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Inhibitory Effects of Blood-activating and Stasis-dispelling Herbal
Medicine Extracts on Colorectal Cancer Cell Migration and Invasion
through Regulation of Platelet Activation

Jae-Hoon Jeong*, Hyun-Ji Park* Seon-Eun Park, Shin-Hyung Park*
Department of Pathology, College of Korean Medicine, Dong-eui University

Platelets play a pivotal role in cancer metastasis through diverse mechanisms, including the promotion of
angiogenesis, induction of epithelial-mesenchymal transition, remodeling of the extracellular matrix, and the
establishment of an immunosuppressive tumor microenvironment. In this study, we investigated the effects of
blood-activating and stasis-dispelling herbal medicine (BASDH) extracts, traditionally used to enhance blood
circulation, on platelet activation-mediated migration and invasion of colorectal cancer (CRC) cells. Extracts from 18
BASDHs were first screened for cytotoxicity in MC38 CRC cells and for platelet toxicity, and non-toxic concentrations
were used for subsequent functional assays. All extracts significantly suppressed MC38 cell-induced platelet activation,
as evidenced by reduced ATP release. Furthermore, co-culture with platelets markedly enhanced the migration and
invasion of MC38 cells, indicating that CRC cell-induced platelet activation augments their metastatic potential. Among
the 18 BASDH extracts, 15 inhibited platelet activation-driven migration, and 12 reduced invasion. Notably,
Spatholobus suberectus extract exhibited the most potent inhibitory effects on both migration and invasion.
Collectively, these findings suggest that BASDH extracts effectively attenuate the metastatic ability of CRC cells by
inhibiting platelet activation, supporting their potential as promising adjunctive agents for preventing CRC metastasis.
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Table 1. Botanical name, medicinal part, and origin of each herbal
medicine.

Botanical name Medicinal - Yield
No Herbal name (abbreviation) part Origin %)
1 HEED) Rhus verniciflua (RV) Resin o= 6.1
2 AEE@mE) Spaz‘ho/olzéléus)uberedus Stem EX 104
3 FHER) Angelica sinensis (AS) Root ot= 353
4 TRNBE)  Salvia miltiorrhiza (SM)  Root == 385
— . chopma| 7t
5 LZOI#D) Prunus persica (PP) Seed 233 7.85
o
6 SHRE) C"m’”’/’(/g;/l")’ mYTha - Resin 2 254
7 ME(=H) Spargan/l/g SsTt)o/on/ferum Tuber EX 195
8  AE@EAN)  Caesalpinia sappan (CS) Heartwood QIZUAIOF 77
9  OE@EM)  Curcuma zedoaria (CZ) Rhizome 5= 2.1
10 Hx(E®EE " "—‘70”“’[(‘@)’“’””7"/’“ Feces 2 102
11 =Y Ve Z talis (VS Seed Sh= 104
(ERE) ‘accaria segatalis (VS) eel or X
12 AR Achyrant/gsz )b/dem‘az‘e Root za2 376
13 22®$)  Curcuma aromatic (CA)  Rhizome EEn 7.0
14 |EEE) Boswellia carterii (BC) Resin  QIZL[AJO} 221
15 MZXOKFREEE)  Paeonia lactiflora (PL) Root == 375
16 HI(IE) "9"“’“”&6/7“‘9”*’0”9 Rhizome 332 195
17 SSMHH) Corydalis (éu{(ﬁchan/novii Tuber z=2 6.2

Carthamus tinctorius Flower oz 235
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MC38 uheA gt NZFe= AR ooty
sp71e] w4adoguWEl BoRMlonm, Dulbecco's Modified
Eagle's Medium (DMEM; WELGENE, Seoul, Korea)o] 10%
fatal bovine serum (FBS; WELGENE), 100,000 U/ ¢ penicillin
(WELGENE), 100 mg/¢ streptomycin (WELGENE)2 Z&7}s}9]
37°C, 5% CO;, ZZ|A gt
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S oA 400xg2 20237 A2 st
of 590l 1 8 dZ(platelet-rich plasma, PRP)S 3]
5t9ict. o]S washing buffer(l pM PGE1, 0.02 U/mL apyrase,
PBS, pH 7.4) 1 mL& Z7lsto] 800xgz= 1087t Jd&a]stgct.
QAR 5 A3 9As] AAT § 2w APEL washing
buffero] AAEs5tY 0H, hemocytometerS 0] 83 4T L5
Afstgich. R gL Aedd 2a=oict

4. MTT assay

MC38 A|xE 96 well plated] 1 x 10%7] Exsln, o} g
Azo] 1859 &d7 ol 552 hY¥ 5%2(0.4-100 pg/mL)
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7. Tranwell assay

Transwell migration assay+ Transwell plate (8.0 m
pore size; Corning, NY, USA)9] insert P2 H-E 0.1% gelatin
(Sciencell, Carlsbad, CA, USA)o 2 FESlo] A5t MC38
AE(1 x 1078 9502 I AW x 10707 A
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ool 542 UER %= 2 =2 A Aot Lower
chambero]= chemoattractant24] 10% FBS’} =¥l DMEM
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HNEZE fere2 587 1A3SH § hematoxylin (Sigma-Aldrich,
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A AR shil, membranes HA5t] &Iol=  FetA0]
mounting gt & FAE ALE HujFos HFYG(x100) X A5t
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gelatino 2 FYstw, 9% WS 300 pg/mL Matrigel (BD
Bioscience, San Jose, CA, USA)2 I®I5lo] 4385}9ic} 0]5.9]

A& transwell migration assay®} L35t %1385}t

8. 34 &4

e Ad A= P (mean)t BEHXKstandard deviation,
SD)2 ‘AISIUTE SA 242 dY#AHEA (one-way ANOVA)
Tukey?] AlS ZA(Tukey's post hoc test)2 E3] P < 0.05
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GraphPad Prism 10.4.2(GraphPad Software, San Diego, CA,
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Fig. 1. Effects of BASDH extracts on the viability of MC38 colorectal
cancer cells. (A-F) MC38 mouse colorectal cancer (CRC) cells were treated
with various concentrations (0.4-100 ug/mL) of 18 blood-activating and
stasis-dispelling herbal medicine (BASDH) extracts for 24 h. Cell viability
was determined by the MTT assay. The dotted line indicates 90% cell
viability. Data are presented as the mean + SD of three independent
experiments. AB, Achyranthes bidentata AS, Angelica sinensis, BC,
Boswellia carterii CA, Curcuma aromatica, CS, Caesalpinia sapparn, CM,
Commiphora myrrha,  CTl,  Carthamus tinctorius, CTU,  Corydalis
turtschaninovif CZ, Curcuma zedoaria, LC, Ligusticum chuanxiong, PL,
Paeonia lactiflora, PP, Prunus persica RV, Rhus vemiciflua, SM, Salvia
miltiorrhiza, SSU, Spatholobus suberectus, SST, Sparganium stoloniferum,
TX, Trogopterus xanthopes, \IS, Vaccaria segetalls.
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Fig. 2. Effects of BASDH extracts on platelet toxicity. (A-D) Mouse
platelets were treated with 18 blood-activating and stasis-dispelling herbal
medicine (BASDH) extracts. The supernatant was collected, and LDH
release was measured to assess platelet toxicity. LDH release was
expressed as a percentage relative to the OD value of untreated control
cells. Data are shown as the mean * SD of three independent
experiments. AB, Achyranthes bidentata AS, Angelica sinensis, BC,
Boswellia carterii CA, Curcuma aromatica, CS, Caesalpinia sappan, CM,
Commiphora myrrha,  CTl,  Carthamus  tinctorius ~ CTU,  Corydalis
turtschaninovif CZ, Curcuma zedoaria, LC, Ligusticum chuanxiong, PL,
Paeonia lactiflora, PP, Prunus persica RV, Rhus verniciflua, SM, Salvia
miltiorrhiza, SSU, Spatholobus suberectus, SST, Sparganium stoloniferum,
TX, Trogopterus xanthopes, \IS, Vaccaria segetalls.

3. 18% HF7 oAl 529 YAZ F= AW S Oig
oA &3t A

AT 4TS F/dsste] BaT AL Fdhs A2
ZgNE &5 AW 22X (Tumor cell-induced platelet
aggregation, TCIPA)22 A=A o}’ 2 oA TCIPAJ
U)X+ 18F EAA0A £&£329 T2 H7Iol7] YYsto], urea
daTg st 4 523 308 AAYT & MC38 Aot
1587 Fuigstdey. Famo] H/JStE|H dense granuleoA]
ATP7} W& g|loga  Zulyg A& 98(conditioned medium, CM)Q]
ATP 5=& FA4st 4T &4 =g Frloldch. A8 Zat,
Fig. 3AoJA MC38 Txujgzat 4T TPl ATP ¥&
2 717k 890 £ 9.78 nM, 59.83 + 7.56 nMOo g uroroi}, Zuj
& A] 2707.03 + 141.98 nMoz2 JZA35] &Z7lst9ct. 18U &
A, ABS, A, °ofFF F&F= AAY] s ATP &2 4%
346.49 + 51.86 nM, 473.50 + 81.87 nM, 715.12 + 48.19 nM,
606.19 + 47.81 nMZ §9J51A 7+As5t9cHFig. 3A). Fig. 3Boj
A= MC38 Geujgzat Fa® osd|day ATP $&2 47
092 + 434 nM, 3.06 + 10.99 nM=Z uQtor} FH|Y A]
866.87 + 147.09 nMoz2 Z7}5t9 1, @FX| FHE AR o
A= 11.03 + 9.22 nMo2 ¥X35] ZtAsHYcHFig. 3B). Fig. 3C
oA MC38 ThEu|gwtul FAW THEujgte] ATP ¥&2 242
9.28 + 20.31 nM, 16.11 £+ 4.59 nMo]g oL} Fu| A] 503.34
+ 47.99 nMO 2 559, 2R, d3M, 28 F58 A
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Fig. 3. Effects of BASDH extracts on MC38 cells-induced ATP release
from platelets. (A-G) Mouse platelets were pretreated for 30 min with 18
blood-activating and stasis-dispelling herbal medicine (BASDH) extracts,
followed by co-incubation with MC38 mouse colorectal cancer cells for 15
min. The supernatant was collected, and ATP release was measured.
Supernatants collected from mono-cultured MC38 cells or platelets were
served as controls. Data are shown as the mean = SD of three
independent experiments. Statistical analysis was performed using
one-way ANOVA followed by Tukey's post hoc test (### P < 0.001 vs.
untreated platelets; *** P < 0.001 vs. platelets co-cultured with MC38
cells). PLT, platelet; AB, Achyranthes bidentata, AS, Angelica sinensis, BC,
Boswellia carterii CA, Curcuma aromatica, CS, Caesalpinia sappan, CM,
Commiphora myrrha  CTl,  Carthamus  tinctorius,  CTU,  Corydalis
turtschaninovii CZ, Curcuma zedoaria LC, Ligusticum chuanxiong, PL,
Paeonia lactiflora, PP, Prunus persica, RV, Rhus verniciflua SM, Salvia
miftiorrhiza, SSU, Spatholobus suberectus, SST, Sparganium stoloniferun,
TX, Trogopterus xanthopes, \IS, Vaccaria segetalls.
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Fig. 4. Effects of BASDH extracts on the migration of MC38 cells
induced by activated platelets. (A-L) MC38 mouse colorectal cancer
cells were seeded alone or co-seeded with mouse platelets in the inserts
of Transwell plates and treated with 18 blood-activating and
stasis-dispelling herbal medicine (BASDH) extracts. After 24 h of
incubation, migrated cells were stained and imaged at x100 magnification
(scale bar = 200 pm). Representative images from three independent
experiments are shown (A-F). Relative migration was quantified by
counting the stained cells (G-L). Data are presented as the mean + SD of
three independent experiments. Statistical significance was determined by
one-way ANOVA followed by Tukey's post hoc test (### P < 0.001 vs.
MC38 cells seeded alone; ns, not significant, * P < 0.05, ** P < 0.01, ***
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P < 0.001 vs. untreated MC38 cells co-seeded with platelets). PLT,
platelet; AB, Achyranthes bidentata AS, Angelica sinensis, BC, Boswellia
carterij CA, Curcuma aromatica, CS, Caesalpinia sappan, CM, Commiphora
myrrha, CTI,  Carthamus tinctorius, CTU, Corydalis turtschaninovii CZ,
Curcuma zedoaria, LC, Ligusticum chuanxiong, PL, Paeonia lactiflora, PP,
Prunus  persica, RV, Rhus verniciflua SM, Salvia miltiorrhiza, SSU,
Spatholobus suberectus, SST, Sparganium stoloniferum;, TX, Trogopterus
xanthopes, VIS, Vaccaria segetalis.
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Fig. 5. Effects of BASDH extracts on the invasion of MC38 cells
induced by activated platelets. (A-D) MC38 mouse colorectal cancer
cells were seeded alone or co-seeded with mouse platelets in the inserts
of Transwell plates and treated with 18 blood-activating and
stasis-dispelling herbal medicine (BASDH) extracts. After 24 h of
incubation, invaded cells were stained and imaged at x100 magnification
(scale bar = 200 pm). Representative images from three independent
experiments are shown (A, B). Relative migration was quantified by
counting the stained cells (C, D). Data are presented as the mean + SD of
three independent experiments. Statistical significance was determined by
one-way ANOVA followed by Tukey's post hoc test (### P < 0.001 vs.
MC38 cells seeded alone; ns, not significant, * P < 0.05, ** P < 0.01, ***
P < 0.001 vs. untreated MC38 cells co-seeded with platelets). PLT,
platelet; AB, Achyranthes bidentata AS, Angelica sinensis, BC, Boswellia
carterii CA, Curcuma aromatica, CS, Caesalpinia sapparn, CM, Commiphora
myrrha, CTl, Carthamus tinctorius, CTU, Corydalis turtschaninovi CZ,
Curcuma zedoaria, LC, Ligusticum chuanxiong, PL, Paeonia lactiflora PP,
Prunus persica, RV, Rhus vemiciflus SM, Salvia miltiorrhiza, SSU,
Spatholobus suberectus, SST, Sparganium stoloniferum, TX, Trogopterus
xanthopes, VIS, Vaccaria segetalis.
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