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Abstract: Objective To investigate phase separation and characterize the decoction of Buyang Huanwu Decoction (BHD, #hFHE
T11%%) prepared at different decoction times, exploring phase transitions and component distribution patterns during the decoction
process. This study aims to provide insights into the material basis for synergistic effects among components in traditional Chinese
medicine formulas. Methods Decoction extracts were prepared by boiling BHD for 30, 60, 90, and 120 min. The extracts were
separated into suspension and nano-phase solutions using the “high-speed centrifugation-dialysis” method. Both phases were
characterized using a Malvern particle size analyzer, UV/IR spectroscopy, and transmission electron microscopy. The freeze-dried
powder yield was determined for the original decoction and the nano- and suspension-phase solutions. The content of 15 target
components in the original decoction and the two phases was measured using liquid chromatography-tandem mass spectrometry (LC-
MS/MS). Results Spherical-like particles formed in the original decoction, nano-phase, and suspension phase at all four decoction
time points. The particle size of the nano-phase decreased from 314.7 nm (30 min) to 170.2 nm (120 min) with prolonged boiling.
Polysaccharides were predominantly enriched in the nano-phase, while proteins were mainly concentrated in the suspension phase.
Spectral analysis revealed that the chemical structures of the original decoction and each phase were broadly similar across different
decoction times, though functional group contents varied. LC-MS/MS results indicated that the average content of most components
in the suspension phase exceeded that in the nano-phase. Among these, baicalin, l-isoleucine, ferulic acid, adenine, paconol,
astragaloside 1V, calycosin, formononetin, and kaempferol-3-O-rutinoside exhibited significant content differences across phases (P <
0.05). Conclusion The thermodynamic process of decoction is the key factor driving the self-assembly of BHD components into
distinct phases. Interactions among components of the BHD during boiling cause significant variations in the content of active
ingredients across different phases, providing a material basis for studying the science of boiling Chinese herbal decoctions.
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*1 AT REFEMER BHD 77, PRES. BEMESHRE. PDL. (B (Xts,n=3)
Table 1 Particle size, PDI, and { potentialof original decoction, nano-phase, and suspension-phase of BHD at different

decocting times (X £ s, n=3)

R I Fife/mm PDI ¢ A /mv

[E]/min 5% GeKAEE  REBME Fg KIS REME HG KT REBME
30 925.07420.32 314.70+20.78 747.80£23.46 0.59+0.26 0.6140.04 0.540.43 —8.4940.53 —20.334+0.25 ~16.03+0.38
60 1052.67+15.28 301.73£17.20 777.80£37.21 0.39+0.15 0.6710.04 0.86£0.24 —9.97+0.57 ~16.630.25 ~15.47+0.60
90 1291.0+25.46 284.27+16.24 757.07£41.99 0.25£0.02 0.50%0.04 0.69£0.53 —8.5040.47 ~15.13+0.76 ~12.57+0.21
120 1091.00+59.40 170.20+6.89 631.00423.72 0.80£0.14 0.59+0.15 0.44£0.22 ~7.924+1.03 —14.83+ 1.10 ~13.17+0.47
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Fig. 3 Distribution of particle size in each phase of BHD at different decocting times
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FEXH R AT, E 1 mL 6 ST T
NN 5%EBy KW 1 mL, 787018 51 Ja g in
NGBl 5mL, $£5, 80 ‘C/K¥S 15 min, VK/KIGH:
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BRI Y=11.963 X+0.030 7, R*=0.999 0,
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Fig. 6 TEM of each phase of BHD at different decocting times

x2 T ERIERBERN BHD 77, HXKES. BRESHEAR. SHEIERETHE

FME (Xxs,n=3)

Table 2 Determination of protein, polysaccharide content and freeze-dried powder yield of original decoction, nano-phase

and suspension-phase of BHD at different decoction times (X + s, n =3)

R I Z/(mgg™) FEH/(mg-g™h) BT %
&]/min B PRI REAA 87| YPKAZS REME 5% gkiE  REMAE

30 443.94+0.70 471.17+0.68 377.98+0.94% 40.61+1.60 47.74+2.17 114.50+£7.00% 24.7240.01 9.82+0.01 0.22+0.00*
60 438.07£0.00" 461.40+1.02" 411.25+0.60"* 40.261+4.91 45.88+3.13 106.25+10.95% 26.11£0.00 9.76+0.00 0.28 +0.00*

90 421.72+0.39" 471.45+1.01 408.284+0.13"# 42.87+1.41 42.53+1.58"

88.424+15.39 26.3940.01" 8.0540.02 0.2340.00*

120 423.4140.40" 461.4740.38™ 385.42+0.35"# 41.60+3.28 50.10+2.12 116.33+20.03 26.2740.00 7.7240.01 0.24+0.00*

5 [F—H#745 30 min BER AL "P<0.05
*P<0.05

B TAEW . BEH 04 254 1254 250, 500+ 750+ 1000
1500+ 2000 pug/mL & H U ARHERR, 23 AL 20
uL AR AR T 96 FLARH, BN 200 L BCA TfE
Wi, A, 37 CHCE 30min, KHEEFRSGIE 562
nm AL 4 5, BL A ERPARER (Y, EEBRE
WEEARE AR (X0, THE AR ZR 1 BE RN
Y=0.000 8 X+0.037 8, R2=0.995 7, ZkttiGEN
20~2 000 pg/mL. HL 20 pL R 2538 B R B FE I
FERVEIT 96 FLARH, 3% ERERAENE 4 {H,
ANbrfE & E S M EAR S8, SRILE

2. 4 NRTER AR, EE S ST Y AR S
*>ﬂ*ﬁ*>ﬁ@,@%w*¢m55ﬁmim
TR KA A5 (P<0.001) o AR FLE R E] T,
PUAKAHA SR A A B i LR
RARE R AT BHD 55 S AHA N E A RS =
Wi AN K o

“P<0.01; 5[A—FIA PO L “P<0.05 #P<0.01.

*P <0.01 vs the decoction time of 30 min in the same phase; *P <0.05 #P <0.01 vs the nano-phase state at the same decoction time.

233 SAHSHERMGETREE K “2.127 WF
FIR R AT (R BHD J5iZ. 99K 25 K IR A
SHEME20 CTFA% 4 h G, BTHEHSAIETE
MU, FERCPATESR 3k, BCPSME, 1 HE
THER, R 2 AT50, 4 ASFERAE] S T8
AP N7 > 9RAH S > TR 2 A fF A SPSS
23.0 AT R R T ZE AT, SRR TR
BHD J5# . 99KAHES . IREMAEETHERLE
EX S, KD R ERT N [8] 9I HBLE 4
VTR 2R = VTR B R Tt I P 2 2
2.4 BHD FEAREESNTFRTEENE
240 HEECSE R A FRECAS [R) A R
BHD J5i#% . 9OKAES . IREBMEH TS 02, K
EoE, BT 10mL &, 1 50%HEERZIE,
7 (ThE 250 W, Hi 40kHz, 40 ‘C) 30 min ¥
5, N 50% FHEERN 2 R B, it 0.22 pm
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FLUEME, HUERUEM, RIS LS A
2.4.2 RGN HREERIH S R RRIDUIRIERS |
JRHARR  Seocd R VRIS AT 1 PHE . LR R
UL BIERER . . B RIEEAE AR &%
JRRR LR -3-0-Z 8B . TR ER . I
FBEF A AERE, 2alE T 10 mL &,
I 50% H R E AR I, HEUREWREA 0.11.
0.19. 0.14. 0.12. 0.12. 0.10. 0.15. 0.17. 0.18.
0.11. 0.14. 0.11. 0.11. 0.11. 0.11 g/L Ffy% 1 5 fi%
R WIS B B R — eSS, O R
EERA RS
2.4.3 g A

(D) i %A (a4~ Waters Acquity UPLC®
BEH Shield RPis £ (50 mmX2.1 mm, 1.7 um); i
AN 0.01%HBRKIER-L MG, WM. 0~3

min, 1.0%2Z/E; 3~4min, 1.0%~7.0%Zf5; 4~
8 min, 7.0%~12.5% £} ; 8~12 min, 12.5%~25.0%
Z M 12~20 min, 25.0%~80.0% £} ; 20~22 min,
80.0%~1.0%Z.JiE: 22~26 min, 1.0%ZME; FEiE
25 C; #HFEE 1 uL; AFYRE 0.20 mL/min.

(2) B %A - R HEIBE 55 B 1 UK Celectrospray
ionization, ESD), it A2 [ MATN (multiple
reaction monitoring, MRM) #&5,, PLgiz SN
e 2S P B, RSO S, BT IRIEE 400 C,
TR 250 C, BRI 300 C, TS
AR 10 L/min, MASAEFAE 10 L/min, %
SRR R 2.7 Limin. 5 05 FE S EULEE 3.
FRE S ORGSR IE . R S TR
WLE 7.

244 LMERRFE FEEWE “24.27 HRE

#&3 BHD F 15 MR I HWRIESH

Table 3 Mass spectrometry parameters of 15 components in BHD

. w BT FET ORHEE HELE ; ,
Ry min  (m/z) (m/z) BE/V IRV ZE R
BEHER 0.54 119.08 72.12 13 10 AR Hhole:
JinE v 0.58 136.13 118.81 20 20 VIR HoE. e, 2E. 15, JE, =
A RIR 0.65 132.17 8583 15 30 HAEmKE Mo,
PEINE BT 0.73 22325 20455 10 11 ARBR JNE. H4
Al 1.08 167.17 12049 25 30 R o]
g5 i 10.16 19518 14477 15 10 MRk N 4
ILAEER 1039 611.63 49149 20 20 EEERZE AW
EEFHME AT 1079 49145 28334 25 18 A B
BT 11.99 609.51 179.01 30 20 mFESE a6, HEE
AR 12.15 351.08 11343 28 16 Rk JNE. e, W, B
I ZEM-3-0- 2/ 12.67 59351 28459 25 20 EPERAHESE HMC. a4
BT AN 12.87 28526 13372 30 30 A HE
T 13.30 455.07 11348 20 20 HPEE AW
PR 1454 26726 90.48 40 30 HEIE I
el 1544 82936 78344 15 23 Bk B

X RE SRR, NN 50% FH I, % 5 55 ELRRE TR
HRT RS, H145 7 AN B EIRFER RINR G
X W IR, IR “2.4.37 TR ARSI S A HERE T
DLV A 5%of HE i VA PR o3 B FE R A AR (XD, X HE
AT RN RALRR (YD, FEST 15 FhdaAR R4 51 )
IR MR RE (R?) FIZMEYa 7> IR Y=
48.475 X+41 614, R*=0.999 6, k175 18.80~
18 800.00 ng/mL; [RMES Y=3 049.4 X+32 862,

R*=0.9998, Z&PEEHI 0.90~11300.00 ng/mL; 5%
AR Y=182.81 X+36054, R*=0.9997, #kikiuHE

14.20~14 200.00 ng/mL; ¥)I[ZHNEET Y=1.434 9
X—675.06, R2=0.999 7, £ 1475 Hl 480.00~12 000.00
ng/mL; FHEEy Y=32.294 X+11503, R*=1.0000,
LRV 0.93~11600.00 ng/mL; FEEEZ Y=168.92
X+8311.5, R?=0.999 8, &V 1.34~16800.00
ng/mL; JLZXZE Y=1.495X+1887.7, R*=0.9999,
LRAETEH 2 060.00~10300.00 ng/mL; B8 7 2 i 7
B Y=10.692.X+1710.1, R2=0.9997, £Miuf
85.60~10700.00 ng/mL; ] Y=17.619.X+2528.7,
R*=1.000 0, £&PEVEH 119.20~14 900.00 ng/mL;
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A ESI*
JHIE 1

ESI*
JHIE 2
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=
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w
L
L
e

ESI*
JHIE 2

-

C ESI*
I 1

ESI*
JHIE 2

I

D ESI*
JHIE 1

ESI*
JHIE 2

T
4 8 12 16 20
t/min

L \

ESI”
JWIE 1

ESI”
JHIE 2

ESI”
JEIE 1

ESI”
HIE 2

ESI”
JHIE 1

ESI”
HHIE 2

ESI”
JHIE 1

ESI”
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Jl " || Lk .l. A Ll
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A-REMIRAIE. B FHE; B-YT-120 min #E&IE. 7B P C-NM-120 min B 5y 1E. 5185 7 & D-HX-120 min BE5IE. 708 TR & .

A-positive and negative ion flow chart of mixed reference substances; B-positive and negative ion flow chart of YT-120 min sample; C-positive and negative

ion flow chart of NM-120 min sample; D-positive and negative ion flow diagram of HX-120 min sample.
7 JRAXES. BHD AREHESHAEFRE

Fig.7 Total ion chromatograms of mixed reference substances and BHD of different phases

SRR Y=1049.7X+95342, R2=0.9993, £t
14.40~14 400.00 ng/mL; LI 25/}-3-O-Z= & Bt
Y=29.111 X+1265, R?=0.999 7, £k {5l 22.60~
11 300.00 ng/mL; THNfEE ¥=98.236 X+8 501.3,

R?=0.9997, Z&VEJEE 11.40~11400.00 ng/mL; &
SRR Y=237.91 X+22340, R2=0.9993, £t
Y5 0.90~11300.00 ng/mL; ¥ Y=48.977 X+
6 650.8, R?=0.999 6, £k 736.00~18 400.00
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ng/mL; B EEHF Y=91.698 X—55.825, R?=0.999 8,
LRMETE ] 4.64~9 280.00 ng/mL; 5 HEH], 15 Fh
R AT TR LR PRV BN BoR RIF IR E R R .

245 MEEEAR BUZIE “2.4.17 TR J7iAS &
(1) BHD Ji# iz % TR Al fd i, #6018 “2.4.3” Tk
A FESLIRE 6 WK, ME SH8bs e A, 1t
S RSD fH. S5 R&TRVRHTPRIIRR . IR S
FERIR TENNE N I FHRm . FIERER. LA,
EBRREIEEEE. T SR, LEmB-3-0-
EEME . TR, BRRER. BT, B
F R I TR 1K) RSD E 20 518 4.05%5.21%-4.84%
4.26%-4.72%4.92%-3.07%- 3.61%-2.19%. 2.72%-
5.12%-. 4.83%. 3.16%-. 4.79%. 5.17%.

2.4.6 FoEtEiEg IR “2.4.17 TR ik &
— LIk BHD JEZ R TRl s, 23 il &
JG 0. 2. 4. 8. 12, 24h, %M “2.4.3” Wi M
FAFHERE BT, E S AR AR B T AR, T
RSD fH. 45R&FaPrRDIRHIIR . IS JRE
R FENE NES I PRI BT2RER . L3S %, B
S AR AT SRR (LB -3-0-EF
PEHE . TR R . BRERE. EEE, HKPH
TR RSD fE 43314 5.48%. 7.47%- 3.63%-
6.87%-6.71%-3.78%-3.69%- 6.10%-3.51%-3.97%-
4.51%. 6.87% 5.74%. 6.67%- 3.57%.

247 FBEEMHRE R 2407 TR TEEATH]
% 6 {r[A—Hk BHD JRiz % T4 ik S A, 4%
MR “2.4.37 TURATIACPREERE 0T, DU &4 bR %
SYHIETAR, THE IR E B0 RSD {H. 45 R %45
PRERATBREARR . BRSNS . SR VRN N 1.
FHE By BIZRER. JLAS . BES T B AT 0
BT SRR, ILEM-3-0- S/ . TR,
BRI A MR E R E S S RSD A
3N 3.01%-4.99%-3.49%- 3.99%- 2.73%- 3.67%-
6.82%13.93%- 6.48%- 1.36%-2.28%- 5.27% 1.89%
3.34%. 3.39%.

2.4.8 IFEFEICRIREE  BUR—Htik BHD JRi%i%
THIFESL 6 13, B2 0.1 g, KEEFE, TRIEFEM
TR IS AR, RBEIMAERM 15 i
MRS GVE, TR “2.4.17 T 7l
W, IR “2.4.37 TUR RS S& A AT A, e
FHEbR AT, VHEFRE YR AT RSD 1H, %
FRbR L BEFATR . ARVENS . SR . V)1 g
I FH B BTERIR . JLASER . B 5 2l A 4 W T

T SRR 1L ZEy-3-0-E /. TURIER.
BN EE . H K E R E R
43N 106.50%- 87.89%- 96.51%+ 94.72%- 87.69%-
88.61%-+ 106.35%+ 96.50%- 107.27%- 94.00%-
96.37%- 97.21%-+ 97.00%- 96.66%. 92.74%, RSD
{E53 31N 7.33% 6.96%. 3.63%- 4.56%- 7.14%-
7.89%-5.07%- 6.59% 4.79%- 6.66%- 1.66%- 5.76%
6.92%-+ 3.05%- 3.75%.
2.4.9 BHD Ji7 K& AHAET 15 Fiigtsin & 22
SeLE: BUERIR “2.4.17 TF J7 0] £ 10 S
W, IR “2.4.37 TUR RIS REN E , AR
W TRIAR S ARt 2 25 Rt R & AER 15 PR bRk
SRS R A ESE, FEa-ATEIS 3 4y, B
PE, SE5RE 4 K 8. 5B %, BHD JFiz.
PURAA . IREBMETHEH 15 Fifetsisr. 15
Pl 4> 7 BHD JE iz AN FAHAS R 0 & 22 R 0K,
T AN [F) BT B TR A B 9 B R e /N o R
30 min B, 5K, BrilZEm-3-0-Z &0
. B EEHE AR A, R B3 M ES &
ERBMHAT IS ER S, R\BE IR
BEWE T REVTVE, s TIREMES . BEER
B PR, ZH W 15 Fss & s A T34
BH, FEE MR EEA—, RHIETR
J1E R i s sy B BRI AR e . 1B
[ — RIS R, 15 FPpisr o 250 R IR 2 A
& 2m TYORME. ERESRES, m5E. 7
AR PIERER. BRVERS . FHY By, FHEHE. £
SOFR I TEW R R L ERM-3-O- SR/ NEE 9 PPk
434t BHD J5i7 LS AHE TS EE R RA Sy
B (P<0.05), HEMIX 9 Ff Rk o 75 B S A2 K
AR E AL, TR S TRER, FEUL)
FEA R A0 B 2 5.
25 GIrESH

FH SPSS 23.0 #AF#ATGe 250 M, 2 AR
FLBCR B R T7 200 i, SR S/ B3 M 22
(LSD) VEiAT Z IR Y LU,  P<<0.05 AN

FREA GRS
3 e

M BT R B, KPR > = Loy
TR HAE AT, T PE R 25 UBURLE 3
FAAE, NRVETER 2 LIRS AEAERT . AR
o, BALTEBRANFI oY, RN S] . it
Gk A b S B 45 22 AR B A 1 [R] SR 2 T i
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#z 4 AEFIEAELN BHD REHES ISHRASE 0=3)

Table 4 Contents of 15 components in BHD and each phase at different decoction times (n = 3)

JRE §U(mgg")

F b s s TR, WEE3O- o EER L
AL IR0 SO TR R R T R R T IO S

YT-30min ~ 0.079 0.178 0221 1.672 0.661 0.032 0.715 0.842  0.695 0.052 0.187 0201 0.071 0.367  0.027
YT-60min ~ 0.077 0.088  0.090 1.624 0.620 0.033 0.620 0.603  0.600 0.060 0.138 0.134  0.041 0434  0.029
YT-90min  0.076 0.152 0.114  1.564 0.579 0.032 0.661 0.734  0.721 0.046 0.139 0.080  0.034 0.439  0.037
YT-120min 0.097 0.113  0.147 1764 0.602 0.036 0.709 0.781  0.787 0.056 0.140 0.134  0.025 0.665  0.040
NM-30min  0.079 0.088  0.129  1.046 0356 0.007 0.357 0.429  0.906 0.048 0.284 0234 0.083 0365 0.047
NM-60 min  0.115 0.080  0.108  1.098 0.387 0.007 0.368 0.399  0.846 0.049 0.228 0.172  0.087 0370  0.038
NM-90min 0.116 0.096 0.149 0.877 0.302 0.008 0.375 0371 1.045 0.051 0.205 0.129  0.053 0.341  0.032
NM-120 min 0.127 0.089  0.121  0.838 0.232 0.008 0.272 0276 1.142 0.061 0.228 0.158  0.034 0390  0.039
HX-30min  0.184 0.112  0.133 1529 0.633 0.037 0.607 0.491  0.780 0.054 0.159 0.300 0.092 0.593  0.127
HX-60min  0.191 0.084 0.094 1405 0.643 0.033 0.634 0.443  0.779 0.044 0.177 0.195 0.070 0.349  0.128
HX-90min 0.169 0.123  0.184 1464 0.644 0.048 0.559 0.482  0.816 0.072 0.160 0233 0.056 0.493  0.168

HX-120min 0.195 0.084  0.153 1427 0.596 0.040 0.666 0.553  0.866 0.045 0.136 0.123  0.060 0.577  0.125
1.0
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Fig. 8 Normalized diagram of 15 components contents in original decoction and different phases of BHD

O3 T H UL R AR R . B VTS SIS AR L8, SRR g0 2 TR (R % B ;% AP R ONIOE
AR FCIE “EE E OB BRI T BHD kL, MITSEEDUER KA. L UV-vis 5 FT-IR
BB RS FR AN . BIYBRIER  RIES AR B AR, 45 R R & A Al
B, AU LFES BHD JEZ MRS Jeis /N a8k, B H) P RE K FF A 33 BHD AR A7 B R A
7E 90 min FFRIARIR A, REMASHRAATE 60 min - S0, [LESRIEE FTAFE, VBRI RIS 2 B 2
IR i K. GORM AR R RLE N KT Sz oy i 42877 K.

BN, ELGIAKAEZS 1) C HL ALl RIS T () S K LC-MS/MS [45 5R3K B, & BT i) SO B i)
BB, R EMERAK, RPREMINAEE  9KAS LREMASIE R MR —8, U&=
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13225 15 Fifabs sl 1 2 HUs o IR BAH S 1T
B R TR, U] BHD MTTE 4y il e
K& o T B oy T R AR A IR 3 — B TR
A:29), Chen ZEPOVEETE Y BHEM R LIETR S UTTE
HK 109 Flesy, A BRI HH R B 5 ML/ N Bt
T EIEG TS 2 AN BB SO AR B 1
WERTr o AR 25207 & R A Die A
A RSNIIRA R ZERE” BORE R T P R B IR
o WU BE BB, REIYE A e 2
DB FCL R R RIFE R T DA . “ S M rp 24527
BRI 2 A 7 s oy AN B 45 ) S R 52 i v
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