A2 82 gz, A 184, A 2 5, pp 252-267, 1998

38 HZZF] vbA|Er}E 4 -A] HhGoll 2J3f A3
ol 4] f-2lol] v)X+= Ginsenoside(Rbl)2] 7|4 A+

AA|y 3t ol opeh 3} o) oty
TR - oles - ZH

Studies of Ginsenoside on the mechanism of mediator releases
in the guinea pig lung mast cells activated by specific
antigen-antibody reactions

Jai Youl Ro, Young Soo Ahn, and Kyung Hwan Kim

Department of Pharmacology, Yonsei University College of Medicine,
Seoul, Korea

S22

B A7 M AREUQ] ginsenosides®] of2] @A o] Tl -3A whgol ofa] s v
¥ fElE e WA g JAAITE AME ofn] Bt JRg B A7 HYE &
A3A il f8 oAl 29E 7BAE Rbi(protopanaxadiol) o] 718 & Avah=d H&e| Slrt. 3)
o #HZA B ¥EE= 5452 (collagenase$} elastase) ¥} percoll density gradientt-& o]&3}o
B2 skach 2alE vy 2= 1gG(anti-ovalbumin, anti-OA) &) (108 cells/l ml antibody) 2 7+
ZAA7FE OA(0.1ug/4 X 10° cells) 2 #A=A1Z ). oluf 2]+ histamine& fluorometric analyzer
2 233999 leukotrienest= HAPAYY (radioimmunoassay) .2 3 351%t}. Phospholipase D
(PLD) 84 =& F&& EA3A AA42 2] phosphatidyl”]7t #&&2 Ho|=]o] A& = phos-
phatidylbutanol(PBut) & 7|42 &3l TLCE #a] S43sd.

Phospholipase C(PLC) &4 =& #ake] BebS (100 mM) & AFE8-3le] PLD-uli7] 1,2-diacy-
lglycerol(DAG) AAlS $+A3] A|AF 3 PLCY 93l AAE = Ao 15E+s DAGHE TLC
2 EF43e Yes Yo F DAGHS Fed FAAN 22 ez AN
Methyltransferase 17} II(MT 13} II) A== XA od3E E31o 4319}, Rbi(50-300ug/
4%10° cells) A= v E B34 histamine(30-57% )3 leukotrienes(26-60%) f-2]58-
FE o&Foz AAAIFHT Rbi(300ug/1x10° cells) A2 & FA-aA whgol o vAE &

FAAAL : QA Rl eAY
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314 PLD 84 EE 2J9fdA AAIA AL Rbi(300ug/1 x 10° cells) A= g4 -gH] wlgd) o
g HYAIE 24314 PLC 8% o8 A== DAG %E 9oldA JAIAI AT Rb,(300ug/1 x
10° cells) AXA= Fh-3A v o3 vu ¥ 84314 £ DAG AL JdAAAT. Rb, (300
pg/1x10° cells) A= FA-FA) ol o vFE 84314 AX3 vAE JA A HeH
3] phosphatidylcholine®} lyso-phosphatidylcholine A4S 724 A Th.

oldel AHe FHsHY, e A AR BUHEQ Rbie 7 iz wvkEr) 39-34)
Rk3-9f oj8) #AJ3HA] phosphatidylcholine-PLD#} phosphatidylinositol-PLC Z2& £3% DAG A
& JAAAA histamine 88 BAAI)E Aoz AzEr). 3 Rb& methyltransferase 17}
11 £48 94X phosphatidylcholine A4d& 7ZAxA7|m2 AFH o= leukotrieness] ATE7 0l

arachidonic acid®] A& FaAF|= Ao® A=
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Introduction

Korean herb medicine, Panax ginseng,
has been observed to have strong anti-in-
flammatory component in the chloroform
extracts and in the single component of
ginseng'™ Y.

It has also been reported that 20(s) G-
Rgs; suppressed strongly histamine release
from mast cells due to stimulation with
compound 48/80 and substance P%. We
reported that ginseng saponins such as
total saponin, protopanaxadiol, and proto-
panaxatriol inhibited in part of the mediator
release in antigen-induced airway smooth
muscle contraction®. We also reported
that single components such as Rg),, Rgs,
and Rc inhibited the releases of histamine
and leukotrienes during the activation of
guinea pig lung mast cells. These results
supported that single component of ginse-
nosides decreased histamine release by the
inhibition of PLD activity during mast cell

activation”.

Allergic reactions and asthmatic disor-
ders are caused by the mediator release
during the activation of mast cells and ba-
sophils by cross-linkage of plasma mem-
brane-bound IgG, or IgE, and subsequent
bridging of IgG,- or IgE-Fc¢ receptors®.
When mast cell membrane receptors are
activated by cross-linkage with antigen-
antibody, the enzyme system in the cell
membrane are activated. These enzymes
such as tyrosine kinase®'®, PLC'®, PLD'“*®,
phospholipase A,*®”, adenylate cyclase®™,
MT#-*etc are activated. This process is
intimately related to the activation of a
variety of phospholipid metabolic pathway
and the generation of a number of second
messengers. The results lead to exocytosis
of preformed inflammatory mediators and
synthesis of newly formed mediators® %%,

In the present study we examined the
inhibitory mechanism of Rbl on the medi-
ator release Iin the mast cell activated

with specific antigen-antibody reactions.
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Material and methods

Materials

Ovalbumin(fraction V), complete freunds
adjuvant, anti-IgG, affinity column, colla-
genase(type 1), elastase(type I, porcine pan-
creatic), phosphatidylserine, methionine, lyso
- phosphatidylcholine, phosphatidylethanola-
mine, phosphatidylcholine, 1-oleoyl-2-acetyl
-sn-glycerol, from Sigma; percoll from Pha-
rmacia Fine Chemicals AB; phosphatidyl-
butanol, phosphatidyl- monomethylethanola-
mine, phosphatidyldimethylethanolamine from
Avanti Polar Lipids; LK S5DF silica gel,
LK6D silica gel from Whatmann Inc.; [*H]
palmitic acid(s.a., 50Ci/mmol), [ *H Jmyristic
acid(s.a., 51Ci/ mmol), L - [*H]methyme-
thionine(s.a., 83Ci/mmol), leukotriene D, kit
from Amersham. Rbl, single component, ex-
tracted from Korean Red Ginseng Radix
was supplied from Korean & Tobacco
Research Institute(Taiseon, Korea). Several
chemicals used in these studies and other re-
agents were the best of grade.

Active sensitization protocol

(anti- OA production)

Twenty outbred female guinea pigs were
first immunized by foot pad injections of
mixture of 50ug ovalbumin(OA) and com-
plete freund’s adjuvant. One week after
that, animals received intradermal injections
of 100ug OA at one side back and 200ug of
OA at the other side back. Animals were
sacrificed one week later and the sera were
stored in aliquots at -70°C until the time of
use®. The quantity of serum antibody titers

by passive cutaneous anaphylaxis(PCA)
were determined as described In previous
articles®~ %,

Serum Ig@G, antibody was separated by af-
finity column chromatography. Guinea pig
blood serum was applied to anti-IgG, affini-
ty column and 0.1 M citric acid(pH 2.1) was
used to wash the column. IgG, was passed
through and the absorbed IgG,; antibody was
rinsed with 0.2M sodium carbonate(pH 11.
3). The separated IgG, was concentrated
under pressure for the experiment®. The
titers of anti~-OA were 1,600-3,200. The
sera were used for the preparation of pas-
sively sensitized mast cells.

Guinea pig lung mast cell preparations

Guinea pig lung mast cells were isolated
and purified using techniques similar to the
method previously reported®. Briefly de-
scribed here, lungs obtained from 16
unsensitized guinea pigs were each perfused
with 50ml of the modified Tyrode buffer
(TGCM) consisting of (millimolar): NaCl,
137; NaH,PO,, 0.36; KCl, 2.6; CaCl, 1;
MgCl,, 1.5; NaHCQ,, 119; glucose, 5.5; gel-
atin, 1g/L, pH 7.4. After removing large air-
ways and blood vessels, the lungs were
minced with a Mcllwain tissue chopper(The
Mickle Laboratory Engineering Co. LTD,
Gomshall, Surrey, England). Pooled tissue
was treated three times with 125U/g tissue
and 5U/g tissue of collagenase and elastase,
respectively. Times(min) of each consecu-
tive exposure of lung fragments to the en-
zymes were 15, 15 and 25, respectively.
Cells were separated from residual tissue by
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filtration through a Nytex mesh(100zm).
The resulting cell population was washed
with Tyrode buffer without CaCl, and MgCl,
containing gelatin(TG buffer) and layered
over gradients consisting of 10ml of percoll
(density, 1.045g/ml), and centrifuged at
1400 rpm for 20min. Pelleted cells(contain-
ing mast cells) were resuspended in TG
buffer, and applied for further purification
utilizing a discontinuous percoll density gra-
dient(consisting of densities 1.06, 1.07, 1.08,
1.09, and 1.10g/ml). This gradient was cen-
trifuged at 1400 rpm for 20min(3.5x10*
cells applied). The cell band obtained be-
tween the 1.09 and 1.10g/ml densities con-
tained the highest purity and number(1-2 x
108) of mast cells. This gradient band was
removed, washed with TGCM buffer and
designated partially purified mast cell prepa-
ration. Mast cell counts were obtained using
alcian blue staining and cell viability was de-
termined using trypan blue exclusion. Cell
viability was consistently greater than 98%.
The purity range of partially purified mast
cells was 70-80%.

Mediator release from mast cell

The partially purified mast cells were pas-
sively sensitized with anti~-OA serum(1ml/
10° cells) in a shaking water bath(45 min at
37°C). After this incubation period, the cells
were washed, resuspended in TGCM buffer
and challenged with 0.1ug/ml of OA. Poly-
styrene tubes were used for all cell incuba-
tions. Unless stated otherwise, each tube
contained 4 X 10° mast cells suspended in 1
ml of TGCM buffer. The mediator release re-

~ action was terminated by placing the tubes

in an ice bath. Supernatants obtained after
centrifugation were taken for determination
of histamine and leukotrienes® %, In the
supernatants for measurement of leukotrie-
nes, 0.1% gelatin(final concentration) was
added because leukotrienes were decom-
posed In air. In experiments utilizing Rb,,
cells were first incubated for 45min at 37°C
concomitantly with anti-OA and Rb,, and
also incubated for 10min concomitantly with

Rb, and OA(0.1ug/ml).

Histamine assay

Histamine was analyzed by the fluoromet-
ric method described by Siraganian®®. The
sensitivity of the assay was approximately
5ng/ml of histamine. The amount of hista-
mine released was expressed as the percent-
age of the total histamine present in

unstimulated cells.

Leukotriene radioimmunoassay ( RIA)

The leukotriene content of each cell super-
natant was determined by RIA as described
previously*”. The leukotriene antibody was
diluted in buffered saline(5mM MES,
HEPES adjusted to pH 7.4 with 1 N NaOH)
containing 0.1% gelatin. Each assay tube
contained 100x ¢ of supernatant, antibody
(50u ¢ of a 1:1000 dilution), and 50u ¢ of
[*H]leukotriene DJ(LTD, 2,500 to 3,000
cpm) in buffered saline. Incubations were
for 2 h at 4C and the reaction was termi-
nated by the addition of 0.5ml dextran coat-
ed charcoal(200mg charcoal and 20mg
dextran mixed with 100ml buffered saline).
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Five min after incubation the mixture was
centrifuged at 800 x g at 4°C and 0.4 ml of
the supernatant was added to Aquasol(NEN
Research Products) for counting by lLiquid
scintillation spectrometry(Packard, Model
3225). Standard curves were constructed in
the presence of antigen using LTD,. The de-
tection limit of the assay was 0.045 pmole
LTD.,. Leukotriene release was expressed as
pmole/4 X 10° cells.

Determination of phospholipase D activity

In order to label mast cell phospholipid,
purified cells were prelabeled with [*H ]pal-
mitic acid(PlA). Purified cells(1-2x10")
were suspended in a final volume of 1 ml
TGCM and [*H]PlA(at final concentration
of 3.3uM; 200uCi/ml), and incubated at 37
C for 1 hr. Cells were washed twice and
resuspended in TGCM before use in cell
activation.

Prelabeled cells(0.75-1.25 x 10%) were sen-
sitized by IgG, antibody(anti-OA antibody,
1ml antibody/10° cells) at 37°C for 45 min,
and washed and resuspended in TGCM.
Prelabeled and sensitized cells were stimulat-
ed at 37°C for 10 min by OA(0.1ug/ml) and
phosphatidylserine(PS, 15ug/ml) or PS alo-
ne for a final volume of 200 ¢ in 5ml poly-
propylene tubes. Butanol(50 mM or 100
mM) was added at 5 min before stimulation.
Reactions were stopped by adding 2ml cold
TGCM and centrifuged for 10min at 800 x
g. Cellular lipids were extracted from the
cell pellet by using a modification™'? of the
Bligh and Dyer procedure®’. In the experi-
ments utiliting Rb,, the prelabeled and the

sengsitized cells were concomitantly incubat-
ed with 0.1ug/ml OA.

The standards(PA and PBut) with ex-
tracted samples were applied to the oxalated
-treated silica gel TLC plates(presorbed-
TLC, bg potassium oxalate dissolved in
250m] H,0, make up to 500ml with metha-
nol), developed to the top of the TLC plates
with ethylacetate/acetic acid/trimethylpen-
tane(9/2/5), and visialized standards with
1odine staining. PA had an Rf value of 0.46,
and that for PBut was 0.81. The plates were
scraped, and counted. Butanol as the alcohol
of choice for this experiments was used be-
cause of the fivefold lower potency of etha-
nol as an acceptor in the transphospha-
tidylation reaction.

The standard(DAG) with the extracted
samples for the measurement of [*H|DAG
by using 100mM butanol was applied to the
presorbed-TLC plates, and developed by di-
ethyl ether/hexane/acetic acid(70/30/1).
These developing sovents migrated the
DAG, but both PA and PBut in the these
sample mixture remain at the same place ap-
plied without migration. An Rf value for
DAG was 0.71.

Determination of mass 1,2-diacylglycerol
(DAG) during mast cell activation

Prelabeled mast cells(1x10%) with [*H]
myristic acid(1 M, 1 Ci/ml) for 1hr at 37°C
were sensitized with anti-OA antibody for
45 min. Cells were rinsed and resuspended
with TGCM buffer, stimulated by 0.1g/ml
OA for the time specified. The reactions
were stopped by adding 1 ml of methanol.
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The labeled lipids were extracted by Bligh
and Dyer’s method*’. [*'H]DAG from lipids
was applied to presorbed TLC(LK6D silica
gel, Whatman), and developed to the half
the TLC plates with ethylacetate/acetic acid
/ triethylpentane(9/2/5). The TLC plates
after air dry were run to the top of the TLC
plates in a second system such as hexane/di-
ethyl ether/methanol/acetic acid(90/20/3/
2)'®. The location of [*'H]JDAG from stan-
dard DAG was checked by exposure to io-
dine vapour. An Rf value for DAG were 0.
55. The TLC plate was scratched to measure
radioactivity. Rbl was added during all pro-

cedures.

Determination of phospholipid methylation

Phospholipid methylation was determined
as described by Ishizaka et al?®. The mast
cells sensitized with anti-OA(1x10° cells/
ml) were incubated(25min, 37 ‘C) with L-
[*H-methyl Jmethionine(2uM, 165uCi/ml),
and washed twice. The resuspended cells
were challenged with 0.1ug/10u ¢ OA for
the time specified. The reaction was stopped
by the addition of 900u ¢ of ice-cooled 10%
TCA containing 10mM L-methionine, and
tubes were centrifuged at 1,000 x g for
10min at 4°C. The precipitates were washed
with 10% TCA and then extracted with 3ml
of chloroform/methanol(2/1 v/v). The chlo-
roform phase was washed twice with 1.5ml
of 0.1M KCl in 50% methanol. A 1ml frac-
tion of the chloroform phase was transferred
to a counting vial and evaporated to dryness
at room temperature. The residue was

counted.
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Identification of methylated phospholipid
was carried out by TLC as described by
Hirata et al®. The chloroform layer ob-
tained from the chloroform/methanol ex-
tracts were evaporated under the N, gas,
and the residue was dissolved in 50u ¢ of
chloroform/methanol(2:1 v/v). Then 30u ¢
of each solution was applied to a TLC plate
(LK5DF, Whatman), and developed for 4hr
with n-propanol/propionic acid/chloroform/
water(3:2:2:1 v/v). Lipid spots identified
with iodine staining and corresponding to .
known Rf values of authentic standards
(PMMC, PDME, PC and Lyso-PC) were
scraped into scintillation vials, and\ dispersed
by sonication with 400u ¢ of methanol and
5ml of scitillation solution, and radioactivity

was counted.

Statistic analysis

Experimental data were shown as mean +
S.E.M.S. An analysis of variance(ANOVA)
was used for statistical analysis. An analy-
sis of significance between each control
group and experimental group was carried
out with the Scheffe method. When P values
were less than 0.05 or 0.01, it was consid-

ered significant.

Results

The effects of Rb1 on the mediator releas-
es during mast cell activation.

We examined the effect of Rb, on the his-
tamine and leukotriene releases from guinea
pig lung mast cells activated with specific
antigen-antibody reactions(Table 1). When
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the mast cells sensitized with 1gG; antibody
(anti-OA) were challenged by 0.1ug/ml
OA, histamine release from mast cells after
pretreatment of Rb,(100ug/4 % 105 cells)
was 19.1+1.61%, and that showed 30%
above decrease when compared to the chal-
lenge of antigen alone which was 27.9+2.19
%. The amount of leukotrienes released
from Rb,(100ug/4 X 10° cells) pretreatment
was 16.8+2.39 pmole/4 x10° cells, which
was approximately a 35% decrease when
compared to the 25.7+2.12 pmole/4 x 10°
cells of antigen alone challenge. The inhibito-
ry effect of both mediator releases evoked
by Rb, pretreatment showed the dose-depen-
dent response of Rb,(Table 1). In this study,
the concentration(300ug) of Rb, which de-
creased up to the maximum both mediator
releases during mast cell activation was

mainly used in each experiment.

Table 1. Effects of Rb, on the histamine and
leukotrienes releases induced by OA In
guinea pig lung mast cells sensitzed with

The effects of Rb, on the phospholipase D
actiity during mast cell activation.

When the mast cell purified from guinea
pig lung tissues are activated by specific an-
tigen-antibody reactions, the phospholipase
D(PLD) activity is increased. Therefore, the
effect of Rb, on increasing PLD activity
caused by mast cell activation were studied.
The activity of PLD was measured by the
process that in the presence of aliphatic alco-
hol, phospholipid changed into transphos-
phatidylation reaction involving the transfer
of the phosphatidyl moiety of the phospholip-
id substrate to aliphatic alcohol(in this ex-
periment butanol was used) thereby produc-
ing phosphatidylbutanol(PBut). As shown in
Fig. 1, in the mast cells stimulated only with
0.1ug/ml of OA, the production of PBut in-
creased remarkably from 2114+56 cpm to
5564 +146 cpm, but the production of PBut
decreased from 5564 + 149 cpm to 2580 £ 50

Table 2. Effects of Rb, on the [*H]methyl incorpo-
ration, mediator releases induced by OA
in guinea pig lung mast cell sensitzed

anti-OA® with anti-OAs=,
Histamine Leukotreines Phospholipid  pigtamine  Leukotreines
Ttreatment Methylation
(%) (pmole/4 x 10° cells) Ttreatment (cpm) (%) (pmole/4 x 107 cells)
OA alone 27.9+2.19 25.7+2.12 OA alone 16233+375 2794219 25.7+2.12
Rbi(ug) Rbi(ug)
50 28.5+1.57 24.9+1.99 50 16759 +413 285+ 1.57 24.9+1.99
100 19.1+£1.61* 16.8 +2.39* 100 11363+612* 19.1+1.61* 16.8+2.39*
300 11.9+1.94** 9.9 +3.86%* 300 9586 £464** 11.9+1.94** 0.9+ 3.86**

a. Guinea pig lung mast cells(4x10°% cells) were
passively sensitized by anti-ovalbumin(anti-OA),
and challenged with ovalbumin(OA), 0.1ug/ml,
at 5min after each Rb, prireatment.

* P<0.05; ** P<0.01 by comparison with OA
alone.

a. Guinea pig lung mast cells(4 x 10° cells) were passive-
ly sensitized by anti-OA, prelabeled with [*H Jmethy-
Imethionine, and challenged with 0.1g/ml OA, at 5min
after Rb, prtreatment.

b. Values represent maximum methylation of phospholip-
id at 15sec after challenge of OA.

* P<0.05; **, P<0.01 by comparison with OA alone.
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cpm at the level of non-antigen challenge in

the pretreatment groups with Rb,(300ug/

ml).

The effect of Rb, on the production of 1,2
~diacylglycerol during mast cell activation
The production of DAG which is a 2nd

messenger strongly related with histamine

release during mast cell activation is already

known to have biphasic nature. As Rb, de-

creased PLD activity caused by activating

mast cells with specific antigen-antibody re-

actions, it can be inferred that Rb; decreases
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Fig. 1. Butanol-dependent PBut formation in the

activation of purified guinea pig lung mast
cells sensitized with antigen-antibody reac-
tions. Purified mast cells(1-2x10") were
prelabeled with [*HJpalmitic acid(0.8uM, 504
Ci), and washed extensively. Cells were sensi-
tized with anti-OA antibody(1ml/10° cells) in
the presence of Rb;(300ug/ml) or tyrphostin
(10-*M) for 45min at 37°C. Five minutes be-
fore OA(0.1ug/ml) chellenge, 50 mM butanol
was added. Ten minutes after challenge, lipids
were extracted and chromatographically sepa-
rated by TLC. The radioactivity incorporated
into PBut was determined by liquid scintilla-
tion spectrophotometry. **, P<0.01 by com-
parison without OA challenge. ++, P<0.01
by comparison with QA challenge in the pres-
ence of butanol(50 mM).
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the production of DAG by inhibiting the
PLD activity which is known to induce the

production of DAG with indirect pathway

system. Therefore, we examined the effect

of Rb; on DAG production caused by mast
cell activation. When the mast cells(1 x 10°®
cells) were labeled with {°H Jpalmitic acid,
sensitized with anti-OA, challenged with OA
for 10 min in the presence of high concentra-
tion of butanol(100 mM), the amounts of
DAG, which means that the amounts of
DAG produced by PC-PLD pathway were
subtracted, increased remarkably from 7357

Radioactivity(10* cpm)

2 -

Rf=07‘ %
1 ++
0
OA - - + +
Butanol - + + +
Rb,(300ug) - - - +

Fig. 2. Effects of Rb; on the DAG formation in the bu-

tanol during the activation of mast cells sensi-
tized with antigen-antibody reactions. Purified
mast cells(1 X 10%) were prelabeled, sensitized
the same as described in Fig 1. Five minutes be-
fore OA(0.1ug/m) challenge, 100mM butanol
was added. Ten minutes after challenge, lipids
were extracted and chromatographicaly sepa-
rated by TLC precoated with potassium oxa-
late. The radioactivity incorporated into [H]
DAG was determined by liquid scintillation
spectrophotometry. **, P<C0.01 by comparison
without OA challenge. ++, P<0.01 by com-
parison with OA challenge in the presence of
butanol (100 mM).
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+152 cpm to 15787+951 cpm(Fig. 2).
These results showed that the amount of
DAG produced with only antigen(0.1ug/ml
OA) challenge increased from 2.0 to 2.5
times, compared to non-antigen challenge.
Rb,(300ug/ml) pretreatment almost de-
creased the amount of DAG increased by
the activation of mast cells(from 15787 +
951 cpm to 9311£171 cpm).

The effect of Rb, on biphasic nature of
mass 1,2-diacyiglycerol production during
mast cell activation

As seen above, the production of DAG de-
creased when pretreated with Rb, during

mast cell activation. So the effect of this

16 1
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Fig. 3. Effects of Rb, on the biphasic increase in
mass DAG formation during mast cell
activation. Purified mast cells(1 x 10%) were
labeled with [°H]myristic acid(1uM, 1uCi)
for lhr, sensitized with anti-QA antibody
(1ml/10° cells) in the presence of Rb,(300u
g/mé) for 45 min at 37C, and then chal-
lenged with OA(0.1ug/ml) for the time per-
iod indicated. The [*H]DAG was extracted
and separated from the other lipids as de-
scribed in the Methods. **, P<0.01 by com-
parison with OA alone.

phenomenon on the biphasic nature of DAG
production was checked. The fact that mast
cells stimulated by antigen-antibody reac-
tion show a biphasic nature, the early in-
crease(30-60sec) and continual increase(1-
30 min), has already been reported and this
was also reconfirmed in this study(Fig. 3).
In short, when mast cells are stimulated,
DAG production reached its climax at 30-60
sec, and there is a decrease of DAG produc-
tion at 1-2 min, and this continues for 30
min(Fig. 3 showed up to 10 min although
observations continued for 30 min). When
mast cells are stimulated by specific antigen
-antibody reaction, the primary increase(30

sec) of the mass DAG production is over 2.5

—e— OA alene
—o— Rby

-
~

-
(4]
.

-
-
N

—
o

b -

Y

3H'methyl incorporation (10° cpm)
b

0 2 4 6 8 10
Time (min)

Fig. 4. Effects of Rb, on the kinetics of [*HJmethyl in-
corporation in the mast cell activation. Purified
mast cells(1x10%) were sensitized with anti-
OA antibody(1ml/10° cells), labeled with [*H-
methyl Jmethionine(2uM, 165uCi, and then
challenged with OA(0.1ug/ml) for 15 sec at 37
‘C in the absence or presence of Rb,(300ug/
mé). The incorporation of methyl moiety of
phospholipids was separated by method as de-
scribed in the Material and Methods. The data
in the peak of methylated phospholipids and a-
mounts of mediator release is shown in Table 2.
[*HJmethy! incorporation by unstimulated cells
was 10556 +356 cpm/4 X 10° cells. Spotaneous
histamine release from mast cells was 3.2+0.13
%. Fach value is the mean( £ SE) of six experi-
ments.
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times(14214 + 958 cpm), compared with the
non-antigen stimulated mast cells(5585+
371 cpm). The initial increase of mass DAG
amount is reduced by 44.0 % with pre-
treating Rb,. But, the continual increase of
the mass DAG amount was inhibited by 42.2
% with Rb, pretreatment. These results are
related with the inhibition of histamine re-

lease.

The effect of Rb, on methylation of lipids
during mast cell activation

The effect of Rb, on phospholipid me-
thylation activity in guinea pig lung mast
cells was examined after the addition of an
optimal concentration of OA(0.1upg/4x10°
cells).

The incorporation of the [*H Jmethyl moie-
ty into the phospholipids reached a maxi-
mum (16233 +375 cpm) at 15sec after the
addition of OA(Table 2), and phospholipid
methylation decreased rapidly in 1min(Fig
4). But, the other peak of phospholipid
methylation was observed around 2min after
the addition of OA. However, the incorpora-
tion of the [*H Jmethyl moiety into the mem-
brane phospholipid with Rb,(100ug/4 x10°
cells) was inhibited markedly from 16233 +
375 cpm to 11363+612 cpm(Fig 4, Table
2). The inhibition of methylation with Rb,
(300ug) was 43.5% at 15sec after challeng-
ing of OA(from 16233+375 cpm to 9586 &
464 cpm).

We also examined each methylated prod-
ucts during the activation of mast cells by
thin-layer chromatography. The results of
maximal phospholipid methylation after chal-

lenging of OA(15sec) showed in Fig 5. As
observed in the stimulated control(Fig 5a),
the [*H]methyl moiety was obviously incor-
porated into phospholipid of mast cell ac-
tivated with antigen-antibody reactions(OA
-anti-OA). The incorporated amount of [?
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0.12 0.6 066 072
b
8 PDME
W OA
=3 Rby
& 61
(3]
™
e
E 4 PC
= + PMME
g
o Lyso-PC
o, | +
2 2 . +
0 //
0.12 06 066 072

Fig. 5. Chromatographic pattern of each [°H Jmethy-
lated phospholipids on a TLC plate in the
absence or presence of Rb;,. Mast cells were
sensitized, labeled, and challenged by method
as described in Fig 5. The incorporation of
methyl moiety of each phospholipids were sep-
arated by TL.C.(a), unstimulated vs stimulat-
ed mast cells; (b), pretreated with Rb,(300ug
/4x10% cells). Blank column, non-antigen
challenge;black column, antigen challenge;
hatched column, Rb, pretreatment. Values
are means +SE for experiments. *, P<0.05
by comparison without OA challenge. +, P<
0.05 by comparison with OA alone.
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HJmethy! moiety in each lipid product mark-
edly increased in the mast cell activated
with antigen, compared to the unstimulated
control(Fig 5a)(Lyso-PC, from 1161+160
cpm to 1748 +324 cpm; PC, from 1672 +89
cpm to 3205+463 cpm; PDME, from 3854
+230 cpm to 6766 +439 cpm; PMME, from
2048 +113 cpm to 2974+92 cpm). Rb,
strongly Inhibited each [°*H ]methyl incorpo-
ration into phospholipid(Fig 5b)(Lyso-PC,
from 1748+324 cpm to 1044+ 182 cpm;
PC, from 3205+463 cpm to 1734 £69 cpm;
PDME, from 6766 +439 cpm to 2889+132
cpm; PMME, from 2974+92 cpm to 1172+
92 cpm).

Discussion

Allergic hypersensitivity reactions and
bronchial asthma are caused by the release
of mediators from the activation of various
enzymes during IgG, or IgE cross linking
with high affinity receptors on the surface
of mast cells. That is, enzymes such as so
PL.C, PLD, MT, PLA,, adenylate cyclase, ty-
rosine kinase etc. are stimulated and in turn
release mediators® &334,

There are several single component ex-
tracted from Korean Red Ginseng Radix.
We have previously reported that a few sin-
gle component of ginsenosides(Rg,, Rga Ras,
and Rc) inhibited or stimulated the releases
of histamine and leukotrienes during antigen
-antibody reactions in the guinea pig lung
and tracheal tissues®. We have also reported
that single component of ginsenosides(Rg,
Rg. Rc), belongs to the protopanaxadiol, de-

creased histamine and leukotrines releases
during mast cell activation in guinea pig
lung tissues, but Rg; belongs to the pro-
topanaxatriol, increased only histamine re-
lease”. These results have been suggested
that Rg), Rg: and Rc inhibited histamine re-
lease by partially reducing of DAG produc-
tion during mast cell activation, which is me-
diated via PLD system®”. However the
mechanism affecting ginseng single com-
ponents, Rb;, caused the inhibition of hista-
mine and leukotriene releases(Table 1) has
not been reported. Therefore, this study
tried to uncover the inhibitory mechanism of
Rb, during mast cell activation.

DAG is produced by receptors-mediated
enzyme activity and is a secondary messen-
ger which 1s related to histamine release.
DAG is produced from phospholipids either
directly by the action of PLC'® or indirectly
by a PLD-initiated pathway”>'". PIP,-me-
diated PLC is directly hydrolyzed to DAG
and 1, 4, 5 inositol-triphosphate(IP;). In the
indirect pathway the last phosphodiester
bond of PC is broken by PLD activation,
and then phosphatidic acid(PA) is produced.
The subsequent action of PA by PA
phosphohydrolase(PA Phase) enzyme caus-
es DAG production. The produced DAG
activates the protein kinase C, and causes
granules and mast cells to fuse, and so
shows degranulation'®*?, The granulated his-
tamine and other mediators are released by
the granulation of mast cells. Recently it has
been reported that the amount of DAG pro-
duced during the activation of rat peritoneal

mast cells is much greater when mediated
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by PLD enzymes than by PLC""'64¥ There-
fore, this study focused on PLD activity in
order to discover the inhibitory mechanism
of Rb, on the mediator releases during mast
cell activation.

PBut is produced under the presence of
butanol which is an index for measuring
PLD activity. Rb, pretreatment inhibited
PBut production increased by antigen only
challenge. This inhibition made the PBut
production with Rb, pretreatment the same
amount as that with non-antigen challenge
(Fig. 1). Therefore, these results can be in-
ferred that Rb, inhibits PLD activity caused
by mast cell activation.

As the inhibition of PLD activity evoked
by the pretreatment of Rb, was observed,
the effects of Rb; on the direct DAG produc-
tion via action of PLC during mast cell
activation was examined. There are many
reported methods to measure for DAG!® 4%
), First, when mast cells are stimulated by
antigen-antibody reaction, the DAG pro-
duced by PLD activity is totally turned into
PBut under the influence of a high concen-
tration of butanol(100mM). Then, the DAG
amount directly produced by PLC activity
can be measured under the high concentra-
tion of butanol. In the high concentration of
butanol Rb, pretreatment reduced the in-
creased DAG produced when challenged by
antigen alone(Fig. 2). These results showed
that Rb, inhibited DAG production via PLC
activity.

The effect of Rb, on mass DAG produc-
tion through the actions of PLC and PLD
was also observed. The mass DAG was de-

termined by the modification of Lee et al*®
method. The pathway of mass DAG produc-
tion was determined in cultured cells by
biphasic nature. That is, the increases of
DAG production in the early stages caused
by other phospholipase(ex. P1.C) and in the
continual stages by tyrosine kinase activity
causing PLD activity'” were checked in the
mast cells of guinea pig lung tissues. The
mass DAG produced by mast cell activation
was found to have biphasic nature(Fig. 3),
and the results are the same as the report
that Igk dependant DAG production in RBL
2H3 cultured cells have a biphasic nature'”.
Therefore, it can be inferred that the nature
of DAG production, which is related with
histamine release caused by immune reac-
tion, is the same regardless of the distribu-
tions of tissues or species. When Rb, is
pretreated, DAG amount produced from
early stage caused by PLC activity and con-
tinual stages caused by PLD activity are
blocked(Fig. 3). From these results it can be
inferred that Rb; inhibits DAG production
via both PIP,-PLC and PC-PLD pathways.
As a results, histamine release is reduced.

It has been suggested that binding of anti-
IgE to the membranous IgE receptors causes
phospholipid methylation by activation of
MT I and I1I1®%. It has also been reported
that IgE-dependent activation of human
lung mast cells and rat peritoneal mast cells
are not associated with increased phospholip-
id methylation***", Due to this conflicting
report a few researchers questioned if phos-
pholipid methylation is associated with medi-
ator release from mast cells. However, Takei
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et al® reconfirmed that antigen, anti-IghE
and concanavalin A induce both the incorpo-
ration of the [*HJmethyl moiety into phos-
pholipids and histamine release.

Therefore, in this study, the effect of Rb,
on phospholipid methylation activity in guin-
ea pig lung mast cells was examined after
the challenge of OA, and the methylation
and degradation products such as PMME,
PDME, PC and Lyso-PC by thin-layer chro-
matography was identified. Based on the ex-
perimental protocol of Ishizaka et al®®, we
reconfirmed a transient increase in [°H]
methyl incorporation at 15sec from OA-
activated mast cells(Table 2). We also ob-
served the other peak around 2min after the
challenge of OA(Fig 4). This other peak
may be caused by the incorporation of other
granulocytes because the low purity of mast
cells 70-80%) 1s used In this experiment.
We further need to study the other peak in
this regard. Rb, markedly inhibited the in-
corporation of [*H Jmethyl moiety into phos-
pholipid(both peaks, Fig 4). These methy-
lation products were identified by thin-layer
chromatography(Fig 5). The data obtained
with TLC infer that Rb;, may inhibit both
MT I and II, and phospholipase A.(PC
hydrolysis to arachidonic acid and Lyso-
PC). Therefore, these results show that Rb,
inhibits the phospholipid methylation(espe-
cially PC product) induced by antigen, fol-
lowed by inhibiting of leukotriene release.

From these results, it can be inferred that
Rb, inhibits histamine release by inhibiting
DAG production from phospholipids during

mast cell activation, which 1s mediated via

PIP,-PLC and PC-PLD pathway systems.
Furthermore, Rb, reduces the phosphatidyl-
choline production by inhibiting the methylt-
ransferase, which decreases the conversion
of phosphatidylcholine into aracidonic acid
and inhibits the production of leukotrienes.
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