
Human neutrophil-derived histamine-releasing 
activity (HRA-N) causes the release of 
serotonin but not arachidonic acid 
metabolites from rat basophiiic leukemia ceils 

Yasushi Igarashi, MD,* Jens D. Lundgren, MD,** Martin E. Doerfier, MD,** 
James H. Shelhamer, MD, *)+ Michael A. Kaliner, MD,* and 
Martha V. White, MD*- *** Bethesdu, Md. 

The e&crs of neutrophil-derived histamine-releasing activity (HRA-N) on arachidonic acid (AA) 
metuholism is unknown. Human basophils exposed to HRA-N released 25% of total hisramrnr 
but no leukotriene C, (LTC,). To confirm this phenomenon, rut basophilic leukemia (RBL) c,elis 
were exposed to HRA-N as well us anti-IgE. or calcium ionophore A23187. RBL cells incubuted 
with A23187 released 44% of available serotonin and 59 und 124 pmoli IV cells qf 

prostaglundin D, (PGD,) and LTC,. respectively. Anti-l& stimulation resulted in 347~ serotomn 
release and the generation of 34 pmol PGD: per 10” cells and 72 pmol LTC’, per 10” cells. In 
c‘ontrast. HRA-N (2 Ulml) induced 20% serotonin release. 4 pmol PGD, per 10” cells. untl 0.6 
pmol LTC, per 10” cells. Neither increasing the dose nor the incubation time of HRA-N 

enhanced the generation of AA metabolite. Additionally. the spectrum of AA metabolites 
Renerated by RBL cells in response to those agents wus exumined by reverse-phase 
high-performance liquid chromatography. RBL cells stimulated with A23187 released PGD. 
LTB,. and its isomers, LTC,. and 5-hydroxyeicosutetraenoic acid. In contrust. HRA-M 
stimulation resulted in on& minimal PGD, generation und no other discernable AA metabolitrs. 
Thus. HRA-N causes selective releuse of serotonin without inducing AA metabolites. These dutu 
suggesr that HRA-N activates must cells through u unique puthwuy. I J .b.LERCY CLIA ~M,MI:.w1. 
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Oxidized products of AA produce various inflam- 
matory actions. such as smooth muscle contrac- 
tion,‘. ’ mucus secretion,‘, 4 increased vascular per- 
meability, vasodilation,’ and infiltration of inflam- 
matory cells.6 Some AA metabolites can be released 
during allergic reactions after antigen challenge 
in viva.‘-’ Antigen stimulation of mast cells and ba- 
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sophils cause the release of histamine as well as the 
generation of the 54ipoxygenase products. LTC.,“‘-” 
and LTB,,“. “. ” and, in addition, the cyclooxygenase 
product, PGD2,“‘, “’ ” from mast cells but not baso- 
phils. Thus, it is possible that these AA metabolites 
participate in the pathophysiology of allergic diseases. 

The question of whether mast cell/ basophil secre- 
tagogues other than IgE are important in human diu- 
eases is a current topic of investigational interest. 4 
number of inflammatory cells generate HRFs.“.‘~ and 
it has been hypothesized that these factors may recruit 
mast cell and/ or basophil participation in events. such 
as the LPR as well as nonallergic inflammatory con- 
ditions. It has been noted in several models that HR 
occurs during early stages of LPR in which neutrophil 
infiltration predominates.‘6-2’ Furthermore, it has been 
observed that histamine, but not FGD2. is recovered 
in lavages during human LPR.9 It was therefore of 
interest to determine whether HRA-N” causes both 
HR and the metabolism of AA. 
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MATERIAL AND METHODS 
Material 

EMEM without L-glutaminc. heat-inactivated fetal calf 
serum, L-glutamine, trypsin-versine mix (Biofluids. Inc.. 
Rockville. Md.) B-nicotinamidc adcnine dinucleotidc py- 
ruvic acid (sodium salt), Histopaque 1077, calcium ion- 
ophore A23 187, trifluoroacetic acid (Sigma Chemical Co., 
St. Louis, MO.). the standards for PGB,. leukotrienes, 
mono-HETEs, di-HETEs (Calbiochem Co.. San Diego, 
Calif.), human anti-IgE (goat) (Kirkegaard & Perry Labo- 
ratory, Gaithersburg, Md.), [ ‘HJserotonin, [ 14. IS-‘H(N)]- 
LTB,, [ 14,15-‘H(N)]-LTC, (New England Nuclear, Boston. 
Mass.), [I-‘“C]AA. PGD, [‘HI assay system (Amersham 
Co., Arlington Heights, Ill.), LTB.; and LTC,/LTD, anti- 
bodies (Advanced Magnetics, Inc.. Cambridge, Mass.), and 
histamine RIA kit (AMAC, Inc.. Westbrook. Maine) were 
purchased from the manufacturers. RBL cells were a gen- 
erous gift from Dr. Reuben Siraganian, National Institute 
of Dental Research. 

Generation of HRA-N 

HRA-N was generated as previously described.” Human 
PMNs were isolated from venous apheresis collections by 
Ficoll-Hypaque (density, 1.077) centrifugation”’ followed 
by hypotonic lysis. Isolated PMNs were resuspended in 
HBSS with 3 mmol/L of calcium, 2 mmol/L of magnesium, 
and 20 mmol/L of HEPES at 5 x IO’ cells per milliliter, 
and incubated in a shaker bath, 60 rpm for I hour at 
37” C. Cells were then centrifuged at 400 K for 5 minutes, 
and the supematants were boiled for IO minutes. followed 
by centrifugation at 45000 g for 5 minutes. The supematants 
were concentrated at 4” C under pressure over a YM2 (Ami- 
con, Danvers, Mass.) (1000 molecular weight cutoff) mem- 
brane. The retentates were stored at - 70” C until they were 
assayed for mediator release. The relative concentration of 
individual HRA-N preparations was determined functionally 
by measuring the relationship between HRA-N concentra- 
tion to RBL cell serotonin release. One unit of HRA-N is 
arbitrarily defined as that concentration of HRA-N that 
causes 10% serotonin release from RBL cells. The dosc- 
response curve is linear between 0.5 and 4 U/ml of HRA- 
N and then plateaus at 4 U/ml (data not presented). 

Partial purification of HRA-N 

Pooled crude neutrophil supernatants were precipitated 
overnight at 4” C in 75% ammonium sulfate. After centrif- 
ugation, the active materials, all of which remained soluble 
in 75% ammonium sulfate, was applied to a phenyl- 
Sepharose column (4 x 4.5 cm), equilibrated in 75% am- 
monium sulfate, and eluted with deionized water at 4” C. 
Nine milliliter fractions were collected, dialyzed overnight 
in 4” C deionized water, lyophilized, and reconstituted in 
HBSS with Ca’ *, Mg , and HEPES. The reconstituted 
fractions were then tested for HRA-N activity. 

Human basophil mediator-release assay 
Basophils were obtained from peripheral blood by dex- 

tran sedimentation as described.” After a wash with phos- 
phate-buffered saline mixed Icukocytes. 0.03 ml (3 x IO’ 
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Ahhreviarions used 
HRA-N: Neutrophil-derived histaminc- 

releasing activity 
RBL: Rat basophilic leukemia 

AA: Arachidonic acid 
PGD,: Prostaglandin D, 

LTB,. LTC,, LTD,: Lcukotrienes B,. C,, and D, 
HETE: Hydroxycicosatetraenoic acid 

RP-HPLC: Reverse-phase high-perfor- 
mance liquid chromatography 

ODS: Octadecylsilane-silica 
UV: Ultraviolet 

PMN: Polymorphonuclear cells (neu- 
trophils) 

LPR: Late-phase reaction 
EMEM: Eagle’s minimal essential me- 

dia with Earle’s balanced salt 
HBSS: Hanks’ balanced salt solution 

HEPES: N-2-hydroxyethylpiperazinc- 
N’-2-ethanesulfonic acid 

LDH: Lactate dehydrogenase 
HRF: Histamine-releasing factor 

HR: Histamine release 
[‘Hlserotonin: 5-l I .2-‘H(N)]-hydroxytrypta- 

mine binoxalatc 

cells per tube), were added to 0. I7 ml of secretagogue and 
incubated at 37” C for 45 minutes. The reaction was ter- 
minated by the addition of 4” C phosphate-buffered saline 
and centrifugation, and the histamine in the cells and su- 
pematants was assayed with RIA.” LTC,/LTD, was mea- 
sured in the supematants by RIA as described below. 

RBL cell culture 

The 2H3 subline of RBL cells was maintained in I75 
cm’ tissue-culture flasks in EMEM supplemented with 
4 mmol/ L of glutamine and 15% heat-inactivated fetal calf 
serum.” The cells were treated with trypsin-versine mix, 
resuspended in media, passaged every 3 to 7 days, and 
maintained in a 5% CO, humidified atmosphere at 37” C. 

Radiolabeling of RBL cells 

For serotonin-release experiments, 2 x IO’ RBL cells 
per milliliter were radiolabeled by incorporating 
[ ‘HJserotonin (I &i/ml) in the culture medium overnight. 
For AA metabolite determination by HPLC, the same con- 
centration of RBL cells was radiolabeled with [“CJAA (0.05 
pCi/ml) overnight. Unlabeled cells were used for the RIA 
of AA metabolitcs. 

RBL cell mediator-release assay 

RBL cells, 5 x l(r cells per well, were placed in a 48- 
well culture plate and allowed to adhere overnight. The wells 
were then washed three times with 4” C assay buffer that 
consists of HBSS with 3 mmol/L of calcium, 2 mmol/L 
of magnesium, 20 mmol/L of HEPES, and 0.1% gelatin, 
pH 7.4. These concentrations of Ca’ . and Mg’ were 
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determined experimentally to support maximal HRA-N- 
Induced berotonin release when concentrations up to 10 
mmol!’ L each were tested (data not presented). Unless it is 
otherwise specified. RBL cells were incubated with 90 p,l 
of secretagogues for 30 minutes at 37” C. In experiments 
with anti-IgE. cells were sensitized with IgE IR-162 in cul- 
ture medium for 1 hour before the release assay. Reactions 
were stopped by the addition of 200 )LI 4” C assay buffer 
to each well. The supematants were aspirated, centrifuged 
at 9000 K for 2 minutes lo pellet any detached cells, and 
assayed for mediator release. Adherent cells were lysed by 
exposure at 37” C to HBSS containing la/C Triton X-100, 
and ths lysate was used for total cell [‘Hlserotonin deter- 
mination. In experiments for HPLC analysis, 1 x 10’ RBL 

cells were incubated overnight in a 175 cm’ tissue-culture 
lla.sk and, after a wash. were exposed to 10 ml of secre- 
rapogucs. and the supematants were assayed by HPLC. 
Samples were assayed immediately or stored at - 70” C. 

Measurement of serotonin release 
Release of serotonin was measured by isotope counting. 

Net percent [ ‘HJserotonin release was calculated as the ratio 
of radioactivity in the supematants to those in both cells 
and supematants minus control release caused by buffer 
al1mc. 

RIA measurement for AA metabolites 

PGD, and LTC,ILTD, released into the supematants were 
measured by a competitive RIA, and concentrations were 
calculated from a standard curve.‘4 The PGDz antibody had 
7’4 cross-reactivity with PGJZ and < I c/c cross-reactivity 
with other major prostaglandins or thromboxane. Because 
the l.TC,/LTD, antibody has comparable cross-reactivity 
with LTC, and LTD, (64% for LTC, and 100% for LTD,), 
the amount of LTC,‘LTD, will be expressed as net LTC, 
mole equivalents. Neither secretagogues themselves nor 
thclr solvents affected the RIA. 

LDH assay 

LDH in the supematants and cells was assayed by mea- 
suring the consumption of reduced nicotinamide adenine 
dinucleotide during the reduction of pyruvate to lactate.” 
The results. measured as the change in optical density, per 
minute. were expressed as the percent of total cell LDH 
release<!. 

Sample preparation for HPLC 

Before being assayed by HPLC. samples were filtered 
over Sep-Pak-C,, (Waters Associates, Milford, Mass.) car- 
tridges as modified from the method of Verhagen.36 After 
cartridges were washed with I5 ml of methanol, 5 ml of 
5 mmol!L ethylenediaminetetraacetic acid, and 10 ml of 
distllled water. samples were passaged through the car- 
trudges. washed with IO ml of distilled water, and then 
extracted with 3 ml of methanol. The methanol was evap- 
orated with nitrogen, and samples were resuspended in 150 
~1 of Solvent A (75% (vol/voll distilled water, 257~ 
Iv01 vcjl] acetonitrile. and 2.2 mmol/L of phosphoric acid). 
The cfticicncy of this cutraction was evaluated by use of 

[)H]labeled standards. Recovery of PGD., ITB md !TC 

was 89%. 69%. and 53’%. respectivcl! 

HPLC analysis for AA metabolites 

RP-HPLC analysis was performed with ;I moditic~tion 
of the method described by Powell. An ODS column (1’1 
trasphere. 5 km particle diameter. 0.4h 1 15 ~‘111) anal 
HPLC apparatus, including two pumps. yystcm ~~lntrollt:r. 
autosampler. variable wavelength UV detector I lull scale 
was set at 0.200). and plotter-integrator ~Beckm;in Instru- 
ments, Inc.. Fullerton, Calif.) were used. After \;lmplc ap- 
plication. the column was washed with a mixture (11 Solvent 
A and Solvent B (60% [vol.‘volJ methanol. 40% jvol vol] 
acetonitrile, and 0.21 mmol: L of tritluoroacetic XXII ‘11 a 

flow rate of I .5 ml/min with a combination ot’ IIncur gra- 
dients ( Fig. 3. A). and fractions wcrc collected c\c‘r) 70 
seconds. HPLC grade reagents were usctl tor ;,11 cxperl- 
ments. When samples from [‘“ClAA-prelabeled KBL cell\ 
were applied. the radioactivity in each t’ractlon w;l\ counted 
with a liquid scintillation counter. Recc>vcrv ot ;\ ,\ metal,- 
elites in this HPLC fractionation. measured h\ ,,ISC 01 r;I- 
diolabeled standards was abour 53% ~ 685 . im: h5’+ for 

PGD,, LTB,. and LTC.,. respectively. When \dmplcs from 
unlabeled RBL cells stimulated with 0..3 PC ‘1111 -2131X7 

were applied to the column. 30-second traction\ tbcrc ai\o 
collected. Fractions I to IO. I I IO LO. 2 1 to 30, ,md 3 I to 
40 were combined. These four combined lmction\ and all 
subsequent fractions were passaped over Srp-P&C‘.. c’ar- 
tridges and assayed by RIA for I’tiD:. l..l‘(‘ i I‘!)... ;III~ 
LTB,. 

Statistics 

Results were analyzed by the Student‘s pa~rcd f te\t. 
Competitive RIAs were analyzed bk 1(%1t trancl’ormation 
and linear regression analysis.” 

RESULTS 
Partial purification of HRA-N 

Pooled crude neutrophil supematants were hub- 

jetted to 10%. 25%. 50%. and 75% ammonium sul- 

fate precipitation. The precipitated and soluble ma- 
terial was dialyzed overnight in deionized water. ly- 

ophilized and reconstitution in buffer, and then tested 

HRA-N activity on RBL cells. All the HRA was found 

in the fraction soluble in 75% ammonium sulfate (data 

not presented). Subsequently. 360 ml of pooled crude 

ncutrophil supematants (IO donors) were exposed to 

75% ammonium sulfate. Unprecipitated material was 

then applied to phenyl-Sepharose column, and 9 ml 
fractions were collected. All the activity eluted in a 

broad peak between fractions 2 and IO (data not prc- 
sented). Control solutions of 75% ammonium sulfate 
processed in parallel caused no more serotonin release 
than did the HBSS control (<S% ). 

Mediator release from human basophils 

‘The effect of inllammatory cell-derived histamine 

releasing factors on AA metabolism I< unknown. To 
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TABLE 1. Mediator release from stimulated RBL cells* 

Serotonin 
n (%I PGD, (pmol/lQ cells) LTC,/LTD,t (pmol/lO’ cells) 

Buffer 

Secretagogues$ 
Anti-IgE (1 : 1000) 

A23187 (0.3 kg/ml) 

HRA-N (2 U/ml) 

47 6.0 5 0.3 9.3 2 0.9 <0.25$ 

42 34.2 IT I.311 33.5 2 3.111 72.0 ? 9.0(1 

20 44.1 -c 2.511 58.9 4 4.711 123.6 IC_ 18.511 

8 20.4 _c I.111 4.0 -t 0.611 0.6 IT 0.6 

*RBL cells (5 x l(r) were incubated in 4%well tissue-culture plates with secretagogues for 30 minutes at 37” C. Percent serotonin release 

was measured by counting [‘Hjserotonin. and PGD, and LTC,ILTD, were measured by KIA. 

*Release of LTC,/LTD, is expressed as LTC, equivalents. 
SLnwer limit of assay. 
BResults were corrected by subtracting control release and are presented as net release. All results are expressed as mean 2 SEM. 

ilSignificant difference of p < 0.001 from control release. 

address this question, mediator release from human 
basophils was examined. Mixed leukocytes exposed 
to buffer spontaneously released 3% + 0.2% of total 
histamine and no detectable LTC,/LTD,. (Lower limit 
of assay was 6.4 fmol/106 cells.) Anti-IgE (200 
pg/ml) induced 55% -+ 3.5% HR and the generation 
of 400 ? 0.5 fmol of LTC,/LTD, per 10” cells. In 
contrast, leukocytes incubated with HRA-N (3 U/ml) 
released 25% 2 0.3% of total histamine but no de- 
tectable LTC,/LTD, (n = 3). 

Mediator release from stimulated RBL cells 

To confirm that HRA-N causes the selective release 
of granular products in the absence of AA metabolism, 
these data were extended to the culture cell line, RBL 
cells. RBL cells were incubated with anti-IgE, 
A23 187, or HRA-N, after which serotonin release was 
measured by isotope counting, and PGD, and 
LTC,/ LTD, released into the supematants were quan- 
titated by RIA. When RBL cells were stimulated with 
anti-IgE (1: 1000) or A23 187 (0.3 p.g/ ml), significant 
increases in the net release of all three mediators were 
observed (Table I). Eight different preparations of 
HRA-N (2 U/ml) caused significant serotonin release 
in the virtual absence of PGDz and LTC,/LTDa gen- 
eration (Table I). Although net PGDz release induced 
by HRA-N was statistically significant, the magnitude 
was minimal compared with that induced by the other 
secretagogues. 

Net percent serotonin release induced by anti-IgE 
and A23 187 were higher than that induced by HRA- 
N. To rule out the possibility that the absence of AA 
metabolism by HRA-N stimulated RBL cells was a 
dose-related phenomenon, RBL cells were exposed to 
various concentrations of anti-IgE, A23 187, or HRA- 
N, and mediator release was measured (Fig. 1). Anti- 
IgE and A23187 caused the dose-related release of 

serotonin, PGDI, and LTC,/LTD,. HRA-N, however, 
caused dose-related serotonin release, minimal PGD, 
generation, and no detectable LTCJLTD, generation. 
When the dose of anti-IgE and A23187 was adjusted 
to induce 40% serotonin release, PGD, generation was 
>25 pmol! IO6 cells, and LTC,/LTD, generation was 
>70 pmol/ IO6 cells. In contrast, when the dose of 
HRA-N was adjusted to cause 40% net serotonin re- 
lease, LTC, generation was not detectable, and PGD, 
generation was only 3 pmol/ lo6 cells. In all of these 
experiments, LDH release was <2%, except at the 
highest dose of A23187 (3.0 kg/ml) when LDH re- 
lease reached 13%. 

The time course of mediator release by RBL cells 
stimulated with anti-IgE, A23187, or HRA-N was 
next examined (Fig. 2). Release of both LTC,/LTD, 
and serotonin stimulated by anti-IgE or A23187 was 
50% complete at 8 to IO minutes and essentially com- 
pleted by 30 to 60 minutes. Release of PGD, was 
more rapid, 50% and 100% complete by 5 and 30 
minutes, respectively, for anti-IgE-stimulated RBL 
cells, and almost complete by 5 minutes for A23 I87- 
stimulated RBL cells. In contrast, serotonin release 
induced by HRA-N is complete within 5 to 10 min- 
utes. In these experiments, RBL cells were exposed 
to HRA-N for only 30 minutes. To rule out the pos- 
sibility that HRA-N induced delayed AA metabolism, 
additional experiments were performed. When the ex- 
posure time of RBL cells to HRA-N was extended to 
60 minutes, RBL cells released 15% of available se- 
rotonin but did not generate any PGDz or LTCJ/ LTD., 
(data not presented). 

Analysis of AA metabolites by HPLC 

To determine whether HRA-N induces a different 
spectrum of AA metabolites, the release of AA me- 
tabolites was analyzed by RP-HPLC. To determine 
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FIG. 1. Dose response of RBL cell mediator release (net). RBL cells (5 x 10’) were incubated 
with various concentrations of A, anti-IgE; B, calcium ionophore A23187; or C, HRA-N for 30 
minutes, Percent serotonin release measured by Wi]serotonin counting; PGD, and LTCIiLTD,,, 
measured by RIA. Data, mean ? SEM of three different experiments performed in duplicate: 
asterisk, significant differences from control release; ‘p .-: 0.05; **p c. 0.01; l **p .:. 0.001. 
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A anti-IgE 

.I ALl.EH(;” CLIN I’vlMUNOL 
JUNF lW? 

- SEAOTONIN 

----‘--- PG’J2 
--,*.-. LTC . /Cl, 

“V I  I  

0 10 20 30 40 50 60 

INCUBATION TIME (min) 

B A23187 

- SEROTONIN 

----&--- PCC2 
- -.t -. LTC D, 4 

0 10 20 30 40 50 60 

INCUBATION TIME @in) 

HRA-N 

v- 
0 10 20 30 40 50 60 

INCUBATION TIME (min) 

FIG. 2. Time course of RBL cell mediator release. RBL cells (5 x 10”) were incubated with 
A, 1 :000 anti-IgE; B, 0.3 pgiml A23187; or C, 2 U/ml I-IRA-N for indicated amount of time; 
mediators released were assayed. Results, percent of maximal net release; date, means k SEM 
of three different experiments performed in duplicate; maxima/release, 47.8% IT 3.0% serotonin, 
80.0 -c 20.3 pmol/106 cells PGD,; 249.7 k 70.0 pmol/106 cells LTCI/LTD, induced by anti-IgE, 
49% 2 1.7% serotonin; 78.0 z 1.3 pmoli106 cells PGD,; and 209.9 f 16.5 pmol/106 cells 
LTCJLTD, induced by A23187; 20% t 0% serotonin induced by I-IRA-N. 
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t FLOW RATE 1.5 ml/mln 4 

(%) loo 1-I O 

c-- WAVELENGTH 280 nmp&-- 240 nm 

12 -epi-6- vans- LTB 

I 
trans LTBc 

61 

80 

-20 -10 0 10 20 30 

RETENTION TIME (min) 

FIG. 3. A, Program of gradient elution used in RP-HPLC separations. Graph depicts ratio of 
Solvent A and B at each elution time. B, Analysis of AA metabolites by UV absorption. [‘T]AA- 
prelabeled RBL cells (1 x 10’) were incubated with 0.3 tq ml of A23187 at 37’ C for 30 minutes. 
Supernatants filtered over an ODS RP-HPLC column as described in A; arrows, retention times 
at which standards elute, expressed relative to elution of PGB,, assigned 0 time. Wavelength 
changed from 280 to 240 nm at 17 minutes; baseline immediately reset to 0. C, Analysis of AA 
metabolites by [‘T]radioactivity in 30-second fractions from same RP-HPLC run as described in 
B; arrows, fractions in which radiolabeled PGD, and AA elute; identical elution patterns obtained 
In 12 separate fractionations. insert, radioactivity in 5second collections from separate, similar 
fractionation, resulted in resolution of two peaks between 2% and 3% minutes. 

the scope of AA metabolites produced by RBL cells. to samples as an internal standard, against which the 
( “CjAA-labeled RBL cells were stimulated with 0.3 retention times of standards and samples were com- 
p,gi ml of A23 187, and the supematants were analyzed pared ( Fig. 2. R). Since the baseline of VV absorption 
by both UV absorption and radioactivity in the frac- was highly variable at 205 nm when many prosta- 
tion\ from HPLC ( Fig. 3. B and 0. PGB? was added glandins display maximal absorption (data not pre- 



1092 lgarashi et al J ALLERGY CLIN. IMMUNOL 
JUNE 1992 

sented), prostaglandins were monitored as peaks of 
radioactivity that eluted at times determined by ra- 
diolabeled standards. Leukotrienes and HETEs were 
readily detectable with 280 and 240 nm UV absorp- 
tion, respectively. The results of one representative 
fractionation out of 12 are presented in Fig. 3, B 
and C. Fractionation of the supematant of ionophorc- 
stimulated RBL cells yielded UV absorption peaks 
that coeluted with standards for LTB, (3.8 minutes), 
12-epi-6-rruns-LTB, (2.6 minutes), 6-trclns-LTB., (3. I 
minutes, LTC, (6.3 minutes), and 5-HETE (22.9 min- 
utes) (Fig. 3, B). Several unknown peaks were ob- 
served as well. Assessment of radioactivity revealed 
peaks corresponding to AA metabolites detected by 
UV absorbance (Fig. 3, C). In addition, another ra- 
dioactive peak coeluting with f3H]PGDz was detected 
at - 5.5 to -4.5 minutes (relative to PGB?). An as- 
sessment of 5-second fractions permitted the resolu- 
tion of two peaks of radioactivity between 2% and 
3% minutes, which corresponds to the two isomers 
of LTB, detected by UV absorption (Fig. 3, C, insert). 
Thus, assessment of AA metabolites by UV absorp- 
tion and by radiotracer detection resulted in similar 
patterns of detection. 

The HPLC analysis of AA metabolites was then 
compared with RIA for several major AA metabolites. 
In these experiments, unlabeled RBL cells were stim- 
ulated with 0.3 p&/ml of A23187 in a parallel ex- 
periment with [“Cllabeled RBL cells, the supematants 
were fractionated as above, and the individual frac- 
tions were extracted by Sep-Pak, and then assayed by 
RIA for PGD,, LTC4/LTD4, and LTB,. The prein- 
cubation of RBL cells with [ 14C]AA did not affect the 
pattern of AA metabolites generated since eluted su- 
pematants of labeled cells or unlabeled cells yielded 
identical UV absorption patterns (data not presented). 
Most immunoreactive PGD2 coeluted with the 
L3H]PGD2 standard, with little (< 1.5% of total) activity 
detected in other fractions (Fig. 4, B). Similarly, al- 
most all the immunologically active LTC4/LTD, co- 
eluted with the LTC, standard (Fig. 4, C). LTD, could 
not be detected by either radioactivity or by RIA. 
Thus, it appears that under these conditions, activated 
RBL cells generate LTC, but not LTD,. The LTB, RIA 
recognized the fraction coeluting with the LTB, stan- 
dard as well as fractions that coeluted with two iso- 
mers of LTB, (Fig. 4, D). Thus, RIA and HPLC 
analysis yield similar qualitative results. Although the 
RIAs for PGD, and LTC, are specific, the RIA for 
LTB, also recognizes isomers of LTB,. 

After RBL cells were incubated with buffer, they 
spontaneously generated a small amount of PGD,, but 
no 5-lipoxygenase metabolites (Fig. 5, A). After stim- 
ulation with 3 U/ml of partially purified HRA-N, 

supematants of RBL cells contained only a small 
amount of radioactivity coeluting with PGD, and no 
other AA metabolites (Fig. 5. B). The elution pattern 
was quite similar with that of control stimulation that 
was induced by buffer alone. Although partially pu- 
rified HRA-N induced more PGD, generation than did 
the control, the magnitude was minimum compared 
with that induced by A23187. Thus. although anti- 
I&E and A23 187 stimulation cause both serotonin re- 
lease and AA metabolism, HRA-N induces selective 
serotonin release from RBL cells in the virtual absence 
of AA metabolism. 

DISCUSSION 

This is the first article of the selective release of 
granular products in the absence of AA metabolism 
by mast cells/basophils stimulated with an inflam- 
matory cell-derived HRF. The mechanism by which 
the various HRFs stimulate mast cells/basophils is 
unknown. However, it has prevously been demon- 
strated that HRA-N causes equivalent amounts of se- 
rotonin release from RBL cells lacking surface IgE 
compared with that of I&E-sensitized RBL cells. 
Moreover, the removal of IgE from human basophils 
has no consistent effect on HRA-N-induced HR. Fur- 
thermore, replenishment of IgE-depleted basophils 
with IgE plus does not reverse any observed effects 
of I&E removal on HRA-N-induced basophil degran- 
ulation. ” Therefore, determining whether HRA-N in- 
duces AA metabolism as well as degranulation is im- 
portant in defining the site of action of HRA-N on 
mast cells/basophils. 

We first examined HRA-N-induced AA metabo- 
lism in human basophils. HRA-N-stimulated human 
basophils were found to release histamine but no de- 
tectable LTCJLTD,. In contrast, basophils stimulated 
with anti-1gE released both histamine and LTC,/LTD,. 
Although the experiments were performed with mixed 
leukocytes. it was clear that HRA-N did not induce 
LTC,/LTD, generation from basophils or other by- 
stander cells. This observation is interesting, since 
basophils are presumed to play a major role in 
LPR,“. “’ whereas HRFs are possibly participating. 

To examine in more detail the effect of HRA-N on 
mast cell / basophil AA metabolism, RBL cells, a cul- 
tured cell line of presumed mucosal mast cell li- 
neage ,“’ were next used. The advantage of the use of 
a cultured cell line is that damage occurring during 
cell-purification processes can be avoided and that 
large scale experiments can be performed easily. As 
expected, stimulation of RBL cells by anti-I&E or 
A23187 resulted in significant release of both sero- 
tonin and the AA metabolites, PGD2, and LTCJLTD,. 
In contrast, HRA-N induced significant serotonin re- 
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FIG. 4. A, [Ylradioactivity in HPLC fractions. [“‘WA-labeled RBL cells (1 x 107) incubated with 
0.3 pg:ml of A23187 for 30 minutes; supernatant filtered over ODS RP-HPLC column as described 
in Fig. 3, A; eluate collected every 30 seconds; arrows, retention time at which standards elute. 
expressed relative to elution of PGB,, assigned 0 time. B, C, and D, RIA analysis of HPLC fractions. 
Unlabeled RBL cells (1 x 10’) incubated with 0.3 +g/ml of A23187 for 30 minutes; supernatants 
chromatographed as above. Fractions were aliquoted and assayed by RIA for 8, PGD,; 
C, LTC,‘LTD.,; D, LTB,. Eluates collected first 20 minutes, combined into four pools coeluted 
over 5-minute periods; assay results expressed as average of 10 original fractions. 

lease. minimal generation of PGD?, and no generation A23 187, the magnitude of PGD, release induced by 
of LTC,. It appeared possible that the inability of HRA-N was remarkably smaller than that induced by 
HRA-N to induce AA metabolism could be due to an anti-IgE and A23187, and LTC,iLTD, was undetect- 
inadequate dose of HRA-N. However, even when a able. Thus. at doses causing comparable serotonin 
maximal dose of HRA-N was used to cause the same release. anti-IgE and A23 187 induce significant PGD, 
magnitude of serotonin release as anti-l@ and and LTC ,i LTD, generation. whereas HRA- N induces 
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FIG. 5. [Tlradioactivitv in HPLC fractions. [‘4ClAA-labeled RBL cells (1 x IO’) incubated with A, 
assay buffer or 6, 3 U/ml partially purified HRA-N for 30 minutes; supernatant filtered over 
ODS RP-HPLC column as described in Fig. 3, A; eluate collected even/ 30 seconds; arrows, 
retention time at which standards elute, expressed relative to elution of PGB,, assigned 0 time. 
Serotonin release performed in parallel was 6.7% and 29.2% (net/ for control and HRA-N, re- 
spectively. 

the selective release of serotonin in the virtual absence We then examined another possibility that HRA-N 
of AA metabolism. To rule out the possibility that induced a different spectrum of AA metabolites from 
HRA-N-induced AA metabolism requires a longer those induced by other secretagogues. In buffer-con- 
incubation time. RBL cells were incubated with HRA- trol experiment. generation of some PGD, was ob- 
N for various periods. HRA-N-induced serotonin re- served, but no detectable 54ipoxygenase metabolites. 
lease is complete by 5 to 10 minutes. However, even PGDz may be spontaneously metabolized from intra- 
after 60 minutes, HRA-N induced virtually no AA cellular-free AA, whereas 5-lipoxygenase activity 
metabolism. may require stimulation. Stimulation by A23 187, 
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however. leads to the release of serotonin as well as 
the generation of significant quantitites of PGD,. 
LTC,. LTB,. and 5-HETE. HPLC analysis of HRA- 
N -induced AA metabolites in RBL cells demon- 
strated only minimal generation of PGDz and no other 
metabolites. These results were essentially the same 
a\ those obtained with the buffer control. Thus, HRA- 
N induces the selective degranulation of mast 
cell: basophil in the absence of the generation of not 
only PGD, and LTC, but virtually all AA metabolism. 
We cannot rule out the possibility, however, that AA 
metaboiites may have been produced but not released. 

The RP-HPLC method used in this study allowed 
for the separation and identification of multiple AA 
metabolites, such as prostaglandins, leukotrienes, 
mono-HETEs. and di-HETEs in a single chromato- 
graph. Furthermore. in experiments assayed by RP- 
HPLC. RBL cells were preincubated overnight with 
AA labeled with [‘“Cl in the one position to ensure 
radioactive labeling of all metabolites. Although the 
cxtenf of incorporation of the [“C]AA into various 
intracellular and membrane pools of AA is unknown. 
analysis of AA metabolites by detection of [‘“Cl cor- 
related closely with results obtained by analysis of 
l:V absorption, except for analysis of prostaglandins. 
which are difficult to detect by UV absorption because 
of excessive variability in baseline readings at 205 
nm. the optimal wavelength for prostaglandin detec- 
tion. Thus. 11 is unlikely that an unlabeled pool of AA 
was metabolized differently from the labeled pool af- 
tcr KBL cell stimulation with A23187, anti-IgE, or 
HRA-N. 

The RIA for PGDL and LTC, were highly specific. 
whereas the RIA for LTB, detected two isomers of 
LTB,. which elutcd at 2.6 and 3. I minutes, immc- 
diately hefore LTB,. These two isomers, 6-truns-LTB, 
and I2-c~pi-6-rruns-LTB,. can be formed by noncn- 
Lymatic metabolism of LTA,” ” or by oxidation of 
UK.,:” LTD, could not be detected by either rddio- 
activity or by RIA in our experiments. LTC, is further 
metabolized into LTD, and LTE, by cleavage of the 
peptide chain:” “’ However, a previous study dem- 
onstrated that highly puritied mast cells generated only 
IIC‘;. ” Conversion from LTC, to LTD, probably re- 
quires the action of cells other than mast cells. It was 
previously reported that RBL cells generate PGD, and 
Ix-,.’ “The AA metabolites generated by RBL cells 
;Irc similar to those observed in other experiments with 
mast cells derived from a variety of sources.“‘.“’ With- 
out HPLC separation. the magnitude of LTC, gener- 
ated b! A23 I87-stimulated KBL cells was twice as 
much as that of PGD, on average, although more 
PGD? than LTC, was generated in some experiments. 
In corurast. utier HPLC separation. we occasionally 

observed more PGDz produced than LTC,. ‘I his dis- 
crepancy would not be fully explained by the differ 
ence in recovery after Sep-Pak extraction ot eicos;i- 
noids. Values of recovery were all based on processing 
of small quantities of radiolabeled standards. We sus- 
pect that recovery of LTC, may be lower when much 
larger quantities of LTC, are passed through Scp-Paks. 
as in our experiments. Nevertheless. with appropriate 
stimulation, RBL cells are capable of generating 
PGD,, LTC,. LTB.,. 6-truns-LTB,. I l-e/pi 6-rmtw 
LTB,, and 5-HETE, whereas HRA-N induce\ no AA 
metabolism. These data provide additional cvldence 
that the mechanisms by which HRA-N --mediated and 
IgE-mediated stimulations activate mast cells baho- 
phils are different. 

The relationship between HRA-N. ah well as other 
HRFs. and mast cell/basophil activation m v~vo in 
humans is unclear. In several models of human LPRs 
(skin, nasal. and lung). HR has been observed.’ “’ “’ 
and in the skin model, this event was closcl) asho- 
ciated with the influx of PMNs.‘” The relcasc 01 his- 
tamine and LTC, in the absence of PGD, durmg LPK 
in the nasal and skin models has been interpreted as 
evidence for basophil but not mast cell participation 
in LPRs’ I” since mast cells release both I.rC- and 
PGD,, whereas basophils release LITC’, hut not 
PGD,.“’ An altemativc explanation is that mast cells 
and/or basophils are activated during LPR hy HRA- 
N to release histamine but not AA metabolites LX‘., 
generated during LPR could be derived fr!)m other 
inflammatory cells, such as neutrophils or eohmophilk. 
The ability of other inflammatory cell-- dcri\,ed HRFs 
to induce AA metabolism is unknown. How.c\.cr. other 
nonimmunologic mast cell activator5 (\ubi;tance 1’. 
bradykinin. neurotensin. C5a. 12-o-Ietra~lecanoLI- 
phorbol 13-acetate, and neuropeptidc Y! have also 
been noted to cause histamine, but not A.4 me~ubolite 
release.“’ ‘.’ Although the mechanism bq which HRA- 
N stimulates mast cells!basophils ih still unclear. it 
appears clear that HRA-N. as well as other non-1gE - 
mediated secretagogues. activate mast cells J ba\ophils 
by mechanisms that do not involve -\.A mctaholisnl. 
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