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Study on the Antithrombotic and Cardiac Function Improvement Effects of Ganoderma Lucidum Spore
Powder with Different Manufacturing Techniques

WANG Hanbo!, HONG Zhuping?, LI Zhenyu!, ZHANG Guoliang?, ZHAO Jianxia®, SHI Yuejiao?, XU Jing!?,

LI Zhenha01’2’3*(1.Zhejiang Shouxiangu Pharmaceutical Co., Ltd., Wuyi 321200, China; 2.Zhejiang Shouxiangu Botanical
Drug Institute Co., Ltd., Hangzhou 310012, China; 3.Zhejiang Shouxiangu Institute of Rare Plant Medicine, Wuyi 321200, China)

ABSTRACT: OBJECTIVE To investigate the antithrombotic and cardiac function improvement effects of wall-broken
Ganoderma lucidum spore powder (BGLSP) and wall-removed Ganoderma lucidum spore powder (RGLSP) by zebrafish model.
METHODS Firstly, the ultraviolet and visible spectrophotometry method was employed to determine the contents of total
polysaccharide and triterpenoids in BGLSP and RGLSP. Secondly, the drug toxicity test was conducted in wild-type AB strains
of zebrafish to determine the maximum tolerable concentration of BGLSP and RGLSP. Then, zebrafish thrombosis models were
induced with phenylhydrazine, arachidonic acid, and ponatinib, respectively, and treated with various concentrations of BGLSP,
RGLSP or positive drugs. After modeling, O-anisidine was used for staining, and NIS-Elements DTM image processing software
was used for image analysis to calculate the staining intensity of zebrafish heart red blood cells and effect on preventing
thrombosis. Moreover, the verapamil was used to establish a zebrafish heart failure model. The zebrafish heart enlargement area,
venous congestion area, cardiac output, and blood flow velocity were measured to quantitatively evaluate the cardiac function
improvement of verapamil-induced zebrafish heart failure. RESULTS The contents of polysaccharides and triterpenoids of
RGLSP were significantly higher than those of BGLSP(P<0.001), with fold change of 11 and 5, respectively. The staining
intensities of erythrocytes in the heart were significantly increased after induction by phenyl hydrazine, arachidonic acid,
ponatinib or verapamil(P<0.01 or P<0.001), respectively. Compared with the model control group, high dose group of BGLSP
could significantly inhibit phenylhydrazine and prnatinib-induced zebrafish thrombosis(P<0.05), and could improve the heart
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enlargement improvement rate, cardiac output increase rate of zebrafish with heart failure(P<0.05 or P<0.01); low and middle
dose group of RGLSP showed protective effect on phenylhydrazine, arachidonic acid and prnatinib-induced zebrafish thrombosis,
and verapamil-induced zebrafish heart failure(P<0.05 or P<0.01 or P<0.001), and the antithrombotic and anti-heart failure effect
of RGLSP was better than that of the same dosage of BGLSP. CONCLUSION BGLSP and RGLSP have markedly protective
effect on thrombosis and heart failure, the effect of RGLSP were better than BGLSP, which may be related to its higher content

of active components.

KEYWORDS: thrombus; heart failure; zebrafish; Ganoderma lucidum spore powder
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%1 BGLSP, RGLSP &£ M E=Z#H & E(x ts,n=3)

Tab. 1 Contents of total polysaccharide and triterpenoids in

BGLSP and RGLSP(X * 5 , n=3) %
415 BAREA R B
BGLSP 4 1.67+£0.05 0.92+0.03
RGLSP 2 20.27+0.35D 5.61+0.25Y

. 5 BGLSP 4l Hb#g, YP<0.001,
Note: Compared with BGLSP group, "P<0.001.
3.2 MTC K4k

MTC #5455 57, BGLSP. RGLSP ZHAEA
i) MTC 4 1 000 pg-mL~'. i, #EHL 1/10 MTC
(100 pg'mL™") . 1/3 MTC(333 pg'mL™) fil MTC
(1000 pg-mL-YWERAFEG LIk, 25 R 03 2.
FT2 HEZAREERLERN=30)

Tab. 2 Results of sample safety concentration(n=30)

WfF/ugmL-'  BGLSP PR fRZAS  RGLSP 4R S ok A
100 EH EH
250 EH# EH
500 EH EH
1000 EH EH
1250 JCFET, MIEH 8 5% TJCFET, MF 6 4%
1500 BET- 5 %, HAMUmE  AETs 3 4, HRMmE
2000 ExYam LRI

3.3 XPPRMRAE S AR i T A

BEO fa O E LT A e (55 R R, SRR
MRZHAHLL, RGLSP K. . Sl B W g
TR i AE FH (P<0.01 8% P<0.001), H RGLSP 1k .
Hh ) 2 2 R T A N 7l BGLSP 4H(P<0.05 1%
P<0.01), #5503 3,

%3 BGLSP.RGLSP *{ % # S MW RFEA (X Ls,

n=10
Tab. ) 3  Protective effect of BGLSP and RGLSP on
phenylhydrazine-induced thrombosis( X £ s, n=10)
215 e/ @»HEE?I@EHH@ 19 B 10 A
pg-mL™! YLt e 1ER/%
TEH % R4 - 3151£1459 -
AR HE 2 - 1 431109 -
ML E 2H 7.5 2039+722 36442
BGLSP 24 100 1 552+102 72
333 1 7654+98 19+3
1 000 1 985+851 32440
RGLSP 41 100 2 426+79%3) 594539
333 2 792+1483% 80939
1 000 2 1134922 40+5%

e SR AR LA, DP<0.05, PP<0.01, YP<0.001; 1 BGLSP
XF A L, 9P<0.05, 9P<0.01,

Note: Compared with the model control group, "P<0.05, ?P<0.01,
3P<0.001; compared with BGLSP group with the same dosage, ¥P<0.05,
5P<0.01.
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M2 Heds, RGLSP ik, Hil a4l A 53 0 miks
MAfEHP<0.001), H RGLSP ik, FlE4 BE
& T A F)H BGLSP 4H(P<0.01), BGLSP 7£ 3
WP TR L B EVE A 1245 R ULH RGLSP 7E1IK
FRI AR ) AR R AR A DU RS S R BE £
AR TE A B B TR E . 25 R WL 4.

% 4 BGLSP., RGLSP t #t. A& I 4 B: 1% & m 42 84 £x 37 15 A

(x ts,n=10)
Tab. 4  Protective effect of BGLSP and RGLSP on
arachidonic acid-induced thrombosis(x x5 , n=10)
411 e/ LH&?I?[I]H@, TR M
pg-mL! Yt i i YEH/%
TEH X R ZH - 2930+104D -
AL B2 - 1733+117 -
] ) DT AR ZH 20 2 494+132D 70+12D
BGLSP 4 100 1659+123 —3+3
333 1 723+85 1+4
1 000 1752+102 2+6
RGLSP 4 100 1 962+58D2) 21+5H2)
333 225246192 484612
1 000 1 764+75 3+6

TE: SR IRAL LA, DP<0.001; 5 BGLSP X R R4l
2P<0.01.

Note: Compared with the model control group, VP<0.001; compared with
BGLSP group with the same dosage, 2P<0.01.

3.5 XPRENE R s A A T B AR

BED O IE LT e e e 25 R o, S AL
MRZH b3, BGLSP ik, &40 F1 RGLSP 3 >l
T 1 YA I 3 P AR (P<0.05 B P<0.01 3%
P<0.001), 3 H RGLSP 3 NHIHABEE T
BGLSP 41(P<0.01), Ui 7EARSZHG Mk & 4 F T
RGLSP X405 18 175 5 1 B I #8142 T 1A 790 B
YER, WiBsacRsE T BGLSP, Z5H L% 5.
3.6 XTAERLMAOK SO0 1 BCEE

AR GE 2R FHAE R KA 5 B 2 0 S A58
HIT3EA BGLSP #1 RGLSP Hi.br B /E ST, 45
RE/R, SHEAXTEAME, RGLSP K, . &
7RI 1 2H 340 8 B 3 VA B o O AR R e i i If,
[ FH(P<0.05 5 P<0.01 & P<0.001), JH RGLSP
ik, W4 &7 T BGLSP 41(P<0.01), S5t
RIXTHRZH AL, RGLSP o, KHI 2 4 Ak 1R
e /U R R R I YA B (P<<0.05 B P<0.01 B
P<0.001), H RGLSP {754 W% T BGLSP
X 2H (P<0.05) . 453 L% 6~9.
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% 5 BGLSP, RGLSP Xt & 4% B iF 5 Mt iR 1E A

#7 BGLSP.RGLSP /&% 38 & 4 # ik i i B 2% % 15 A
(x £s,n=10)

Tab. 7 Protective effect of BGLSP and RGLSP on venous
congestion in zebrafish with heart failure( x £ s, n=10)

(x xs,n=10)
Tab. 5  Protective effect of BGLSP and RGLSP on
ponatinib-induced thrombosis( X + s, n=10)
w5 W AQH)E?H!HH@ TR i
pg-mL™! Y (O YEH/%
TEH X IR - 4 518+83% -
AR X I 2 - 2267+131 -
o ] DEAREH 45 431599 95+4%)
BGLSP 4 100 2 610+121 15+6
333 2 812+98Y 24144
1 000 3 0411052 34462
RGLSP 24 100 3 418+943% 53439
333 3 9134639 77+399
1 000 4273+£11799 93+£59%

e SRR BRI, DP<0.05, 2P<0.01, YP<0.001; 5 BGLSP
XN LA, 9P<0.01,

Note: Compared with the model control group, DP<0.05, ?P<0.01,
»P<0.001; compared with BGLSP group with the same dosage, ¥P<0.01.

2RI, RS AP ) v ) RGLSP X%
e PrmAK S S8 D f000 5 5O R T REAT 3 Ak
EFIRITAER, IR RCR T BGLSP,

% 6 BGLSP.RGLSP /&3t % &/ IEY A By ok & 1F A
(x xs,n=10)

Tab. 6 Protective effect of BGLSP and RGLSP on heart
enlargement of zebrafish with heart failure( x £ s, n=10)

413 I DR "
pg-mL™! BB %
IEH X HR A - 6 781+251% -
REHL N R4 = 10 708+505 -
== 0.1 7 52942123 8159
BGLSP 41 100 9 5234268 3049
333 9 156+156" 40+8"
1000 823541982 63+4?
RGLSP 4 100 7227421439 88+634
333 7 6561049 774399
1000 9 007350 4392

e SRR BRI, DP<0.05, 2P<0.01, YP<0.001; 5 BGLSP
XN LA, 9P<0.01,

Note: Compared with the model group, VP<0.05, 2P<0.01, ¥P<0.001;
compared with BGLSP group with the same dosage, ¥P<0.01.

4 it

Bifi 5 4t 2 I A 1 R JR T DA AR R 1) A=
T2, GO I Rk 4 R R0 R AN B R
e e P 110200 L ep LI AR T ks BRBE At 1)
O ISR A o 3 DR L A7 5 A e ) ¢
KEr Bz P ALE 54500 697 © B BRI
AR & A AR GBI R Y T A i . BB Be, ]

AN P22 2021 4F 10 H 25 38 45 19 1)

an L b
1E X AR AL - 1 129+43% -
FETR R R - 3 657+235 -
Huws 0.1 1900+£1313 72459
BGLSP 4 100 35264201 549

333 3 125+142 2148
1000 3 456+168 8+12
RGLSP 41 100 2516£12129 474699
333 2 234424924 581024
1000 3217+103D 184D

I SO IRA L, DP<0.05, PP<0.01, »P<0.001; 5 BGLSP
Xof iz e 2 LR, 9P<0.01,

Note: Compared with the model control group, VP<0.05, ?P<0.01,
»P<0.001; compared with BGLSP group with the same dosage, ¥P<0.01.

#< 8 BGLSP.RGLSP /&R 35 &0 fi ) & B 7K & 1F
(x ts,n=10)

Tab. 8 Protective effect of BGLSP and RGLSP on cardiac
output of zebrafish with heart failure( x + s, n=10)

419 R/ S oH
pg-mL! pL-s™! I %
TE X R4 - 0.260.02% -
RERINT FEZH - 0.14+0.01 -
Hu s 0.1 0.20+0.013 70459
BGLSP 41 100 0.14+0.02 1+3
333 0.14+0.01 4+£5
1000 0.17£0.01Y 20+4D
RGLSP 41 100 0.210.0224 671529
333 0.18+0.01Y 4191
1000 0.16+0.01 20+7

e SRR L, DP<0.05, 2P<0.01, YP<0.001; 15 BGLSP
Xof iz e 2 UL, 9P<0.05,

Note: Compared with the model control group, DP<0.05, ?P<0.01,
»P<0.001; compared with BGLSP group with the same dosage, ¥P<0.05.

Ty ke bl R RIE AR S, Hop iy
RGP IR w22 AN, TR
GPUILAE SO E PER I, B AR S i T iy
R OEIL 7 ST 16 e YN (SRR S
LRI A, AR RS A R AN BE
A R e 2 i 2 B, (AR R 25 AR Bt
O TR P T A MRS, R A2 A Ry — AR
R HESI Y, OO U 2R G A Ak ) 2544 A
AERIRE B SHFLE AL, I BEA SRR
SCEG AR . AR A A SRR AL, AR
EL A [ PR 2 A B 3 BR324 At
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# 9 BGLSP.RGLSP /3% 38 & & i i 3% & 8 1R 47 1
(x xs,n=10)

Tab. 9 Protective effect of BGLSP and RGLSP on blood
flow velocity of zebrafish with heart failure( x £ s, n=10)

o He ) I R B/ n‘\nﬁiﬁﬁf
pg-mL~! mm-s~! /%
TE X R4 - 762+382 -
R X R 2 - 563+21 -
Hh e 0.1 662+36" 48+17"
BGLSP 4 100 574+41 6+13
333 602+22 2049
1000 584+19 11£19
RGLSP #1 100 6913723 624423
333 638+16" 36481
1000 553428 2412

T SRR AL LA, DP<0.05, 2P<0.001; 5 BGLSP X i il 21
IbEs, ¥P<0.05,

Note: Compared with the model control group, "P<0.05, ?P<0.001;
compared with BGLSP group with the same dosage, ¥P<0.05.

AHIFEA; M AR . A DU R A Al e s K
N B A0 M ARAR A, I LAZERLIAOR A S i S B
Ihf O REARA  PEHY R 25T T X BE I £ i e T
B TS A FE AN O B S RE A

R TS I FL 258500 I AE B i R A0 7
A0 I A 0 IO A B 2 Bl AR Z F o 4R 230
Kumaran S50P00% B R 2 A FE 58 25 WM I ) it
MmFEfER, MWRZ dalifb iy —Fh 8 A B —
75 7 P9 R Rt A 2R 3 A e ARt 1 41 i A
M, I EA L, A8 s K RN
A8 3 A 1t 3% T i 1] R R o, ) i) 45 058 1 28K
I 245 R 2 BT AR I M T R -5 B i VR I
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JE B A g RO WU AR TR, 0 5% 2 3 e 41 il /)N
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