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Abstract: Objective Novel self-assembled nanoparticles (RMN-SAN) of Dahuang (Rhei Radix et Rhizoma) and Mudanpi (Moutan
Cortex) were prepared by the micro-precipitation method, and their characterization, formation mechanism and anti-colorectal cancer

(CRC) efficacy were investigated. Methods The process parameters were optimized through single-factor experiments, and
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characterization methods such as dynamic light scattering, { potential and transmission electron microscopy were performed. The core
active components were identified by UPLC-Q-TOF-MS, and the self-assembly mechanism of RMN-SAN was revealed by FTIR and
UV spectroscopy. The in vitro CT26 cell experiments and in vivo tumor-bearing mouse models were used to verify its anti-CRC
efficacy. Results The optimized preparation method for RMN-SAN involves taking 10 g each of Rhei Radix et Rhizoma and Moutan
Cortex, adding 10 times their volume of water, soaking for 30 min, and refluxing for 0.5 h, followed by filtration. The residue is then
refluxed with 8 times its volume of 70% ethanol for 0.5 h and filtered again. The two extracts are combined, magnetically stirred at
600 r/min and 25 “C for 30 min, and the alcohol is removed by rotary evaporation at 60 ‘C, concentrating to a final concentration of
0.2 g/mL. The solution is subjected to gradient centrifugation (4 C, 6 000, 8 000, and 10 000 r/min, each for 10 min), followed by
dialysis (cut-off molecular weight 3 500) for 12 h, yielding the final product. The results showed that the average particle size of the
optimized RMN-SAN was (109.30 + 4.20) nm, the PDI was 0.353 + 0.009, and the { potential was (—24.5 + 1.3) mV, presenting a
uniform spherical structure. Five core components such as rhein, aloe-emodin, sennoside B, paeonol, and paeoniflorin were identified,
and their self-assembly was driven by hydrogen bonds and n-w stacking interactions, which was verified by molecular docking. The in
vitro experiments confirmed that RMN-SAN could inhibit the proliferation of CT26 cells in a concentration-dependent manner, induce
apoptosis and block the cell cycle at the G1 phase. In the in vivo experiments, the tumor suppression effect of the high-dose RMN-SAN
group (6.0 g/kg) was significantly higher than that of the traditional decoction group, and it could regulate the levels of immune and
inflammatory factors more efficiently. Conclusion This study enabled the utilization of the therapeutic advantages of traditional
Chinese medicine through modern processing, providing new ideas for the optimization of the preparation of self-assembled
nanoparticles of traditional Chinese medicine, and also providing an efficient and stable new formulation for the treatment of CRC
with traditional Chinese medicine.
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by, Tk L ESHG HRG SRR T E5
F R8T (transmission electron microscope, TEM).
C HLAZIN R S B BEAT TR 3RALE , 4575 RMN-SAN
HI AL 2R SRS FI A UPLC-Q-TOF-MS %52
RMN-SAN (¥ Coii PR 5y, (8 Bh {8 L AR e 2T
4h H i (Fourier transform infrared spectroscopy
FTIR) 55 UV OGS ] RMN-SAN B 4T A
B, SRUETEE “ 290 E " R BERETS): e
I A AP R G50 IE RMN-SAN #4710 CRC ¥
P, BB SAEGRRER] &K KL (Rhei Radix et
Rhizoma-Moutan Cortex decoction self-assembled
nanoparticles, RMD-SAN) HIZ5R% 7, RITIAR
T2y satl b 25 DDA AT RAMO 2
H ZH ALK ) 2% T Z AR IR B B, S0y
TP RGBS SPIHIZGERKIN R, kg5
T3 IR EAR R AL DR R S 780 K 4%, 9 CRC 1)
HHEEZGRIT AL AL RE R R, Ry
255377 VIR TT R 5 I AR e AL 25 e B 2 R Al

1 {XEAnMHY

1.1 Y&

TCSSP8SR AUFOGIL KA L s, MEEKF
(Leica) X #ABRAA]; FACSVerse it A4t ig X,
% [E BD A A ; SQP-224-1CN B i 4y 2 —HL 7R,
FEZRERPEEAE bR ARAR; UPS & £
RAAETKAL, D) IARE B 2E R AT B 2 7] s RE-2000 2
Tl 7 RAL, FBINBI RS WA AR A ]: SHZ-D
(D BEH K5, Bl R AT R B A R
2Aw]; Allegra® X-ISR BUELOHL, Dvw & FERE (3£
ED Bt A PRAT; Spark A2 Dhe AL M-
&, W (R LIRS IR A F] s BeNano 90 Zeta
RIANAKRLE Ko Zeta AL HTAC, FHAR B RS A R
A5 FD-1C-50 B4 L5 VR T80, TR RE (dbnD)
IUREERAF; JEMI1200X HE5 1 B, H
KAERRER A7) Q-6PS BUEANAT WOt T, |k
HEEITCHTIUE A FRA F]; Nicolet 6700/1S20 7 fd HLiH:
WA AN B BE, J2E Thermo Scientific 2 ] ;
SynaptXS B & 7r FHBUTURE 73 BT, 26 [ Waters 23
sy FAEGERBENR, BEEAND TRE
(molecular weight cut-off, M) 3500, ¥ [E
ARAF CEED.

1.2 A5

KRB CH-Fm I IR, #E5 2502018). 4t

PREC CEgRkETT, #ts 2503027) A B E Y

A FAEFH AR BIRAT, SRR
ESL T N W E-Y S NG L P N
Rheum officinale Baill. [\ TR AR ZE, HHNE
FERIAT 2 JEAE 4L P Paeonia suffruticosa Andr. [P T
PR, S5 A (FREZ) 2025 FR (—H6) A
PR

CCK-8 2 ff 3t 58 J &g A WA F & (5
C0005) T&/FE4H M L 377 & (Calcein AM/PL, #t
5 C2025M), HEARAMEARARAF]; FH%-
WMEER (LS 234137). DMEM £33 (5
6125503), [ Gibco AF]; Annexin-V/FITC 4 fi
FT AT & (S 20250814). TR Y IEMAE
VB A R AR i E A&, #t5 E-CK-
A351, B SESRRFEDRH RA AIR AR 458
£, #'5 P3512302, HERIBAHIRMGGRA A
REEZ4, #t5 MYM MP0787, JERIE SR 7
BHARAR; S-RIKEENE, fits 51-21-8, 1LHAF}
BAEMERAR; TKOE, 5 64-17-5, RHF
e AR AF
1.3 ape

CT26 Atk TR T4ME. XHEH
10%16 4 1137 (FBS )« 1% %5 2 - 45 2 (100 U/mL)
ft) DMEM 73 5|35 3% CT26 40fi. ZHMfE 37 CT &
5% CO; ) &7kt 5 706,
1.4 49

SPF Mt BALB/c /MR, i 18~22 g,
B e b)) EMHEARARARRME, SHAF
5 SCXK (51) 2024-0001. /NRIANJEAFE 1,
WAlE H BRI SIRATAAE 12h, HHEHYOK.
% S FUIRAT A H R 24K S S S e B R
T HtiE, S 202404407,
2 FAEEHR
2.1 KE-HIFEBERMKRH &S RRTFE
2,11 fRSEAEY BUREE . MR & 10g, BIRF,
Tn 10 fEEEEaiK, 1298 30 min, FIVRIEEL, EHAE
it Z5%n 8 fF B LK EIFAEEL 30 min, EEHAGE
HIF 2 RPEW, REHRYES 0.2 g/mL, H 0.45. 0.22
um 7K RFFLIEIE e . BEE B0 (4 °C, 6000,
8 000, 10 000 r/min, £ 10 min) BZLA My, 3 500 )
EHTASIENT 120, B 4 /NEHK 1 IREBRIR, Tk
T 5 B0,
2.1.2 EEREE BUKREE. #HPHE % 10g, 398E,
10 fi5 8 70% 0%, 128 30 min, [FIEFEEL, EHE
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iy Z3EIN 8 £ 70% L EE[RIAAEEL 30 min, JEIL,
REEEE . A3 2 IREEHUK, 600 r/min. 25 C A+
LS 30 min, 60 Ceis 2 R IREE, JHik4E S
0.2 g/mL, FJ 0.45. 0.22 um 17K R AL IERE R
BERE B0 (4 °C, 6000 8000 10000 r/min, % 10
min) LA My, 3 500 HIIENTARIENT 120, & 4 /N
Bk 1R, EBRZRR, HTIERIE08.,
2.1.3  fEVE BUKEE. M & 10 g, BYRE,
hn 10 fF &K, =298 30 min, [FIVRSEEL, HGE
iy 250 8 £ 70% LEEENR R 30 min, IS,
R A9 2 ARBUE, 600 r/min. 25 C oA
NHEIIBEFE 30 min, 60 CHERk 75 KIREE, JHRk4i 42
0.2 g/mL, FJ 0.45. 0.22 um 17K RMALIERE IR |
BB (4 °C, 6000+ 8000, 10000 r/min, 5% 10
min) LA My, 3 500 HIIENTARIENT 12 h, & 4 /N
HoK 1K, LB TR RIR08),
214 JHIEGR SRWE 1 PR, 3 FARSIS
TE TGN T ZILH AR RPRAR AT . EAH[H]
FIET, RAR AT RARAR - RIS AL > I
PEVE> UL, AR, R TH—T2F, &
[F R GIARRL 20 S B T 5, RiAR o A B
PAES OS> A > T, HAZ R ALAE
B O AE TR AL R . JCH R MUTIE L
& gk kL, @FENTERAR N (189 £
1.26). (146.58+3.70) nm, fF&40KRLII RIS
(100~200nm) [X[a]. ZE Bk, PARPTIEEER
RMN-SAN il & .21, FdT /a8 T2 k1k.
2.2 BEZRIIER RMN-SAN H&TE
ROHSRISIE R, e R IR 5, TRk
1) RMN-SAN B4, KNG AT —. Nik—F
F1 3IMHAELZHREHPRAFFHEXLL (X£s,n=3)
Table 1 Comparison of characteristics of nanoparticles
prepared by three different processes (X + s, n = 3)
Hl%  ahH 0.45 um 0.22 um
HE R FZEmm  PDL E¥kiEmm PDI
4R 1L 607.22435.55 0.277£0.016 385.75£8.96 0.37740.017
Bl 624.7349.64 0.34310.016 656.28+6.82 0.340%0.047
EHT 298.89+3.11 037420.013 258.41+2.57 0.376+0.013
Befik 1LUE 342,154 11.59 0.294£0.063 300.71£12.21 0.115£0.049
By 412.08+15.35 0.16920.088 201.10%12.45 0.312+0.093
BT 242.56£5.74 0.06410.051 199.68+6.04 0.110£0.025
Ptk i 327.31£6.82 0.18140.008 241.2444.64 0.19140.061
By 269.19412.73 0.172£0.092 345.61£8.68 0.165+0.022
HT 189.13£1.26 0.309%0.011 146.58+3.70 0.380£0.007

L H HBYIRRIE kAT, LFIRIAE. PDI N
PR FEbR, XTRIER A, WL BT . BT ]
AT IR R H LR, YIDTREN RMN-SAN il & i f2
AL PNIIE R Pl

221 FUEBEEE e R E 600
r/min. S FERS 8] 30 min. # 4FHEE 25 C.
TR 7ZE RIE 60 CRIZEZ IR 0.2 g/mL, %
SLRTE N IA] 43 514 304 60+ 120 min I % RMN-SAN
SEEJRLAZ AN PDI 5 . 45 AN 2 iR, ARFEFEL
E NN CIPS LD S A IR Y VEES -2 L3 N B =N N ]
30 min B, GUKRRLHFIIRIAE ) (294.104£9.60)
nm, F. PDI N 0.154+0.028, 9Kk B4R A1 #5150 5
HFIENE 60 min I, “FIRALTFHEHEAR, A
(379.90+16.00) nm, H PDI 4 0.199+0.057; 4
B INA] 120 min I, “FERIAE AN (505.10+98.20)
nm, PDI JH&E A 0.242+0.083. HIiBH T H 1 4
Gglg. REGPRRMKIBEC NS, (B2
K%, Zao0tr, R R K] FEORE SR
B, S JE A RS B e WU R
/8] 30 min.

#2 FIERMEERE (Xts,n=3)
Table 2 Investigation of decocting time (X + s, n=3)

FIZ N [A]/min SEERLR /mm PDI
30 294.10+9.60 0.154£0.028
60 379.90£16.00 0.199£0.057
120 505.10£98.20 0.242+0.083

222 WEABFEREE S [ E RUER DN 60
min, B IHFERTE] 30 min. BE S HEEEIR T 25 C.
W78 RIRE 60 CHIZEZ IR 0.2 g/mL, %
S SR A 400, 600 800 r/min i % RMN-
SAN ki 21 PDI [g2m®. 455105k 3 B,
15 SR E M 400 t/min 9% 600 r/min I, P
Bk A PDI 258/ HLA A SEinta 5] 4kl
T J3 4w HE 3 28 800 r/min, ~F¥RIARIE N, I HIY
SIPERRAG . WOEPERL I B E N 600 r/min.

2.2.3 ENTETEEESE B E RUE R AN 60 min,

F=3 MINHEEER (Xts,n=3)

Table 3 Investigation of magnetic stirrer speed (X £ s,

n=3)
WP/ (rmin™) PR /am PDI
400 480.70+17.20 0.244+0.055
600 377.90+7.20 0.184+0.079
800 443.50+51.20 0.214+0.063
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T S 45 FES ] 30 miny #7135 E 600 r/min. F
NTFEERE 25 C. Wedk 7&K 60 CHIZEZ R
BIKIZ 0.2 g/mL, HEEEHHTF 58 6. 12, 24h
% RMN-SAN P35k 42 F1 PDI 140 . 45 Bk 4
Fras, ARG AT )0 G KL (1) P S50 b A2 5 e [ B
R MiFENT 6h I, FHERiAN (173.70£27.90)
nm, H PDI ¥ 0.3414+0.030; 4i&HT 12h i,
KAz, N (162.30+1.30) nm, H PDI }y 0.285
+0.008; X4iEHT 24 h 1, FHkE N (125.60+
0.40) nm, PDI JF&EZE 0.325+0.020. REEHT 24
h GRS kifA R/, (B3 PDI K, HHINFE
B REHIBENTAN, M ZHEE, HAWE
fr12h T2MWM L E S CEINER4E 71, BIs)E
Wi, LY KRBT RD . BOEFENT 12h,
F4 ENEEE (Xts,n=3)

Table 4 Investigation of dialysis time (X + s, n=3)

T ) /h PR R /am PDI
6 173.70£27.90 0.34140.030
12 16230130 0.285+0.008
24 125.60+0.40 0.325+0.020

2.3 RUIES5WIE

IR R A TG T e S L8,
AT H R B AP R 245505 I 2H e g KobL ) f A 1) &
TRBUKEE . HP S 10, BIRE, N 10 f5 &4k
K, 28 30min, [FRFEE 30 min, JEL. 25N
8 i 70% LB AR AREL 30 min, JEIL. &9F 2 IR
UK, 600 r/min. 25 ‘C2AF N1+ 30 min,
60 Cliekt 2 RIREE, JFk4i % 0.2 g/mL, BAEEES O
(4 C, 6000. 8000 10000 r/min %% 10 min) J5 LA
My, 3 500 [FIEMTASIENT 120, BIfS.
24 BERPKRNHRMTESREEER
2.4.1 kifE. PDI. C HALIE K BT 15 2040
KRL A NRLEE S A AR it b, R o R 4
BN 25 °C, KA EE R BN 90°, DL E 4K

A . v & y 2y

100 nm

VR BVRIAE AT PDL; FEAE SRy N FLDK I, A8 E
2 I 5E C HLAZI9, RMIN-SAN FRIREAR 23 A7
1 fi7n, AL, RMN-SAN RIS A 5 N 35—,
FHRIAEN (109.304+4.20) nm, PDI iy 0.353+
0.009, ¢ HALA (—24.54+1.3) mV. RMD-SAN [
SFHpRifE N (258.41+2.57) nm, PDI K 0.376+
0.013, CHfN (-15.3£0.6) mV.

Ojl 1 1'0 ] 160 10lOO 10 bOO IOOIOOO
Hi4%/nm
1 RMN-SAN B9RI2 5%
Fig.1 Size distribution of RMN-SAN

242 TEMEZUES R HHBLGPRRAEA 7 BT
afizke, B2 pl 23 BRI CEAR Y Gy BRI |,
R KIEARR RN 2 2 Rk, B NEER . B
FESES S R TR, RS &N g 7R
DRIV R BT R A . N T e m BEAT LR, KA 2
uL BEESER A GY 60 s, S5EAFXT i B AT ) 2% 4 )
o) QAN R 5 = T O w7 = e i P i SR BTER
FEMAR, 1B A IE 1IN R IO . i
T R . X HE S, SRR R
BIUE, MEGURRLT IS R A LR 5 A7
TEREP RO, R 2 fizR, Frifil# RMN-
SAN F1 RMD-SAN ¥ {23 7E 100~200 nm, JE& 58
B, BEAMNMEEKE, a5,

243 RMN-SAN MR tE5 RNERMMALTE
J& RMN-SAN [z 1, H#48ifi £ () RMN-SAN
FEMEEGET 4 CRIBRME NRAE, 700 T4
JEE 1. 24 3. 4. 5. 6. 7 KREUFE, %M “24.17
TR RAE. PDI K& ¢ HALIE 773, ~FATIE 3
P FE S AR DCHBAR,  C S B TSP I S At
W%, Z%%%E RMN-SAN 7E 7 d fEA47 1A K EE

200 nin ;

2 RMN-SAN (A) #1 RMD-SAN (B) MIMFAS
Fig. 2 Microscopic morphology of RMN-SAN (A) and RMD-SAN (B)
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FaE s L. SR NFE 5 FTn, RMN-SAN 7E
7 d EAEI N S RIAR . PD K& M TE B e R
3, RPFHBEM R

#5 RMN-SANREMEE (Xts,n=3)
Table 5 Stability investigation of RMN-SAN (X + s, n =3)

#d P45 mm PDI C A7 /mV
1 109.30+4.20 0.353+0.009 —245+13
2 109.00+1.10 0.357+0.029 -19.4+22
3 110.70+3.90 0.363+0.026 -199+12
4 113.80+3.70 0.349+0.019 -17.5+09
5 110.40+2.70 0.381+0.013 -22.1+13
6 111.40+6.30 0.343+0.012 -13.0£0.5
7 109.60+4.40 0.345+0.003 -143+03

2.5 KK BB RS SHLEIFIT

251 % E FA UPLC-Q-TOF-MS %t RMN-
SAN 5 RMD-SAN AT JE#E ] i 7 45 08 - Hm i 5%
PRAIR: RAMBIE TR, 20lfEIE. AT
R, EIERRVEE m/z 50~1200, R

A RMN-SAN EB TR J}M\Wr
[ I
HUE TR
—|‘ S S %_,,v-‘",._
0 10 20 30 40
m/z
B K ‘
. . . . . ‘ LA ||I | | .
60 120 180 240 300
mlz
HIEHE B ‘
P I Y S B
100 250 400 550 700 850
mlz
IAE-IN §
. o ) L
60 120 180 240
m/z
PR
T L T T T T
60 90 120 150 180
m/z
A5 ‘
50 200 350 500
mlz

0.3 s, FEMIASTE] 30 min; KRR EHE 10 eV;
AR RE R HUE 30 eV; IE. 515 PR B
HLHE 2.5+ 2.0kV; B FIEIRE 150 C; HEFLHLE 40
Vi GBI S RS SRR N AR
% 450 C; HEFLAAFIAE S0 L/ ZRIEFIAE
FILE 800 L/hs

FEIE. B TR R B et b, @t
LL 520 23 (1 MS B8, [R5 3 A 2580 e o ) Ak 2
3 BEAT IR 2 A (181, RMN-SAN ) UPLC-Q-TOF-
MS IE. S PR S E PR E I E 3-A Fis.
5 (] 3-B) M, RMN-SAN FF3t%seEt 5 Fh
KB P 7 24 06 1 U RV 1 0, 035 K B T
EA B KRR m/z283.02[M—H] . & KHE
m/z 271.06 [M+H]D. K —BEERIEY Gk
T5H Bm/z861.19 [M—H] ) 4P B2 Sy Rl &
¥ (P m/z 167.07 IMA+H]D . 4P} sl
&y (A525E m/z 481.19 [M+H]).

T RMD-SAN £ UPLC-Q-TOF-MS %5 )L 4%

C | RMD-SAN TE 3 PR
I
' BB T
. Y
0 10 20 30 40
mlz
D ®ILHEE
60 120 180 240 300
mlz
BETR
60 90 120 150 180
mlz
JLEER
| |
60 120 180 240 300
mlz
BRIATR
Il 1
50 70 90 110 130
mlz
Frigmg
50 90 130 170 210
mlz

3 RMN-SAN 5 RMD-SAN BB FRE (A, C) REFHERTHZHFIEE (B, D)
Fig.3 Total ion current diagram (A, C) and secondary mass spectra (B, D) of characteristic components of RMN-SAN and
RMD-SAN
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. RIAER. BETR. IR, HERESIER
TEPER Y, IXLERR S IRAEIE SR 2R, R
Wk 3-C. D 7. %L, UPLC-Q-TOF-MS & 445
Wb R, TOTIE P IUA R ] [ RS oK 3L 4t
FFREAE BEEZE FHR Y. AT SRR, L
RPN AT TR, TR BT RMN-SAN FLSE
I T 2R BTS2 AR G HUN e SR
BRILA R BETER. JEHIRE KA ERRE
Bgy, FEOREE. AEPR R ORI K& E k.
S AR Y 3 22 e LR EIE, RMIN-SAN J2 R
TP B B OE (R 1 A3 d I A 2 TR R oK
AR, 1 RMD-SAN H fl ] 7K 147N 73 (1 47 3
RAE, ARARRAX L O T A

252 FTIR FAE KM FTIR %} RMD-SAN 5
RMN-SAN #ATHRAE, LUE M5 #r B2 FE i
Gy FIAAH BAE F Bk R RS Bk Tk
4 1~2 mg FEA L 200 mg 46 KBr iR & . HiRE
TN, SR S5 FH b AL Fods BA 1R v o A
A LI AR 0 2T A T ORI L] 1 AT 0 AT, U
JEFA 4000~400 cm™, RN 4em™!, K
BN 32 kRO, ZERANE 4 Fios. #E 3 500~3 000
em ' FEFEMLEIREN X, RMN-SAN (KRS T
RMD-SAN B &~ 72 H %ifk, R KE P REERE K
I RS AL PE B AT 25 R PR AT A
ThHTREE, BHBEERERD, 5T HEES
2GS AFEAS . 78 2000~1 500 e ! PR 5 R
ZPRFNIX, RMN-SAN HkEE (C=0) KR E4E
PRBN R I R PR T TP 2%, TRon R
R SLHEBRIE 5 PF Ry AT25H R 2R IR GE Ry 22
[ R n-n HERUER, L3R R TR o T F
Bitk. E 1 500~500 cm™ $54([X, RMN-SAN 5
RMD-SAN F8% R % 57 3%, RMN-SAN FFAEI&H
B R N, R\ERB/N ST HBES

—
\ /R/l}[(D—SAN
v

4000 3000 2 000
v/em™!

RMN-SAN

1000

4 BYEFRMAKRNA FTIR RIE

Fig. 4 FTIR characterization of self-assembled nanoparticles

B RN Z OB TS A AR ERES.
Zi 1, FTIR S5 e thiEse, Kot 545t i s it
B4 BB o F IR AR - HERUE I BRsh B 4
%6, WmATVRARTE AR RS M.

253 UV RIE RARIM W KARERAE A4
YKL AL« BUE B RMD-SAN. RMN-SAN Ff
dts BN Y Bt e, R AR ] L4y
R T LAE 190~400 nm fRWR U R 21200, &5 5
Wk 5 fizn, RMN-SAN Fl RMD-SAN — WK g g
YT 300 nm P, SRR RIS CRHEIR.
FIEREER) 1 non B FEGE CEBRRHAZRFER I
XD, WIRREAFH s ClnF ) A X fa]
Vi BRI RO AR RO TR . H RMD-
SAN G EEIE(E (~5) T RoiE (=4.5), T
WA AT RIS : RMD-SAN H s BL “ 431
A" AAAE, RAMRUR A F IS L ERIT
(112 0; RMN-SAN H s H 428 hghokh CGREE
D), oFEsE. -n HERHISS T BT MIRIR
SR

RMD-SAN

200 300 400 500
A/nm
5 BHEEPRNIIEIMNGERIE
Fig. 5 Ultraviolet spectral characterization of self-

assembled nanoparticles

Ib4h, RMD-SAN [ E 55, & KR4 T 70 R
AN 57 T 5K 5T T A [F) 5 B R SR &
H, HEPADFAEST . X5 RREFIR
B AFME” KT, BFRIEREFEMME
5, B9 2MNERINIETE S 1 RMN-SAN 144
KR RES Y, 4 TiEE A AR SR E
B, HTEITREMESES, FIgEEE. %K
VU BRI 6 BE 0 X 22 5%, ELIRIREL T s A
“COTOEC B CYIRRIRE” FPIRESHAE, 5 FTIR
g AL E AR T KB - P B R A 2E e Hh R AR
H AL
254 TR NG T KRR K B -4
AR RN s IOl = EE RS o A I 9 2 s e )
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= 5009 »

BAHARST RMN-SAN o 5 FhOCHER 4y CREIR.,
ZERIER PHE Iy ATZT . B/EE B) AT
Hemtr, LSS A Re S ARSI RS B VTN o0 1) 45
A He 1. KH AutoDock Vina 1.2.3 # 4% A RMN-
SAN H 5858 H IR O Vs 1 B AT X i e AN
PubChem ##% PESREL% 173 3D 4544, & AutoDock
Tools TRACER AN« RIIHLAT « 28 SR e B HAR AT
79 PDBQT #%3X; LAA78 55 70 K10 W BXHE M,
FIREWR N 20, 1HEE GRS 0 FIEER ) 1B
A, XM PyMOL 5 Discovery Studio
BEAT AL, Fric U A BE BS <<0.5 nm (1) m-m HEFH
YER, CLE& e 51 R 128 F0 oy 18] B 26 AH
AR08,

R nE 6 fn, Z8S nn R N FELES

PN SRR PN ¥

—5.1 kcal'mol™!

KIERR-FHE W

—3.1 kcal'mol™!

KR~ H
—3.4 kcal'mol™!

YEf 71, 5 FTIR J UV RAEL R —8. S
454 R N—5.1~-2.4 keal/mol (1 kcal/mol=4.184
kJ/mol), A K- 25 K R4S GrRef ik (—5.1
kcal/mol, B-21.34 kI/mol), Z5i&Re idsgm, —&
A A R i fa S S e MERR KR - 75 V5 1 B
PERKERX-TELT B 4561 842 keal/mol
(~=17.57 KJ/moD), J& THEEREL G SFHEE]T
AL A RE N 55 (—3.3~—2.4 keal/mol) . 7> T
Beah R I )2 THAESE . K3 B oy
2, BERSHFET B 2@l snEst S
HERUL 202, & RMN-SAN JE B 58 40K 25 4 11
W4y T AT PR 3 i 55 4H HAE F
MY, BRRESHERER. 28GRy aH
MU T B 300 7 T B4 -

PIERMRAIGH
—3.5 kcal'mol™!

KIEFR-FHI5H B
—4.2 kcal'-mol™!

PR R
—3.3 kcal'mol™

FERER-FIEH B
—4.2 kcal'-mol™

————— e R

AJYT-FIET B
—3.4 kcal'mol™

-3 151 B
—2.6 kcal'mol™

£

¥ R WA 25
—2.4 kcal'-mol™

Bl 6 RMN-SAN #Lm 7 7 FRHEATUER
Fig. 6 Molecular docking results of core components of RMN-SAN

2.6 5N CRC 2530 1ER

2.6.1 AfuEEtEERATE K CT26 4HfILL 8 000
AL EEF T 96 FLARH, I RN EE S R kR IH
PIEEFRIE, A3 IMAAS R 5T 8 1) RMN-SAN #l
RMD-SAN F£AY (lREHE 15.0~90.0 mg/mL, PAE
Zigit), WIRASG THEEARS AR, 37 Ch
FAAFIRE 240 J5, LIRS, BERERRE, JFNA

AL IIAN S 10 uL CCK-8 ¥l % 37 % 1 37
CWEE 2h ), 8 H 2 DhRe R bs OGN 2 40 g 21,
SRR T BN, 2525 48h 5, XTHRLL CT26 410
R 90%, TLH CT26 MR A K H Ak T+ %t
B K. 452455, RMD-SAN Al RMN-SAN %f CT26
BB PEAE FH BE I P R i 1 5, LA % B A
JEWKRE =22.5mg/mL 5 LA HE R pEE. 5
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RMD-SAN
200 pm
RMN-SAN
paicy 22.5 mg'mL™! 45.0 mg'mL"! 90.0 mg:mL™!

7 CCK-8 A1/t RMD-SAN #1 RMN-SAN 3t CT26 FI4RREEMIER (X50)
Fig. 7 Cytotoxicity of RMS-SAN and RMN-SAN against CT26 cells evaluated by CCK-8 assay (x 50)

RMD-SAN [ F4liffil]#& & (half maximal inhibitory
concentration, ICso) =46.7 mg/mL J#i [t, RMN-SAN
(ICs50=30.0 mg/mL) X} CT26 A 5 & & i A5 1F
YN 25 FEAE BRI =45.0 mg/mL J5 2 FH BRI
HIESHER CREER, TR, X
[IEL R AR RMN-SAN i K &EHi12/NF 200 nm
() H KR T AR, SEAS Z) w R 40 i S T
R4 B s 1 e 2 B R AT VR

[FJ IS, s FH 4 0 /A8 G €370 & VP4l RMIN-
SAN 1 RMD-SAN F¥ A Ji 20 i 1) 5 MR HH -
Calcein-AM & —Fh & H T I K ehnic 4kl
RER R , LA IR, — B4l
4, Calcein-AM (TEARBLHIE T AR phgl
PP IR RE K AR, A IR 5> T Calcein, X —%%
A ILTC L o S AN NS, AT B i B TR 4 M PN 5 R
H SR .

Lk e (propidine iodide, PI) ANRE 5% 524
S ANARE, (B8 % SR MR B AR X 45, N
fIIZ I 45 S DNA, MR L E5O0. Bk, Pl
AT AR IC AN . AR AR R, B CT26
AL 8 000 AN/FLIE FEHERN T 96 FLAR T, K
HIREEN 30.0mg/mL (BAUAEZjE1H) ) RMN-SAN
Al RMD-SAN #5743 3 F1 CT26 ZfILHFE 24 h
Je, FEERGIRIEE, (FF PBS BFEWL 2 iE)H, &L
JIN 100 uL Calcein AM/PI A5 TAEW, 37 Ci#Et
% H 30min J5 TGRS TSR (AM A%k
N, ARICTEAIAL; PLOAAL 658, Fridstaniu),
AN FEVE R R R, g5 1 8 Fias, 4
KN 30.0 mg/mL B, RMN-SAN X CT26 4l

(PG 1E % 3 T RMD-SAN.
2,62 XTHMUATCRIRCN K CT26 4L 5X10°
ANFLIE FEEF T 6 FLAR T, WhEE IS 5 57 25 IH 85
FRHE, K FERIEN 30 mg/mL (DLAEZGE) 1)
RMN-SAN F1 RMD-SAN ¥4 3 A1 CT26 43
BE 240 Jg5, A0 AN RE TR RS & TR O
G, IMANBEABHELAIRE, /£ 1000Xg. 4 CF
B0 5min; A5 R RE N OIRER B IE, TIAZ
1 mL4 CTAK 1 XPBS 22k s 240, FHiRkE
OUTTELIMD, /NOIRFR FiGs I X S5 &5l &
N, B AT E 1~5X10° /mL; B 100
uL AR T S mL WAEH, A 5L
Annexin-V/FITC, HBMEAFETRIRS], ik
6 E 5 min; I 10 pL PI, F011 400 uL 1 X PBS
ZEM, 1 h P9 FCM RS20 B T 1 230,
SR 9 1% 6 Fizn, 30 mg/mL ] RMD-
SAN 4b¥ CT26 4Hi 24 h Ji&5, A (90.84+0.76) %
A AR T [FIHET % (87.0240.02) %-.
MR T-2 (3.8240.02) %J; i RMN-SAN kb3
CT26 418 24 h J5, 7JfF (99.96+£0.04) %[H4jE
RARET: [RETE (16.71£0.04) %. B
T:% (83.2540.04) %], &£H RMN-SAN HA H o
R CT26 AT T2 SEH .
2.6.3 XTAHRM S EAMRZIE  # CT26 AHAR 5 Bl LA 5 X
105 NMALIE FERA T 6 FLARF, WhRES R G 77 &
IHEEFR3E, BRI N 30 mg/mL (LLAZ5E)
) RMN-SAN F1 RMD-SAN ¥ 4 7l A1 CT26 4
LEE 24h 5, F B, HEEOBEIE, il
7 PBS W 4HMEE: 2 I, SRJEHE 1 000X g FEGL
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RMD-SAN

RMN-SAN

S0
Merge

Calcein PI
8 JEEFE XM RMD-SAN 71 RMN-SAN %F CT26 HIZAAES141EH
Fig. 8 Cytotoxicity of RMS-SAN and RMN-SAN against CT26 cells by live/dead staining assay
XA RMD-SAN RMN-SAN
1 Q3-10.00% Q3-20.00% 1 Q3-10.00% Q3-21.80% 1 Q3-10.00% Q3-287.94%
108 4 108 1 108 4
- 106 4 - 106 4 - 106 4 i
& L = =
10° 4 J 10* 4 10° 4
102 {4 Q3-398.31% Q3-41.68% 10% § Q3-3 8.70% Q3-4 89.50% 102 { Q3-3 0.00% Q3-4 12.06%
10! ‘ l(l)3 I ](()5 ' ](‘J7 10! ‘ ]63 ' l(')5 ‘ l(‘)7 10! ) ;)3 - ?05 - ?07
FITC-H FITC-H FITC-H
B9 RMD-SAN #1 RMN-SAN B{2 BTN
Fig. 9 Pro-apoptotic effects of RMS-SAN and RMN-SAN
# 6 RMD-SAN #1 RMN-SAN M{R AT S5 4p A RARZME (X+s,n=3)
Table 6 Pro-apoptotic effects and impact on cell cycle of RMS-SAN and RMN-SAN (X +s,n=3)
i3 b)) T3 0B % Y o B %
(mg'mL™) Gi S Gz

X B - 2.65+0.08 33.54+0.84 48.52+0.39 16.56+0.70
RMD-SAN 30 90.84+0.76 19.44+0.55 35.46+2.51 44.98+2.68
RMN-SAN 30 99.96+0.04 42.71£2.01 39.53+2.71 17.29+1.28

Smin, /PNOWRER EE CTRIBREEHZ) 50 ul), FifEs
O DUE 5 B, e a4l IIAN 1.2 mL
11-20 ‘CI/KLEE, FMREGET-20 CUkFEH
TR 300X g B0 5 min, FF B3, A 1 mL )

PBS HEE4M, =IMWE 15 min; 300Xg Bl 5
min, 3 _FJ&, SO 100 uL ) RNase A Reagent JF
o BRI, 37 “CK¥ 30 ming S 400 pL 1)
PI Reagent (50 pg/mL) FF77IRE), 2~8 Cii
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% H 30 min J5 T FCM JIIERPY. 55413 6 MK 10
7%, 30 mg/mL ) RMN-SAN 4B CT26 405 fE
WERRPETS TN Gy HARH . B TXS Gy B BH A 3

5, I Go IR AR MO BRI/, DT BE i I 2
i CT26 2 fa A HE B =
2.6.4 XTAANRIEREROREI {4 IR R S8 A

X i RMD-SAN RMN-SAN
120 7
160 - 400 A
G G G,
120 - 300 1
80 G2
h G2
= 4 s ) =
g | 2 801 \ 2 2001 |
1\ 1
\ ’. \
40 \ \ | | ‘
| 1 40 - 1\ A 100 \
J | ‘l‘m J '\ f “‘. I‘ ’ L G,
Vi | L\ J Yy \ L N wvjfﬁ
\ | LA “
\ | W N
0 - r - _ M 0 . L y A 0 i : . ; Moy
0 4 8 12 16 0 4 8 12 16 0 4 8 12 16
PE-A (X 106) PE-A (X 10%) PE-A (X 10%)

10 RMN-SAN 33 40Bf1 /3 #0200
Fig. 10 Effect of RMN-SAN on cell cycle

RMN-SAN FlI RMD-SAN F£ A 41 fiL A 58 /1 1 5%
Wi, R CT26 A LA IE 1% BEEA T 6 FLiR T,

R IR S R E A N 80% /A4, R 200
ul B A S TR M p Jeale BRI 2R, TR . iR
F PBS & ¥E 2 Ik, LLEBREIES 4R o S
MyEREFREE, /A ECHI PR E N 30 mg/mL (LLAE
ZiETh) ) RMN-SAN £l RMD-SAN i 4b 24
L, IR R AL B AN R, g R T
37 C. 5% CO: M4tfusss=fah, #nlfe 0. 12,

24 h Al R s R A RR X ) R, A
[F] Ab 3 2 [A] A AL e /1), 25 SRl 11 Fi
7N, RMN-SAN 4b¥ 12, 24 h J5, CT26 40 &
E Y HIN 15.75%- 20.61%, 1] RMD-SAN [ &

12h

24h

X HE RMD-SAN RMN-SAN
11 RMN-SAN %} CT26 RAEIEREAUHNEIIER
Fig. 11 Inhibitory effect of RMN-SAN on CT26 cell

migration

K 29.42%- 45.72% RIVIR J5 A ZRERAR, X i
JR8 2 0 )T RS 4 2R o 1245 RAE S, RMD-SAN
A RMN-SAN #e #4lif] CT26 4ififitts, (H
RMN-SAN L&l /£ F AL T RMD-SAN.

2.7 &AL CRC 253 F1ER

271 GERD NRUENMEMETRE, EENR
IR0 Bz R 3kt CT26 40, JEHIE CRC 2 T #%
MR . HARERE: JEBOSEUE KN CT26 41
FL, A R AT MR, B 1 X 1084y /mL,
T4 /N B — A0 2 I 3 Ak 4 100wl R4 o &
Wi FRR AR K ZE 50~100 mm3, #/)REEHL
I3 5 AR SE R0,

272 KRG PR /NREENL B . BH
PEZH [ 5-FRUR % 0E , 20 mg/(kg-d) J. RMD-SAN 41[3.0
g/(kg-d) J\RMN-SAN {7 &2 1.5 g/(kg-d) J.RMN-
SAN 5 E4H [3.0 g/(kg'd)] F1 RMN-SAN =71 &
H [6.0g/(kgd)] 64, FH6 K. JLIH/NRIE
H ig 4524; BAH/NREH ig 45 T8 A AR
K, BHMEA ip 4525 A28 7 WG AT sk AREL
s AR,

273 FBAEHMARSAERENE S5 A e i
ME/NIRIEKRR (o) FIFERE (b)), TEHRN
2 dik. BIRINESS, WA X AR =ab?2 1+
SRR AR AR, 25 2545 o ) B R 21,
5E IR ) B 2R AR, FER ek, EOMH R R B
CRC TR, SR 12 fFE 7 iR, EIRBZA
JTI, SRR AT R EEZES (P>0.05),
KPS Y. 25, BN B R R AR B A ]
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ARG K . SRR, % Seah g RO R
Y153 7 40%H] . RMN-SAN & 7841 . RMN-SAN
7 B ZH AN BH P A R BON A . JEH R i e —
WIRIT I, RMN-SAN = 1) 2 41 /)N 58 4R F5OK
(334.314£42.10) mm?®, 5 F KT ZH /)N B g 4
1 [(1405.224240.75) mm?, P<<0.05], FEW &7
) RMN-SAN X} CRC i J88 /> B AT B R 0988
ER . RIS, /N B B AT e, S5 ansk 8
. EIRGZNRITRE, S /NRAARR TR EE
ZE5 (P>0.05), RIA/HE Y. HEAIZH . RMD-SAN
2 1 RMN-S AN A1 5 4407 980 /0 BRA T 1 1 VR T 28
5 RATHI R PEM%: 1 RMN-SAN 777 &4 A1 BH 14 20
iR, fE4525/5 13d WREEEEN (P<0.05.
0.01), FH] RMN-SAN Be8 A Aot 1oy Je /)N bR £

# 7 RMN-SAN X CRC /MNEMEAFARIEMm (X+s,n=6)
Table 7 Effects of RMN-SAN on tumor volume in CRC mice (X + s, n =6)

e oo

¢ s
e ¢
& 9

RMN-SAN  RMN-SAN RMN-SAN
15gkg!  30gkg!'  6.0gkg!

¢
e
E

HR fitE  RMD-SAN

3.0gkg!

12 RMN-SAN £@A# CRC {ER 53R
Fig. 12 In vivo anti-CRC effect and outcome of RMN-SAN

g 38 2 /mm?®
@kg!)  HIE #3R B5K BTR BOK BUE BI13E
A —  83.26%8.33 283.64%33.99 457.08+47.44 626.84+45.67 831.70+109.30 1047.36+145.64 1405.22+240.75
[UER ¢S 0.02 85.18%£10.12 99.69+11.59" 147.294+24.53" 161.571+40.03" 180.30+41.81" 189.77+49.22*" 193.201+34.18"
RMD-SAN 3.0 80.41%18.34 188.44+34.07 258.66+14.23 353.771+26.54 481.16+47.05 575.05+78.34 717.53+126.57
RMN-SAN 1.5 75.03%£12.26 205.54+24.84 337.211+33.02 472.85+59.59 537.03+51.98 627.20+57.29 759.66+113.97

395.99+46.66° 467.90+55.98"
261.67+43.09" 334.314+42.10"

3.0 8136%8.86 161.24+21.16 227.161+20.38 293.69+15.60 335.50+29.02"
6.0 78.681+9.85 130.84+10.99 174.57+14.34" 214.58+22.71 244.94+32.95"

SRAHLE: "P<0.05 “P<0.01.
"P<0.05 "P<0.01 vs model group.

# 8 RMN-SAN X} CRC /NE A REFEHEXEFHEM (Xts,n=6)
Table 8 Effects of RMN-SAN on body weight and tumor-associated factors of CRC mice (X £+ s, n=6)

5 il &l JEIKE (pgmL™")
(@kg) HIK IR HSK BTR H9K BUK O BIBR TNF-u IFN-y IL-1B IL-6
i) ~ 216107 216407 234108 22.0£0.7 21.5£0.6 21.0109 203103  933+£1.85 10111122 2638944609 2.3940.28
iEhia 0.02 227409 23.140.9 23.940.8 25.140.6" 25.140.7" 25.4+0.6" 26.0+£0.6™ 39.81+4.77" 2833+4.89"" 11491+22.07""" 03740.09""
RMD-SAN 3.0 21.6%1.0 21.61.0 233+1.0 224407 217405 211105 204104 14834250 12414106 24726+1536  2.07£0.20
RMN-SAN 1.5 217407 232406 23.5+0.6 228409 211408 21408 203403 19624222 1334113 22355£1595" 150017

30 217405 232406 23.540.6 23.7+£1.0 22.7£0.8 244£08° 23.610.9° 25.54+2.02" 15424159  180.99%17.67 0.51£0.10"
6.0 213409 225106 22.9£0.7 23.740.5 2414047 25.0£0.4° 25.3£0.5" 35.11+2.67" 21.34+2.62" 15043 £11.85™ 0.67£0.09"

ERAA S "P<0.05 "P<0.01 ™P<0.001.
P<0.05 *P<0.01 "P<0.001vs model group.

(USRI

274 EWHGM GG, R 1%KE %
BRI I AL BTN R, USCER /DN BRI, 2500 J5 UMY
JfiEIE ELISA ¥EME A4/ 25-1B Cinterleukin-
1B, IL-1B). y T-#t& (interferony, IFN-y). JiJ&
RBEIAF o (tumor necrosis factor-o, TNF-a) Fl IL-

6 FHLLZrHT RMN-SAN (4T CRC RS, &5
#* 8 sk, RMN-SAN J#id 18 TNF-a. IFN-y &
Ul A IR 7oK, R R IL-1B TL-6 254 i
JE RAER T RIE (5B B A 3 1 2=
5, P<<0.05. 0.01. 0.001) #if &% Hi CRC 1EH
HAE A 5K 12 f1R 7 HFF.
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2.8 Siitoh

it SPSS 21.0 B KIS 4E RikT 2
FRIENE T, RAFZTRATTHE. {EH Student’ 7 £
kN 2 HBHEZ M ES, SRERAX LS
FKon, KHREETZLE SN S4B L
KA D REEZER (LSD) ki,

3 Wie

HER B IIAZ O i 2 —, s IR
SRR R AL GBI B, ST RS 5 T
IR FE T 2 H A B GURBAE R IR TE B
“EZROTEIRT, AR RIRLE IR “ 2k
gy~ ZHRA” WHRTTHRERL TR 2GR AT
FHET7 420, AHIE T AR B -4 P B2 2450 AR &,
TR R T, HE RMN-SAN F M
T 225 AN 2R 3 AN R RA
30T, GG IA ISR R R IR S Rk
], CAHN A 25 9ok 70 R B AR B LR B 1 2
%, gk RP AR ERTZ, HE “—
B MBS S8 SR IE AT A gRRL
REAY), K RRER S BEILLXT “ AN
(IECATLIE 770 AN TEIR I I ies, d@ad “7K4g-
BB -BREE” (1) 5020 S, SEBL T il 550 R B 1) S 3 42
F, HLZ@EAEAREARYE: AR e H
KU AT SRR 2, BRSO
HEPE B Wy S h SRR B R, o P R A 2 0
GRSy o B Fe, A RYET RARALTE
STHI R L2 R LR, JiE SR el 2K R i i R
PR R, TR T R BT ) B AS T4
e ol SR E A P B4R, T kA
Bj—. Rethammgekh, TR, Myt
%% ) RMN-SAN £ET RN (109.30+
4.20) nm, HEFT 100~200 nm ) HEERAE X E
BER TR E LS RARERE . X —4559F
5, T2AMRIFAENESRMSE, m&isd iR
RFB, AEHEECARE “PhER” FEPRRETR
13 B TG HE R SLBLBO,

24 [ 2H 2 4 KR () T R TR B R BE AL 2R
£, WREET MO SR PERR A BAE R, X
—H SRR CHGEMEZRK, TEEHZUH”
PG AT I R 5 B 325 B A 5385 UPLC-Q-TOF-
MS %7€ ) RMN-SAN 1) 5 Rz alisr, s K
TS . R 2 R AT R BRSBTS,
FAE MR B AR 7oy T AR RBEER .,

2R R WMy R R 577 2451 R e BT oy 1
), RO R 3L BB 5P By . ATZ51 I
BINGER R m-m HERR, X 2 FhAEILA 1 F 3 [F] 5
B TR L. 2 I 0 SR A, (HA]
i 3 2 A s Bl 1R AR 35 4R T A AR AR R A5 M R e
tt. FTIR 5 UV JGERRHER M TR 71X —H1
il (EAFERR, AR U A A SRR
W, BTz AR T A AR R SRS i B R
B, MEHE AR, XT3 5 R R B
HAH HIDRES, MR NIRATE . 2 o 1) [
ERHR TR B T 5 PR RED2,

T RHRE RN TR B RE R 7
ZRMER. BEH B AIERERS SR, 5 FTIR.
UV GRAHELENIE, SE[E BB 3 A0 AL . Bt
bb, HRAAN RS R 7R, RMN-SAN HR ARG
PEFNE] CT26 AHAINEAE . 75507 T2 ks 4 Mo BH Y T
G ¥, R AN HI AT Hm R AR 2L
R ER TG A, H] B IFN-y. TNF-a %
15, N IL-1B. IL-6 Rik. FidEHIE 5 90K0 5
/N B S A B P B A A

SRERTFIAG T BAERCR, B —E
JRME . Ho—, B e SURET 5 MRHEL S
RMN-SAN HA] BEILAFE HAR 2 5 H H 26 5 HiM R
VERI B gy, 5 i — i AR L ) AU A
ARATHfENT . 2=, HT CRC 1EFHLHI AT 78 i R IR
NEN 5788 A2 . RMN-SAN Wi i #E s, A
W\ TR G S, ek R BT 3-I A B e
Wl B {5518 (phosphatidylinositol 3-kinase/
protein kinase B signaling pathway, PI3K/Akt). Z2%¢
JREAL SR H S (mitogen-activated protein kinases,
MAPK) %, e R80iE. H=, A&NLIRACEK
PR TR AR, RFBHEIX CRC R AR A
BITRCR, B Z KIS vP M Bl . Y, AT
FE A TF AL RMN-SAN AR AN T sk i
.

SR EAYIANE, g HBEGKRE
ZPEERU BT S e HERRSE RSN E R R
BRI 7 7 SRR A, FLAA A 24 8B R 4 BE Al 1)
“ YRR ARSI - P 3B R - 2 o D R AE D
Mg 2R, BEFLAR Y, TR -2 1 28 A B R
PR pH M. B TR KA. 505
HTVE DA 1R BT R JRC3E A DA IX 4300 9 170 5 Al oK
SEA, HB—fabr ok 2 oo i PR UT
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N, BT, s Zad T 24 RGN KORL bR i
R 57

BEXS BB R PR, R SRABEFE AT LA J7 1) J&
FF: —&KH qRT-PCR. Western blotting. %#J% %
FEHAR, RN RMN-SAN 4% 0 B i Al i
CRC Hy77HL); —RME CRC ARSI 55
MR, RGP HAR N T S KR T ROR
=R EHETRGHIREEEE (fluorescence
resonance energy transfer, FRET) B LC-MS/MS %
oy FE AR OREIEC 2 T 1%, IS G A T /N B
ZIENFE A, RS RMN-SAN 44k N R 25 04
SVERBEG DY TR RMN-SAN 7 (1K 5 1
PO, I REEAL SR AR I RHA KA - R,
AT R IR TG AR, B0 A FREARY ) CRC &
&, Pt RMN-SAN s Lo, Sl “MAAbl
7 WIFR, ARG RIS 5 IARGURBOR 1 45
HHEANRE.

25 b, AHE il T2 R RMN-SAN,
AT T 50 BT R 2R W R T, B E
R T P ERER- T2 A 2L -2 50
BH” PATERERE: TZRRETFR, L&l
A AR B b R AT ) W R0 77 B AL
FEMTGE, K 2R AR S R “ AU
FIREE AR S 253U B e B bR, SEBLT 2K
Sy ERE . T R RE . R LIRS R B A
RN o X —HIF TR 2 9K R R T R R AL T
Frest, B CDURERERONIES, BLLZEMRH
R, AR AR 53, DU RAME 93107,
ZAEFN PRGN “RIGET W) CREHERR T B
B ARk, BEEDTIURIANRN, e a4k
R B2 RN T I R S5 A6 T IR B B R,
B 24 B ILARAL 55 1 A 42 it B S SR AR 4

RBAR ALY FARGEEA AR
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