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ABSTRACT : Sambutoxin, a newly purified mycotoxin in Korea, caused hemorrhage in the stomach and
intestine of rats. To elucidate the mechanism of hemorrhage, effects of sambutoxin on rabbit platelet
aggregation were investigated. First of all, the effects of sambutoxin on the platelet aggregation response
and ATP release from platelet by various aggregating factors were investigated. And then the role of Ca*
on the platelet aggregation was investigated by flow cytometer. Finally, morphological effect of sam-
butoxin on platelet ultrastructure was examined by transmission electron microscope. Sambutoxin
inhibited aggregation induced by ADP, collagen, thrombin, and arachidonic acid and decreased platelet
activating factor-induced disaggregation time in a dose dependent manner. Sambutoxin also decreased
thrombin and arachidonic acid-induced ATP release, but increased all factors induced Ca”™ release. Sam-
butoxin showed severe ultrastructural changes of platelet such as appearance of disorganization debri
of cellular organelle in intercellular space. Our results indicate that sambutoxin inhibits rabbit platelet
aggregation, and it may be partly due to the decrease of ATP release. Howeuver, it is not clear whether
the antiaggregating effect of sambutoxin is related to Ca* increase.
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ol Ag-3i Tt

2. A8z 4

AP L L= F('H2)3 sambutoxin 40, 100
2 150 uM 9] Al Fe g FE3d FA4a% $AHAE,
adenosine triphosphate(ATP) Wt&eF 2 d4ghe] AlE
A2 wEE e Age] H3lE A s Al A
stk zeivh AxLE RS o] 88 A4 2vA|
Tz W3le] FFL H 3wl 150 uMke A4t
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t}. o] 71 & Al -ellA LA (200X g, 108)3} A43H&
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4°CollA QAAI5}(1,300x g, 103) AA=AL platelet
poor plasma(PPP)& o]-8-3}ict. HEH o2 A3 A}
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USA)Z Fage] 5 24T T, $71 5x 1070/l =
A PPPR 3|A3le] g A AEF ATP SA o o]
TPy
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PRPE- o] 43 ¥4 5% A3 (Grandoni 5, 1990)
ol 223t 8% QA= collagen 20 pug/ml, Y22

a2 591 ADP 10 uM, thrombin 1.6 U/m/, 10% bovine
serum albumin(BSA)el] %<1 arachidonic acid(A.A) 1 mM,
712 3 platelet activating factor(PAF)E- 4 pg/mie] 3%
X554 tyrode buffer2 34 3}o] AR&-slsdct 4%
S AT aggregometer(560Ca, ChronologA}, USA)
£ o|g3te] FA3ct. AF WL PRP 240 it
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2tshed lag phaser} EA|FRZ 587 A5
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3}y Al(sodium citrate, 3.8%)2 A FAIE AR
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sonicationgt ¥ o] = 100 /& PRP 900 uie} 4 Ao]
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w2 A A|zbsty ] FuiRE 2027 A3k
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7 Ao wlx]= o338 Table 1o vpehfgic}. ADP
o] 913 & 43 26| 4] sambutoxinS S-aF2]ER] o
2 oz 8l&) 40, 1003} 150 uM x] &)l A Zhzt
47.8+4.28, 36.9+3.659} 30.9+3.40°.2 $2A43A
(p<0.059} p<0.001) A7 33-& A5+, collagen
off ot a4 AT fETel HlE 40, 10057} 150
uMellA z}z+ 61.7+4.32, 50.9+3.48 18] 36.8+
3.7622 2l AUA(p<0.001) 4aH S3E& A
At z2lil thrombinel] 2|3 A& W& 59.5+
6.71< Blsl 150 uM ]| A5t 54.8+6.80°0 2
A9 A (p<0.05) A S3E JAFIdon, AA
o 23 g3 th&rell Bls) 40, 1003} 150 uM A2
FollA Zbzh 61.5+3.74(p<0.01), 50.7+5.41 1|3
43.91£6.172 {FYAUA(p<0.001) A3},
Sambutoxin®] PAFell §-25 A 2% o] vl A& o
3-8 Table 20l e}, tHEF 55.1+4.08¢] ]3]
2E ATl ol £-214 30 A (p<0.001) At 3
AL JAsisch 12l 3 PAFY] oA fxE 27
o] W gAe] A= A7HHE Fe] e

o ofo

Table 1. Effect of sambutoxin on rabbit platelet aggregation by
ADP, collagen, thrombin and arachidonic acid

Aggregating Sambutoxin Aggregation Inhibitjon
factor ©M) %) (%)
Control 52.314.03 -
ADP 40 47.8+4.28* 8.6
100 36.9+£3.65%** 29.5
150 30.9+3.40%*+ 40.9
Control 69.8+4.10 -
Collagen 40 61.7+4.32* 11.6
ag 100 50.9-+3.48%+ 27.1
150 36.8-£3.76*** 473
Control 59.5+6.71 -
Thrombin 40 58.1+4.87 24
ombl 100 57.8+6.45 2.9
150 54.8+6.80* 79
Control 68.7+2.34 -
o 1.543.74** 10.5
Arachidonic acid 130 S07:salree 262
150 43.946.17+++ 36.1

" Values represent the mean + SE (n=10).
": Inhibition % of control.
*: p<0.05, **: p<0.01, ***: p<0.001 vs control.

Table 2. Effect of sambutoxin on rabbit platelet aggregation and
time to disaggregation by platelet activating factor

Aggregating Sambutoxin Aggregation Inhibitjon Disaggregation
factor M) (%) (%)'  time (second)’

(disaggregationyd wj7}x] A Q%= A7+ A 2
3}, 150 pM 2} 2] Foll A 2t =T 100.8+22.690) 1] 3l
FroAd A A7k A A

2. @ATUHoIM WEE ATP £

2719 4238 SRR SAAA 9 frElEe
ATP2] o)ol| sambutoxine] 7] x|+ ¢ & Table 3] 1+
eldlglt}h. ADP, collagens} PAFel| 2]3le] H2]==
ATP9] o}& sambutoxing 2|3t ¢ 273 v|x
slo] A frojAde] A=A ¢kt Thrombinel]
o3t} 29 ATPO] oF2 izl vla] 150 uM A
T4 1.1240.26 nmole & 7}AA Ao, AAL
A= 2T vwste] 1003 150 pMellx ZHzt
0.73+£0213} 0.84+0212 EATA AU A(p<
0.05) 7+ 4 Zc}.

3. FCME 0|28t e=0l29] H

o ARl M fuw Bagke] A%
HooA AEAZ IS5l 2ol sambutoxino] o]
™ of3& u]x=x] Table 4] ehfiict. ADP,
thrombin, collagen, A.A.2} PAFe)| -12t% d49 A%
te] dense granulewell] A ZAWZE wWEsEe dw
of] B2+ o33k sambutoxing] RE H2|ol A R
T vls =7 333 channelo] AP o2 folA
WUA (p<0.05, p<0.01) ZF7}8ldA] vt S| EH o)A =
&gkt

Table 3. Effect of sambutoxin on rabbit platelet ATP release by
collagen, thrombin, arachidonic acid and platelet activating factor

Platelet Control  55.1+4.08 100.8+22.69
activating 40 47.5+4.38** 13.8 83.7+7.37
factor (PAF) 100 42.7+521%*% 225 77.8+14.20

150 41.3+4.43** 250 67.11+8.20*

" Values represent the mean + SE (n=10).
*: Inhibition % of control.
*: p<0.05, **: p<0.001 vs control.

. Sambutoxin ATP release
Aggregating factor (UM) (nmol)’

Control 1.06+£0.05

40 1.421+0.49

Collagen 100 1.30+0.18

150 0.88+0.16

Control 1.56+0.44

. 40 1.35+0.40

Thrombin 100 1.16+0.33
150 1.12+0.26*

Control 1.14+0.20

A . 40 1.03+0.21
Arachidonic acid 100 0.73+0.21*
150 0.84+0.21*

Control 1.97+0.53

L 40 2.15+0.35

Platelet activating factor 100 1.56+0.34

150 1.58+0.18

": Values represent the mean+SE (n=10).
*: p<0.05 vs control.



Table 4. Effect of sambutoxin ou platelet calcium elevation induced
by ADP, thrombin, arachidonic acid, PAF and collagen

Aggregating factor San(nglidt())xin Mean fluorescence’
Control 30.4+0.35
) 4{) 41.7£0.42*%"
ADP 100 416 1.61*
150 40.1+0.38**
Control 28.5+0.20
. 40 34.0+0.93**
Thrombin 100 34.0+0.23%+
150 34.4+0.306%*
Control 21.240.29
A . 40 23.1+0.24*
Arachidonic acid 100 23.040.26*
150 21.9+0.52*
Controt 24.4+0.37
Platelet activating 40 69.7+3.35%*
factor 100 60.9+1.78**
150 60.0+2.80**
Control 15.2+0.12
40 22.2+0.57**
Collagen 100 2134089+
150 21.240.39**

": Values represent the mean+SE (n=10).
*: p<0.05, **: p<0.01 vs control.

4. FXE0IAS 0|28 FAMY| x0lMTE

27 Eaue) oAz vials 93] gixdt
ol vls] sambutoxin 2] Hrgel Al ¢Abe
A S A 2o ke A EAe) Az el A

x
Atolell 4] TaE 2l ch(Plate 29} 3).
Iv. 12 at

FFo] Folj A Fusarium & AAjA] de] 213}

o thofdt Fgol H4 B "2"5‘?}‘4. o] ool £
Agelfr] o]43 sambutoxind Lol Fusarium
sambucinum PZF-4°. 2 3¥] Halgt %] 548 7
eobell wl-- 538, LCw& 29.6 pgeggelth(Kim
and Lee, 1994). & o] H45 0.059) 0.1%% A 1185
off E£3ste] o Foishd AP, A8y 2
ARAAe] 28 Fdelcrl 2F dalgiclar B ws)
ATHKim §, 1995). FFolo} 2950} EEoh} Alsh
off F4%! sambutoxin® YN Fof) Za)sled 4
AT 2L o] 75l e Fo] 2¥S
B # ok G Qe Wawe) )k
%7‘3 3] WS R A] A 2Ajo] SRS o,

B EAlo] doju HolEAS vt 203 ¥
t&E}(‘\/arg;aftlg, 1981). Y& A}#3} 7}3or] B
HE FHe] FE ot F9 24 o shlE &
HA FRolEAE Pawe] ukde A, g es

A nl[o mfz rlo do ¢

BUE Fob B TPl ¥k Fold AYHYL

(o)
A
Pohe eFeEAE v 38 JAste g
o] AEehe #9373t (Omar, 1991) Fusarium 2o
el AAEE 23 ARl T2 B2 534
94 W dad gAY WMl ege v
(Bondy, 1989). Sambutoxin-Z Leljoff Fa]H Fo] =
22 #HA SeiAd AT AR AP EEAY] §3)
2 g(Kim 5, 1995; Kim} Lee, 1994) o Buto] abe]
2 9l B Al ERol e} B wal Z}Et« 7
o} fe ARtk whely B Ao e dad 43
AUAHE ol-gste] ST Hawdd M) ATP “o'f?a*
2F5ho] sambutoxine] 7] Aol w]x]i i 3L o
obuo} 2Ye| Yale olajslnxl ahirt.

EFEEY €8I FoX A4 2R Az A
#E A 9 #HA Aol Fa3 Age &
(Vargafiig 5, 1981), ¥agto] o5 xpFof ofs)a] &
Aol Hwd Al zute) Wgge] Lal) A ) 5y o)
HhZo] qloji} serotonin, ADP, Zhr o thokdk AA.
HAMFES A 9to g Yrule o) 7l 5] Uil ¥
2% 9h8-& Yo Fivi(Holmsen, 1985). ejstd o g
g FYA = (pseudopodyS 343 5)n (White,
1968), o] S92 0ol olalo] Frg wom =
3 B3 g gee] 219 Y microtubule?] s}y )
22 H3HE 4 5 odckBondy 5, 1989). £ 41§
N E sambutoxin 28-S H2T(Plate 1)} v} s}
of Higke] Mgt Huishy wisiel Faw Abelo)A]

AZAY 27189 $4 FAEE Holiz Ao] Bol
WA= g ch(Plate 29} 3).

T, A AE 2ol Ak Do) AL o]
se17] 31sked e AAIFO 2 ALGAD quin 2 &

Plate 1. Rabbit platelcts treated w1th vehicle (methannl) control,
showing vacuoles (v), pseudopod (p), glycogen (arrows) and dense
body (arrowheads). Numerous granule (g) in round are present.
X 9,600. Bar represents 1 m.
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Plate 2. Rabbit platelets treated with 150 uM of sambutoxin. Note
morphological changes of platelet and disorganization debri of
cellular orgapelle in intercellular space. Glycogen (arrows), granule
(g), vacuole (v), mitochondria (open arrow), pseudopod (p), and
dense body (arrowheads). X 9,600. Bar represents 1 m.

Plate 3. Rabbit platelets treated with 150 uM of sambutoxin, showing
enlarged vacuoles (v). Disorganization of cellular organelle indicated
marked damages of platelet. Mitochondria (open arrows), glycogen
(arrows), granule (g), pseudopod (p), and dense body (arrowheads).
% 16,000. Bar represents 1 m.

< fora 280} AN FL PP PAEE Rol: ol
wtoll fluo-35 7P go] o]-&3kc}(Minta 5, 1989;
Ozaki %, 1992; Rijkers 5, 1990). 12l A] & A3 of| 2]
= FCM< ©]83 Al 2] 2 502 #glo) wo] o]
3t 2R fluo-3AME AlE Qo2 44 §9]
A1717] 18t THGAIA Q) pluronic F-127¢ w8 =]
23kl Zag SA3Ah 1 FolA collageno]] 2]3}t
g UL vy e ofolgdom 10 pg/mie] &
EollXe Fane] A4 FY9L FAe 4 gy ¥
AIH(Watson 5, 1985)F ¥ A% Felstel =)
5, collagenel] 27t A5 27|l ©8]8] o) P
o] dAH o2 Ztaslelon BF 33 channels c}
2 SHUANE £ 52 dro zhe-g o) A A

ol A &elste] collagend] A& %= 20 pg/miz
3he] A¥g3slgdvt. 28] 7 thrombine 0.5 U/mlio| A A
EAW AFE 7M7) ATP W3-8 4u)) o] Qo
Zlths B 3(Watson 5, 1985)2 Husle] & 2%
£ A3tsict). =3 sambutoxinel] o3+ & vke] 8 eyt
2 W3l FHAAEN A2 Baste] iy oA
7143 AJAAE Yolugict. ag 2 AH
A& thrombinel] 2J3F ¥Ad 248 sambutoxin
150 pM A ]Toll et o 23S A HAqt
oA S ARl HafiAs BE Exofa] S2A4dgl
Al A} PAFe] 3 Ham 8443 o)A
disaggregation time sambutoxinel °}3le] Zr}
(Table 2). o]¥ A3}= sambutoxinel] 2|3} <35 o
A 4= A A A7) A Bafe w2
A7t gtol R IALE Mele)r] A ¢4 Ax e 3]
E57] wielrt. o] Aub: T2 toxing Aajshd
PAFe) 28] =9 43 23 8§49 25 9 Hx
of 4L Fa A} vA B ExL s}
e S A 71As) vlwste) dee 4 gl
(Grandoni &, 1992; Bondy 5, 1989). Collagens} PAF
= F52% sambutoxin®] 4w 23] o] 4|(Table 1)=
ATP &3 Al #31e ¢x7H(Table 3),
sambutoxin 150 pM 2] -9l 4] thrombindl] 213} &~
% 54 oA E(Table Iy ATP 93-S oJAjsi
ZA(Table 3) 2.2 Mg 5 glodc}. w3k AACE &
53 ATP W& 4o}l 4w 33 JA] Axpe Aa
Aol A58 Bolm gt} mgh Fto] Bav} Ao
el VA= AE ol AY A7) sambutoxin&
AAZ 23 A5 AYsta o8 -¢4]lAbd 23}
of =¥ Fgel WES HA13] 271X 7K Table 4).
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