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Tumor promoter-induced basophil histamine release: effect of selected flavonoids 

(Received 16 September 1986; accepted 8 Ilecember 1986) 

The tumor promoter phorbol ester, 12.O-tetradecanoyl- 
phorbol-13-acetate (TPA), has been shown to be a potent 
stimulus of human basophil histamine release [l, 21. It is 
active in the absence of extracellular Ca2+, suggesting that 
it mobilizes intra~U~ar Cat’ which is required for the 
exocytosis of basophil granules f3]. ‘I’he extracellular Ca2+- 
independence of basophil histamine release contrasts with 
the largely extracellular Ca*+-dependent release of his- 
tamine stimulated by other agents such as antigen, anti- 
IgE, concanavalin A (Con A), the chemoattractant f-Met- 
Lcu-Phe, and the Ca*+ ionophore A 23187 [3]. 

TPA is one of several recognized tumor promoters that 
act to promote tumor formation (pap~omata) in mouse 
skin treated at first with an “initiator”, e.g. 7,12-d& 
methylbenz[u]anthracene. In the two-stage model of car- 
cinogenesis, both an initiator and a promoter are required 
for tumor development, neither agent alone being sufficient 
to induce tumorigenesis. Other recently recognized tumor 
promoters include teleocidin, an indole product of the 
mycelia of Streptomyces mediocidic~, and aplysiatoxin, a 
polyacetate compound derived from a blue green alga 
[4,5]. Teleocidin and aplysiatoxin, like TPA, are known to 
stimulate rat brain protein kinase C in vitro [6,7], an 
enzyme believed to be important in histamine release from 
rat basophilic leukemia cells (RBL) [8] and in the regulation 
of a variety of cell activation processes 191. 

We decided to investigate whether teleocidin and aply 
siatoxin, like TPA, were capable of stim~ating human 
basoohil histamine release. In addition, we wished to deter- 
mind whether certain tlavonoids known to be effective 
inhibitors of TPA-induced histamine release 1101 would 
also inhibit teleocidin- and aplysiatoxin-induced hi’stamine 
release. Our findings form the basis of this report. 

lateral and methods 
Preparation ofleukocy~e s~pe~io~for h~tarni~ release 

and determination of histamine. Leukocyte suspensions 
were prepared as described previously, and histamine was 
determined in total leukocyte suspensions and supernatant 
fractions in accordance with ear&er reports [l&13]. The 
Tris buffer contained 0.6 mM Ca2+. 1 .O mM M$+ and 
0.03% human serum albumin for ali experimentsexcept 
for studies of histamine release in the absence of buffer 

Caz+; in these experiments Ca*+ was eliminated from the 
Tris buffer. 

Chemicals. Quercetin, fisetin and chalcone were 
obtained from the Aldrich Chemical Co., Milwaukee, WI; 
and luteolin and apigenin from Sarget Laboratoires, Merig- 
nac, France. Nobiletin and tangeretin were provided by 
Dr. James Tatum, Department of Citrus, Lakeland, FL; 
TPA, phloretin and taxifolin were from Sigma, St. Louis, 
MO. Teleocidin and aplysiatoxin were isolated by a pro- 
cedure described previously [5]. 

Experimental protocol. The effects of the following fla- 
vonoids were examined: quercetin (3’,4’,3,5,7-pentahy- 
dro~avone~, luteolin (3‘,4’,5,7-tetrahydrox~avone~, 
taxifolin (dihydroquercetin), nobiletin (3’,4’,5,6,7,&hexa- 
methoxyftavone), fisetin (3’,4’,3,7-tetrahydroxyflavone), 
apigenin (4’,5,7+ihydroxyflavone), tangeretin (4’,5,6,7,8- 
pentamethoxflavone), phloretin (/3-(p-hydroxyphenyl)- 
2,4,6-trihydroxypropiophenone) and chalcone (1,3- 
diphenyl-2-propene-l-one). The flavonoids were dissolved 
in dimethyl sulfoxide (10-20 mM stock solutions) and were 
diluted in buffer to provide concentrations between 5 and 
50 fl in the final cell suspensions. The final concentration 
of DMSO did not exceed 0.5%, a concentration which did 
not affect the histamine release process [12]. As a matter 
of routine, cell suspensions were preincubated for 10 min 
with the flavonoids prior to addition of the tumor 
promoters, and the incubation was then continued for an 
additional @min. The reaction was terminated by cen- 
trifugation, and supernatant histamine was measured. The 
tumor promoters were dissolved in DMSO and diluted in 
buffer to 

P 
rovide final concentrations in cell suspensions of 

l-200ng ml. All experiments were conducted at 37” in 
polypropylene tubes. Histamine was determined by an 
automated technique 1131. 

Result 
Tumor promoter stimulation of busophil h$tamine 

release. As shown in Fig. 1, TPA, teleocidin and aply- 
siatoxin (l-200 ng/ml) each stimulated basophil histamine 
release in a concentration-dependent manner. The maximal 
histamine releasing effect was noted at 10-50 ng/ml. Each 
tumor promoter stimulated histamine release in the pres- 
ence or absence of extracellular buffer Ca” although the 
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Fig. 1. Tumor promoter-induced basophil histamine release in the presence and absence of extracellular 
Ca*’ (0.6 mM). Results displayed are from one of three experiments each of which gave similar results. 

Total cellular histamine was 13-42 ng/ml of final cell suspension for the three experiments. 

histamine releasing effect of each tumor promoter was 
slightly greater in the presence of extracellular Ca*+ than 
in its absence (Fig. l), although teleocidin at higher con- 
centrations stimulated histamine release in the absence of 
extracellular Ca2+ as well as the others in its presence. 

The time course of tumor promoter-induced histamine 
release is shown in Fig. 2 in which it can be seen that each 
tumor promoter stimulated histamine release in a relatively 
gradual manner and which appeared not to be complete at 
60 min. In these experiments, the ongoing histamine release 
reaction was stopped by the addition of luteolin (100 FM) 
at the different time intervals and chilling the tubes in iced 
water. 
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Fig. 2. Time course of tumor promoter-induced basophil 
histamine release. Results shown are from one of three 
identical experiments, each of which gave similar findings. 
The final concentration of each tumor promoter in the 
reaction mixtures was 20 ng/ml for TPA and teleocidin and 
10 &ml for aplysiatoxin. The histamine release reaction 
was stopped at the designated time by addition of luteolin 
(final concentration, 1OO~M) and rapid chilling in iced 
water. Total cellular histamine ranged from 34 to 37 ng/ml 

for the three experiments. 

Effect of flavonoidr on tumor promoter-induced basophil 
histamine release. Luteolin, nobiletin, quercetin, fisetin, 
apigenin and chalcone all produced concentration-depen- 
dent inhibition of tumor promoter-induced histamine 
release at concentrations of S-5OpM, as shown in Fig. 
3. There was a remarkable correspondence of inhibitory 
activity for each of these flavonoids against TF’A-, tele- 
ocidin- and aplysiatoxin-induced histamine release. Tax- 
ifolin was essentially inactive against each tumor promoter, 
whereas tangeretin and phloretin showed moderate activity 
only at the higher concentrations (20 and 50 PM). Table 1 
shows the IC, values (PM) for the flavonoids against each 
tumor promoter. 

Dbcwsion 

These experiments demonstrate that the more recently 
described tumor promoters, teleocidin and aplysiatoxin, 
stimulated human basophil histamine release in a manner 
essentially similar to the recognized histamine-releasing 
capability of the phorbol ester, TPA. Thus, teleocidin and 
aplysiatoxin stimulated basophil histamine release in the 
absence of extracellular buffer Ca*+ as previously described 
for TF’A [l], and the time course of histamine release 
was similar for each tumor promoter (in the presence of 
extracellular Ca”) (Fig. 2). It should be noted that human 
basophils and rat mast cells differ in their responsiveness 
to these tumor promoters. Rat mast cells are unresponsive 
to high concentrations, but low concentrations syn- 
ergistically enhance histamine release stimulated by the 
non-TRA-type tumor promoters, thapsigargin and paly- 
toxin [1.5]. 

The flavonoids luteolin, nobiletin, quercetin, fisetin, api- 
genin, and the open chain congener, chalcone, were effec- 
tive inhibitors of tumor promoter-induced histamine 
release. The inhibitory activities of these particular fla- 
vonoids were remarkably similar for each of the tumor 
promoters, suggesting that TRA, teleocidin and aply- 
siatoxin all act by a similar, or common, pathway of baso- 
phi1 activation which is sensitive to inhibition by certain 
llavonoids, depending on structure. Taxifolin (dihydro- 
quercetin), on the other hand, was inactive in each case, 
and tangeretin and the dihydrochalcone, phloretin, were 
also inactive (arbitrarily defined as ICY > 50 PM) as seen in 
Table 1. Luteolin, nobiletin, apigenin and tangeretin are 
tlavones; quercetin and fisetin are flavonols; and taxifolin 
is a flavanonol. Chalcone and phloretin are open-chain 
analogs of the flavonoids. The structures and activities of 
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Fig. 3. Inhibition of tumor promoter-induced basophil histamine release by selected flavonoids repre- 
senting several different structural classes (see Table 1). The data presented are based on at least three 
experiments for each point. Total cellular histamine for each experiment ranged from 14 to 67 ng/ml, 

and the histamine release stimulated by the tumor promoters ranged from 19 to 71%. 
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Table 1. ICY Values (PM) of fiavonoids for inhibition of tumor promoter-induced basophil histamine release* 

m 

0 
Flavonoid 

Compound 5 

Ring A 

6 7 

Substituent positions 

Ring B Ring C GO 

8 2’ 3’ 4’ 5’ 6’ 3 C&C3 TPA Teleocidin Aplysiatoxin 

Flavones 
Luteolin 
Nobiletin 
Apigenin 
Tangeretin 

OH - OH - - OH OH - - - tit 18 17 16 
OCH3 OCH3 OCHJ OCHS - OCH3 0CH3 - - - u 20 19 
OH - OH - -- OH --- u 37 :: 41 
OCH3 OCH3 0CH3 OCHX - - OCHS - - - u >200 >loo >300 

Flavonols 
Quercetin OH - OH - - OH OH --OH u 51 63 
Fisetin - - OH - - OH OH --OH u 49 31 

Flavanonol 
Taxifolin OH - OH - - OH OH --OH s >looo >looo >looo 

6 
Chalcone 

Compound 

Substituent positions 

Ring A Ring B rGQ 

2’ 3’ 4’ 5’ 6’ 2 3 4 5 6 TPA Teleocidin Aplysiatoxin 

Chalcone 
Chalcone - - - - - - - - - - 20 20 20 

Dihydrochalcone 
Phloretin OH - OH - OH - - OH - - >200 >200 >200 

* The term “flavonoids” as used here includes both the 2-phenyl-y-benzopyrones used in these experiments 
as well as the open-chain chalcone congeners [14]. 

t u stands for an unsaturated bond at CX-C3, and s stands for the saturated C&C3 bond. 

these compounds are displayed in Fig. 3 and Table 1. It is 
evident that small differences in molecular structure have 
striking effects on inhibitory capacity, e.g. (1) nobiletin vs 
tangeretin, (2) quercetin vs taxifolin (dihydroquercetin), 
and (3) chalcone vs the dihydrochalcone, phloretin. The 
significance of these structural determinants with respect 
to inhibitory activity is the subject of a future publication. 

When luteolin (100 PM) was added to tumor promoter- 
stimulated cell suspensions at 5, 10, 15, 30, 45 and 60 min 
after addition of promoters (20 ng/ml), the ongoing release 
of histamine was totally abrogated. This finding is in keep- 
ing with the effects of quercetin on antigen-induced his- 
tamine release [12] and indicates that basophil activation 
by either the tumor promoters or antigen (and possibly 
other activators) is accompanied by the generation of a 

flavonoid-sensitive product or products. Interaction of this 
putative product with the flavonoid totally inhibits the 
further outcome of the activation process. The time course 
of TPA-induced basophil histamine release is slow as com- 
pared to that stimulated by anti-IgE as described by Sch- 
leimer et al. [l]. The time course of histamine release 
elicited by teleocidin and aplysiatoxin was essentially ident- 
ical to that of TPA, indicating that all three tumor pro- 
moters probably act by a common mechanism. The findings 
strongly suggest that the biochemical pathways utilized in 
tumor promoter- and anti-IgE-induced histamine release 
differ significantly. 

Precisely how the flavonoids affect tumor promoter- 
induced histamine release is unknown. However, each of 
the tumor promoters in the present study is known to 



2052 Short comm unications 

stimulate protein kinase C [6,7] and, therefore, it is tempt- 
ing to speculate that human basophil histamine release 
stimulated by the tumor promoters is a protein kinase 
C-dependent process. The validity of this possibility is 
suggested by the experiments of Sagi-Eisenberg et al. [8] 
with RBL cells. Also, since quercetin has been shown to 
inhibit protein kinase C (16,171, it is possible that this 
flavonoid and the other active flavonoids in this study cause 
inhibition of tumor promoter-induced histamine release by 
an effect on protein kinase C activation. 

In summary, the tumor promoters, teleocidin and aply- 
siatoxin, like TPA, stimulated human basophil histamine 
release both in the presence or absence of extracellular 
Ca2+ and in a kinetically similar fashion. The flavonoids 
luteolin, nobiletin, quercetin, fisetin, apigenin and chalcone 
inhibited histamine release by each promoter in a con- 
centration-dependent manner, but taxifolin and the dihy- 
drochalcone derivative, phloretin, lacked activity, indi- 
cating that the flavonoid effects were structure dependent 
and stereoselective. The mechanism of flavonoid action is 
still unknown, but an effect on protein kinase C is a distinct 
possibility. 
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