (Chemicon, USA) diluted at 1:40 
for 1 h at 37 ° C, while control preparations were treated with nor- 
mal rabbit serum. After washing in PBS, they were treated with 
goat anti-rabbit IgG coupled with peroxidase (Cappel, USA) for 1 
h at 37 ° C, and then visualized by routine diaminobenzidine meth- 
od. They were washed in PBS, and postfixed with 1% osmium re- 
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troxide in PB for 1 h. They were washed in PBS, dehydrated in a 
graded series of ethanol, immersed with propylene oxide and em- 
bedded in Epok 812. One micrometer thick sections of the speci- 
mens were examined under a light microscope. Ultrathin sections 
were cut with an ultramicrotome, mounted on copper grids and ex- 
amined without electron staining in a Hitachi H-600 electron mi- 
croscope at an accelerating voltage of 75 kV, while others were 
examined after double staining with uranyl acetate and lead ci- 
trate. 

ResuRs 

Figure 1 illustrates light and electron micrographs of 
resting mast cells revealed by freeze-fracture immun- 
oytochemistry. A thick section of resting mast cells 
shows many fine fragments of gelatinized ceils (Fig. la) 
and immunoreactions of the fractured surface were ex- 
amined by electron microscopy. Resting mast cells in the 
immunocontrol preparation did not show remarkable im- 
munoreaction for serotonin (Fig. lb). In contrast, the 
resting mast cells incubated with anti-serotonin serum 
showed distinct immunoreactions mostly in their intra- 
granular matrices on the fractured surface (Fig. l c-e). 
The specimens without double staining exhibited seroto- 
nin in their intragranular matrices (Fig. lc). Doubly 
stained mast cells also presented the boundary of the im- 
munoreactions (Fig. ld-e). 

In contrast, mast cells stimulated with compound 
48/80 for 30 s exhibited increased serotonin in their in- 
tergranular cytoplasm (Fig. 2a-b). Cytoplasmic immuno- 
reaction was located in perigranular regions especially. 
The change was also detected in doubly stained speci- 
mens (Fig. 2b). Figure 2c illustrates serotonin immuno- 
reactions in mast cells after 60 s. The stimulated mast 
cells also showed increased immunoreactions in their in- 
tergranular cytoplasm, compatible with those after 30 s 
shown in Fig. 2a, b, and the immunoreactions were more 
distinct. Some liberated granules exhibited serotonin im- 
munoreactions in the extracellular space (Fig. 2d). 

Discussion 

Freeze-fracture immunocytochemistry has demonstrated 
localization of serotonin in mast cells, which had shifted 
into the intergranular cytoplasm from the granule matrix 
after compound 48/80 stimulation. Serotonin plays dif- 

Fig. l a - e  Light and electron micrographs of resting mast cells 
with imrnunoreactions for serotonin, prepared by freeze-fracture 
immunoytochemistry, a Light micrograph of a thick section, 
showing cellular fragments in gelatinized albumin. The a r r o w s  in- 
dicate mast cells on the fractured surface, x700. b Immunocyto- 
chemical control specimen without immunoreaction. The s m a l l  ar -  
r o w s  indicate the fracture surface, x16100, c -e  The fractured sur- 
face of resting mast cells with immunoreactions. (d and e were 
doubly stained with uranium and lead). The large  a r r o w s  point to 
the intergranular cytoplasm on the fractured surface, without im- 
munoreactions. The s m a l l  a r r o w s  show the secretory granules 
with immunoreactions, c x25300; d x20000; e x48800. B a r s =  
0.5 gm 
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ferent biochemical roles to histamine, so the parallel re- 
lease will produce a functional discrepancy [4, 16]. 
Marked serotonin release was not accompanied by mast 
cell degranulation, indicating a possible intracellular re- 
lease of serotonin from the granule matrix [2]. Their 
morphological evidence, however, had not yet been pre- 
sented. In the present study, we demonstrated the cyto- 
plasmic events of  serotonin release in stimulated mast  
cells by freeze-fracture immunocytochemistry [5]. 

It has been reported that amitriptyline inhibits hista- 
mine release from mast cells stimulated with compound 
48/80, while it permits the release of  serotonin [16]. San- 
dra et al. [10] reported that amitriptyline changed the 
granules in size and shape. Serotonin is localized outside 
the granules and under our experimental conditions was 
close to small vesicles. These studies suggested that a 
pathway of serotonin release other than exocytosis exists 
in rat mast cells. In the present study, however, no 
marked serotonin release was detected around cell organ- 
elles in stimulated mast cells, apart f rom the secretory 
granules. 

It has been reported that preparatory states for degran- 
ulation occur throughout the whole cytoplasm of the 
stimulated mast cells in early stages [12, 13, 14], and 
these have important roles in the intracellular shift of  se- 
rotonin in cells under experimental conditions. In addi- 
tion, it has been reported that supporting skeletal struc- 
tures exist within the granules and that they prevent 
granule contents from simple diffusion immediately after 
the exocytosis [12, 14]. Further studies are required to 
investigate the relationship between cell organelles and 
the shift of serotonin in the stimulated mast cells. In con- 
clusion, the present study revealed the intracellular shift 
of serotonin in mast  cells stimulated with compound 
48/80. 

Fig. 2a-d Electron micrographs of serotonin localization in mast 
cells stimulated with compound 48/80 for 30 or 60 s, prepared by 
freeze-fracture immunocytochemistry, a The fractured surface of 
mast cells without double electron staining, x24000, b The same 
with double uranium and lead staining, x33700, c The fractured 
surface of mast ceils stimulated for 60 s without double electron 
staining, x23300. For a--e arrows indicate intergranular cytoplasm 
on the fractured surface with immunoreactions for serotonin. The 
small arrows indicate secretory granules with immunoreactions, d 
The liberated secretory granules in the extracellular space with 
dense immunoreactions (arrows). x18800. Bars=0.5 btm 

References 

1. Befus AD, Pearce FL, Gauldie J, Horsewood P, Bienenstock J 
(1982) Mucosal mast cells. I. Isolation and functional charac- 
teristics of rat intestinal mast cells. J Immunol 128:2475-2480 

2a. Carlsson SA, R/tzen M (1969) Mast cells and 5-HT. Intracel- 
lular release of 5-hydroxytryptamine (5-HT) from storage 
granules during anaphylaxis or treatment with compound 
48/80. Acta Physiol Scand 77:449-464 

2b. Chandler DE, Heuser JE (1980) Arrest of membrane fusion 
events in mast cells by quick-freezing. J Cell Biol 86:666- 
674 

3. Fantozzi R, Masini E, Blandina R Mannaioni PF, Bani-Sacchi 
T (1978) Release of histamine from rat mast cells by acetyl- 
choline. Nature 273:473-474 

4. Gershon RK, Askenase PW, Gershon MD (1975) Requirement 
for vasoactive amines for production of delayed-type hyper~ 
sensitivity skin reactions. J Exp Med 142:732-747 

5. Ohno S, Ohtake N (1987) Immunocytochemical study of the 
intracellular localization of M protein of vesicular stomatitis 
virus. Histochem J 19:297-306 

6. Reference deleted 
7. Oskdritzian C, Pr6vost M-C, Prouvost-Danon A, Gounon P, 

David B (1992) Ultrastructural changes in mouse peritoneal 
mast cells in response to L-leucine methyl ester or anti-Ig E. 
Res Immunol 143:893-901 



270 

8. Pinto da Silva R Parkison C, Dwyer N (1981) Freeze-fracture 
cytochemistry; thin sections of cells and tissues after labelling 
of fracture faces. J Histochem Cytochem 29:917-928 

9. R6hlich R Anderson R Uvn~is B (1971) Electron microscope 
observations on compound 48/80 induced degranulation in rat 
mast cells. Evidence for sequential exocytosis of storage gran- 
ules. J Cell Biol 51:465-483 

10. Sandra KK, Theoharides TC, Cronin CT, Kashgarian MG, 
Askehane PW (1990) Ultrastructural characteristics of rat peri- 
toneal mast cells undergoing differential release of serotonin 
without histamine and without degranulation. Cell Tissue Res 
262:415-424 

1l. Soll AH, Lewin KJ, Beaven MA (1981) Isolation of hista- 
mine-containing cells from rat gastric mucosa: Biochemical 
and morphologic differences from mast cells. Gastroenterolo- 
gy 80:717-727 

12. Takayama I, Fujii Y, Ohno S, Fujino MA (1994) Ultrastmctur- 
al study of mast cells stimulated with compound 48/80 by 
quick-freezing methods. Virchows Arch 424:287-294 

13. Takayama I, Fujii Y, Ohno S, Fujino MA (1994) Morphologi- 
cal study of rat mast cells stimulated with compound 48/80 at 
different temperatures. Histochemistry 102-2:83-87 

14. Takayama I, Fujii Y, Ohno S, Fujino MA (1994) X-ray micro- 
analysis of rat mast cells stimulated with compound 48/80 in 
combination with quick-freezing method. Virchows Arch 425: 
435-438 

15. Tasaka K, Mio M, Okamoto M (1986) Intracellular calcium re- 
lease induced by histamine release and its inhibition by some 
antiallergic drugs. Ann Allergy 56:464-469 

16. Theoharides TC, Kops SK, Bondy PK, Askenase W (1985) 
Differential release of serotonin without comparable histamine 
under diverse conditions in the rat mast cell. Biochem Pharma- 
col 34:1389-1398 


