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Abstract: Objective  To isolate the nanosupramolecular parts of Xiaoboyuganzi Decoction, perform physicochemical
characterization, and investigate its effects and mechanisms of improving insulin resistance (IR). Methods Nanosupramolecular was
isolated from Xiaoboyuganzi Decoction using centrifugal dialysis, morphologically characterized by scanning electron microscopy
(SEM), and their stability was evaluated by the Tyndall effect. The chemical composition of the nanosupramolecular was analyzed by
UPLC-Q-Exactive Orbitrap MS technique. An IR model was induced in HepG2 cells with glucosamine, and cell viability was assessed
by CCK-8 assay. Glucose consumption was used as an indicator to assess the effects of different components of Xiaoboyuganzi
Decoction on IR in HepG2 cells. The expression levels of proteins related to the PI3K/AKT pathway were determined using western
blotting. Results The supramolecules formed in Xiaoboyuganzi Decoction were stable and homogeneous spherical nanoparticles,
with a particle size of approximately 514nm, a polydispersity index (PDI) of 0.398, and a zeta potential of —14.1 mV. The

nanosupramolecular was primarily composed of berberine and other alkaloids, as well as gallic acid and other polyphenols, and
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exhibited good pH stability and ionic stability. Compared with the model group, the nanosupramolecular significantly increased glucose

consumption and upregulated the expression of p-PI3K/PI3K and p-AKT/AKT proteins, with efficacy comparable to that of the

Xiaoboyuganzi Decoction. Conclusion Supramolecular nanoparticles with uniform morphology and stable properties exist in

Xiaoboyuganzi Decoction, which is a key pharmacodynamic substance for improving insulin resistance, and its mechanism is related

to the activation of PI3K/AKT signaling pathway.

Key words: Xiaoboyuganzi Decoction; nanosupramolecular; physicochemical characterization; insulin resistance; PI3K/AKT pathway
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TERAE R DR FAE T, BRI 3N My, 500,
3500 17 000 b Ae T, #E4T SEM ML,
BRI AEIBENTIS .
2.1.5 EMTIEIERE 4% “2.1.37 TR ENEERLE,
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23 INREHFIANKES FHRESEMR

FREGE 5> T 3B T8 1 mg, 4331 E T pH {H
M. 3. 64 7.4 8 GV 100, 200, 300
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KRR/, HFEE E T [ 36K, goRR L%
RITEAE, 3BT 6 h i, #E4FRRE K
NI TARRIN, MR 4k 6 h N iEidE
AT 1]
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A~C: BO¥H3 500, 5000, 7000 rmin's D~F: #EHIEE M,500. 3500, 7000; G~I: FEHTH] 3. 6. 9ho
A—C: revolutions per minute 3 500, 5 000, 7 000 r-min"'; D—F: dialysis bag M, 500, 3 500, 7 000; G—TI: dialysis time 3, 6, 9 h.

1 TR BEZFHTES FEMLIA SEM
Fig.1 SEM micrographs of supramolecular parts under different separation conditions

C E

514.8 nm
PDI:0.398

100 200 400 600 800 1000
AR Inm F

-14.1 mV

o 200 300 400 500
-150-100 =50 0 50 100 NaCl/(mol-L™")
Zeta HL{7/mV

A-TIERMME; B-SEM Bl; CRifER/N; D-Zeta Bifir; E-pH BEMH%E; F-BTRuctE%52,
A-tyndall effect image; B-SEM micrograph; C-particle size; D-Zeta potential; E-pH stability; F-ionic stability.
B2 NESHTARNKES TORRRIERBEE R
Fig.2 Morphological characterization and stability investigation of nanosupramolecular in Xiaoboyuganzi Decoction
METRENM. RWE 2 P, f£A4F pH 2 W pH 808 1~3, 3 pH 655 7~8, 1 100~
WA ) NaCl Wi, NBERH T%H4) 200 mmol/L NaCl Ay N IEH 1538 RIS, ixbsh
KT EALR B EOC R A K AR SRR, NERT T IR B AR 2T e
b, K EAELFH pH @ EME FiErk. B B TE A B A I AR E M, AR N R AR H
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3.3 INEFHTFIANKES FRMIAFERIE
K UPLC-QE-Orbitrap-MS Fi AN /NGE AT
T AR 5 FIBALEAT T o 0 Hr, 45 R L
3o JEEHIR R R MRS TS . Rt
YET 13 PSRy (R D), BRRIET/NEE
(A Aoy U/ NBERR . R 22 T8k R VT4,
PLECRIE TR H PRI . BRRSEZ IR (n
BETIR. B AR, xugt Fuin],
ANBE B AR IR A S R H T 2 TSR R AR
LR R R A AR ELAE R Y B 2 TR R
34 NEEHFIAFREEMINT IR-HepG2 AEAY
TN RAEAHLHIRR SR
34.1 IR-HepG2 ZHMIMEH ) % E SXTHA
[ (423£0.04) mmol/L]FHLL, 4 GleN REN 9
mmol/mL I, % Z FE7H#EE [(1.80£0.14) mmol/L]
BF T (P<0.001), HAWEERAN (81.85+
3.84) %, KT 80%, XTAHALMIAAG 18N, WA
IR-HepG2 AL F i B L) o

3.4.2 NEBERH FIHARFERAL LS 25 5 KR ) R
W 4 R, RSN 25 R EIR N 25~

1

A
3
5.6
4 2
l N L
B
13 |
1\2 8 /10 11 o A
e sk Sl %
0 10 20 30 40

t/min

3 NEEHTFIAMKED FRMUMEST (A) KB
F B) BERE2ETFRE
Fig.3 Total ion chromatograms in positive (A) and
negative (B) ionization modes of nanosupramolecular parts

in Xiaoboyuganzi Decoction

®1 NEKHTFANKED FRMIBLFER D DIER

Table 1 Results of chemical composition analysis of nanosupramolecular parts of Xiaoboyuganzi Decoction

BT MEE

F5  tr/min Vans i I FEETH Ew b S
(5N (m/z)
1 16.21 CH1sNO4*  [M]* 336.1235  320.092 3, 321.099 1, 320.092 3, /INEERH /NEERZ
304.097 4, 292.097 2, 278.081 7
2 16.14 CaH2NOs  [M]* 352.1552  337.131 6, 336.123 7, 322.106 9, EL5yT NBERZ
308.128 8, 294.113 0, 292.097 5
3 1163 CaxH2NOs  [M]* 3421705  297.112 7, 282.089 3, 265.086 3, KZEALH /NEERZ
237.091 3, 58.065 9
4 1458 CiHisNOs4  [M]* 324.1237  309.100 2, 308.092 3, 294.075 8, IV HIIE/NEERL /NBERY
280.097 3, 266.081 6
5 15,52 CaH20NOs  [M]* 338.1394  323.116 1, 322.108 1, 308.092 0, Z5HH /NBE R
294.113 0, 280.097 7, 279.089 5
6 15.60 CigHiNOsa  [M]* 3221068  307.084 6, 279.089 4, 264.066 6, /NEELL T NBE R
292.063 2
7 7.02 CisHisN:O  [M-+H]*  219.1497  160.076 0, 132.081 1, 115.054 7, it e NBERZ
60.081 6, 117.057 7
8 7.55 C7HeOs [M—H]- 169.0138 125.0237,107.0131 BETH KET
9 17.66 Ci14HeOs [M—H]" 3009995 283.996 1, 257.008 7, 229.014 0, ¥F{tF& REF
185.024 3, 603.006 8
10 12.43  CarH22018 [M—H]- 633.0746  300.999 5, 169.013 5 (e KET
11 1324 CmH:027  [M—H]~ 953.0812 633.071 7, 300.998 6, 275.019 1, IZL#E; RHT
169.012 9
12 3.61 Ci3HuO1w [M—H]~ 361.0408 209.0302,191.0195 R-2-0-%&F RHT
iU
13 12.03 CgHsOs [M—H]~ 183.0296  168.006 0, 124.0159 BT S RKHTF
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XS R " P<<0.001.
P <0.001 vs control group.
4 PNESHFIFTEBNAELEHREX IR-HepG2 HBEMHRIFN (XLs,n=6)

Fig. 4 Effects of different parts from separated fractions of Xiaoboyuganzi Decoction on IR-HepG2 cell viability (X £ s, n=6)

200 pg/mL I, HepG2 41 /35 5% B 2H 6 i 3%
PSR, MAEIRERGINE] 400 pg/mL B, HepG2
YUHETE SR B B M E R (P<0.001). 7
BE W 11 B R AT 1 5 R VR G i ) 800
ug/mL i, IS B E R (P<0.001). K,
APAH/NEER B9 SM. CD Al SD #A77E
200 pg/mL N AL HepG2 4055 PE, TS &6
AITE 400 pg/mL T A2 5200 HepG2 40 IS 14
343 PNERHTHAREALN IR-HepG2 4H 7
HIFEHEFERII N T VR N EERH T A R
Ax} IR-HepG2 AR A HEVHAEE 52, A T
FATBALNT HepG2 2 v 4 251 JC WA S5 520 1) o i
WRE (200, 100, 50 pg/mL) 1FNEZHIREE, 455%
WIS Fime. SxFHEAHAR EL, AR 2 6 46 W i 4 o
BERK (P<0.001), FHMINEE IR-HepG2 41
MR, SRR, AP ARFIER/NERH
TS HBALG, %) B T FE & AN (R B 1
hne Horh, ZHIXUIBHM: 2440, CD &, &4
SM &, HAEANEEEEERERE B (P<
0.05. 0.001), ifj TS A1 SD % H BEMEER. X
Begk LR, NBERH T Y KR 21 AT
23 % HepG2 A AN IR 5 AP, H2R5 /NEE
REFHEHMEY, MFREPUKE 77305 3%
IR (EFTH R, VLYK T2/ NEERH Tz
IR I CBE 24 2 o o

344 NERHTHYUKE S HAN IR-HepG2

10- 200 pg'mL™!
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