FEH 2025567 £56% B 118 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 11 - 3819 -

- HRHEHLE -
=EBIL AT EAYR S8 BB EMKR AR R i S aFmIEREN

REF M 41 ZFRH?2 xgd!, 2&47, £ &, £ F O MEggE” F oL
1. R R 2 KA % B/ AARR 25=h  B,  TURg R b 2 IR E R s ie =, PU)1 sf 611137
2. EARME B 2B, DU R 611130

# E: BH =350 (Sanhuang Xiexin Decoction, SXD) HAZ/E BB KNL, FHoMrHETH K% n, t—P5
BERE/INEER . PSS RIS 3 M RO B 2R KR, [RIBHR TR B 2L K B e T e . 3%
BRI OB SXD &R 1 B AR, B EORR A R BN BT RS (field emission
transmission electron microscope, FETEM) 557 VEN HESUHEATRAE, WAUFE J7 & R P B ARG IFEE, FR S
WORAR RS- DY AT - RAT B 18] R 6 i 3% (UPLC-quadrupole-time of flight mass spectrometry, UPLC-Q-TOF-MS) AR, %} SXD
o B AR GRLIEAT B3 3 W o /N BT B L SRR 3 N U, ] /N B - 5 5 - R TR B 2H 2 4 KR (berberine-
baicalin-tannic acid self-assembled nanoparticles, BBT@SAN), XH TEM. X H£& 5 475 (X-ray single crystal diffraction,
XRD). ZRHEHEM (differential scanning calorimetry, DSC) 43#r55 7738, W HIFRRIE A KA O TR R AHE
MorFasah e, dr—2DEid 'TH-NMR 50 B A EENH . SR ETHEGER Y, B QR B BUm A, MR R 2 A
HHATVRSr ;s RATFAKE -4 (hematoxylin-eosin, HE) Jefo Al fllEZ-F K (periodic acid-Schiff, PAS) Heft Ul ge/N i, B Bl
S 15 A BELISA 77 &0 58 /N LT A Al 88 38 38 R F-a (tumor necrosis factor-o, TNF-a)« 41l /- Z-6 (interleukin-
6, IL-6)+ IL-1B~ IL-10. Z M H Ik (glutathione, GSH). AN LG (superoxide dismutase, SOD). it H LS (catalase,
CAT) &%, K7 BBT@SAN HIRPIAMIENE. R  Kift. (AL, TEM %545 LW SXD sPAE7E QARG RAL, HAo i
PISIREE, Horh EEE A TRIE W B WA SRR (0 AR IS RO gy, DU BRI s S A . T SXD w3 FhH A
ST BBT@SAN 2ERJE, HARMWH LI . XRD. DSC. 40 T4 & TH-NMR 45 %8, SXD 1 3 i 8oy
Z A R B A SRS E R AR A A, Foh/NBERR e e RS . B R B AN AL DU R RS A AT A R L 2
T HERTE R PilimlE A SRR, BBT@SAN REW 23 R B RN oy, R/ BRI BARRE, b T R4
R, A B B B ) R AE R TNF-on IL-1B+ IL-6+ IL-10 LML BIEHESR GSH. SOD. CAT /K°F, KI#EHL
RIVAMIHAIER, BB FES . 858 SXD thEZA RN /DEE. 355 R B 4578 i 99K K BBT@SAN,
R iR NR B RS, BAPR. PUEAER . BRI T NG B 45 MEHRR SXD $IFRHMES 230 etk fea
2417 71 258U T R T 2S5 2480 D P 2t — s Ak Al

KR ZHEOT; HALE; geRkn NEERG BT B, BiE

hESES: R283.6 XEkFRERE: A XEHS: 0253 -2670(2025)11 - 3819 - 12

DOI: 10.7501/.issn.0253-2670.2025.11.005

Construction of self-assembled nanoparticles between main active ingredients of
Sanhuang Xiexin Decoction and evaluation of its anti-gastric ulcer effect

SONG Siyu!, FU Shu', WU Xueyuan?, LIU Xinyu', AN Keyu!, WANG Hao!, WANG Xiao!, FU Chaomei', LI Wen!

1. State Key Laboratory of Southwestern Chinese Medicine Resources, School of Pharmacy/School of Modern Chinese Medicine
Industry, Chengdu University of Traditional Chinese Medicine, Chengdu 611137, China

RS EHER: 2025-01-14
EEWBR: EEHRRFES- XEH A RBKAEESEATHE (U21A2011000; VU114 E AR S (2023NSFSC0688); U114 H 4R R 23k
4> (2025ZNSFSC0599); PUJIIAHEZFERHIHE (2023MS532); AT PEEZ KRS “dibkse” HHAA L (QIRC2023017)
TEEENY: KRBT, &, WEHFAE, W h AR BRIt F . E-mail: 1476251409@qq.com
HBIEEE: & 3 mIEE, AEPLHHIFIARA L. E-mail: liwen@cdutem.edu.cn
S, 202, B9 Th 2RI S ET . E-mail: chaomeifu@126.com



- 3820 - F8 B 20255068 $£56% B  Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 11

2. Chengdu Agricultural College, Chengdu 611130, China

Abstract: Objective This study aims to elucidate the presence of self-assembled nanoparticles in Sanhuang Xiexin Decoction (SXD,
Z#{5.0%%), and analyze the main active ingredients. Further, berberine, baicalin, and tannic acid were selected as the three active
ingredients to self assemble into nanoparticles, and the self-assembly mechanism of the nanoparticles and their therapeutic effect on
gastric ulcers were explored. Methods Firstly, self-assembled nanoparticles in SXD decoction were separated by high-speed and low-
temperature centrifugation, and then analyzed using laser particle size analyzer and field emission transmission electron microscope
(FETEM), characterization of its morphology using methods such as microscope and transmission electron microscopy (TEM) was
performed to verify the presence of self-assembled nanoparticles in the compound decoction, followed by the use of UPLC-quadrupole-
time of flight tandem mass spectrometry (UPLC-Q-TOF-MS) perform compositional analysis of self-assembled nanoparticles in SXD
using the UPLC-Q-TOF-MS technique. The self-assembled nanoparticles of berberine, baicalin and tannic acid, the main active
ingredient in SXD, was characterized using TEM, X-ray single crystal diffraction (XRD), differential scanning calorimetry (DSC), and
other methods. Using molecular simulation docking technology to speculate molecular binding sites, and further verifying the self-
assembly mechanism through '"H-NMR. Then, a preliminary evaluation of the anti-ulcer effect was conducted, and an ethanol gastric
ulcer model was established. After euthanizing the mice, the intact stomach was exposed, and the gastric mucosal surface was unfolded
and photographed to score the damage. hematoxylin-eosin (HE) and periodic acid-Schiff (PAS) staining were used to observe the
gastric mucosal damage in mice; To investigate the anti-gastric ulcer activity of BBT@SAN, the levels of tumor necrosis factor-o
(TNF-a), interleukin-6 (IL-6), IL-1B, IL-10, glutathione (GSH), superoxide dismutase (SOD) and catalase (CAT) in mouse serum was
measured using ELISA kits. Results The results of particle size, { potential, TEM, etc. indicate the presence of self-assembled
nanoparticles in SXD, which are uniformly and stably distributed. They mainly contain acidic flavonoids and alkaline alkaloids,
represented by berberine and baicalin. It is spherical in shape and has a full and smooth surface. The three active ingredients in SXD
mainly bind through hydrogen bonding and conjugation, among which the isoquinoline ring of berberine, the carboxyl and hydroxyl
groups of baicalin, and the glucose and phenolic hydroxyl groups of tannic acid participate in the self-assembly process. Preliminary
anti-gastric ulcer results indicate that BBT@SAN can significantly reduce the pathological score of gastric mucosa and regulate the
levels of TNF-o, IL-1B, IL-6, IL-10, GSH, SOD and CAT in the serum of mice with gastric ulcers, improve inflammation and oxidative
stress response in mice, and alleviate gastric mucosal damage. Conclusion The main active ingredients in SXD, berberine, baicalin,
and tannic acid, can efficiently self-assemble into nanoparticles, which can alleviate gastric mucosal damage in mice and have anti-
inflammatory and antioxidant effects. This study helps reveal the correlation between the formulation characteristics and
pharmacological effects of SXD from the perspective of self-assembled herbal decoctions, providing evidence for the relationship
between the morphological forms of active substances in traditional Chinese herbal decoctions and their therapeutic efficacy.
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R 1 SXD BERAKKMETEELER

Table 1 Component identification results of self-assembled nanoparticles from supernatant of SXD

BE wmin ETER HRE (k) FIE (m) #E (X106

BRI AR et

1571 [M—H]" 2900790  289.0727 34
2 1051 [M—H]" 2840321  283.0262 49
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4 1449 [M—H]" 2700528  269.0465 36 253.0544
5 1450 [M+H]"  446.0849  447.0901 -47  447.0912,271.0594
6 1508 [MFH]" 319.0845 3200925 =37 307.0866,305.072 7,292.098 5,290.084 4
7 1625 [M—H]" 2540579  253.0519 49 225.0584
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11 1651 [M—H]" 284.0685  283.0623 39 459.0956,268.038 4
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13 1698 [M—H]" 2840685  283.0624 43 240.0438
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Fig. 6 DSC spectrum of physical mixture (A), BBT@SAN
(B), tannic acid (C), baicalin (D) and berberine (E)
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TIREN 7. WG4 AutoDock Tools
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4.2.6 ARSI, SRS T T OAAAR S BIAL TN
FHIHL, XYZ %77 W I SECH 60 X 60X 60, X
FRECH 100, HRSHCRAERINE.

(3) gt RAuil: sEEMI R Amberl4 71
W, A RE S 2 BT JeiEAT 1 000 DA BE T
Py, FEH 5 000 s ILBEMH EE VLT S5 kg AT i3t
— Ak, RN B A A N SR B AT R AL T,
ANBETR, TR AR 1Y) 43 25 1) PR DA R ABEHDUNT 42
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Fig. 7 Visualization model of berberine, baicalin, and tannic acid molecular docking
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ERIE A H HAEN KA S5 A A B AR e
INEEBRIA SRR . SN IR S e JE DL 8
BRI ZRIR S0 dk b /NBER S B 250 2 TR F00M ) &5
A HEN-18.70 kl/mol, 2 /N3 [i) = Bl i L HifE
M7 E, BARSIIER T 5 HILPEER: /b
BEBR R IR < (R FR00U (1) 5 45 B8N —9.33 kJ/mol, 2 4
SrFIa a4 HEEAE DL 3 A ISR
17456 WEEF ARG 2 A4 TN 45 & 58N
—14.27 kJ/mol, 2 A7y I8 FEAEAE 7 HEAHEH
PAK 1 HIEHEE R o A0 F RO 25 S 8 Ja 25 50
BSAIE 3 AN RBURS B B AL T 7
2.3.6 'H-NMR 73#r  FRHU S mg FF i T A REE
CAVY FEIEREREVE N N AR, F DMSO-ds ¥ i, 43 5lic
SKHAEEALRS , 43 B AR 5o %5 A TH-NMR
Kras R anp 8 fior. a4l 'H-NMR Bk
L, /NBERRSFEMRIA _EETES (69.0~7.5) [
FAA s, N T AE R B B FE TR/ NEE )
WEIBRIA AR T SB35 TH-NMR i o
12.56 H1 6 8.66 MUK, HEDI ] BEE 4544 h R 5
FFR I R T S8 BRIR O ) C-HL iR T4 4 0
W, FEAEEs, BT ER, HEWNT R
THTFN. "H-NMR 7387 45505 77 B0 2 7
I 5 A FLIRAIF

2.4 BBT@SAN i Bi=H1ER

2.4.1 oA EBLRE ) KM /N RGE M
W% 7 d R BENLY T IR L L R L B SE e (B
24, 20mg/kg) . SXD (8g/kg) 4. YIRS
) (256 mg/kg) #H. BBT@SAN (256 mg/kg) 4,
T 6 H o AR BT HIIT 70U 23 R TS 56 25 S e
Y, SXD A PIHER A YA BBT@SAN 4
3 MR MR R EWE Y NS 15.62
mg/mL, /NEERH 3.12 mg/mL. ¥EER 6.87 mg/mL. %
HANRAT ) ig RLEIZH), S HRARBIAYA ig [H]
R AT EEK (10mL/kg), &K 1Kk, #ES:7d.
B JE —IREGZIHT 12 h ZEEAEK, Rk 2h )5,
PRt R AP AR/ R ig oK B (10 mL/kg)
B S B i,

242 HAHSURHUE G 2h 5, H0.3%K
B bl 225 ip X0 5% 2H /)N SRFEAT BRI, USCHE /) BROBRBR 1ML
SR SE/NER, BUE 2HEY, I 0.9% AN A S e
PrERMMEG, WEHRSHITE, KB TR, &
FECTHT AR, PROAR T R AR RO S I 5 S o )
FERITERE o VRO bRiE L3 2, S4B A8 9
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Fig. 8 'H-NMR of berberine, baicalin and tannic acid
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Table 2 Scoring criteria for gastric mucosal injury

PR 14y 24y 3 4% 4%y
HA I A, 14 24 34 44
B /mm [1, 2] @~5]  (5~10] -
I E/mm  [1, 2] > - -

Fios e IR %A/ S A RIR SR,
/N BB BRI, A HE 0T, R WK ErE
MiLe PP SRR 3, GxFMEAALL, B
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WA BBT By
9 HENRBER
Fig. 9 Gastric tissue of mice in each group
*3 NEBHEREITFS (Xts,n=6)
Table 3 Pathological score of mouse gastric mucosa
(Xts,n=06)

5 7 &/(mg-mL ™) B4y
X e - 0.00
it - 8.134+0.83##
SXD 800.0 3.13+1.96"
YEREY) 25.6 5.334+1.21
BBT@SAN 25.6 1.3840.56"44
B 2.0 0.860.27"**484

LXTIRALEEL: ##P<<0.001; SERALLE: “P<0.01; SHE
REWILLE: 24P<0.01,
##p < 0.001 vs normal group; “P < 0.01 vs model group; *2P < 0.01

vs physical mixture.

B, B bR S I (P<<0.001); HiAx&%-4H /N
B f A AN FIFE R 8 E, Hd DL BBT@SAN
SN PR 24 (B34 ) 4 B A I 2, H BBT@SAN
BYIIRAYBRE L (P<0.01),
TP 2 = il s 73 0+ il A B 4 4+ i
TR E X 2
243 HHZHE & KHEHANRBHLAET 4%
RHBERE e, SaEaEu R, AR
B 7KAL . 42 PAS. HE Gy 5 ik, TR
TAEE, RERE . 8420 HE Al PAS J46
SERUNE 10 Fros, X HRAL/NE B B i i eS|
e, BEEARERAH SIS, AL B
RN BHSEHEMIREMEI S, B RKEMN
RYEARZIEASE, RPESRKRD). £1d BBT@
SAN AbERJS, /NG B BRI B RE A AT, SO0E
YR A Frgsd, o T IR AL A
IEAl, PAS Yefash R, BBT@SAN RENLA &5
% L BEE S ACIR I A B R 4B A n, B
BBT@SAN ZH IR AR T BRS04 . KB BBT
@SAN BABUF IR B ZH A7 7 o
2.4.4  [MIERAE. BAPIBACH P& ENE 1

ToKCTEFE T, AN AR RNE SN PSS A B
Wi, RN RIERF RPUEAGEE S B2 B
RIBEFEF W EER R RUILASZIGTF R T/ R A
PSREG, AR I 28 PRl DA R A
Fr, BUE BBT@SAN Xf B 5tz 2 e « K524
NBULRAE 4 “C. 4000 r/min 250 SRS 0 (B
042 10 cm) 10 min, fFIMIEFEA, T80 CifAF.
F I8 ELISA 556 i A Fsr I % 25/ B i o 18-
6. IL-1p. TNF-a. IL-10. GSH. SOD. CAT &%

NBRMLTE RIE 7 & B R AR 4, 55
HEZH b, AT ZH /N BRI R 28 R -F- TNF-a.
IL-1B+ IL-6 7KF & T+ (P<0.001), TMiHis F+
IL-10 /KPR ZER (P<<0.001). SERY AR,
BBT@SAN ZH /)BT A 28 K7 TNF-oi IL-6 75
B E K (P<0.0D), TPLAR KT IL-10 & SR
BHATE S . DL REY, BBT@SAN nliE iy
REF FXHHAREH -2 Ry EH, HAH
BBT@SAN [1F F 8CR L R & P 4F

AL PR PRI 25 5 IR 4, 5% IR LU,
FEAIZH /N GSH. SOD. CAT /K P2 & T %
(P<<0.001), HEAIL LS, BBT@SAN 41 3 #H/K
FEETE (P<0.01. 0.001), BARYFESYA
GSH. SOD. CAT H& &R H WA BT T, H
BORAS N BBT@SAN 4. UL E45HEEW, BBT@
SAN REME TR B LARPTEALRE 77, IR A LRIt
Bt A o

g LRTIR, /NBERR. B, BIRA B4
TR BBT@SAN  Lb B4l (IR A 0 8 4 (1)
PRPUEMAER, T 4B HS IR/ NR 2B

B EREIEIT R .
3 it

WL IR, NEERR. B RIERIR v LL &
R A In#vELE 1) 77 E B BBT@SAN. 83504
YT XRD. DSC B, 456 TR R, HE
M 3 A A2 ) 3 B SRR A SESEAE FH
A HHRE . KA 'H-NMR #5563, 45 R RN
BEGR A1 P () SR . BRI RIE R R L DL R
BRTR (V086 ) B RN S 2 2 A 1 2

SR QB S 2 B im /N R, #52
T BBT@SAN HIZjRAEH, Xt 7 BBT@SAN 5
VIER G2 MR E R 45 R 2R, BBT@SAN
REAE— EREE Folcs B Bt/ DR B /R, H
TERBER LT R B AR EY), £ 3EH
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BBT@SAN
BHLAREY R

Fig. 10 Pathological section of gastric tissue

x4 DRIVERERFREMEIBFERNER (X£s5,n=6)

Table 4 Detection results of inflammatory cytokines and oxidative stress indicators in mice serum (X = s, n=6)

5 Fili=v) KREHAT/(pgmL™") EARLE TR bR (ngmL ™)
(mgmL)  TNF-u IL-1B 1L-6 IL-10 GSH SOD CAT

X i - 404.50+47.20  53.85+9.99 59.93+9.02 376.30+20.66 4.83+0.38 77.34+5.92 922.30%+60.91
R - 689.30136.47" 98.0019.42%* 112.10£7.78"* 213.10+24.64** 2.20+£0.23"* 36.31£9.99*%  581.80+87.01*#
SXD 800.0  507.10+36.61™" 69.03+£6.35" 85.01+3.75"" 286.10+£9.37"" 3.3940.32 63.37+8.74 809.60£59.54
YHIRAY) 256  61230+73.57 86.28+8.80 105.80+13.25 230.10+45.56 2.5310.24 43.94+8.75 704.90 % 48.66
BBT@SAN 256  564.40+38.68"" 85.03+8.50 94.34+553" 2442041826 2.85+0.11744 52.34410.30""24 775,50+ 87.73"*"44
BRI 2.0  48520+36.78"" 53.021+6.66"" 67.86+5.63" 315.90+16.49"" 3.74+£0.38"" 61.82+4.79™"  882.60+51.22"""

XA #P<0.001; SHEALILE: “P<0.01 "P<0.001; SYHIRSWHE: 24P<0.01,
##P <0.001 vs control group; “"P<0.01 *"P <0.001 vs model group; 2P < 0.01 vs physical mixture.

HHAS G REME UE 2T A X — SR T A
Xt SXD #R “LIK=7t, ZE—TJt, ilkz” K&
TG R R A

AW FLE 5 B I7 A By & B E 25 R
SXD 85 & RO H AR T 2 2 15
B s Ay, e MBS, EFET
NEER B B 3 Ry, W EAEAT N
BEATWFTT . /INBERRA 58 25 70 73 72 B AN B 25 AR
RV, —HEAERT AR SRR, B

SXD K77 & RS 1 ) 2 298 U8a) -
BRI A — PSR M 2 IR G, 553k
aYREaHE, BAuR. Jraf. siiEsEs
BAEM . HAT, TR R AR EH T 40 2
PRI RR T, A K B o B s 30% A
Fo AR, B SAEYIRSE I B A
JEAER BANE PRI, X5 L0 T & AR 1
FRILTE VIR UM, AR S S IR T IR F0 R ),
WL« /NBERRAN S 2 A W Fons B, il
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RIPRBISE: . 22a mRUr s BmI50), S it
ARG TR RSE AL . SXD B 7 & B EA £ o
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