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e 3T AT 45 L R R T R R R OTT R R 25 ) &
KELE,

ERBET (Ferroptosis) & i 4 3k & I B — Ff 3 7l
R AEPE 20 M AT 05 XL AR R T 0 P R AR A T
% (Reactive Oxygen Species, ROS) 574 HE L, 5|58
240 105 R 2R 0 i B A AR WK T S BRI
ST I TR S AR AT T Ok 2 Y R
MR HI T RE S5 2R i Kk R & R
it TR R BE T T AT R R A R g e T R
[Fi) 7 X8 240 L Ff e 20 M ) PR S 4 L R T v O
B S 0 SR R R L IR T R B Bk E ART
WY 58 T TR (A I Wi i 7 BB L R 4 M o 0
BRAC T W] RE WA RYIR YT T B,

W R B (Pileostegia tomentella) 52 ) V1% 4t B
ikt RA3% )2 N T AR R AT . AR A
SELTBESE L T R B FF © &K (Total Coumarins
from Pileostegia tomentella , TCPT) i& & i B
05 B BT IR T P L T AT SO ) LR g RS B
T 4 LM i 200 L ) 1 B RE ) [R) IR S R B s 45
HEN T B AR ER T, HIERELTEORES
A5 5 IR 40 B 5B T i A Oy XL AR AT AL I an
fl AR R BB, A SCRLNSS B HT-29 400k
WFFEXT G TR F TCPT i i 75 5 45 H W 98 4 Jfl 2% 5
T H9AE I T BEHIL R Sy 1 968 e A S B Ik e 25 90 1)
B TT R ARAERL K

1 #MHERFIE

1.1 ##
1.1.1 TCPT #5414

HREBERH) e FREARE . & e
W5 BE 85 2= W R A 5 51 25 0 R 45 3K R (Hydrangeace-
ae) W 55 BB (Pileostegia ) F ¥ B B 7 55 i (Pileo-
stegia tomentella Hand. -Mazz. ) i 42 5., B 250 g
TH IR 2 M, M R SRS L 8 5 5 95 %0 & 1 [l i 44 X
5,2 h/W a8, & JF S IBOR ML R 15 R F 46
g BH MR R MR K Al EE (60— 90 C) . LM
CTRAEI LR LT A R AL o 28k JE (8 35 A 0 2
PL LR CTR-H B (100 2 0—>90 ¢ 0—>80 & 20—>50 :
50) 6 BE VR W B It 4yl 2R AR SRR R
WAy, 448 TCPT 6. 28 g,

1.1.2 @miek

N5 E e HT-29 40 MR B ) N 3 B2 PRt

FABRAF (STR %) .

1.1.3  £ZiXA

2 i 5 7 0 14 A I 12X 5] &5 (Cell Counting Kit-8,
CCK-8, 4t 5 KN658, H A [Al {23 w]) , 20 il 94 46 il
R & (A211-02, B L s MERE A W RH B A BR A FDD
TP I FR (DCFH-DA) #4444 B} (S0033S-1, I ifg
HAREWEARARA D, Rosup (S0033S-2, 1
B REYHARA R FD . BODIPY 581/589 C11
PREF LB (0622937, 25 F Cayman 237D , bt A4
H Akt B AL B 4 (Glutathione Peroxidase 4,GPX4)
Z iR (52455T-10, £ E CST A ®D , bt A%
ZARIL P0G ] F 4 (Nuclear receptor coactivator 4,
NCOA4) Z 5E R (66849T-2, 35 CST A w4
B AN e & iR -4y &R S 7] F% 12 R % (Cysteine-gluta-
mate antiporter subunit,xCT) £ 7¢ B34 (12691 T-
5. CST A D, RPTN A & )8 B+ 5515 K (Di-
valent Metal Transporter 1, DMT1) £ 7¢ [ $i 1A
(15083T-1, % F CST A D). %yt A GAPDH £
PR D110016-0100, A4 T A4 T2 (L) A BR 2
Al ] R 5 Ak ) B CHRP) b5 30 B9 1L 25 31 % 1gG
(GR3307268-2, % Abcam A H]),
1.1.4 2B

HEWaE 4 A (ESCO AC2-4S1, # i ESCO 2+
A1), CO, 41 i £ 5% 4 (MCO-18AIC, H A& F 2>
")) B ST E T B (H-7650, HA H 2 248D MR
04 YN R 28 4 AT F & (Guava easyCyte HT, 3
Merck Millipore 22 ®)) , 8] B 2% ¥ 8 f 5 (DMi8, 1&
E Bk R 2 |, B Fr L (SynergyH, 32 [H BioTek 2
FD 3 H UK M 8 D &R 88 (Mini-PROTEAN Tetra/
Mini Trans-Blot Module, 3 [E Bio-Rad A ®]), £ )
BE A% 4> T & 4t (ProteinSimpleFluorChem R, 2% [H
Protein simple 2y F)]) .
1.2 FHik
1.2.1 #@mpaii

A& 10% M4 vE. 1% 5 6 % KNI M
DMEM & b5 Fe 5L 3 77 A 45 A HT-29 4G, 15
FHBEBEE N 37 C.5% CO,, 1541 fl & %Kik
80 % —90 0 i, FI 0. 25 Yo B 25 1 g I Ak 1% AR 30k 47
S I RE I
1.2.2 @& Hibal (CCK-8 %)

Wi X E A KA HT-29 40, 3% 5 < 10° N4
i/ FLEEFD T 96 FLAR b, 4k 2285 3% 24 h R HG BE,
Gy R EE X B4 Je TCPT AR B4, 1) TCPT 4140 i
A 100 pL & 2585 32 3L (TCPT W JE 43~ 12. 5,
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25.0.,50.0,100.0,200.0 pg/mL), [ 25 {3 % 18 26
NIRRT 40 M 85 37 3k, 4R 22 15 5% 24 h, KBRS
FEZKILEFEEMA 100 pL 10% CCK-8 #i B
T 37 CHEE 1 h, HEGEFR A 450 nm Ab & LIS
JE L ESEOLE E (OD) . ARWTF .

YU AF TG R (V) =4 OD + %5 H4 OD X
100%,
1.2.3 @mpeEwien RARZX @R (Flow Cy-
tometry, FCM) |

IO $ A K HT-29 4088, 7% 5 X 10° 440
FL/FLEEF T 6 fLAR H L Wi REAE K 24 h, TCPT Ab3t
A A F ¥R BE Y TCPT (50.0,100. 0 pg/mL), 28
FIXF BRI A S AR R A 3 R R, AR 235 3R 24 h, T
A& S CE 0% SR R BRI 7 L ACEP =S
100 pL 454 2% v ¥k (Binding buffer) H1, fITA 5 pL
Annexin V-FITC #1 5 pL BUALTIBE (PD 39, 15,
WEEHEE 15 min, A 200 pl LR WK (Loading
buffer) I 4], i 0 o {8 13 6 40 4 40 e i =X o i - &
A 00 240 L 3 M
1.2.4 miegtahBsSLih

IO A K B0 HT-29 4, R4 TCPT 40 g
B PR 00 2 10 e B C(1C,, ) &5 SR 38 B 28 1 % IR 4 A
TCPT AL FRZH (100. 0 pg/mL) o 25 [ %5 FEAL A 45 ik
TRRY G FR 5L, gk 2 85 9% 24 h, T ¥4 o8 )5 1k IF ik
RSN A L B 2 10° A 41 i L FH Bl AR 2% b 3 T TR
(PBS VLM 3 K B2 R 2. 5% S WA 1% 4k iR
XU S8 5 FRE K B3R U0 R, T 1R B 4L il - A A 2
Yty 3F 1 S U UL S AN M B R AR TR S AR Ak
1.2.5 @i ROSAF# % AL

IO $ AR K HT-29 4008, #% 3 X 10° 440
ffL/FLEEF T 96 FLAR i BEAE K 24 h, TCPT b3
A S 7] ¥ A9 TCPT (50.0,100.0 pg/ml),
ROS FAE X BE2H fin A3 1 460 BE P BR 2 Rosup (50
pg/mL) 25 [ B A S R B Y KE 9E 3 L 4k 2 8
It 2 h, £ S LB E T S RS L 3 A R
I3 ¥ DCFH-DA #R45F Ju k% 1 1 000 # L 1]
TC IR R R B 5, L 0. 1 mL/FLim A fLAR L &
TREFRAAME T 30 min, B 25 5 8RBT A9 8% 95 2, T i v
R IR HEVE U 3 Wk, 8] B 9O 1 U T WS A It e Dl
R,
1.2.6 mieAfR T AMNDEZE

IO $ AR K HT-29 4080, #% 1< 10° 440
fL/FLEEF T 6 fLAR L Wi BEAE K 24 h, TCPT Ab3t

ZH M A [\ He B 9 TCPT(50. 0,100, 0 pg/mlL) , 25
FIXT B A G IR B 85 5 2 AR 2 15 9% 6 h, &4
L F2 4 2 T A RS S AR Y B R R 4k
1:1 000 By AN A BODIPY 581/589 C11 #4414t
b B TAEW (1. 5 pmol/L) A7 4L 0 IR 41 5 &
TR F:46 37 CWEHE 30 min, & F Y4k, PBS Wik 2
WK WA A0 8 40 i B T PBS AL i 400 H B fil
FHRCE 40787 40 M 3 =X 40 B 7 5 A0 434
1.2.7 &t ZaeRkkT

B B4 K09 HT-29 4000, 4% 1 X 10° 41
JiL/FLEERD T 6 FLAR b, W BE AR 4 24 h, TCPT 4b 3
HMA AT E R TCPT(50.0,100.0 pg/ml), %8
FIXT BRZE A S A B B R e AR 28 3R 24 h, &
2 20 4% G A B T TS RS . RIPA 2R fiff i 428 B 4t
JiEVEE L BCA &R R & e 8 R . B 10 pg
MEAHM 12% 5 B 5% W45 17 SDS-PAGE
HLUK , 55 B 2 B 2 (PVDP) B I, JH & 5% B Rg
W 09 B B2 25 ik 18 2% wh i (Phosphate Buffered Sa-
line-Tween,PBST)# ] 1 h J5 40 5 eyt N GPX4
(11000 Fi B bt A xCT(L = 1 000 Fi B bt
A NCOA4(1 : 1000 F B bt A DMT1(1 = 1000
B P N GAPDH(1 = 2 000 B T 4 CHE
. PBST % 3 W, HRP #ric #Y 1 3 Bt % 1gG
(1:2 000 FB)EMMWE 2 h.PBST B 3 K .1 5%
w4k 2 5k 6 iR 7 ( Enhanced Chemiluminescence,
ECL) K t)EWE M 1 min J5 A ProteinSimple £ )
REMB I RGERER F .
1.2.8 %hitgam

B LT 45 bR 22 (o £5) Fon, A SPSS
22. 0 BAFHAT G 2E 50 B, WAL ] B BCR ¢ R 5
Z ] L B R B E 2 43 B (One-way ANO-
VA, BAT 2 P>0.05. R /N EEER t B
(LSD- #¥:3), 24 P <<0.05 I\ N2 5 BHA 5%

2 HRE5HSMH

2.1 TCPT Xf HT-29 40 ff1 i 14 &9 82 1

CCK-8 ¥l TCPT X A\ %5 & ¥ HT-29 41
FMETESE R 1 ik, TCPT Ak £ af B & % 1%
HT-29 240 M00G Pk S BRI PE, H 22 7 B A St
B (P<C0.05,P<C0.01), &b, %% 40 g AR
PEAT AR Annexin V-FITC 4%, & I 25 5 5%, Bl
% TCPT e B 1y =5 HT-29 40 fg i 8 T- B0 W %
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* indicates P <(0.05, * * indicates P<C0.01 compared
with the control group.
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Fig.1 Effect of TCPT on the activity of HT-29 cells de-
tected by CCK-8
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RIS HES 5], R TCPT Ab 35, 44 0 HY 30 4% 5
TRRAE T 2 A8 Ak, 36 B R 48 b I 55 35 o 68 2R L %%
TR BRI U /D, S 3 SR AR i K A0 i B D L
GRS N R (R 2R 3k I PN L T R
(K 3.
2.3 TCPT X HT-29 48 f2 &h ROS & EHI &M
DCFH-DA il 25 8 & 7R, 25 (1% B4 HT-29
4 H A s 1 SR O, R WA B B — 3 1Y A
ROS WIBE S, ik TCPT Ab3J5 . BHE e (5 40 i %k
[ ) | 4 i e i B g 2 1 L&l 4(b), P<<
0.05,P << 0.01 ], %56 40 A T % A~ 4 fd b, 48
TCPT "l A3 & 4%% HT-29 40 ROS K F,

(b) , Plot P02, gated on PO1, R1
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501 T |
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group dose group  dose group
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% % indicates P<C0. 01 compared with the control group. (a) (b) (¢) :FCM results of cell viability; (d) : statistical analysis.
B2 AR TCPT %t HT-29 41 ja i o4 (9 5 i
Fig. 2 Effect of TCPT on the activity of HT-29 cells detected by flow cytometry
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500 nm!
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(a) Control group (b) TCPT treatment group (100.0 pg/mL)

Red arrows indicate normal mitochondrial in control group and damaged mitochondrial in TCPT treatment group.
B 3 BT B TCPT % HT-29 40 i 2k b7 7R FE 45 59 52 i Gt R A5 5L 30 000X)
Fig. 3 Effect of TCPT on mitochondrial morphology of HT-29 cells observed by transmission electron microscopy (magnifi-
cation 30 000X )

2.4 TCPT 3t HT-29 48 f A B8 it | 4L 917k F 19
A
K45 M 96 B 54T BODIPY 581/589 C11 4%
it TCPT A EG 5 i HT-29 405, 8 5 i =0 40 g AR
R % R, 2% S 7% 28 (6 B2 HT-29 40 i 9 15 5 48

Control group Rosup group (50 pg/mL) P K54, 5 45 F X BALA He, TCPT 4b 2 AT

Sl HT-29 20 Ml N i Bt 010 4 7K F 25 0 s L

5:(a) (b)) ()], BRI BRI, 2R ERIT¥EX
[ 5(d), P<C0.05,P<C0. 01],¥i8] TCPT nJ B g #2
= HT-29 4Bt 4 i Bt it e P i 7K F

2.5 TCPT 3t HT29 kA HAMREVEALR

TCPT low-dose TCPT high-dose 7}( :F E’J ur]
group (50.0 ug/mL) group (100.0 pg/mL) GPX4.xCT .NCOA4.DMT1 5 58636 7~ i 5
(a) Positive ROS labeled in cells %%ﬁ%ﬁ}%%e Western blotting ;F{j{m\u gﬂ:%ﬁﬂf\‘ ,
0.084 k - - Zad TCPT AbB)E , 525 (X A A L, HT-29 4 flg
o t GPX4 . xCT 25 [ 1Y 3 15 5 52 0 AR 0 1k B AIC, i
£ 009 NCOA4 . DMT1 % [ ) 2 3% & 0 % 5 7+ 5 [
- 6(a) ], 22 1A Ge ik 2 L[ 6(b) . P<<0. 05, P <
T8 0.017. B4 TCPT Wl f i i 4 AL b W% § HT-29
E’E 0.021 I B A AR BT T
0.00

Control Rosup TCPT low- TCPT high-
group group  dose group dose group
(50 ng/mL)(50.0 pg/mL)(100.0 pg/mL)

(b) Statistical analysis

* indicates P < 0. 05, * * indicates P <C0.01 compared
with the control group.

Kl 4 DCFH-DA il HT-29 40/fgsh ROS B & & Gtk
fEH 200 X)

Fig. 4 Content of ROS in HT-29 cells detected by
DCFH-DA (magnification 200 X)
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% * indicates P<C0. 01 compared with the control group. (a) (b) (¢) :FCM results of lipid peroxides level in cells; (d) : statis-

tical analysis.

5 R ARSI HT-29 40 b g i i AL 7k SF
Fig. 5 Level of lipid peroxide in HT-29 cells detected by flow cytometry

Control
group dose group dose group
(50.0 pg/mL)(100.0 pg/mL)

(a) Western blot bands of detective proteins

TCPT low- TCPT high-

[ Control group
54 HE TCPT low-dose group (50.0 ug/mL)
E TCPT high-dose group (100.0 pg/mL)

4_ &k

Relative density
*
*

GPX4 xCT NCOA4 DMTI

(b) Statistical analysis

* indicates P<C0. 05, * * indicates P<C0. 01 compared with the control group.
5l 6 Western blotting 46 il 4 AfS £k € T AH O bk i ) 8 19 3R 3K K °F

Fig. 6 Expression of ferroptosis marker protein detected by Western blotting

3 itig
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R Ty A A R AOM 2  HE TT Bh Y R
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PR 3 SR ko 0 ol ) 200 i P R o o A A 4 A
L RN ROS 45 [ h 2 K™ A R i A AL 7k
8w E T NS R A SE TS BRBE T B Al

S PINE o3 R 13| F& o = 1 N A | 20N o & o (T st
FE AR 5K 0 B S5 AR 2 e B D R A TG 2
SEAE R ORI B R A A A AR AR AR N 2
LR R U D, )2 AR A5 500 RSB RN s A AR
LA 0 M N BB T ROS LR B A S 1L b
IR/ BRI 8 K Xe-/GPX4 g il 23 e H ik
(GSH) & Bk 45

A 5E 1 e i CCK-8 45 A it 28 41 it A 4G I A
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W E R TCPTAER T A4S E i HT-29 41y
TS AL 45 B B s TCPT Xf HT-29 40 1% M4 B
FEIEIVER], 5 TCPT ¥k B 5 50 & F A G, 1E
R TCPT AE R, f I v 7 &5 f0 B 00 22 3] 4 it
SRR AR BRUAR /)N JBE G T 05 5 9 3 1 8y, 8 A s U
DSBS TR AE R T A5 2R RO B AN T RE R A Bk
FET . WeAh HPOGHE K & AR B TCPT 4b 2
T HT-29 4109 (1 ROS R i Ak 7k F , 25
KPR TCPT ALBRJE 9 HT-29 40l b i ROS 1 i
AWK R A E, BRI A RAESE T
TCPT Al LAVES HT-29 40 M % L B30T

Z R KSR 25 ) nl i 7 T R A R A Tk
BUMb IR RN . B, SUE T &R (DHA) il i 15 %
S S0 64 bR 240 M e 4 R R BT T, ) R R R T A B
AR R 5 A AT B Dendrobium nob-
ile) P4y R AR 7 ) B 2% Kl ad i T 40
ROS BUE, 42 = I BTk S04k W1 K -, W] B #E 3 GSH
K-, 51 4 Bk FE T, HF i 0 ] Al e AR K R aE
B, B GRS RE (Agrimonia pilo-
sa) PR AT 40 i PN ROS /K- L BB i ks 1ok
ST 1755 O LR A0 Ak BT T, DT 0 o) G 4
JRUE B gY 4 R R, o R 2 R AR R U A
T 20 LA BE T AT R — A A B MR IR T R AL

B R R /4 R R S W) 5 38 1R (System Xe-) 240 Jifd
W BRI AME R, & 2 WA 5 is & O
xCT(SLC7A1D) F AR I8 75 & 11 CDI8 (SLC3A2)
System Xc-¥ 4NN B Rz EMMNE . ELE
TR > bt 2R Wil (GCL) A4 Bk H K& 1 i (GSS) 1 i
AR GSHYY . H BT BF 78 IE 52, Xe-/GPX4 i 12
STl T AL N R R R E A S T E
U GPX4 B A RO MR R e A i P GSH AR
WP R BN K, Y xCT W 3 2 A B L 40 i ;Y
O 20 TR 1) e 3 W WAC K 32 5 ), 4k T 00 o 40 i N GSH
(45 0, B S 530 GPXA 306 1 BEAIG, 400 P 3 1 R A
5 R i Ok 25 SF- A, 4 M A S Ak BE O R IR, TRt
xCT J GPX4 FRIKFEARR P IC T K A 1Y O BEAR 2
Fe bR . 22 W40 M 38 5 P 45 xCT/GPX4 #2375 & ot
T, WA R T4 T bR & ) DMT1 R A% 3% (R 2t
WS K 4(NCOA4) 1y 3K 28 1k J2 J W20 i 2 75
RAHIET I SRR bR . DMTT 2 40 g gk AR i
rPE — ) 20 i P B AE KBS R & 1, DMTL i &
K E 55 200 6 PR R ) I A S R AR RS 1 S A
TN DMTT ek b8 $2 0 40 i P 4% i £ 5O T

S, #E i 51 2 ROS KN [ (Malondialdehyde,
MDA K- T, i S A Mk 56 T, NCOA4 & “ %k
QRN e g N TR R IR & A S Ak S
)i 77 R TR 8 4 A B P9 7 R RS Rl At A 511
BRI I 9 A0 AT T A R L B
FW,NCOA4 Rk 1] Jz w4 i P 2ok Bk A e, F
MEREEIET-™ , Wi, DMTL K& NCOA4 % ik I
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Study on the Effect of Total Coumarins from Pileostegia tomen-
tella Inducing Ferroptosis of Colorectal Cancer Cells

LI Li,DENG Yuyin, LU Jihua,LU Guoshou,LIU Ying" "

(Guangxi Key Laboratory of Traditional Chinese Medicine Quality Standards, Guangxi Institute of Traditional Medical and Phar-

maceutical Sciences, Nanning, Guangxi,530022,China)

Abstract: Total Coumarins from Pileostegia tomentella (TCPT) was a traditional Yao medicine in Guangxi,

to explore the effect and mechanism of TCPT in inducing ferroptosis of colorectal cancer HT-29 cells, human

Colorectal Cancer (CRC) HT-29 cells were treated with different concentrations of TCPT in this study, and
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the changes of cell viability were detected by Cell Counting Kit-8 (CCK-8) combined with Flow Cytometry
(FCM). The morphological changes of mitochondria were observed by transmission electron microscopy,
and the changes of intracellular iron-dependent Reactive Oxygen Species (ROS) content were detected by di-
chlorofluorescein (DCFH-DA) dye probe method. The specific fluorescent probe BODIPY 581/589 C11 was
used to detect intracellular lipid peroxide content. The expression levels of ferroptosis-related proteins Gluta-
thione Peroxidase 4 (GPX4), Nuclear receptor Coactivator 4 (NCOA4), Cysteine-glutamate antiporter sub-
unit (xCT) and Divalent Metal Transporter 1 (DMT1) proteins in HT-29 cells were detected by Western
blotting. The results showed that after TCPT treatment, the cell viability of human colorectal cancer HT-29
cells decreased in a concentration-dependent manner. Cell mitochondria showed typical ferroptosis morpho-
logical characteristics such as cytoplasmic sudden reduction, ridge collapse, and °concentric circles’. The
levels of intracellular ROS and lipid peroxides in the cells were significantly increased in a dose-dependent
manner. The expression levels of ferroptosis marker proteins GPX4 and xCT in HT-29 cells were down-reg-
ulated, while the expression levels of NCOA4 and DMT1 were up-regulated. In summary, the total couma-
rin from Pileostegia tomentella can significantly increase the levels of intracellular ROS and lipid peroxida-
tion, thus inducing ferroptosis in colorectal cancer HT-29 cells, which may be one of its anti-colorectal canc-
er mechanisms.

Key words: Yao medicine; Pileostegia tomentella ;total coumarins;ferroptosis;Colorectal Cancer (CRC)
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