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A New Method for Mast Cell Separation; 
and the Effect of Sera From Urticaria 
Patients on Purified Rat Mast Cells * 
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Toshio Hamada, M.D.~ 
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Mast cells, once referred to as uni
cellular grand,l are known to re
quire calcium and metabolic energy 
for the release of histamine and 
other mediators of anaphylactic re
action.2

,3 To date, isolated mast 
cells have provided an interesting 
model for the study of stimulus
secretion coupling. On the other 
hand, mast cells are believed to be 
among the most fragile of cells for 
they easily lose their granules by 
cytolysis during inadequate pro
cedures for separation. 

Mast cells, readily harvested from 
the peritoneal cavity of rats, are 
usually separated by differential 
centrifugation through high-density 
solutions such as Ficoll and albu
min. However, partial loss of hista
mine4 or a remarkable decrease of 
both 5-hydroxytryptamine and 5
hydroxy tryptophan decarboxylase 
activityS during centrifugation 
have been reported. Recently, 
Coutts, Nehring and lariwala re
ported that IgE-specific receptors 
on the cell membrane of rat mast 
cells are either shed or inactivated 
by centrifugation through bovine 
serum albumin or FicoU solution, 

and that purification through high
density media results in the loss of 
50 to 80 per cent of the binding 
activity of the IgE-receptor. 6 

Since reception of stimuli, that 
initiates the specific function of a 
cell, occurs at certain contact point 
of the cell membrane, it is obvious
ly desirable to obtain purified 
material with its delicate membrane 
properties retained after separation. 
In this paper, a new method for 
mast cell purification with a modi
fied coil planet centrifuge is des-

SUMMARY Biologically intact rat mast cells were purified with a modified 
coil planet centrifuge, since this apparatus enabled quite effective cell separation 
without using viscous high-density media which could impair the cell membrane 
or change its antigenicity. A reproducible final purity of 97 per cent was achiev
ed with satisfactory yield. Morphological and chemical examinations indicated 
no change in the mast cells after separation. In order to pursue the cause of urti
caria, purified rat mast cells were used as indicator cells. Antigen-specific hista
mine release was demonstrated. In the reactions, antigen-non-specific mast cell 
damage, i.e., induced by non-specific reaction with human sera, was also observ
ed. Ho~ver, the latter reaction was suppressed by either the addition of 1.5 
mM EDTA to the reaction medium or heat-inactivation of human sera. It was 
assumed that the complement system is involved in non-specific histamine re
lease. 
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cribed. Preliminary communication 
of part of this work, especially 
concerning theoretical aspects 0 f the 
device, have already been publish
ed.? This apparatus was devised 
for effective cell separation without 
the use of viscous high-density 
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media which could impair the cell 
membrane. 

Using purified mast cells, clinical 
studies for urticaria were carried 
out. Urticaria is a very common 
disease, but its causative factors 
have been rarely iden tified. In spite 
of detailed studies of disease his
tory and various examinations in 
vivo and/or in vitro, there are still 
many cases for which no causative 
factors have been defined. It has 
been demonstrated that urticaria is 
related mostly to histamine released 
from skin mast cells.8 Certain fac
tors in the serum of the patient 
seem to play an important role in 
the degranulation of the mast cells. 
We re-examined the rat mast cell 
degranulation test,}-13 to detect 
various serum factors involved in 
the degranulation of the mast cells, 
in addition to the conventional aim 
of detecting specific IgE antibody 
in sera . 

MATERIALS AND METHODS 

Apparatus 

The modified coil planet centri
fuge shown in Figures I and 2 was 
composed of the following parts: 
carrier fluid reservoir, joining por
tion, dividing joint and coiled tube. 
Carrier fluid was forced to flow 
through the coiled tu bes by hydro
static pressure via a joining portion 
(Fig. 3) which was a non-mobile 
portion connecting the fluid reser
voir to the rotating coiled tube . 
Rotation disks, fixed with six coil
ed tube holders at their circum
ference, were equipped with a di
viding joint at the centre of rota
tion. Carrier flow was equally di
vided into six flows with the divid
ing joint and streamed into six coil
ed tubes. Carrier fluid of coiled 
tubes was centred by another 
joint and collected in a fraction 
collector. The rotation of the disks 
was maintained exactly at 400 rpm 
by means of a controller with stro
boscopic monitoring. Carrier fluid 
flow was controlled by adjusting 
the height of a fluid reservoir and 
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Fig. 1 A modified coil planet centrifuge 
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Fig. 7 .Sc~ematic diagram of a modified coil pla~et ce~trifuge.: ~ ..carrier ~uid reserv?ir, 
2. ~nppmg set, 3. three-way cock for sample lnSertlOn, 4. JOlnmg portion, 5. coiled 
tube holder, 6. rotation disk, 7. dividing joint, 8. outlet portion, 9. rotation control· 
ler, 10. motor 

r: . 

checked by measuring the flow rates. three plastic rods, 6 mm in diame
The coiled tube was prepared as ter and 17 cm in length. A set of 

follows: Teflon tubes, 10 m in coiled tubes was fixed on a tube 
length and 0.7 mm in inner diame holder (Fig. 4). The joining portion 

tter, were wrapped uniformly and was equipped with a three-way 
tightly for about 100 turns around cock to stop the carrier flow during 
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Fig. 3 Diagrammatic illustration of the joining portion: sp, stainless pipe; tT, teflon 
tube; TT, thick teflon tube (3mm in imler diameter); AH, acryl holder; s, screw; 
ARM, arm of the centrifuge 

Fig. 4 Coiled tube and tube holder 

the period of loading the sample 
into the rotating tu be system. 

Separating medium 

An acid-citrate-dextrose (ACD) 
solution containing 15 per cent 
foetal calf serum was used. The 
ACD solution comprised 2.55 g of 
dihydrous trisodium citrate. 80 

~. mg of monohydrous citric acid and 
1.20 g of anhydrous dextrose in 

+ 


non-mobile 

100 ml of distilled water. 

Preparation of peritoneal and pleu
ral cell suspension 

Male albino rats of the Wistar 
strain weighing 150-200 g were 
anaesthetised with ether and exsan
guinated by decapitation. The ab
dominal cavity was opened and 
flooded with 15 ml of ACD solu
tion. After gentle massage for 30 
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seconds, the fluid containing the 
peritoneal cells was collected. Ad
ditional ACD solution was injected 
into the pleural cavity, and the 
thorax was massaged for 30 se
conds, the fluid containing pleural 
cells was collected . Collected sus
pensions were pooled and centri
fuged at 30xg for 10 minutes. The 
sedimented cells were resuspended 
in the separating medium at con
centrations of 2-5x 107 cells/ml. 

Separation procedure 

A 5-6 ml cell suspension was 
loaded with a syringe into the cen
trifuge through a three-way cock in 
the joining portion. Carrier fluid 
flow was then started. Fractions 
were collected in polycarbonate 
tubes every seven minutes. Gen
erally, separation was completed 
within one hour. 

Mast cell counting and histamine 
assay 

Mast cells were counted before 
and after separation by the method 
of Bray and Van Arsdel. 14 Purified 
mast cells were washed twice and 
finally suspended with a modified 
Tyrode solution.4 This solution was 
composed of 0 .14 M NaCl, 3 mM 
KCl, 0.6 mM CaC12, 1 mM MgC12, 
8 mM Na2HP04 , 3 mM KH2 P04 

and 6 mM dextrose (pH 7.2 to 7.4), 
and supplemented with 2 per cent 
heat-inactivated foetal calf serum. 
This solu tion was also used as a re
action medium. To measure sponta
neous histamine release, 2x 105 
mast cells in a non-separated cell 
mixture or the same number of 
separa ted pure mast cells were sus
pended in 2 ml of the medium 
and incubated for 30 minutes at 
37"C followed by centrifugation at 
100xg for 5 minu tes at 4 ·C. Then, 
1.5 ml of the supernatants were 
assayed for spontaneous histamine 
release. Total histamine content 
was detennined on a resuspended 
sample. For the assay and extrac
tion of histamine, the modified 
spectro-fluorome tric technique 
of Shore et ai, 15 (reported upon by 
Kremzner and Wilson16) was em
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ployed. The intensity of fluores released histamine 100%histamine release = 
cence at 450 nm excited at 360 released histamine + residual histamine x 
nm was measured with a spectra
fluorometer (Hitachi, Model 650
60). 

Rat mast cell degranulation test 

(a) Subjects: Chronic urticaria 
patients having a clinical history of 
one month or more were studied. 

(b) Antigens and intracutaneous 
reactions: Housedust, Candida and 
ragweed antigens (diagnostic ex
tract, made by Torti Pharmaceutical 
Company, Japan) were intracuta
neously injected at the flexer aspect 
of the patients' forearms. Assess
ment was made 15 minutes later. 
Patients presenting erythema reac
tions > 20 mm or wheal reactions 
> 9 mm were regarded as positive. 

(c) Serum: Serum was taken 
from the patients and immediately 
used for examination or kept at 
-80'C until use. 

(d) The rat mast cell degranula
tion test: Purified mast cells were 
put into a polycarbonate tube 'and 
finally suspended in the reaction 
medium at a cell concentration of 
1.5x 105 cells/ml. Following the 
incubation of 1.5 ml of the mast 
cell suspension with 0.1 ml of the 
patient's serum for two hours at 
37'C, 0.1 ml of pre-warmed anti
gens, which had given positive skin 
reactions, were added and further 
incubated for 30 minutes at 37°C. 
The fInal concentrations of the 
antigens in the reaction medium 
were 0.13 JIg of total nitrogen/ml 
(housedust), 0.07 JIg of protein 
nitrogen/ml (Candida) and 0.44 JIg 
of total nitrogen/ml (ragweed). 
Control mast cell suspensions which 
contained antigen without serum 
(antigen control) and patient serum 
without antigen (serum control) 
were made in the same manner with 
every test. After centrifugation, 
the amount of histamine released 
in the supernatant and which re
mained in the sediment was mea
sured separately as described under 
histamine assay. Per cent histamine 
release was calculated by the fol
lowing formula: 

All of the tests were made in 
duplicate and most experiments 
were repeated twice. 

Histamine release inhibition by 
EDTA 

(a) Compound 48/80-induced re
lease: Mast cells (1.5x 1 0 5 

) were in
cubated with 2 JIg/ml of compound 
48/80 (Sigma) for 30 minutes at 
37°C. The inhibition of histamine 
release was 0 bserved -by adding 
various concentrations 0 f EDTA. 
The dose-response curve of hista
mine release due to the addition of 
compound 48/80 is shown in 
Figure 5. 

(b) Anti-mast cell antiserwn-in
duced release: Anti-mast cell anti
serum was obtained from rabbits 
immunised with purely separated 
rat mast cells. 17 Together with the 
antiserum, the serum of a guinea 
pig as a complement source was 
added to 1.0 ml of the mast cell 
suspension (l.5x 1 05 cells) at a fInal 
concentration of 1/90, and incubat
ed for 30 minutes at 37°C. The anti
serum was added at a final concen
tration of 1/30 and the inhibitory 
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Fig. 5 Dose-response rela tionshlp for 
histamine release from rat mast cells as 
a function of compound 48/80 con
centration. The mean of the per cent 
histamine release is indicated for three 
experiments. 
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Fig. 6 Dose-response relationship for 
histamine release from rat mast cells as a 
function of anti-mast cell antiserum 
dilution. The mean of the per cent 
histamine release is indicated for three 
experiments. 

action of EDTA on per cent hista
mine release was examined at .. 
various concentrations 0 f EDTA. 
The dose-response ~urve of hista
mine release due to the addition of 
anti-mast cell antiserwn is shown in 
Figure 6. 

RESULTS 

In eight experiments, biologically 
intact mast cells were separated 
from other peritoneal and pleural 
cells with high purity (96.9± 1.7 per 
cent) and good yield (40.0±2.8 per 
cent). The separation of mast cells 
during centrifugation is shown in 
Figure 7. The leukocytes except
ing mast cells almost completely 
flowed out after a 47-minute cen
trifugation ('stop' mark in Fig. 7); 
mast cells flowed out later. Purely 
separated mast cells were collected 
after 'stop' mark . The purifIed 
mast cells were spherical, and the 
cytoplasm was tightly packed with 
granules (Fig. 8). PurifIed mast 
cells contained larger amounts of 
histamine (3.42±0.26 JIg/ 105 mast 
cells) than non-separated mast cells f' 
(2.70±0.30 JIg/lO s mast cells), 

http:2.70�0.30
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Fig. 7 Separation of mast cells (. .) from other leukocytes (0----0). Mast 
cells which flowed out every seven minutes are expressed as per cent of the total 
number of respective cells. Flow rate in the coiled tubes was 60 cm/minutes. 
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Fig. 8 Electron microscopic appearance of purified rat mast cells 

and the spontaneous release of his Nineteen experiments involving the 
tamine during the 30-minute in rat mast cell d egranula tion test 
cubation at 37"C was very low: were performed using purified mast 
1.33±0.12 per cent. From these re cells (Table I). In some patients 
sults, it is evident that the separa- sensitive to housedust, Candida or 

! ~ tion procedure did not have any un ragweed, a much higher percentage 
favourable effect on mast cells. of histamine release was observed in 
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the group to which both sera and 
antigens were added than in the 
group to which sera alone were 
added. However, the group, to 
which serum from the patient alone 
was added (serum control of Table 
I, column 4), showed a considerab
ly high percentage of histamine re
lease, which is compatible with the 
results regarding histamine release 
from mast cells due to the addition 
of the sera of non-allergic persons 
alone (Fig. 9). There may be a ten
dency towards lower histamine re
lease in the sera of non-allergic 
males, but no statistically signifi
cant differences were observed be
tween the group of non-allergic per
sons and the patients as a whole. 
Such release of histamine indicates 
non-specific release of histamine as 
it shows no antigenic specificity. 

The immunological release of his
tamine from mast cells is classified 
into two types of reaction. IS The 
first is an active secretion, occurring 
when membrane-bound IgE antibo
dies react with a specific antigen. 19 
The second is the histamine release 
of the cytotoxic type, in which the 
release of histamine occurs passive
ly after cell membranes were da
maged by immune cytolysis. Al
though calcium is essential for both 
types of reaction, there may be a 
difference regarding its sufficient 
concentra tion for the reaction. 
Compound 48/80 is a well-known 
histamine releaser,2o,21 and com
pound 48/80 was used for the 
model of the anaphylactic type of 
histamine release. For the model of 
the cytotoxic type, anti-mast cell 
antiserum and complement were 
used. In order to distinguish which 
type is related to the non-specific 
histamine release, the inhibitory 
effects of EDT A in the two types 
of histamine release were studied. 

On the basis of the dose-res
ponse curve of compound 48/80 
(Fig. 5), 2 J,Lg/ml of the compound 
48/80 was employed for the active 
release of histamine from separated 
mast cells. It was the minimal con
centration for nearly 90 per cent 
histamine release. According to the 
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Table 1 Release of histamine from rat mast cells incubated with sera of patients and 
challenged with antigen of housedust, Candida and ragweed 

Patient %histamine release 
Antigen

No. Antigen control Serum control RMCT 

*1 housedust 3.2 20.0 
*2 50.9 
*3 31.2 

4 37.9 
5 70.5 

*6 56.4 
7 " 67.3 
8 Candida 4.6 49.6 
9 62.3 

*10 32.8 
11 38.0 
12 45.2 
13 ragweed 3.2 87.3 
14 31.2 

*15 27.9 
16 70.5 
17 62.3 

*18 32.8 
*19 46.0 

38.7 
69.7 
41.2 
41.6 
77.4 
78.8 
78 .8 
49.6 
67.9 
41.3 
40.9 
46 .2 
97 .0 
35 .7 
38.6 
70.2 
70 .9 
52 .5 
59.2 

*In these patients, antigen·specific histamine reltase was observed. Experimental errors wert at 

most 10 per cent when expressed as the coefficient of variation. RMCT: rat mast cell degranulation 
test. 

100 

90 

., 80 

'" '"., 70 

~ ., 60 
c: 
E 50 
U;'" or. 40 
C., 
u 30 
:v 
n. 20 

10 

0 

.. 
• 

•• •• 
I •• • •.... 

•r .. 
••.. •.. I•~I 

• 

• ..• I•-..II" • •• ••, 
• 

• ••• I 
non-illiergic non·allergic allergic allergic 
males females males females 

Fig. 9 Histamine release from rat mast cells by human sera. The mean and standard 
deviation of the per cent histamine release are shown. 

dose-response curve of anti-mast 
cell antiserum for histamine re
lease (Fig . 6), a final dilution of 
1/30 was employed, since this anti
serum concen tra tion ind uced nearly 
complete damage of mast cells . 

The inhibitory effects of EDT A 
on the histamine release are shown 
in Figure 10. The release of hista
mine was inhibited at 0.5 mM of 
EDTA in the group to which com
pound 48/80 was added and at 1.5 

TANI! , ET ALo 

mM in the group treated with the 
antiserum. 

The release of histamine due to 
the human sera of non-allergic sub
jects and patients with urticaria was 
also inhibited at 1.5 mM of EDTA 
(Fig. 11). This inhibitory pattern 
is quite similar to that of the cyto
toxic type of release, suggesting 
that the non-specific histamine re
lease by the addition of human 
serum may be attributed to the 
complement system . 

It was confirmed in the ex peri
ments (Table 2) that nine OCcur
rences of human sera-induced hista
mine release were markedly sup
pressed when the complement sys
tem was inactivated by heating the 
serum for 30 minutes at 56°C. 

DISCUSSION 

Rat mast cells, separated at 97 
per cent purity by using a modi
fied coil planet centrifuge with a 
common physiological buffer solu
tion, are shown to maintain the 
same morphological appearance as 
mast cells before separation. More
over, chemical examinations indi
cated that no changes occurred in 
the mast cells after separa tion. 

The rat mast cell degranulation 
test has been proposed as a method 
for measuring antigen-induced 
histamine release from rat mast 
cells sensitised with human IgE an
tibody .9-13 It may be seen that 
human IgE can 'bind to the IgE re
ceptor on .t he membrane 0 frat 
mast cells .22 Conversely , Kulczycki 
and Metzger reported that mono
meric. human IgE has little affinity 
for the IgE receptor of rat mast 
cells and, since the reliability of the 
rat mast cell degranulation test is 
limited, this technique has found 
little acceptance .2 3 

However, it has been shown that 
human IgG 4 sensitises rat mast cells 
a nd causes a 11 tigen-speci fic h ista
mine release (Sonak and Robenek. 
X [ International Congress of Aller
gology and Clinical Immunology. 
No . 556, 1982) . The relationship 
of the degranulation of rabbit baso

-' . f 
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Table 2 	 Non-specific action of human 
sera and effect of heat inactiva
tion in histamine release 

%histamine release Patient 
No. Serum Heat-inactivated serum 

88.8 5.9 
2 79.8 4.9 
3 30.7 4.9 
4 68.8 5.5 
5 35.0 5.9 
6 60.5 6.6 
7 31.2 9.4 
8 82.7 11.2 
9 83.9 18.5 

% histamine release is expressed as the mean of 
duplicate experiments. 

detect not only IgE antibody but 
also other causative factors pre
sen t in allergic pa tients. 

We consider that rat mast cells 
purified by a modified coil planet 
centrifuge may be more satisfac
tory for the rat mast cell degranula
tion test than either unpurified 
peritoneal cells (which tend to ag
gregate readily) or density-purified 
mast cells (which appear to lose IgE 
receptors6). As a result, histamine 
release with antigenic specificity 
after the addition of housedust, 
Candida and ragweed was observed 
in some patients (Table I). It is 
assumed that these antigens may re
late to the onset of urticaria in 
these patients. 

Sera alone caused marked da
mage to ra t mast cells and this phe
nomenon, in part, makes the rat 
mast cell degranulation test unreli
able. However, there may be some 
correlation between the cause of 
urticaria and the damage to the 
mast cells induced by sera of pa
tients; therefore, an attempt was 
made to clarify the non-specific 
action of human serum on the rat 
mast cells. 

Urticaria appears to result from 
skin mast cells. Many factors have 
been known to act on mast cells 
and cause degranulation. As im
munological factors, aggregated IgE 
an tibodies and anaphyla toxins 
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Fig. 10 Inhibition of histamine release with EDTA (left, compound 48/80-induced re
lease; right, anti-mast cell antiserum-induced release). EDTA was added to rat mast 
cells just prior to the addition of compound 48/80 or anti-mast cell antiserum. The 
mean and standard deviation of the per cent histamine release in three repeated ex
periments are shown. 
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Fig. 11 Inhibition of human sera-induced histamine release with EDT A (left, patients' 
sera-induced release - patients' numbers are the same as in Table 2; right, non-aller
gic persons' sera-induced release). 

phil leukocytes to antibodies pre in the blood of allergic patients, but 
sent in human allergic serum has there may exist other constituen ts 
also been reported. 24 Recently, IgE related to the .pathogenesis of al
antibody has been measured by ra lergy. Thus, it should be empha
dioimmunoassay (RAST) or sised that biological assays such as 

~ enzyme in1munoassay (ELISA). IgE the rat mast cell degranulation test 
antibody characteristically occurs are still useful, because they can 
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fonned as a result of cleavage of 
complement components have been 
well investigated.25 And as non
immunological factors, physical 
agents such as mechanical stimuli, 
and chemical factors such as acetyl
choline, endogenous honnone, and 
also exogenous histamine libera
tors such as drugs, parasite con
stituents and bacterial toxins, are 
known to cause degranulation of 
mast cells. 8 

, 20 Most 0 f these factors 
are either the constituents of the 
serum or are carried to the tissue by 
way of the blood stream. 

When the effects of sera of non
allergic subjects or those of the pa
tients on the rat mast cells were ex
amined, the damage to mast cells 
caused by the sera of patients was 
revealed to be more severe than 
that caused by the sera of non
allergic subjects (Fig. 9). In order 
to 	identify the constituents of the 
sera which induced the non-specific 
damage of the mast cells, an exami
nation was conducted in order to 
detennine whether the reactions of 
histamine release are likely to be 
linked to the anaphylactic type or 
the 	cytotoxic type. In the anaphy
lactic type, the influx of calcium in
duced by the antigen-antibody reac
tion is known to trigger the activa
tion of the enzymatic system and 
granules are secreted. 19 In the cyto
toxic type, activation of the com
plement induced by the fonna
tion of the antigen-antibody com
plex requires calcium. Calcium is 
essential for both types. The ex
perimental results on the inhibitory 
effect of EDT A revealed that, since 
calcium has a different mode of 
action in the two types of reac
tions, the required amounts of 
EDTA differed for both reac
tions. It may be presumed that the 
complement system is involved in 
the 'non-specific type (Figs. 10, II ), 
since the amount of EDTA needed 
to suppress the release of histamine 
and its inhibitory patterns was very 
similar to the reactions of mast cells 
treated with anti-mast cell antibody 
and 	complement. Furthennore, this 
presumption is supported by the 

fact that the reaction was markedly 
decreased after serum was inactivat
ed by heating (Table 2). 

Purified mast cells were shown 
to be useful for the rat mast cell 
degranulation test in order to de
tect the causative factors 0 f urti
caria, although further studies may 
be necessary to clarify how the 
constitutents of the serum of pa
tients may be involved in the da
mage of mast cells. The addition 
of a critical amount of EDTA to 
suppress the non-specific reaction 
may facilitate the detection of pa
thogenic factors. 
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