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Abstract

The effects of a range of nitric oxide NO -related compounds on histamine release from human basophils and rat peritoneal mast cells
were studied. Basal and immunologic histamine releases from human basophils were not affeltéaitrg-L-arginine, N“-nitro-L-
arginine methyl ester, aminoguanidine or methylene Klue all inhibitors of NO production , sodium nitroprusside an ND donor ,
L-arginine( a substrate for NO synthaise pearginine( the inactive enantiomer pfargining . In rat peritoneal mast cells, NO donors such
as sodium nitroprusside, sodium nitrite and sodium nitrate, and lipopolysaccharide an inducer of NO synthase had little effect on basal
histamine release, while 3-morpholino-sydnonimine SIN-1, an NO donearginine andp-arginine increased this release by up to
threefold. None of the inhibitors of NO production had any striking effect on histamine release induced by anti-rat immunoglobulin E
(IgB), compound 4880, sodium fluoride, phospholipase C, 1,2-dioctanayllycerol or ionophore A23187. However, haemoglobin was
found to inhibit histamine release by anti-rat IgE or A23187 by ca. 40%. Alone of the NO donors, low concentraticasyioine
produced a mild inhibition of histamine release induced by anti-IgE, compouyiit&nd A23187, but not other ligands, while sodium
nitroprusside dose-dependently inhibited by a maximum of ca.)30% histamine release by anti-rat IgE, sodium fluoride or A23187.
Stimulation with a variety of secretagogues or treatment wittrginine, p-arginine, lipopolysaccharide, SIN-1 or sodium nitroprusside
had no effect on NO production. Similarly;arginine,b-arginine or sodium nitroprusside did not change intracellular cGMP levels. On
the basis of these results, it is suggested that NO does not play a significant role in the modulation of histamine release from human
basophils or rat peritoneal mast cells. The effects-afginine,p-arginine and sodium nitroprusside may involve mechanisms unrelated to
NO. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction cyclase and the subsequent elevation in intracellular levels
of guanosine-3 ;5 -cyclic monophosphéte cGMP .
Nitric oxide (NO) is a ubiquitous intracellular and The release of chemical mediators from tissue mast

intercellular second messenger that is involved in the cells and circulating basophil leukocytes has been centrally
modulation of a plethora of cellular activiti€s Berdeaux, implicated in a diversity of allergic and inflammatory
1993; Christopoulos and El-Fakahany, 1999; McDonald disorders. These mediators are typified by the autacoid
and Murad, 1995; Moncada et al., 1997; Mus$cara and histamine and lipid products of the oxidative metabolism
Wallace, 1999; Nathan, 1992; Zidek and Masek, 2998 . of arachidonic acid Metcalfe et al., 1997 . In addition, the
The oxide is a simple and diffusible molecule of free mast cell has been widely used as a model system to study
radical nature. It does not interact with a specific receptor the detailed biochemical events involved in stimulus—
but rather produces its effects by activation of guanylate secretion couplind Beaven and Cunha-Melo, 1988; Sagi-
Eisenberg, 1998 .
The pathophysiological stimulus for mast cell activation
" Corresponding author. Tel.+44-20-7679-4689; fax-+44-20-7679- 'S Provided by cross-linking of high affinity receptors
7463. (Fc,RD for antibody immunoglobulin £ IgE on the cell
E-mail address: f.l.pearce@ucl.ac.uk F.L. Peajce . membrane. This induces a series of biochemical changes
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which are initiated by the activation of a guanine nu- directly to activate a pertussis toxin sensitive G-protein ,
cleotide binding protein( G-protein and the subsequent sodium fluoride( NaF, a non-specific G-protein activator ,
stimulation of phospholipase C. The latter results in the A23187 (a C&" ionophoje , phospholipase C and the
generation of inositol-1,4,5-trisphosphdte,)IP  and diacyl- synthetic diacylglycerol, 1,2-dioctanogh-glycerol( DIC8
glycerol. IR, acts to mobilise intracellular stores of?’Ca  (both compounds known to be involved in signal transduc-
ions and diacylglycerol activates protein kinase C, both of tion pathways in histamine release Beaven and Cunha-
which are thought to be essential steps in the secretoryMelo, 1989 . In addition, the effect of selected NO-related
process( Beaven and Cunha-Melo, 1988; Sagi-Eisenbergcompounds and stimulants on NO production and cGMP
1993. In addition to the antigen—antibody reaction, mast formation in rat peritoneal mast cells was also studied. A
cells and basophils may be triggered by a range of chemi-small part of this work has been presented to the British
cal stimuli which similarly initiate some or all of the above Pharmacological Sociefy Moulson et al., 1994 .
steps( Lagunoff and Martin, 1983 .

A number of workers have examined the possible role
of NO in the control of mediator release from mast cells. 5 Materials and methods
Salvemini et al.( 1991 showed that sodium nitroprusside
(an NO donoy increased cGMP levels in, and inhibited
histamine release from, purified rat peritoneal mast cells
stimulated with compound 480 or ionophore A23187.
They thus concluded that rat peritoneal mast cells were ~Venous blood( 120 mi was collected from healthy
able to generate an NO-like factor and that NO was a volunteers. Heparifi 40 iml of blood) was added to each
regulatory mediator of mast cell reactivity. Hogaboam et SamPple immediately after extraction to prevent coagula-
al. (1993 also observed that NO was released from rat!tion- One part of dextra 6% in clinical isotonic saline
peritoneal mast cells both in the resting state and following containing glucosé 30 mgnl) was mixed with four parts
activation with CA* ionophore. Most recently, Brooks et of blood. The mixture was left to stand for 60—90 min at
al. (1999 reported that preincubation of purified rat peri- room temperature_to allow the erythrocytes to set’FIe to the
toneal mast cells withN®-nitro-L-arginine methyl ester ~Pottom of the mixture. The platelet-leukocyte-rich top
(L-NAME, an inhibitor of NO synthase increased his- '@yer was gently aspirated and centrifuged 159, 3
tamine release induced by compound/88 or specific min, room temperatupe . The new pIateIgt_—rlch supernata_nt
antigen. Other workers have reported similar findings in Was discarded and the cell pellet containing the basophils
mouse or human mast ces Eastmond et al., 1997: Van"/a@S washed FV_VICG with full HEPES-buffered Tyrode solu-_
Overveld et al., 1993; Bidri et al., 1995 . In sharp contrast, 10N (composition described below , then resuspended in

Lau and Chow( 1999 found thatNAME and sodium fresh prewarmed buffer and used for experiments.
nitroprusside did not affect either the spontaneous or the ~1he recovered cells with viability greater than 90%
immunologic release of histamine from purified rat peri- were used without further purification. On average, 10% of

toneal mast cells and they concluded that NO did not have the recovered cells were basaphl_ls and each sample con-
an important role in the control of mast cell function. In t@inéd approximately 4-% 10" viable basophils. The
addition to these discrepancies, very little is known about Meanst S.E.M. of the actual amounts of histamine re-
the possible effect of NO on the signal transduction path- €@ed spontaneously and following ant|—l49E stimulation
ways leading to histamine release in the mast cell. were 0.3+ 0.1 and 10t 1.5 ng per 4-5¢ 10" basophils,

In view of this confusion, and the fundamental impor- respectively.
tance of this issue, we have now examined the effect of a
range of NO-related compounds on basal and stimulated2.2. Isolation of rat peritoneal mast cells
histamine release from human basophils and rat peritoneal
mast cells. To this end, we have employed a variety of Male Sprague—Dawley rat6 200-400 g were used.
stimuli that operate through different mechanisms. The The animals were killed by asphyxiation under 95%,CO
compounds used included ®-nitro-L-arginine(L-NA), L- followed by cervical dislocation. The abdominal skin was
NAME, aminoguanidine, methylene blue and haemoglobin removed and full HEPES-buffered Tyrode solution 20 ml
(all of which are inhibitors of NO production ; lipopoly- per ra) containing heparif 5 tinl) was carefully in-
saccharidé an inducer of NO synthase ; sodium nitroprus- jected into the peritoneal cavity, avoiding penetration of
side, sodium nitrite( NaN© , sodium nitrate NaNO , the viscera. The abdomen was gently massaged for 2 min
and 3-morpholino-sydnonimine SINF{ all of which are and a careful incision was made along the linea alba so as
NO donors ; and -arginine ( a substrate for NO produc- to avoid any blood vessels. Peritoneal lavage fluid was
tion) as well asp-arginine (the inactive enantiomer of recovered using a plastic pipette and collected into plastic
L-arginin® . The secretagogues chosen for induction of universal containers. Any sample heavily contaminated
histamine release were: anti-I§E an immunological stimu- with blood was discarded. The cells were pelleted by
lus), compound 4880 (a polyamine which is thought centrifugation( 150< g, 2 min, room temperatuye , washed

2.1. Isolation of human basophils
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twice in full buffer, and then either resuspended in full a defined period of time with the given inhibitor before the
HEPES-buffered Tyrode solution and used in functional addition of the secretory stimulds 50l). After the reac-
studies directly or further purified. For experiments involv- tion had proceeded for the designated period, it was termi-
ing stimulation with anti-rat IgE, the rats were first sensi- nated as described above. Results were expressed as the
tized with the nematodéippostrongylus brasiliensis (see percentage inhibition of the stimulated release.
White and Pearce, 1982 . The viability of recovered mixed
cells, of which 6.29%( range 5-9% were mast cells, was
greater than 90%. The meanS.E.M. of the actual amount
of histamine released spontaneously was 20239 ng per ) . . .
2.0-3.0x 10 * mast cells, and the actual amounts released A commercially available radioimmunoassay kit
from stimulated cells ranged from 65#421.0-176.8+ 5.0 (Amersham was used to determine cGMP in purified rat
ng per 2.0-3.0< 10* mast cells, depending on the secreta- p_erltoneal mast cells. The assay is based on the competi-
gogue used. tlpn _between _un_labelled CGMP aﬁffl-la_belled c_GMP fpr
Density gradient centrifugation with Percoll was used to Pinding to a limited quantity of an antibody raised with a
purify rat peritoneal mast cells. Mixed rat peritoneal mast Nigh specificity to cGMP. The samples for cGMP assay
cells isolated as above were resuspended in full HEPES-Were prepared as described below. After completing the
buffered Tyrode solutiof 1 ml containing bovine serum mcubatlon of the ceII_s W_lth the test compound_s, the reac-
albumin (1 mg/ml). A Percoll solution( 4 mi consisting tion was stopped_ Wlth ice-cold ethanol to give a final
of nine parts of Percoll and one part of 10-times concen- SUSPension containing 65% ethanol. The supernata}nt was
trated C&* and Mg*-free HEPES-buffered Tyrode solu- drawn off into .fresh tubes and the extracts centrifuged
tion was mixed with the cell suspension. Bovine serum (200X g, 15 min, 4°C). The supernatant was decanted
albumin-buffer( 1 ml was then carefully layered over the into fresh tubes and_ the ethanol evaporated L_mder a s.tream
Percoll/cell mixture to produce an interface. The sample Of nitrogen. The dried extracts were then dissolved in a
was centrifuged 156 g, 25 min, 4°C) and the super- suitable volume of assay buffér 5@0) containing sodium
natant was aspirated to leave a pure mast cell pellet at theAcetatel 0.05 M, pH 5)8 . The rest of the assay procedure
bottom of the tube. The pellet was washed twice in bovine WasS carried out according to manufacturer’s instructions.
serum albumin-buffer and twice again in HEPES-buffered

Tyrode solution before use. In this way, preparations con- 2.5, Nitric oxide determination—diazotization reaction
taining > 95% mast cells were obtained.

2.4. cGMP assay

Following incubation with the stimulants, the cells
(purified or non-purified rat peritoneal mast cells were
sonnicated 30 s, 3 times and the suspension clarified by
centrifugation( 100X g, 10 min. Sulfanilic acid( 1.5%

Human basophils or rat peritoneal mast cells preincu- w/v in 2 M HCI, 0.5 m) was added to an aliquot of the
bated at 37C were aliquoted 15@.1) into polystyrene or supernatant 0.5 Ml or to watér blank, 0.5)ml . After 5

polypropylene test tubes already containing vehi_cle or test i N-(1-naphthy}  ethylenediamine dihydrochloride

agent( 50p.1) and HEPES-buffered Tyrode solutidn 300 (g 5y w/v, 0.5 m) was added, the mixture incubated for
pl). The reaction was allowed to proceedi for a de§|gnated 30 min at 37°C, and the absorbance determined at 540
time before being stopped by the addition of ice-cold " atter correction for the absorbance of the blank, the
buffer (1500 pl). The samples were then immediately ¢qncentration of nitrite ion was determined from a calibra-

centrifuged( 200<g, 4 °C, 5 min. The supernatant Was o cyrve prepared using sodium nitrite as a standard
decanted into fresh, labelled test tubes and the residual Ce”(lgnarro etal., 1987 .

pellets were resuspended in fresh buffer to the same

volume as the supernatant sample. The supernatant and

cell pellet samples were treated with 7@%/W perchloric ~ 2.6. Nitric oxide formation—oxyhaemoglobin method

acid (final concentration 0.4 M for automated fluoromet-

ric assay of histamine essentially according to the proce- Purified or non-purified rat peritoneal mast cells were

dure of Shore et al( 1959 . The histamine content was incubated with various stimulants or NO donors and oxy-

determined in both the supernatant and the correspondinghaemoglobin( 1 mM for 15—30 min in a shaking water

cell pellet samples and the release was expressed as &ath (37°C). A control containing only cells and oxy-

percentage of the total amount of histamine originally haemoglobinl 1 mM was used. Following incubation, the

present in the cells. samples were centrifuged 260g, 4 °C, 5 min and the
For inhibition studies, cell suspensions were aliquoted absorbance of the supernatant was measured at 416 nm,

(150 wl) into test tubes containing a solution of the given taking into account the absorbance of the confrol Kelm et

inhibitor (50 w!) and HEPES-buffered Tyrode solution al., 1989 . Commercially available haemoglobin contains a

(250 1. Incubation( 37°C) was allowed to take place for mixture of oxyhaemoglobin and the oxidized derivative,

2.3. Effect of NO donors and inhibitors on histamine
release
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Table 1 haemoglobin in distilled water. Sodium dithionite was then
Effect of NO releasers and inhibitors ¢n) A basal dnd B anti-human amoved by dialysis against 100 volumes of distilled water
IgE-induced histamine release from human basophils o . .

Human basophils were incubated with buffer or each of the test com- (4°C, 2_ h. The purity of the preparation was_checked by
pounds for 30 min, then challenged with buffer for effect on basal Measuring the absorbance of oxyhaemoglobin at 416 nm

histamine releage or anti-IgE 1:1000 for 20 min. Results are expressed(Kelm et al., 1988 .
as mean+ S.E.M. of histamine relea€e % inthrée foy A or f@ur for B
separate experiments. Basal histamine release for A was@®6 and

histamine release from basophils challenged with anti-IgE alone was . . L.
44.5+13.8% for(B . All values for( B were corrected for the sponta- 2-/- Materials, solutions, test compounds and statistics

neous releasé 1.1-2.3% .

Treatment Histamine releate)% in the presence of All buffers were made up in glass distilled water. The
test dat trat f ; . .
est compound at a concentratigot) o full HEPES-buffered Tyrode solution used in the experi-

y p

! 10 100 ments with human basophils and rat peritoneal mast cells
G ] . contained( mM : NaCl 137, KCI 2.7, HEPES 10, glucose
-arginine ﬁgg 2%8‘7‘ 2%82 5.6, CaCl, 1.0, MgC) 1.0, and NaH RO 0.4. The 10-
ZNa;%mme 12106  16t0.8 1608 times concentrated & and M¢**-free buffered Tyrode

solution had appropriately altered concentrations of so-
B lutes. The bovine serum albumin-Tyrode solution was

SNP+ Anti-IgE 453+14.1 4718135 475136 HEPES-buffered Tyrode solution supplemented with
L-NA® + Anti-IgE 4541146 46.6:13.5 46.7:13.0 . .

L-NAME® + Anti-IgE 4441140 427141 4245142 _bovme serum albumif 1 mgnl)._ .The buffers were ad-
Aminoguanidiner Anti-IgE  43.2+14.0 43.9-14.4 42.7%13.7 justed to pH 7.2-7.4 by the addition of NaOH.

Methylene blue- Anti-IgE ~ 45.9+14.8 45.714.9 43.7413.7 Test secretagogues compound/88, sodium fluoride,

phospholipase C, 1,2-dioctanayi-glycerol and A23187
o2 were from Sigma, whereas sheep anti-rat IgE and rabbit
untreated basal histamine release. . .
bSNP= Sodium nitroprusside. anti-human IgE were from ICN and Dako, respectively.
°L-NA = L-N*-nitro-arginine. All NO releasing compounds, NO inhibitors and
‘L-NAME = N“-nitro-L-arginine methyl ester. haemoglobin were purchased from Sigma. For buffer solu-
tions, the general chemicals uséd including HCI, NaOH
and perchloric acid were either from BDH or Hopkins &
methaemoglobin. Pure oxyhaemoglobin was prepared byWilliams; HEPES and bovine serum albumin were from
adding a 10-fold molar excess of the reducing agent, Sigma; heparin and Percoll were from CP Pharmaceuticals
sodium dithionite, to a 1 mM solution of commercial and May & Baker, respectively. The chemicals for the NO

#Denotes values which are significantly differéit < 0.05 from the

Table 2

Effect of NO inhibitors on stimulated histamine release from rat peritoneal mast cells

Cells were incubated with vehicle or one of the inhibitors for 30 min before being treated with stimulants anti-tat Igg 1:250 , comp@dnd48
wg/ml) or A23187( 10.M) for a further 15 min or before being treated with sodium fluor{de NaF, 200mM , phospholipdse C PLC, grAb &
1,2-dioctanoylsn-glycerol ( DiC8, 20n.M) for a further 30 min. Results are shown as mea8.E.M. of histamine releage % from three or more separate
experiments. All values are corrected for the spontaneous histamine rélease ta. 8 % .

Treatment InhibitofuM) Anti-rat IgE 48/80 NaF PLC DiC8 A23187
Stimulant alone 0 21316 50.0+ 1.4 45.4+ 3.0 53.5+ 2.8 25.2+ 2.0 495+ 2.8
L-NAME? + stimulant 1 21.06:1.8 51.7+ 3.0 38.2+ 0.2° 51.14+ 2.6 26.7+ 3.3 52.6+ 0.9
10 19.9+ 1.8 50.9+ 2.3 36.5+ 1.3 52.6+ 3.0 275+ 2.4 53.0+ 3.2
100 19.2+ 1.5 47.3+0.8 37.5+ 3.7 52.3+ 2.6 26.3+ 2.4 53.0+ 3.5
L-NA © + stimulant 1 21.5-1.9 48.1+ 4.1 431426 50.5+ 2.5 253+ 2.3 50.2+ 2.6
10 22.7+ 3.0 435+ 1.1 46.7+ 5.1 50.5+ 2.7 27.5+1.8 48.2+ 3.4
100 205+ 25 46.8+ 3.5 49.4+ 4.1 52.24+ 3.1 26.8+ 3.0 472+ 3.7
AMG ¢ + stimulant 1 22,121 48.3+1.9 47.8+ 3.0 53.7+ 2.4 26.2+ 2.2 34,5+ 5.7°
10 22.8+3.1 46.2+ 1.7 39.5+ 3.7 52.3+ 2.9 27.5+2.4 36.6+ 4.5°
100 23.2+2.0 40.1+ 1.6° 39.5+ 2.3 52.2+ 3.2 28.3+1.2 36.6+ 3.8°
MB® + stimulant 1 2225 48.1+ 2.1 38.8+ 7.8 53.2+ 3.2 28.8+ 2.0 48.8+ 6.0
10 25.1+ 3.8 46.8+ 3.3 40.7+ 6.8 52.7+ 2.8 28.6+ 2.5 44.6+5.1
100 28.6+ 4.1 48.2+ 2.7 37.8+75 58.7+ 4.1 40.6+ 6.5 46.2+ 4.1

8L.-NAME = N®-nitro-L-arginine methyl ester.

®Denotes values which are significantly differéf® < 0.05 from those evoked by the stimulant alone.
°L-NA = N®-nitro-L-arginine.

9AMG = aminoguanidine.

°MB = methylene blue.
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determinations and formation were purchased from Sigma. )
The cGMP assay kit was obtained from Amersham.

All NO compounds and secretagogues were made up in g’g D . .
HEPES-buffered Tyrode solution or 0.9% saline except oL —C- A23187 (10 pM) -
L-NA, A23187, and DiC8 which were dissolved in dimethyl 30 b
sulfoxide (DMSO, from Sigmg . The final maximum con- S 20}

centration of DMSO(<0.1% did not affect the cell
response or histamine assayarginine andp-arginine
solutions were adjusted to pH 7.4 before use.

Statistical analysis was carried out by means of the
unpaired Student'$-test, Welch’st-test and ANOVA with
Dunnett post test. A value oP < 0.05 was considered to
be significant.

Inhibition of histamine release

Haemoglobin (M)

®)

—@— Anti-rat IgE (1:300) —O—48/80 (0.5 pg/ml)

20 p
3. Results % ~— A23187 (10 pM) :
= 15 b
3.1. Effect of NO donors and inhibitors on basal and g
anti-human IgE-induced histamine release from human gg 10 p
basophils s
& st
Sodium nitroprusside,-arginine anc-arginine( 1-100 f:i X . ) ) . )
wM) had a negligible effect on basal histamine release 0 10° 107 10° 10°¢ 10*
from human basophilé Table 1 . Similarly, neitheNA, _ Lrarginine M) _
L-NAME, aminoguanidine nor methylene blGe 1—1081) Fig. 2. Effect of (A haemoglobin and )BL-arginine on stimulated

had i ble infl b | histami | histamine release from rat peritoneal mast cells. Cells were incubated
ad any noticeable nfluence on basal histamine release,;, vehicle, haemoglobin or-arginine for 30 min before being stimu-

(results not shown . NO inhibitors had only a small and |ated with anti-rat IgE, A23187 or compound AB0 for 15 min. Results
inconsistent effect on histamine release induced by anti-hu-are shown as meanS.E.M. of inhibition( % of histamine release from
man IgE. Thus.-NAME and aminoguanidine produced a thre_e experiments. All values were corrected_ for the sponta_neous his-
mild inhibition whereas methylene bluesNA and sodium tamine releasé ca. 8% . Control values for stimulated histamine release

. . . were 36-49%." Denotes values which are significantly diffeféhk
nitroprusside slightly enhanced the respotse Taple 1 . 0.05 from the controls.

N
[
"

s ke ® 3.2. Effect of methylene blue and NO synthase inhibitors
fg” i % * on basal and stimulated histamine release from rat peri-
s Br toneal mast cells
20p
§ st I—'— L-NAME, L-NA, aminoguanidine and methylene blue
0 (1-100 wM) had little effect on basal histamine release
002 02 2 0.02 0.2 2 0.1 1 10 100 . . .
L-arginine (mM) D-arginine (mM) SIN-1 (1M) from rat peritoneal mast cells, or on the secretion induced
by anti-rat IgE, compound 480, NaF, A23187, phospho-
Br ®) lipase C, or DIC8, except that aminoguanidine produced a
§20 i significant inhibition in the case of A23187 Table 2 .
815 p
g 0 3.3. Effect of NO donors on basal histamine release from
2 s rat peritoneal mast cells
0

00 1 10100 01 1 10 100 01 1 10 100 0.1 1 10 100
NaNoO, (M) NaNO; (M) SNP (uM) LPS (uM)

In non-purified rat peritoneal mast cells, NaMO ,
Fig. 1. Effect of NO donors on basal histamine release from rat peritoneal NaNO3 , sodium nltrOPYUSSIdQ or Ilpopolysacchar(de 0_'1_
mast cells( A Effect of.-arginine,p-arginine and SIN-1( B Effectof 100 pM) caused a slight stimulation of basal histamine
NaNQ,, NaNQ , sodium nitroprusside SNP and lipopolysaccharide release < 5%), whileL-arginine( 0.02—2 mM p-arginine
(LP9). Cells were incubated with vehicle or one of the NO donors for 30 (0.2—2 mM and SIN-1( 1— 10QuM) produced rather
min. Results are shown as meaB.E.M. of histamine releade % from |arger effects( < 15-20%, Fig. 1A and B . The response

three or more experiments. All values were corrected for the spontaneous . .. .
to the enantiomers of arginine was time-dependent and, for

histamine releasé ca. 8% : """ ““" Denote values which are signifi-

cantly different(*P <0.05, * *P <0.01, ***P <0.00) from basal example, the release induced_ b&aﬁginine ( 2 mM in-
histamine release. creased to ca. 30% after 60 min of incubation. The effects
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of L-arginine andb-arginine were not altered by the pres- (all at 100 uM) also had no effect on histamine release
ence ofL-NA or aminoguanidine up to concentrations of evoked by compound 4&0 (0.5 wg/ml), A23187 ( 10
100 wM (data not showh L- andp-arginine also released M), anti-rat IgE( 1:300 dilutioh , phospholipase(C 0.05
histamine from purified rat peritoneal mast cells, although U/ml), DiC8 (20 wM) or NaF (20 mM (results not
the response was rather less than from unpurified cells shown .

(data not shown . In both cases, the effect was independent

of added C&" and was unchanged when the reaction was
carried out in C&" and Mg?*-free buffer containing eth-
ylenediaminetetraacetic acid 0.2 mM as a chelating agent
(data not shown .

3.5. Effect of sodium nitroprusside on stimulated histamine
release from rat peritoneal mast cells

Sodium nitroprussidé 1-10QM) had differential ef-
fects on histamine release induced by various secreta-
gogued Fig. B . Thus, the compound enhanced the stimula-
tory effect of compound 4880 and DiC8, caused a weak
inhibition of the secretion induced by phospholipase C and
produced a dose-dependent inhibition of the histamine
release evoked by anti-rat IgE, NaF and A23187. At the
highest test concentratidn 1Q0OM) of sodium nitroprus-
side, the corresponding percentage inhibitions for the latter
stimuli were 31.5+ 2.8%, 15.9+ 0.7%, and 17.6- 2.2%

(all with P < 0.05.

3.4. Effect of haemoglobin, L-arginine, p-arginine and NO
donors on stimulated histamine release from rat peritoneal
mast cells

As shown in Fig. 2A, haemoglobiff 0.1-100M)
produced a significant and dose-dependent inhibition of
histamine release induced by anti-rat I§& 45% and
A23187 (< 35%) but not compound 4&0. L-arginine
showed a mild inhibitory effec{ Fig. 2B whereas
arginine was essentially inactive results not shbwn . At
the highest test concentratidn 1QCM), the two enan-
tiomers had no significant effect on histamine release 3.6. Effect of NO donors and stimulants on nitric oxide
induced by NaR 20 mM , phospholipase(C 0.0%rl) production from rat peritoneal mast cells
or DiC8 (20 uM) (results not shown . Other NO donors,
with the exception of sodium nitroprusside see below, Incubation of purified rat peritoneal mast cells with
such as lipopolysaccharide, NahlO , NaNO , and SIN-1 various stimulants anti-rat IgE, compound /8, NaF

40 048/80 HEDic8 MmMPLC A23187 NaF B Anti-rat IgE

(98]
o
1

(%)

—
(=)
1

Inhibition of histamine release
\)
[} (e
1 1

W
(==}
L

10° 10° 10*

Sodium nitroprusside (M)

Fig. 3. Effect of sodium nitroprusside SINP on stimulated histamine release from rat peritoneal mast cells. Cells were incubated with sodissidatropru
for 30 min. They were then stimulated with anti-rat IE 1:250 , compound880.5u.g/ml) or A23187( 10uM) for a further 15 min or stimulated

with NaF (20 mM, phospholipase C PLC, 0.05/hil) or DiC8 (20 wM) for a further 30 min. Control samples received vehicle instead of sodium
nitroprusside. The results are expressed as mean inhikitibn % of histamine rel8dSé. for three or more experiments. The corresponding stimulated
histamine releases for anti-rat IgE, compound'@8, NaF, phospholipase C, DiC8, and A23187 were 31%, 44%, 41%, 57%, 21%, and 45%. All values
were corrected for the spontaneous release ca. 8% . Denotes values which are significantly @fferér®5) from the controls.
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Fig. 4. Effect of various stimulants and NO donors on nitric oxide production, as measured by the diazotization reaction, in purified rat peagbneal m
cells. Cells were incubated with anti-rat IgE, compoung' 88, NaF, A23187 oc-arginine for 30 min. Inorganic nitrite was measured by the diazotization

reaction and the change in absorbance expressed per 50,000 cells. The standard curve for sodium nitrite has been superimposed. The results shown :

representative of four separate experiments.

and A23187 or the NO donor-arginine, had little or no

tion from basophils. In the present work, it was found that

effect on NO production as determined by the diazotiza- the spontaneous release of the amine or that induced by

tion reaction( Fig. ¥ . In four further experiments, oxy-

haemoglobin absorbance was determined following incu-

bation of rat peritoneal mast cells with oxyhaemoglobin
and various stimulants: A23187 0.1 and @®&1), NaF (2
and 20 mM , anti-lg&( 1:1000 and 1:100 dilutjon , com-
pound 4§80 (0.05 and 0.5.g/ml), L-arginine( 100uM),
p-arginine ( 100 wM), sodium nitroprussidel 10G.M),
SIN-1(100.M) and lipopolysaccharide 1 mynl). In no

anti-lgE was not significantly affected by the NO donors
sodium nitroprusside,-arginine orp-arginine, or the NO
inhibitors L-NA, L-NAME, aminoguanidine or methylene
blue. likura et al.( 1998 have recently also reported that
sodium nitroprusside had no effect on anti-IgE-induced
histamine release from basophils in the absenceNef
acetylcysteing which increased the biovailability of NO .
It would be useful to study further the effect of NO-related

case did the absorbance values of the treated samplegompounds on the signal transduction pathways involved

differ from that of the control samples 12 arbitrary units
of absorbance per 50,000 cells, data not shown .

Essentially the same results were obtained with non-

purified rat peritoneal mast cells results not shown .

3.7. Effect of NO donors on cGMP levelsin rat peritoneal
mast cells

The basal level of cGMP in resting, purified rat peri-
toneal mast cells was 2:81.2 pmol/10° cells (n=4)
and this value was unchanged following incubation with
L-arginine, b-arginine or sodium nitroprusside 1QOM)
for up to 60 min.

4. Discussion

in basophil histamine release and to assess the relationship
between NO synthase, cGMP levels, NO formation and
NO activity in these cells.

L-NAME, L-NA, aminoguanidine and methylene blue
were similarly inactive in rat peritoneal mast cells and had
little effect on either the basal histamine release or the
release induced by anti-rat IgE, compound/80, NaF,
phospholipase C, DiC8 or A23187, except that amino-
guanidine produced a small but significant inhibition of
A23187-induced histamine release. In contrast, haemoglo-
bin inhibited histamine release induced by anti-rat IgE and
A23187 but not compound 4®0. Haemoglobin and
methylene blue are thought to act by binding NO and
destroying its biological activity while the remaining com-
pounds inhibit NO synthase. Methylene blue also inhibits
the soluble isoform of guanylate cyclase and thus prevents
cGMP formation by this route. In interpreting the present

Mast cells and basophils are the major repositories of results, however, it is important to bear in mind that all of
histamine and the signal transduction pathways are thoughtthese agents may have other pharmacological effects unre-

to be similar in both cell typeé Beaven and Cunha-Melo,
1988; Razin et al., 1995; Metcalfe et al., 1997 . However,

little is known about the effect of NO on histamine secre-

lated to NO. For example, it is known that haemoglobin
and methylene blue may generate hydroxyl radicals or
superoxide anior{ Marczin et al., 1992; Van Dyke and



236 K.H. Peh et al. / European Journal of Pharmacology 425 (2001) 229-238

Saltman, 1996 . Also, most of the NO synthase inhibitors substrate phosphorylatidn Huang et al., 1998; Kemalavias
are not strictly specific, although it is considered thadA and Lincoln, 1996; Miyoshi and Nakaya, 1994; Volk et al.,
has a relative selectivity for the constitutive NO synthase 1997; Xu et al., 1994 , two events which may be centrally

whereas aminoguanidine is more specific thaNAME involved in histamine release Botana et al., 1992; Pearce
for the inducible NO synthase Nathan, 1992; Griffiths et et al., 1981; Schneider et al., 1992 .
al., 1993 . In addition,-NAME has antimuscarinic proper- Incubation of purified rat peritoneal mast cells with

ties (Chang et al., 1997 and aminoguanidine has directvarious secretagogués anti-rat IgE, compound8tB NaF
scavenging activities against hydrogen peroxide and perox-and A23187 or NO donor@-arginine,p-arginine, sodium
ynitrite and also inhibits diamine oxidase, which has a role nitroprusside, SIN-1 and lipopolysacchanide had negligi-
in the metabolism of histaminge Yildiz et al., 1998 . ble effects on NO production as assessed by the formation
We also studied the effect of a wide range of NO of nitrite or oxyhaemoglobin absorbance. Similarly, the
donors on histamine release from rat peritoneal mast cells.enantiomers of arginine and sodium nitroprusside failed to
The test agents have rather different mechanisms of action.change intracellular cGMP levels. These findings further
Thus, sodium nitroprusside and SIN-1 spontaneously re- militate against a role for NO in mast cell activation and
lease NO intracellularly or extracellularly, respectively, imply that any observed effects of NO donors are indepen-
while NaNGQ, and NaN@ require intracellular bioactiva- dent of the oxide.
tion. Lipopolysaccharide is an inducer of NO synthase and It should be pointed out that our findings are at variance
L-arginine, in contrast to the inactive enantiorerginine, with those of some other workers who, using different
is the natural precursor for NO formatidn Bauer et al., experimental procedures and rodent strains, have claimed
1995; Feelisch, 1998 . Of the NO donors tested, only that NO may modulate mast cell mediator release. For
SIN-1 (0.1-100uwM) and high concentrations 2 mM of instance, Salvemini et al. 1991 found that sodium nitro-
L- andp-arginine had any direct histamine releasing effect. prusside inhibited histamine release, produced NO and
In this regard, it should be noted that SIN-1 may have increased cGMP levels in purified rat peritoneal mast cells
cytotoxic properties Law et al., 1989 . In assessing the from male Wistar Albino rats. Eastmond et dl. 1997
role of NO in a given cellular response, the lack of effect demonstrated that interferon-gamma induced NO produc-
of p-arginine as compared to the positive action Lef tion and inhibited the IgE-mediated secretory function of
arginine has often been taken as evidence in favour of themouse mixed peritoneal mast cells. Hogaboam t al. 1993
involvement of the oxide. However, in other situations reported thatL-arginine released NO from purified rat
both L-arginine andbp-arginine may have similar effects. peritoneal mast cells of male Sprague—Dawley rats. Bidri
For example, the two enantiomers are equiactive at in- et al. (1993 showed that sodium nitroprusside increased
creasing insulin levels in isolated mouse islets of Lan- cGMP levels and inhibited IgE-mediategthexosamini-
gerhans( Panagiotidis et al., 1995 and both are gooddase release from mouse bone marrow-derived mast cells.
scavengers of hydroxyl radicals Rehman et al., 3997 . Most recently, Koranteng et al. 2000 showed that NO
Arginine may also exert non-specific pH effects due to generated bys-nitrosoglutathion€ an NO donbor inhibited
alkalinisation of the buffer medium by the basic amino IgE-mediated serotonin release from mouse peritoneal mast
acid (Jacob, 1988 or have a direct depolarizing action cells and rat peritoneal mast cells from Brown Norway
(Panagiotidis et al., 1995 . Since the present work showedrats. The latter effects were optimal after 24 h in culture
that the stimulatory effects afarginine and-arginine on although much shorter periods of incubation were report-
histamine release were not antagonized bWA or edly effective in the earlier studies. However, in keeping
aminoguanidine, or by the removal of €a which is with our results, Lau and Cho(v 1999 found thaflAME
required for the activity of the Ca-calmodulin-dependent  and sodium nitroprusside did not affect the spontaneous or
constitutive form of NO synthase, the response to theseanti-rat IgE-induced histamine release from purified rat
amino acids may similarly involve mechanisms unrelated peritoneal mast cells obtained from Wistar Albino or
to NO. Sprague—Dawley rats. These authors suggested that the
With the exception of -arginine and sodium nitroprus-  differences between their results and the earlier studies
side, none of the NO donors had any effect on histamine might be due to the higher degree of purity of the mast cell
release induced by a range of different stimuli. Low con- preparations used and the consequent removal of contami-
centrations of -arginine produced a weak inhibition of the nating cells capable of producing NO. In total, the reasons
release evoked by anti-IgE, compound/8® and A23187, for these disparate findings are not clear but the strain of
but not that caused by NaF, phospholipase C or DiC8, animals and the detailed experimental conditions could
while the response to sodium nitroprusside varied with the both be important. To this end, we have here used both
secretagogue. Thus, the compound potentiated the releasenixed peritoneal cells and highly purified rat peritoneal
induced by compound 480 and DiC8 but inhibited that  mast cells, together with a wide range of NO-active com-
evoked by anti-IgE, NaF or A23187. These effects may pounds and different secretagogues. In any event, the
again be unrelated to NO production and sodium nitroprus- reported differences stress the need for careful comparative
side has been shown to induce 2Camovements and  work from independent laboratories.
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In conclusion, the present results show that NO does Huang, K.-T., Kuo, L., Liao, J.C., 1998. Lipopolysaccharide activates
not play a significant role in the signal transduction path- endothelial .nitric oxide synthase through protein tyrosine kinase.

leading to histamine release from human basophils Biochem. Biophys. Res. Commun. 245, 33-37. :
ways lea g : P Ignarro, L.J., Buga, G.M., Wood, K.S., Byrns, R.E., Chaudhuri, G., 1987.
and rat peritoneal mast cells. However, there is NOW ~ gpgothelium-derived relaxing factor produced and released from artery
increasing evidence that the interaction between NO, mast and vein is nitric oxide. Proc. Natl. Acad. Sci. U. S. A. 84, 9265-9269.
cells and histamine release is important in the regulation of likura, M., Takaishi, T., Hirai, K., Yamada, H., lida, M., Koshino, T.,
various physiological and pathological conditions such as Morita, Y., 1998. I_Exogenous I’litl"iC oxide regulates the degranulation
. . . v of human basophils and rat peritoneal mast cells. Int. Arch. Allergy

the modulation of the immune systefn Zidek and"Masek, Immunol. 115, 129136
1998, control of the human nasal airway respanse Dear etacop, M., 1988L-arginine is endogenous source of NO. TIPS 9, 312.
al., 1995, endotoxin-induced damage to the rat colon Kato, S., Kitamura, M., Korolkiewicz, R.P., Takeuchi, K., 1998. Role of

(Brown et al., 1998 and inhibition of gastric acid secretion
(Kato et al.,, 1998 . It is obvious that further work is
required to clarify the role of NO in these systems.

References

Bauer, J.A., Booth, B.P., Fung, H.-L., 1995. Nitric oxide donors: bio-

chemical pharmacology and therapeutics. Adv. Pharmacol. 34, 361—

381.

Beaven, M.A., Cunha-Melo, J.R., 1988. Membrane phosphoinositide-

activated signals in mast cells and basophils. Prog. Allergy 42,
123-184.

Berdeaux, A., 1993. Nitric oxide: an ubiquitous messanger. Fundam.

Clin. Pharmacaol. 7, 401-411.

Bidri, M., Béchere, P.-A., Goff, L.L., Pieroni, L., Guillosson, J.-J.,
Debre, P., Arock, M., 1995. Involvement of cyclic nucleotides in the
immunomodulatory effects of nitric oxide on murine mast cells.
Biochem. Biophys. Res. Commun. 210, 507-517.

Botana, L.M., Alfonso, A., Botana, M.A., Vieytes, M.R., Louzao, M.C.,
Cabado, A.G., 1992. Influence of protein kinase C, cAMP and

phosphatase activity on histamine release produced by compound

48/80 and sodium fluoride on rat mast cells. Agents Actions 37, 1-7.
Brooks, A.C., Whelan, C.J., Purcell, W.M., 1999. Reactive oxygen

species generation and histamine release by activated mast cells:

modulation by nitric oxide synthase inhibition. Br. J. Pharmacol. 128,
585-590.

Brown, J.F., Chafee, K.A., Tepperman, B.L., 1998. Role of mast cells,
neutrophils and nitric oxide in endotoxin-induced damage to the
neonatal rat colon. Br. J. Pharmacol. 123, 31-38.

Chang, H.-Y., Chen, C.-W., Hsiue, T.-R., 1997. Comparative effects of
L-NOARG and L-NAME on basal blood flow and ACh-induced
vasodilatation in rat diaphragmatic microcirculation. Br. J. Pharmacol.
120, 326-332.

Christopoulos, A., El-Fakahany, E.E., 1999. The generation of nitric
oxide by G protein-coupled receptors. Life Sci. 64, 1-15.

Dear, J.W., Scadding, G.K., Foreman, J., 1995. Reductiol Bynitro-
L-arginine methyl estefL-NAME) of antigen-induced nasal airway

plasma extravasation in human subjects in vivo. Br. J. Pharmacol.

116, 1720-1722.

Eastmond, N.C., Banks, E.M.S., Coleman, J.W., 1997. Nitric oxide
inhibits IgE-mediated degranulation of mast cells and is the principal
intermediate in IFNy-induced suppression of exocytosis. J. Immunol.
159, 1444-1450.

Feelisch, M., 1998. The use of nitric oxide donors in pharmacological
studies. Naunyn-Schmiedeberg’s Arch. Pharmacol. 358, 113-122.

Griffiths, M.J.D., Messent, M., MacAllister, R.J., Evans, T.W., 1993.
Aminoguanidine selectively inhibits inducible nitric oxide synthase.
Br. J. Pharmacol. 110, 963-968.

Hogaboam, C.M., Befus, A.D., Wallace, J.L., 1993. Modulation of rat
mast cell reactivity by IL-B. J. Immunol. 151, 3767-3774.

nitric oxide in regulation of gastric acid secretion in rats: effects of
NO donors and NO synthase inhibitor. Br. J. Pharmacol. 123, 839—
846.

Kelm, M., Feelisch, M., Spar, R., Piper, H.-M., Noack, E., Schrader, J.,
1988. Quantitative and kinetic characterization of nitric oxide and
EDRF released from culcutured endothelial cells. Bichem. Biophys.
Res. Commun. 154, 236—-244.

Kemalavias, P., Lincoln, T.M., 1996. Phosphorylation of the inositol
1,4,5-triphosphate receptor. Cyclic GMP-dependent protein kinase
mediates cAMP and cGMP dependent phosphorylation in the intact
rat aorta. J. Biol. Chem. 271, 21933-21938.

Koranteng, R.D., Dearman, R.J., Kimber, |., Coleman, J.W., 2000.
Phenotypic variation in mast cell responsiveness to the inhibitory
action of nitric oxide. Inflammation Res. 49, 240-246.

Lagunoff, D., Martin, T.W., 1983. Agents that release histamine from
mast cells. Annu. Rev. Pharmacol. Toxicol. 23, 331-351.

Lau, H.Y.A., Chow, S.M., 1999. Nitric oxide does not affect histamine
release from rat peritoneal mast cells. Inflammation Res. 48, S27—-S28.

Law, A., Wu, J., Zeng, L.-H., Wu, T.-W., 1999. Aorta endothelial cells
damaged by a nitric oxide donor and protected by flavonoids. Life
Sci. 64, PL199-PL204.

Marczin, N., Ryan, U.S., Catravas, J.D., 1992. Methylene blue inhibits
nitrovasodilator- and endothelium-derived relaxing factor-induced
cyclic GMP accumulation in cultured pulmonary arterial smooth
muscle cells via generation of superoxide anion. J. Pharmacol. Exp.
Ther. 263, 170-179.

McDonald, L.J., Murad, F., 1995. Nitric oxide and cGMP signalling.
Adv. Pharmacol. 34, 263-275.

Metcalfe, D.D., Baram, D., Mekori, Y.A., 1997. Mast cells. Physiol. Rev.
77, 1033-1079.

Miyoshi, H., Nakaya, Y., 1994. Endotoxin-induced nonendothelial nitric
oxide activates the Cd-activated K~ channel in cultured vascular
smooth muscle cells. J. Mol. Cell Cardiol. 26, 1487—-1495.

Moncada, S., Higgs, A., Furchgott, R., 1997. XIV. International union of
pharmacology nhomenclature in nitric oxide research. Pharmacol. Rev.
49, 137-142.

Moulson, A., Wan, B.Y.C., Ho, M.N.K., Assem, E.S.K., Pearce, F.L.,
1994. Evaluation of the role of nitric oxide in histamine release from
rat peritoneal mast cells. Br. J. Pharmacol. 112, 147 P.

Muscarfa, M.N., Wallace, J.L., 1999. Nitric oxide: V. Therapeutic poten-
tial of nitric oxide donors and inhibitors. Am. J. Physiol. 276,
G1313-G1316.

Nathan, C., 1992. Nitric oxide as a secretory product of mammalian cells.
FASEB J. 6, 3051-3064.

Panagiotidis, G., Akesson, B., Rydell, E.L., Lundquist, I., 1995. Influence
of nitric oxide synthase inhibition, nitric oxide and hydroperoxide on
insulin release induced by various secretagogues. Br. J. Pharmacol.
114, 289-296.

Pearce, F.L., Ennis, M., Truneh, A., White, J.R., 1981. Role of intra- and
extracellular calcium in histamine release from rat peritoneal mast
cells. Agents Actions 43, 144-148.

Razin, E., Pecht, |., Rivera, J., 1995. Signal transduction in the activation
of mast cells and basophils. Immunol. Today 16, 370-373.

Rehman, A., Whiteman, M., Halliwell, B., 1997. Scavenging of hydroxyl



238 K.H. Peh et al. / European Journal of Pharmacology 425 (2001) 229-238

radicals but not of peroxynitrite by inhibitors and substrates of nitric histamine and tryptase from human skin mast cells. Agents Actions
oxide synthases. Br. J. Pharmacol. 122, 1702—-1706. 38, 237-239.

Sagi-Eisenberg, R., 1993. Signal-transmission pathways in mast cell Volk, T., Mading, K., Hensel, M., Kox, W.J., 1997. Nitric oxide induces
exocytosis. In: Foreman, J.€. Ed., Immunopharmacology of Mast transient C&" changes in endothelial cells independent of cGMP. J.
Cells and Basophil§ The Handbook of Immunopharmacology . Aca- Cell. Physiol. 172, 296—-305.

demic Press, London, pp. 71-88. White, J.R., Pearce, F.L., 1982. Charateristics of histamine secretion from
Salvemini, D., Masini, E., Pistelli, A., Mannaioni, P.F., Vane, J., 1991. rat peritoneal mast cells sensitized to the nemathig@ostrongylus
Nitric oxide: a regulatory mediator of mast cell reactivity. J. Cardio- brasiliensis. Immunology 46, 353—-359.
vasc. Pharmacol. 17, S258—-S264. Xu, X., Star, R.A., Tortorici, G., Muallem, S., 1994. Depletion of
Schneider, H., Cohen-Dayag, A., Pecht, I., 1992. Tyrosine phosphoryla- intracellular CA* stores activates nitric oxide synthase to generate
tion of phospholipase €, couples the Fc receptor mediated signal c¢GMP and regulate & influx. J. Biol. Chem. 269, 12645—12653.
to mast cells secretion. Int. Immunol. 4, 447-453. Yildiz, G., Demiryurek, A.T., Sahin-Erdemli, I., Kanzik, I., 1998. Com-
Shore, P.A., Burkhalter, A., Cohn, V.H., 1959. A method for the fluoro- parison of antioxidant activities of aminoguanidine, methylguanidine
metric assay of histamine in tissues. J. Pharmacol. Exp. Ther. 127, and guanidine by luminol-enhanced chemiluminescence. Br. J. Phar-
182-186. macol. 124, 905-910.
Van Dyke, B.R., Saltman, P., 1996. Haemoglobin: a mechanism for the Zidek, Z., Masek, K., 1998. Erratic behavior of nitric oxide within the
generation of hydroxyl radicals. Free Radical Biol. Med. 20, 985—-989. immune system:illustrative review of conflicting data and their im-
Van Overveld, F.J., Bult, H., Vermeire, P.A., Herman, A.G., 1993. munopharmacological aspects. Int. J. Immunopharmacol. 20, 319-343.

Nitroprusside, a nitrogen oxide generating drug, inhibits release of



