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Abstrac~ Rat peritoneal mast cells release histamine and accumulate eSCa in a dose-dependent manner 
when concentrations of compound 48/80 ranging from 0.1 to 1.0 l,g/ml are incubated with suspensions 
of the cells for 5 min at 37 . Influx of 4SCa stimulated by compound 48,'80 can be inhibited to varying 
degrees by prior addition of disodium cromoglycate. Inhibition was dependent on the concentration 
of both disodium cromoglycate and compound 48/80. The electrokinetic properties Of intact rat mast 
cells arc described: disodium cromoglycate caused a plasma mcmbranc alteration possibly, related 
to Ca-" influx. Cromoglycatc increased mast cell clectrophorctic mobility but decreased the electro- 
phoretic mobility of rat erythrocytes. The net clectrophoretic mobility was a function of terminal 
sialic acid residues, ionic strength, and pH. Binding of disodium cromoglycate to Ca:+ could not 
be demonstrated by a w~riety of sensitive physical techniques. The data support the thcor3, that secretion 
of mast cell histamine is coupled to Ca :~ inllux. It is suggested that disodium cromoglycate prevents 
mast cell histamine release by a plasma membrane alteration which prevents an increase in membrane 
permeability to Ca 2+ stimulated by compound 48/80. 

Disodium cromoglycate is effective in the treatment 
of certain types of asthma [1]. The drug appears to 
have a direct protective effect on mast cells [2]. Di- 
sodium cromoglycate in ritro prevents histamine re- 
lease from mast cells caused by compound 48/80 [3], 
dextran [4], surface-active agents such as Tween 20 
[2], and the addition of antigen to previously sensit- 
ized cells [5]. 

The mechanism of mast cell histamine release has 
been extensively studied, and it is known that calcium 
is required for release by compound 48/80 [6], or re- 
lease induced by the antigen antibody reaction [7]. 
It has been suggested that, after the attachment of 
the releasing stimulus to the mast cell membrane, 
there is a change in the calcium permeability of the 
cell membrane followcd by an influx of calcium into 
the cell [8]. The importance of Ca -'+ in the coupling 
of stimulus to secretion is well established in many 
systems [9]. Recently it has been demonstrated that 
injection of Ca "-+ into mast cclls causes histamine rc- 
lease in thc absence of any other stimulus to secretion 
[10]. Calcium ionophores. A2318 and X537A, have 
also been used to demonstrate that increasing the le- 
vel of intracellular Ca-'- is sufficient to cause hista- 
mine release [1 l]. 

The available evidence indicates that Ca-' f ions arc 
absolutely required and alone are sufficient to cause 
histamine release from mast cells. The mechanism of 
disodium cromoglycate's protective effect on mast 
cells is unknown, but the drug does not interfere with 
the binding of antigen to previously sensitized cells 
[5]. The present studies were undertaken to dcter- 
mine if disodium cromoglycate might prevent hista- 
mine release from rat peritoneal mast cells by pre- 
venting calcium influx in response to a histamine-re- 
leasing stimulus. Compound 48/80 was used to stimu- 

late histamine release because at low concentrations 
its effect is similar to the antigen antibody reaction 
[3]. Before the effect of cromoglycate on mast cell 
Ca e + influx cotdd be studied, it was necessary to de- 
monstrate that compound 48/80 caused increases in 
mast cell Ca 2+ levels which were related to histamine 
release. The elcctrokinctic properties of the mast cell 
surface were studied to determine if an alteration in 
the mast cell plasma membrane could be correlated 
with a change in ion permeability. 

MATERIAl.S AND ME]HODS 

For each experiment mast cells were obtained from 
the peritoneal cavities of several female Holtzman rats 
(300 400g) by the procedure of Lagunoff [12]. After 
decapitation, 15 ml of phosphate-buffered salt solu- 
tion (150raM NaC1, 1 mM CaCI,, 4 m M  Na_,HPO~,. 
2"5 mM KH_,PO¢: 5'6 mM dextrose, and 0l" i ,  albu- 
min, pH 6-8} was injected into the peritoneal cavity, 
and after 1 2 rain of gentle massage, the cavity was 
opened and the lluid removed with a glass pipette. 
The mast cells were collected by' centrifugation at 
200,q for 5 rain at 5 . To separate the mast cells from 
other peritoneal cells, the cell pcllct from lout rats 
was resuspcnded m 5 ml of the phosphatc-bufl'ered 
salt solution and layered over 5 ml of 35",, albumin. 
After centrifugation at 2(Y,) o for 20rain at 5 ,  the top 
7 ml of fluid and cells was carefully rcmovcd fiom 
thc gradients. The bottom 3 ml of albumin solution. 
which contained lhc mast cell pcllet, was diluted 1:1 
with phosphatc-bult"cred salt solution. The cell pellet 
was resuspendcd and the mast cells were collected 
by ccntrifugation at 200g for 5 rain at 5 . The cells 
were washed twice with the phosphate-buffered salt 
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soluli{}n and lllcri i-csusl-~cndcd m the bul]L'r at ap- 
pro\ imatc ly  5 ,  1{)Sccllsnll. This procL'durc roti- 
l i nd  3 yickt0d Mast cells of  greatcr lhan 8{} per cent 
pur i t ) ,  l i  ]~as bccn cslablishod thai sedimentation of  
mast cells lhrou{,]] hieh concentral ions {}1 albumin 
{}I l l \  slightly al}L'cls histammc conlent and does nol 
ull'oct lhc ulirtistructura] apl~Cal-allCC {}1 the cclls [12]. 

For slt ldying ( ' t i  e uptake into purif ied mast coils. 
2 nil of cells {containing al~l~roximaiL'l ) 10 <' cells} was 
h]cubalL'd al 37 in phosphalc-buf]L'red sail sohition. 
p t l  (.S liar 5 rain pr ior  lo the addit ion al time /ore 
o r 5  ill 45{a (1."51~{i) obtair icd ['ronl No\\ 1 ngland 
Nuc lear . . \ i  I rain. small volume addit ions \\crc made 
{}1 \ariou,; concentrations of  d isodium crolnogl)caic.  
tile disodiunl sail of" 1,3-bis-(2-Cal-boxychromon-5- 
yh}x) }-2-hydrox\ t-uopane, a gift of lVisons Pharinaceu- 
ticals, ln lmediately after the addit ion of disodium cro- 
moglyc,;l le,  compound 48/80 (approximately l{t/~l of 
\ arious concentralions} was added to the appropr iate 
tubes. ConlpoLind 48'80, a gift of Btlrroughs Well- 
conic, is a COlldcnsati{m producl  of  .'\'-mcthvllao- 
moanis',.ianfinc, formal in and H(' I .  Aflor addi l ion of  
4~ 80, the incubation was continued for 5 inin at 37 . 
-1-o lerminatc incorporalion, 4.0 ml of ice-cold phos- 
phatc-bul'iL'rcd sail solution \~.as added to each tube 
and thc cells \\ere coll0cted b b ccntr i fugation ~it 5{}0 0 
It~i- 3 Illin. T]lC cells \~erc rapidl)  washed twice wi th 
c~Ict phosphate- burrorod sa]t solution. This proccdtlrC 
\\as also tl.'-;od to sludv lhe ell"ec! of disodium crolllt}- 
g])calc on the ~5('a uptake of ombr)on ic  3T3 nlouse 
l ibroHasts mah~iaincd in monola\.cr cti l turc and har- 
\cslcd \ \ i lh  a rubber policcnlan ,;it conl]uenc).. The 
cclls \\ ci-L' i11ainta incd in Dulbecco's medium plus 10"<, 
calf sc_'l'Llnl as p rc \ ious l )dcscr ibcd  [13]. Thc linal col1 
pmllcts w0rc solubi l i /ed in 02 ml of  l.{i N NaOH aild 
ractiouctivit5 \~as dctcrrnincd b,, liquid scinl i l la i ion 
counling. P, csults arc expressed as cpm 10" cells. ( 'oi l  
number,, ~\cre dctcrnlhlcd \\iti~ ~l { o u l l c r  ( t~l . l l l lCr 
P,0'~earch Model B. 

[ o  111cttstllO mast cell histamine release during incu- 
balion, t l l lcr the cells \~orc rcnlo\cd b) centrifugatiolL 
Ihc undihitcd SUl~ernatcllltS \\cre assti,<ed spcctrorluor- 
Onlctricall,, according Io ihc procedure of  LoL'l]]cr cl 
~;/. 114]. Results \\crL' expressed ,;is lhc per c0nt of 
lotal cell histamhl0 obtamcd h\  hoiling lhc 111~lsl cell 
suspensions Ior 5 rain. 

ML'nsurc'illCnts of clcctrophorct ic mobilit,~ V~Cl-C pcr- 
fornl0d as pic\ iousl 3 described [ 15]. Mobilitics of thc 
particles \\crc calculated m tm~-s ~.\" ~ c m :  cach 
\aluc was oblaincd b\  tinling the mo\,cmcnt of at 
Icasl l{}()mast cells. Determinations of mobilit\ wcrc 
nltldc citiacr in u solul ion of  0-0145 M Na( ' l .  45",> sor- 
hitol. {i.(> mM NAN( ' ( )  3, pH 72 (tcrnlcd saline sorbi- 
tel) or in a solution of 0.145M Na( ' l  conlaining 
{}-(~ mM N a H { ' O  3. pH 72 {lernlcd saline). To sl.ud\ 
drug L'ItL'cis on clcctrophorct ic mobi l i t \ ,  d isodium 
cromogl \catc  \\us either added to thc cells and re- 
n io\cd b) \~as l }mg pr ior  to mob i l i t \  dei.erlnin~ltions 
or ll~o drug was added to the solutions used [or clcc- 
lrophoresis. The ionic stronglhs of  the saline tuld sa- 
line sorbitol \~oic kept constanl. To slud\ the el]L~ci 
t)f \ill'} mg the ptt of the nlctlsLiring solutiorl on  ccll 
mobilit\,  isotonic solutions of Na()H and H ( I  for 
udjuslhlg l i l t  pH \x, ele prepared as described b\ 
t lcard aiR[ ~C~l1111iil [161. hi some casL's the 111~ist cells 
\\crc Ircatcd with i letlrnMinidase ((Jo<~t#idimn per- 

,li'in,qt'ns, EC 3.2.1.18), obtained from Worthmgton Bio- 
chemical ( 'orp. To rcnlo\'c lcrnlhlal cell surface sitilic 
acid l-csicttlcs, ncuraininidasc Irctltl l lClll \'~tls for 30 I11hl 
\~ i lh 40 t~g inl of  on/}IllL'. 

T\vo procmdtircs \~eic' u l i l i /ed in an allCnlpl It} dc- 
nlonslralc binding of (2i -~ b\ d isodium cronlogl}-  
talc. According to lhc method of gel l ihra l ion do- 
scribed b \  ( 'ohl lan [17]. a \no,an anlOtlilt or drug. 
1 2rag. was dissolvcd in buffer. {i-I M anlmoniurn 
clcctatc containhlg ~i kno;vn conccnlral ion of  cnlcium 
ion. 1{) " M to 10 : M. wi lh  t iaccr 4"(2i added. 'dp- 
proxhll,;ttcly 50.000Cpnl ml. The drug solution ;\',is 
then applied to a column of Sophadcx ( ; - i 0  equil i- 
brated and ohlted \~ ith ll~c_' anlnl tmit in l  acokitc bult0f 
conlaining the sam{_' concenlrat ion of frcc calciunl ion 
which ~as uscd to dissolxc the drug. The concent- 
rat ion of  drug emerging from II~c column was moni- 
tored I-B< its ui traviolcl  al~soi-plion ai 239 nnl. If hind- 
mg occurs, the ul traviolcl  absorpt ion peak is 'accom- 
panied b\ a risc in tile concentration t,f a'(',:l ~lt:.o\c 
the haselinc 10vcl as dctermined b\ l iquid ~cini i l lal ion 
COtlnthlg. 

MurcxidL' I,I. T. Baker ( ' lwnl ical  Co.}, tl mctalloch- 
ronlic indicator, tlnd cl dtlal \x.ti\elength. double bL'anl 
Aminco ( ]mnce spectlopholonR'tcr \\ere cmplo)cd 
according tO Ihc nlcthod of Ohnishi <'I <d. l l X l  to 
nlCLiStlre (~ t l ' '  binding b\ ctisodium cromogi}calc.  
Thc cxperimcnfLal condit ions uscd were: 701~M 111tlr- 
cxidc, 4 0 r a m  H E P E S  (pl l  7{}}, 85 II1~1 K('I \\ith \:.lly- 
ing concentrations of cromogl).cate (1 I0 raM) pros- 
ont. I 'hc difference in opticul dL'nsit\ between 507 and 
535 Ilnl \;,;IS nlctistlred after small increments of ( 'u"  ' 
\\ere added to l i l t  cl.lx.cllc lo t/ final ("<i: ' conccnl- 
rul ion of  0.1 nlM. 

R l-;~t 1.1% 

The incubation of rat peritoneal masl cells x~ilh 
small amounts of compound 4880 l\w 5 rain at 37 
I'L'sultcd in a dosc-dcpcnd0nt incrc~lsL' in cellular a"('a 
ITahle 1}. Thc influx of  ~5('a ~lItcr thc addi t ion of 
compound 48'80 could be detected allot short incuba- 
lion times, 1 3 rain, but the restllts were most consis- 
IClII ,;i['ter tl t im0 interval of 5 rain. More xariablc re- 
stills wcrc obtained with II~c lm~ conc0nlration of 
conlpound 4S.'80 {0"1 fig roll and with concentrillic~ns 
abo,,e 1-0 tl7,,mI (data for concentrations higher i l lan 
l { ) t tg,  ml not reported}. Since it \~as neccssar\ Io 
wash the coils in t~ulTcr nlinus 45('a. it is possihlc 
lhal calcit lm exchange occurred I~cforc rad ioac l i \ i l \  
was determined. Alil~ough lhc prol~abilit_x of *~{a  
loss ilCgalcs the possibility of qtlanlif.~.ing (2i 2" inl]u', 
st imulated by compound 4S 8{}, accurate qual i tai ive 
siatemenls are justif ied by lhc consislenc~ of dupl i-  
cates wi th in Oil1 experiment and Ihc rcproducibi l i t )  
of  the amount  of  drug-sl inlulatcd -~5(2i ml lux bel\~L'cn 
expcrinlcnts. Al l  dttltl tire nlC,;lllS + ] ,~. I). of [our cx- 
perhllcnts performcct ill duplicate. 

hlcubation of rat peritoneal nlaSl cells witl~ di- 
sodium cromoglycate, at the concentrations tested, de- 
creased accunlti lati{}n of  a~(2i as corollated wi th tin- 
trL'atcd, control cells (T,;ibic 1). The t ibscr;al i{}n th&ii 
cromoglycate could prcxcnt inl]t ix of +~{'a into til l- 
treated cells was conl i rmcd with 3T3 i11OtlSC fibre- 
blasts, t ;sing thc :-qlnlC condit ions of tcmpcralt lrc. 
l ime, coil and drug concL'ntralions t i lul ~il]L~cled masl 
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Table 1. Rat mast cell *5Ca influx induced by compound 48..80 and its inhibition 
by, disodium cromoglycate* 

4~(a activily {cpm ItF must cells! 
Disodimn 

cromoglycate ('onlpouild 4880 (/tg ml) 
( m M )  0 O. 1 11.2 1-0 

0 1971 + 238 2400 ± 100 2718 ± 200 3754 ± 300 
0.05 1628 ± 100 216S + 50 2300 ± 120 3017 + 90 
0.25 1640 + 193 21()t} + 100 2251 ± 100 2370 + 40 
0.5 1600 ! 56 2000 + 150 2041 4 225 2357 ~ 200 

* Cells were puriiied as described m the text. At time /ero 51~1 a>('a (1-25 iK'i. 
carrier free) was added to a 2-ml suspension of mast cells in phosphatc-buficrcd sail 
solution, pH 6.8. At 1 rain cither cromoglycate in buffer or bufk'r alone 150/d) v, as 
added to tile tubes followed immediately by compound 4S. 80 (2 td) at thc concent- 
rations specificd in the table. Tile incubation was continued Ibr 5 rain tit 37. All 
determinations arc avcragcs of tbur experiments pertormed m duplicate. Determination 
of radioactivity and further experimental details are describcd in the text. 

cell calcium ion levels, a dose-dependent inhibition 
of 45C'a Ul-,takc into the fibroblasts was demonstra ted 
(Fig. I). 

The data in Table 1 clearly demonst ra te  that  di- 
sodium cromoglycate, added to mast cell suspensions 
immediately before the addit ion of compound  48/80, 
decleascs accumulat ion of cellular '~>Ca. The cffcct 
of 0-5 mM disodiurn cromoglycatc was not signifi- 
cantly different from the dccrease in 45Ca accumu- 
lation seen when cells wcre pretrcated with 0'25 mM 
cromoglycate. Howevcr, addi t ion of 0.25 mM sodium 
cromoglycatc as compared with 0.05 mM more effec- 
tively decreascd ~SCa accumulat ion caused by the ad- 
dition of 1 :@ml  of compound  48/80. All of the drug 
concentra t ions  tested were partially effective in pre- 
venting increased cellular 45Ca after t reatment  with 
compound  48/80, but at the lowest concentrat ion 
(0"05 mM disodium cromoglycate, lnl). 1 tlg of 48.S0 
per ml still caused a significant accumulat ion of cellu- 
lar "*5Ca. 

To establish the relationship between aS('a influx 
and histamine release, it was ncccssary to measure 
histamine release under  the present experimental  con- 
ditions. The effect of both  compound  48:80 and di- 
sodium cromo~zlycate on the histamine content of the 
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Fig. 1. Inhibition of 3T3 fibroblast "~Ca uptake by di- 
sodium cromoglycate (DSCG). Cromoglycate (25 Itll was 
added to 1.0-ml incubations containing approximately lff' 
cells. At 1.0 rain, 2.0 ld 4SCa was added to each tube and 
the incubation was continued for 5 min. Values are aver- 

ages of three determinations performed in duplicate. 

mast cells was highly consistent. More  wtriability was 
observed between control  cell suspensions. The data 
of Fig. 2 indicate that only 0.2 and 1-0/~g of 48,80 
per ml produced significant histamine release. This 
correlates with the '~SCa influx data presented in 
Table 1. In the absence of compound 48/80, histamine 
release was decreased below control levels by c r o m o -  
g lycate .  From the data of Fig. 2 it is evident that 
0.25 mM disodium cromoglycate inhibited histamine 
release caused by 1-01~g of 48:80 per ml, approxi- 
mately 40 per cent. A lower concentrat ion.  0-05 mM 
cromoglycatc, inhibited releasc 20 per cent. Referring 
to Table 1 and the wtlucs obtaincd for 45('a influx 
at thcse concentrat ions of cromogl).catc in the pres- 
ence of 1 :~g of 48.80 per ml, it can be seen that when 
the control  values are subtracted, the percentage inhi- 
bit ion of aS('a influx by cromoglycate is thc same 
as its inhibition of histamine release. 

To study the effect of disodium cromoglycate 
on the external mast cell surface, the technique of 
whole cell electrophoresis was utilized, In saline 
sorbitol, female rat peritoneal mast cells were 
found to have an electrophoretic mobility of 

40  
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Fig. 2. Release of rat mast cell histamine by compound 
48:80 and inhibition of release by disodium cromoglycate. 
Experiments were performed as described in Methods. 
Values are percentages of total cell histamine obtained by 
boiling the ceils, and they have not been corrected for con- 
trol release. Each point represents all average of three ex- 
perimcms performed in duplicate, Ke5 : (© ©) no 48 80 
l "  m) 0.1 /lg; 1~ m) (1-2 /~g: and (@ @1 I /,g of 

4,"; 80 per ml. 
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Table 2. t{lli_,cl o1 disodium cromoglycalc on the clcctro- 
p h o r c l i c  nlobili l ' ,  of F;ll 111¢1S| ceils* 

l)isodium 
c r o n l o g l )  t a l c  l:lcctrophorctic mol',ilit ~, 

ImM~ (/ml'~ ~'\" ~'cm)  

() (c,,mlr,.d) - 1.74 + (I.07 
()1 1"94 -f 0'08 
I-{) 2"3(/ + (1"1)7 

*Mobilitics x~crc nlcasurcd m 0.145M Na('l, 0.6raM 
NaH(O.~ (pH 7.21 at 25 . l xpcrimcnts wcrc performed as 
desc r ibed  in lhc lcxl. I ) a la  a r c  illCtlllS o f  Ik)ur e x p e r i m e n t s  
+ I S . I ) .  

3"25 + 0"15/1111 " Y, I . ~' I . cnl. This indicates that 
the cells haxc a high ncgatixc surface chargc. In all 
cases a unimodal  pattern of tile observed mobilities 
wits found, indicating dmt lhe mast cells were a ho- 
mogeneous population. In tlle whole cell electro- 
phoresis system, human  erythrocytes had a mobility of 
- 2 - 8 0 / m l , s  t .V ~.cm, and rat erythrocytes had an 
electrophoretic mobility of  - 3 0 5  l l m  s 1 . V l . cm.  
The value reporled by Heard and Seaman [16] for 
human  erythrocytes wits -- 2.78 :an . s ~.V t .cm.  
The effect of disodium cmmoglycate  on the mobility 
of masl cells was studied by adding tile drug to the 
cells suspended in siHine tpH 7"2)just prior to electro- 
phoresis. The ionic strength of tile solution was kept  
constatll. As seen in Table 2, the mobility of mast  
cells in sltlinc, its expected, is nluch less than ill the low 
ionic strength saline sorbitol. However, as observed 
microscopically, the cells appeared to be more stable, 
particularly after drug addition, in saline. The addi- 
tion of disodium cromoglycate to mast cells sus- 
pended in physiological saline increased their electro- 
phoretic mobility in a dose-dependent  manner  {Table 
2t. The same dose-related increases in electrophoretic 
mobility after drug addit ion were found if the cells 
were washed twice with fresh saline minus drug prior  
to mobility measurements.  Disodium cromoglycate at 
01 ram,  which increased the mobility of mast  cells, 
had no effect on rat erythrocytes suspended in saline 
sorbitol (Table 31. At a concentrat ion of l m M  or 
greater, cromoglycate decreased the electrophoretic 
mobility of ra! crythrocytes in a dose-dependenl man- 
net (Table 31. 

To t'urthcr elucidate the natttrc of the mast cell sur- 
l~:lcc ch:mgc causcd by cromoglycate, the clectrokinctic 
properties of the mast cell surface were studied. The 

Table 3. lillk'ct of disodium cromogl3catc on the clcctro- 
phorctic mobil i l )  of rat cr3throc3tcs* 

Disodiunl 
cromoglxcatc l{lcctrophorctic mobility 

ImM) (/rat's ~-V ~ 'cml  

l) (control} 3"1)5 4__ I).4 
{).1 3-04 + I)'lO 
I '0 2"80 ~ I)'Og 
2"0 2.49 ~ I).06 

* Mol~ililics wcrc measured in 0.0145 M NaC1, 4.5". sor- 
hiNI 0 . 6 r a m  NaH( 'O .~ .  p H  ,_ .  a* _. E x p c r i m c m s  wcrc  
pcr i ' o rmed  as descr ibed  in /hc lexl. D a t a  a rc  nleatls  + 1 
S.D. of four experiments. 

cells were treated with increasing concentra t ions  of 
C. i,vlJJ'inqens neuraminidase,  which sclectiveh re- 
moves terminal N-acctylneuraminic acid residues 
from surface membrane  glycocon ugatcs. The clcctn> 
phorctic mobility of mast cells, treated with 40,ug ml 
of neuraminidase for 30 min and measured in 
saline sorbitol, was rcduced from Y25 Io 
- 2 2 5  jan-  s ~ • V ~ ' cm. The decrcasc in clectro- 
phoretic mobility' is nol a result of nonspccific absorp- 
tion of lhe enzyme, since hoiled ncuraminidasc had 
no effect. A eurvc of mobility versus pH indicalcd 
that  the half maximum mobility of lhe cells occurrcd 
at a bulk sohltion pH of 43. Thc surface pK is calcu- 
lated from this vahle, using a correction faclor [19J 
which takes the higher H + ion concentrat ion at lhe 
surface into consideration. Thc calculated surlhcc pK 
is approximately 3'5. Perhaps more significant is the 
fact lhat, when the isoclectric point I/cro mobil i t \ l  
of the mast ccll membranc  is reached, it hccomcs 
positively charged, indicating the presence of cationic 
groups on the membrane  surface. Disodium cromo- 
glycate is negatively charged. If it were to interact ioni- 
tally with a positively charged sttrlh¢c group, the ct- 
fed might be to incrcasc negativity and elcclro- 
phoretic lnobility. Since it has been reported that cal- 
cinnl is present on the mast cell membrane  [6] and 
sincc an effect of disodium cromogl,,,cate on mast cell 
calcium influx had been dcmonstrated,  wc investi- 
gated the possibility that thc drug might bind ( ' a '  . 
Using the techniques of gel filtration and thc murcx- 
idc test lbr free Ca e~. no binding of cromogl}catc 
to Ca 2~ over a wide r i n l g c  o f  ion  c o n c c n t r a t i o l l s  

(1/*M to 10raM) ~,as detccted. EDTA at the same 
concentral iou as the drug wits used as a control. 

D | S C / S S I O N  

The results presented demonst ra te  that compotmd 
48/'80 causes a dose-dependent influx of calcium ions 
when added to a suspension of rat peritoneal mast 
cells. It has previously been shov, n that histamine re- 
lease from mast cells can be stimulated by increasing 
cellular Ca ~* levels [10] and that increased amoums  
of calcium are associated with sensitized rat pcri- 
loneal mast cells upon addit ion of antigen [I 1]. The 
concentrat ion range of compound 48..'80 used in these 
experiments (0.1 to 1.0/~g/ml) has been shown to pro- 
duc t  a dose-dependent histamine release from rat 
mast cells [3]. Ahhough  compound 48'80 was not 
its effective under our experimental conditions,  il dM 
produce a dosc-rclatcd loss of mast ccll histamine in 
the range of 01 to It/l~g of 48,80 per ml. The in- 
creased levels of cclhllar ( 'a  e '  dctectcd here x~crc di- 
rectly related to the amount  of compound 4N S0 ad- 
ded. This finding is m agrcemcnt with tile dosc-dcpcn- 
dent natttre o f  histanfine release b3 compound  4S x . 
The close correlat ion between the concentrat ion o[ 
the histamine-releasing stimulus, ( 'a- ' ;  influx and file 
amom3t of mast cell histaminc released suggests a 
cause-and-effect rchttionship between inl]ux of ( ' a :  
and relcasc of histamine. 

The main purpose of these studies was to elucidate 
the mechanism whereby disodium cromoglxcatc pre- 
vents histamine loss from mast  cells in response to 
a releasing stimulus. Tile data presented sho\¥ lhal 
disodium cromoglycatc prevents the influx of ( ' a :  
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triggered by addition of compound 487~(). Previous 
reports [2. 3] on the efficacy of disodium cromogly- 
rate have indicated that the drug will not complctely 
prevent histamine release fioln rat mast cells by com- 
pound 48/80 in vitro. At the highest concentration 
of cromoglycate (0'5 raM) studicd here. the influx of 
C a  2+ into compotmd 48:80-trcated cclls could not 
be completely prevented. The drug was more effective 
at preventing Ca 2 + influx at high concentrations. It 
was less effective against a stronger histanfine-relcas- 
ing stimulus, increased amounts of compound 48:80. 
These data indicate a strong correlation between the 
effect of disodium cromogl',.catc on ('a-" + influx and 
its inhibition of histamine rclcasc by conapound 4,", 8(). 
Incubation of rat peritoneal mast cells with onl3 di- 
sodium cromoglycate decreased calcium levels below 
control cell values. This suggested thai inhibition of 
Ca :+ influx by the drug is a primary effect of di- 
sodium cromoglycate rather than a consequence of the 
drug's inhibition of histaminc release. Since disodmm 
cromoglycate prevents Ca 2 uptake by. 3T3 fibn> 
blasts, it appcars that the effect of the drug on ( 'a -'~ 
influx is not specific lbr mast cells or lilnited to hista- 
mine-releasing conditions. 

The sequence of events lcading to histaminc release 
from mast cells has becn cxtcnsively studied. Thc first 
event is thought to b c a  lncmbrane alteration result- 
ing from the combination of antigen or compotmd 
48/80 with the mast cell surface. Disodium cromogly- 
rate does not prevent the antigen antibody reaction 
[5], and it is thought to prcvent histalnine release 
by inhibition of a step subsequcnt to the initial bind- 
ing of the releasing stimttlus to the mast ccll nlcnl- 
brant [4. 5]. Ca 2' is ncccssar\ for the activation of 
mast cells by dcxtran, which triggers Itistanaine release 
[20]. It has been suggcsted that the antigen antibody 
stimulus opens calciun3 "'gates" in the mcntbrane, per- 
mitting an influx of Ca:  + [S]. If calcimn is not pres- 
ent when the stimulus is given, no histamine is re- 
leased and the "gates" close so that the cells are de- 
sensitized to subsequcnt stimuli. 

It seems probable that part of the 4>Ca uptakc 
measured here rcprescnts exchange ditl\tsion, while 
the remainder is thc result of an active process. In 
accordance with the previously dcscribed theor\, of 
mast cell histamine release [S]. the drug might be 
preventing calcitun "gates" from opening or it might 
compete with Ca 2~ ions for entry into thc cell. Sincc 
we have shown that ctomoglycate does not bind 
Ca 2+ , this cannot be the explanation for thc effect 
of the drug on Ca 2+ influx. Aftcr activation of the 
cells by' antigen, intracelhflar granules which contain 
histamine complexed to a protein heparin matrix be- 
come exposed to the extracellular milieu by a process 
which does not necessarily invoh.c loss of granules 
from the cells [12, 21]. Lagunoff [12] has described 
invaginations of thc mast cell mcmbranc which intcr- 
iorize extracellular fluid, thercb> bringmg granules in 
contact with extracellular fluid without uctttally pro- 
pelling them to the surP, tcc of the cell. Histamine re- 
lease is thought to occnr by a simple cation exchange 
of sodium ions for histamine [22]. The role of ele- 
vated cellular calcium in the tinal series of events 
leading to histamine release has not been determined. 

The alteration of the electrokinetic properties of the 
mast cell surface by' disodium cromoglycate suggcsts 

that the eft'oct of the drug on Ca-" influx is due to 
a membrane alteration. Inhibition of cyclic AMP 
phosphodiesterase by cromoglycate has been demon- 
stratcd [23]. It is possible that inhibition of Ca -'+ 
influx by cromoglycatc may be partially or totally 
related to increased mast cell cyclic AMP. This is 
the first characterization of the electrokinetic proper- 
tics of the rat mast cell surface membrane. The tit- 
ration curve of the mast cell surlhce indicated the 
presence of positively charged groups, and the pres- 
cnce of Ca 2 on the mast cell surface has previously 
bcen demonstrated [6]. Using two highly sensitive 
techniques, no binding of disodium cromoglycate to 
calcium could be detected. Since ncuraminidase re- 
duced mast cell mobility approximately 30 pcr cent, 
it was apparent that sialic acid contributed signifi- 
cantly to the high ncgative charge at thc mast cell 
surface. Sialic acid is also concentrated on the surface 
of erythrocy, tcs [243. Disodium cromoglycate altered 
the clectrophorctic mobility of erythrocytcs less effec- 
tively and in a different manncr fiom its effect on 
mast cells. Since the drug's alteration of mast cell mo- 
bility, was specific, it seemed unlikely that it was mo- 
dit~\,ing sialic acid groups on the cell surface. It wonld 
not be necessary for disodium cromoglycatc to bind 
to the mast cell surfitce for cell mobility to be in- 
creased. Perturbations of the membrane could result 
in different charged groups being expressed at the 
hydrodynamic plane of shear, the surface layer where 
mobility is measured. 

The data prescnted here demonstratc that a hista- 
mine-releasing stimtflus causes a dose-dependent in- 
ttux of Ca :+ ions into mast cells which can be pre- 
vented b} disodium cromoglycatc, a drug used to pre- 
vent histaminc release m the trcatment of asthma. The 
data suggest that the drug modifies the mast cell 
membrane. It is tempting to speculate that this modi- 
lication is a stabilization of the cell membrane which 
prevents thc increase in Ca 2~ permeability accom- 
panying antigen stimulation. 
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