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Abstract: Objective To study the chemical composition and content changes of the decoction of Huanglian Houpu Decoction (HHD,
1% JE A7) based on the decoction type, content and phase state, and to investigate the self-assembly behavior of the components of
the decoction of HHD. Methods The compositions of HHD were identified by UPLC-Q Exactive Orbitrap HRMS. The phases of
HHD were separated using ultracentrifugation and dialysis, and the particle size, { potential, and microscopic morphology of each
phase were characterized by Zetasizer Nano ZS instrument and transmission electron microscope. The contents of proteins,
polysaccharides, epiberberine, coptisine, palmatine, berberine, magnolol and honokiol in different phases of HHD were determined by

UV spectrophotometry and HPLC. Results A total of 43 compositions were identified and assigned, the fragmentation patterns of
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two unknown compounds which revealed the possible existence of composition self-assembly behaviors were analyzed. Compared
chemical compositions and contents of the combined decoction, the mixed decoction and the single decoction, it was found that the
contents of six active compositions all showed combined decoction were less than mixed decoction, mixed decoction were less than
single decoction. Five hydrophilic phases were isolated from HHD, the particle size distribution ranged from 20 to 1 000 nm, mainly
including precipitation phases, true solution phase and colloidal phase. Compared different phases of combined decoction and mixed
decoction, the contents of proteins, polysaccharides, and six active compositions from Coptis chinensis and Magnolia officinalis were
analyzed, it was found that contents of these compositions in combined decoction were less than mixed decoction under the
precipitation phases, while it was just the opposite under the colloidal phase. It indicated that during the compatibility of combined
decoction, proteins, polysaccharides and six active compositions may combine with each other, remain in the colloidal phase without
sedimentation, and further speculating the existence of self-assembly behaviors among the compositions. Conclusion There were
significant differences in chemical compositions and contents during the compatibility of combined decoction in HHD, which may be
related to the complex changes during the compatibility of combined decoction and providing a basis for the subsequent research on
the composition self-assembly in traditional Chinese medicine decoctions.
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Fig.1 TICs of HHD combined decoction
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#z1 HHD KFERNETE
Table 1 Ingredient identification of HHD
Lo wEm mlz wE - , .
W ot T Tanm mEm a0 T e A
1 025 CHiuN4O2 [M+H]" 175.1190 1751190 0273 175.118 7, 116.070 7, 130.097 4, 158.092 2 FE& HEE BN
2028 CuHisNO™ [M]* 180.138 8 180.1382 —3.548 121.064 9, 180.138 0, 163.075 1, 145.064 7 FHGHEDR GEWW JEAb
3 031 CsHuNO, [M+H]™ 118.0863 118.0865 2.073 118.0864,59.073 6,72.0813,58.0658  HI3EHH I B RN
4 038 CeHsO;  [M—H]™ 191.0197 191.0191 3276 111.007 6,87.007 5,191.019 1, 129.018 2 FrizRz2 REE Wik BN
5 039 CioHoNO;  [M+H]" 192.0655 192.0655 -0.103 192.1017,177.078 2, 128.019 4, 149.083 2 ML K FE IR w2k #iE
6 042 CoHINO; [M+H]" 166.0863 166.0862 —0.332 128.080 8, 166.086 0, 137.059 5, 149.059 6 #K N A FAERE Wik
7 043 CoHioOs  [M—H]" 197.0455 197.0451 —2.267 70.9919, 135.044 2, 123.044 1,179.0343 T %M Mk ik
8 0.50 Ci4HN203 [M+H]' 265.154 7 265.154 5 —0.637 177.054 4, 145.028 2, 265.154 2, 248.127 7 N-feruloylputrescine A HUHHZE JEA
9 055 CHu0s  [M+Na]* 395.1313 395.1310 —0.641 395.1307,232.0702, 185.041 9, 364.112 6 % | &+ RN A
10 057 C3sHaO [M—H]™ 7852510 7852526 2.080 161.023 6,785.252 3, 623.220 0, 477.161 5 A% 4FF23 AREEZE EAb
11 0.60 CioHuNOs™ [M]"  314.1756 314.1749 —2.287 314.1747,58.065 8, 107.049 4,269.116 7  EAM& LT Tk, A
12 0.62 CigHis09  [M—H]™ 353.0878 353.0884 1.684 191.0555,353.0883,173.044 8,179.034 3 45 AR Fok. A
13 0.71 CisHsNO3 [MA-H]" 298.143 8 298.143 6 —0.570 298.143 0,283.119 7,130.159 1, 191.093 8 7R ##HH2) T ik
14 073 CHeOs  [M—H]™ 137.0244 137.0234 —7.425 137.023 4,136.015 5, 108.020 6, 119.012 7 J§ JLZcR B EA
15 0.77 CioHi3NOs [M+4Na]* 358.068 6 358.068 4 —0.541 358.164 6,263.070 0, 295.096 3, 313.106 9 8-k 3£ FHI2 R ik
16 0.85 C1oH2NOs [M+H]* 328.1543 328.1540 —1.020 328.1540,265.0852, 297.105 5, 177.077 7 W/K Ehil T i, RN
17 0.96 CoHuNOs* [M]* 342.1705 342.1699 —1.850 342.169 5,297.111 7, 265.085 4, 237.090 8 A~ 1¢ 0 A S A
18 1.10 C1oHxNOs [M+H]" 330.170 0 330.170 0 0.046 192.101 6,330.169 5, 137.059 6, 175.075 1 reticuline I EAN
19 118 Ci7H209  [M+H]" 369.1180 369.1177 -0.836 177.054 4, 145.028 2, 117.033 6, 149.059 7 MZIE 2 TR Rk  HHERE HiE
20 1.67 CoHaNOs [M+H]" 340.1543 340.154 1 —0.690 340.1540,324.1227,325.130 5, 309.099 5 PUSU/NEERR (2] T i
21 175 Ci7HiNO> [M+H]" 268.1332 268.133 1 —0.393 251.106 2, 219.080 2, 191.085 2, 268.132 6 B FK i 5% AT AN
22 177 CaHyNOs™ [M]T 356.1862 356.1854 —2.199 206.117 4,356.1852, 191.093 7, 190.085 5 FIH-#ihi AT AN
23 1.90 CoH3O1s [M—H]™ 623.1981 623.1992  1.695 161.023 6, 623.199 4, 135.044 1, 315.109 0 F&femEEF KA FAb
24 2,02 CoHisNOs™ [M]F 324.123 6 324.1229 —2.107 324.1227,309.099 2, 294.075 5, 266.081 1 Z:i AL /NEERIRY  Ahsit ik
25 2.07 CioHigNOs™ [M]™ 322.1079 322.107 5 —1.344 322.1070,307.083 4, 279.088 4, 294.111 6 #5339 TR Bk
26 243 CloHiNOs™ [M]™ 320.0923 320.0913 -3.070 320.091 3,292.096 2, 277.072 8, 264.101 8 R’ TR ik
27 250 CoHisOs  [M—H] 187.097 6 187.0969 -3.647 125.096 1, 187.096 9, 97.064 7, 169.086 4 T~ PRpimEE A
28 259 CoHisNOs™ [M]™ 336.123 6 336.1227 —2.627 336.1227,320.091 5,292.096 3, 321.099 2 F/NEERE" TR Bk
29 2.68 CoH2oNO4* [M] 338.1392 338.138 3 —2.759 338.1382,323.114 8,322.1070,294.112 1 AEMBi s R ik
30 290 CisHioNO2 [M+H]" 2821489 282.148 7 -0.551 265.1219,250.098 4, 234.103 6, 282.148 3 N-2= FIHERFIH-Tif YR B
31 291 CisHxOs [M—H]" 315.1238 315.1243 1.596 267.1029,249.092 1,315.124 4,297.113 6 JEAMA G 1ABLES) AREZEZ EAb
32 2.92 CHisNO> [M+H]™ 266.117 6 266.1174 -0.584 249.090 6,219.080 2, 191.085 3, 266.117 5 F kbl AT AN
33 3.06 CoHisNOs* [M]* 3361236 336.1227 —2.627 336.1227,320.091 5,292.096 4, 306.075 7 /NGETs" VI ik
34 320 CuHnNOs* [M]* 3521549 352.154 1 —2.224 352.1539,336.122 6,308.127 8, 322.106 9 L5477 VI ik
35 3.72 CoHuNOs™ [M]F 366.170 5 366.170 0 —1.456 366.169 5,350.138 1, 322.143 4, 336.122 4 Fi 8526, TR ik
36 456 CisHis0s  [M—H]™ 241.0870 241.0870 —0.073 241.0869, 223.076 2, 197.096 6,95.012 6  JEF =7 RAEE A
37 5.61 CieHiuOs  [M—H]™ 253.0870 253.0871 0.326 253.087 1,235.076 3,207.080 6, 233.060 5 JEFME D) EHEE ERH
38 6.11 CisHi0s  [M—H]™ 279.1027 279.1029 0.832 279.102 8,261.092 3,233.097 1,207.080 6 JEFMEB! AIEEE E
39 649 CisHisOs  [M—H]" 295.0976 295.0978 0.738 295.097 8, 178.026 4, 150.031 1, 177.018 4 dimethylstrobochrysin® %% EAh
40 6.78 CyH:NOs™ [M]F 586.223 0 586.2219 —1.813 320.091 5, 586.221 9, 292.096 3,277.074 1 F40 g2a8% -
41 6.86 CxHNOs™ [M]* 6022543 602.2536 —1.100 336.122 4, 602.253 6,321.099 0, 292.096 1 FJ 281 -
42 7.68 CisHis02  [M—H]™ 265.1234 265.1235 0.365 265.123 5,224.084 2, 250.100 0, 249.092 1 FI/EHME* KIEEZE FAb
43 840 CisHis02  [M—H]™ 2651234 265.1236  0.743 265.123 6, 247.1129, 245.097 5, 224.082 3 [BANEY ABRER EA

k7 R i O E

“*” compared with standards.
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Fig. 2 Mass spectrometry (A, B) and fragmentation pathways (C, D) of berberine and coptisine
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Fig. 3 Mass spectrometry (A, B) and fragmentation pathways (C, D) of honokiol and magnolol
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N Em 2 S S T R — e e, 55
FRPEYI R B 7 L AL B IR A S5, WARE SR
RS R E AN 5 ARy, X b3 /N7 8] () &5 44

FTHEN, RIAILAD 1 AN 7 F R B LN
HERR S AN E AN (BUE AN ) 2 F1 (m/z 586.221 9~
320.0913+266.130 7). Bb4h, KEb&4 2 FFER
BALEE, H—gm S 2] m/z 602.253 6 [M]*

1-A 320.091 3

2-A

T F BT 0&, (6= RE H-EST Ji 1% 55 IR Al 1 55 1
1B T3R8 0 B8+ m/z 336.122 7+ 321.099 3.
292.096 4, 519/ NEERSIN G E B, (R ER
HEM, RELEY 2 BIFST 43 F IR LN NEER
(E/NEBERRD S5AEA (BUEFE D) ZF (m/z
602.253 6~336.122 7+266.130 7). HR i itk 2%
&2 L 4,

336.122 7
586.2219 321,099 3 602.253 6
320.0915
292.096 4
Seatorg 292092 206,075 7
270 300 330 580 584 588 300 320 340 600 604 608
mlz
2-B

HO
m/z 5862219

m/z 264.101 8

m/z 292.096 2

0 ()
e /((/ /Nt/

(O}

@?
7 HO

m/z 602.253 6

m/z 321.0993

a

m/z 336.1227

Q"\O 2 /(") )3
/ - =, O -CO <1A§/
l N~ ~o = N::, - \f')VN <
| ) ~0
m/z 306.075 7 m/z 320.091 5 m/z 292.096 4

1-BOETR-FNE AN (BUFANSYD; 2-/NEEIR (BR/NEEWD -FSANSY (BRSNS

1-coptisine-honokiol (or magnolol); 2-berberine (or epiberberine)-honokiol (or magnolol).

El 4 SYE-KIERESYHR

EEIRE (A) FIRERE B)

Fig. 4 Mass spectrometry (A) and fragmentation pathways (B) of alkaloids-lignans conjugates

2.3 HPLCEME HHD R LFERHSE

2.3.1 @M g Pursuit Crs (A5 (250
mmX4.6 mm, 5um); LAZNE-0.3%BE KGR (=
IR pHAE 4) NishAH, BREEGERRY: 0~30
min, 10%~30%ZJE; 30~40 min, 30%~75%
Ji5; 40~50min, 75%Z.E; 50~55min, 75%~10%
L5 55~60 min, 10%Z1E; AERE 1.0 mL/min;
FEIR 30 °C; Kyl K 345 nm (0~40 min). 294 nm
(40~60 min) BY; HEFEAAFT 10 pL.

232 JiikiEEE SXRREIGIE, BIE 4 Mo
i, EIEFRADNEEDL . FE. ST S5/, J
KRS 2 FOARHRER, QFEMEA 5 EA MY, St
MERRGT, AT EBETESHELL .

(DL JFMEHEE. BUEIE. BN, #8217
TG 5320 24 AR R VA T 0T TRt v YRR 9 ik o) R
W, TE “2.3.17 TUN i sk hdb il e, HEgR
ANBERE. O DT NEERL. FEANEY. R
FI 5 B

1E Bk “2.3.17 iR ERE&AE, @it 5 IR S
REEHEFD UV B XTRE, e (il 1~6 4351
X N /NBERR . BEIERR. BT NBERR. FIJE AR
Wy JEANEY 6 ANE UKy MR AN S LR
BT EIAR ], fEARFIG B AT T3, RI1Z 72
LRMERI. 458 WK S,

(2) BYERRFE: FERT 6 FRIES,
FH T 1) R 25 22 /N BRI 220.42 pg/mL - 35 7K 255.00
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‘4
2 3
1
I | 56
| A
| | ' B
| | )
i
L w " — 1 = D
LI H o E
= — )
0 10 20 30 40 50 60
t/min

1-2/NBEG 2-50 R 3-LS 5T 4-/NBERR; S-RUEANE; 6-F
Ko

1-epiberberine; 2-coptisine; 3-palmatine; 4-berberine; 5-honokiol; 6-
magnolol.

5 JRAR (A). HHD &F1& (B). BAMRRLE (O)-
HERRLE (D). BRAMNBRRE (B). PAENBRE (F)
# HPLC
Fig. 5 HPLC spectra of mixed decoction (A), HHD
combined decoction (B), single decoction of Magnoliae
Officinalis Cortex (C), single decoction of Coptidis Rhizoma
(D), mixed control solution (E) and negative control
solution (F)

pg/mL. B2 57T 175.83 pg/mL- /NEEB, 585.83 pg/mL.
FUEANE 10.42 pg/mL. JEAME) 15.42 pg/mL TR A
X R R o A XS L R R B D Ak (X0,
WETH RN AR (V) FEATLRYERDA, 3[R 772 5
AN/ NEER, Y=15.249 X—86.164, R?*=0.999 6,
LR VI 22.04~881.67 pg/mL; FIERL Y=20.991
X—21.824, R*=0.999 1, &Pyl 25.50~510.00
ng/mL; BT ¥=36.869 X—200.860, R2=0.999 5,
LR PEVU T 17.58~703.33 pg/mL; /NEERK Y=34.593
X—425.340, R*=0.999 6, ZE VL] 58.58~2343.33
ng/mL; AIEFNG Y=12.974 X+4.038, R2=0.999 6,
LR MEVE L 2.08~83.33 pg/mL; JEAME Y=13.869 X—
1.802, R2=0.999 7, £kl 3.08~123.33 ug/mL;
SREIN, BWEDTELYEIEE N R R 2 ik
KR

) K% 5 BUHE . EAMIR, &R “2.17
TR i R A, TR “2.3.17 TN A%
PEHERENIE, EEHERE 6 Yk, MlE HiIgHR, 2553
SRF/NEERR . FENL. BT, NEERL. A1
My JE AN AR ) RSD 43514 0.23%. 0.31%.
0.43%-+ 0.22%- 1.44%. 0.25%, FHIZAXFEHE 5T
R4F.

() Fase e BUEiE. BAMK Y, %R “2.1”
TR IR ISR, RIS 0. 20 44 8.
12+ 24 h SRR e, TR R/ NEERR . LR
ELEVT ANBEGR. FIE AN JEANEG P THAR, 45
REIRFNEEL. HER. BT, NEERL. R
ANy . AN THIAR ) RSD 43 31N 0.16%- 0.18%-
0.45%- 0.20%- 0.26%- 0.17%, %8 ELR VA
IR 24 h WERENE R IF .

(5) EEMHEL. HOUE. EMRF, FAT 6
By, FIRC2.17 TR 7 ik g a e, 7E42.3.17
TR i S R ERE I T, TR/ INBERR B
YT ANBEGR. AUEANGY . AN )5 4
SEREIR, RANBEL. FOERL. BT, NEE.
ARG SR AN 57 5 3 EUK) RSD 43519 0.11%-
0.14%-+ 0.12%- 0.16%-+ 0.12%. 0.21%, FWHZIT
EEEERI .

(6) INAERI RS FRECC IS 6 PR &
BEE. JEFMI 6 1, B3 314 6.99 g 4.66
g, FHEWRE, ol b & B i 25 201 100%
TN B, 082,17 TR J5 i) & A A R
fE “2.3.17 TR il &R RE e, THEIIRE R
R, g RIRRADNBE . PEGL. VT ANEERL
FVJE RN By« R AR B B 2R R0 g i
93.50%+ 96.60% . 94.28%. 97.04%. 105.38%.
99.34%, RSD 4355 0.62%- 1.05%- 0.98%- 0.81%-
0.91%- 1.17%, RIIZFTIERERE RIT .

2.3.3 HHD & R IRA AR RTH 6 P 240
BRI FIRE2.1 7T R 7 R A R
TREVR PR AR JE AN BRI S A I
TR “2.3.17 BT SR S AR e 3R /N BER . 30
B, YT /NBERE. FEFNG . BN SR,

SR WA 2.

WIS AA R IRA SRR, R 6 Ff
A AT TR G B S B AP — Ak AT
5 6 TG R 1 S BRI & AR <IRAW <
AR, UL RTRRA S, o (R AT R R AR IR N
{73 A PR, T O A7 B 2 78 B8 v iR B AN B
FZL I S B R AS AT Edt— 2B I BRI R0 A=
KR53 vl REAE L AR & RS 5 HoAm A it R A4 — &1
BRI EAL 2R ) S, HA AT RE LS S KRR o)
RAEBMABELSES,

i FREFTE, KB 6 R RN S R AR
W IREWHIEARREER K. ik, #—F
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#2 HHD F 6 MBEMHPSENE (X+s,n=3)
Table 2 Determination of contents of six active compositions in HHD (X £ s, n=3)
- FiE 0/ (mg-g ™)
HA \ s

R /NBER TERK () /NBET FE AN E A
FERIINid 17.154£0.044¢  26.470£0.073¢ 11.669+0.037¢  45.033£0.160° 2.1194+0.010¢ 2.238+0.016¢
RAEW 17.709+0.020>  28.253+0.029° 12.619+£0.010>  48.34140.051> 2.170£0.028>  2.326%+0.002°
T B A 18.5314+0.005*  29.379£0.0072 12.9424+0.014*>  49.525+0.028? - -
JE R R - - - 2.20740.001*  2.412+0.002°

WA LT as b Al c BRI B REZR (P<0.05),

Values with superscript letters a, b and c are significantly different across columns (P < 0.05).

WIS EFB, REEMAEE, WPTEHEES.
BLIR S DL R A A5 S, IABZS 1 A IR N
Tt 6 PR R & BAFAE I W2 R R, IR
PRITEH 75 F 2H 34 A5 B
24 HEEVWSENNKRIERASBHEEH KN
B9 53 F X HEAE L

M Pubchem #(¥& FE T £ 3R/INEERL . THIEDR . /]
BEGR A AN « JEFNT Y SDF S+ . A OpenBabel
3.1.1 B A4 SDF U645 PDB 3CfF. AutoDock
Tools 1.5.7 BAARAL N> T- 458, B AutoDock Vina
1.1.2 A AT o0 F 0L, il sk ka8 A e, —
MAN NG RERRE, 25E M, EH IS AR
KT o B, REERIEITE S, BHaTaamhT
-17.78 kJ/mol, ¥ 5 EH —wEM&GiEE; /D
T-23.01 kI/mol, 73580 f A B 45 G im P
/NT=33.47 kJ/mol, 43§ S50 R4 & BAA mENE
PEo I, IEFEE S H HAE (binding free energy, G)
BARM B E N BT A 7 TR 45 AR e,

Epi-Hon NPs

J£H PyMOL 2.5.7 A3 T n] A4 AR 2

M “2.2.4 (3)7 TR 2 A S AT CAHENAE P06
KW R/ANEER . T NEERR, TTRE SRR R
KRG EANGY . AN K AN TS S, T
NG TNy TR AW FIF PyMOL 2.5.7 B4 +]
PUACACERRS, JEHUEE SR 031 0.4. 0.5 nm 4[]
MHEAEH JHE, CAR 5 Bl B 5715 B2/
T 0.3 nm FEEIER 71, SRILE 6 fI3K 3; (HE
NBERR-JE AN F HREFEAAEERE /N T 0.3 nm [
YEF /1 (0.4 nm F1 0.5 nm G E N HEATEE). FrLd
IR T PyMOL2.5.7 B AE b oy 84 F Jadse/
EEESRD 0.3 nme UMbk, F/NBEmR-JEAMG X F 5 20
e TE] (R EEE ATAE] 0.5 nm JEFEIN, 1 RH R /NEER-
JEANGY B AR 215055, ME LR B AR E I
GEFY o BETTHEN 770 BC AT A B, Sl S
A REAETS R Ny F A R AR 25 A B3, RITCATL & RIAE
ey AR, i EIRRE TR, WA S A AT
REAFIELL Sy HAHZE . SR o T RIS B AR G

Cop-Mag NPs

Sty

£ 0.19
0.21 nm .

Q 0.22 nm

WO RAMREEM: Ber-/NEED: Epi-%/NEHL; Cop-#0&H; Hon-F1JEAMH): Mag-JEAMG: NPs-24KHL.

The yellow dotted line represents hydrogen bonds; Ber-berberine; Epi-epiberberine; Cop-coptisine; Hon-honokiol; Mag-magnolol; NPs-nanoparticles.

&6

S WIELRL 77 5 7 BE 3R AR 3 B B 4B SR AR

Fig. 6 Self-assembly nanoparticles of alkaloids and lignans
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=3 5HKKN G

Table 3 G of five nanoparticles

PIKHL G/(kJ-mol™) K Hr G/(kJ-mol™)
Ber-Hon NPs -16.66 Ber-Mag NPs -14.24
Epi-Hon NPs -15.41 Cop-Mag NPs -13.31
Cop-Hon NPs -15.28

WA SRR, A, 3E—bim i AR YRR R
IyFNEEG. FEERL. O, NBERR, AAEERK
B AT RUE AN . AN S AT N R, XL
WA R VRER B8 T B IR LA B JEE A FR BT
o6 MR S B, i A H
HEERBE—ENSF .

2.5 HHD SRLERMERSER

2.5.1 HHD WAMHASE  WEIE. BT, %8

3500
EM

4000X g

——-

B0 10 min

‘ i | KRR

LA s 1

100000 AL

“2.1.17 30N J7i:H] % HHD &R0, 4 CiE %,
4 000X g B5.0> 10 min, 19EAHZA 1 A EIEW. HE
1 A EKIB RIS, LiERTHIX 4 F & 3500
BT (R SCHRIRIE TV EPOTALED HiERT 6h,
FEHTINBOAAEES 20 IEHTRAAES 55T 100 000
150 000 X g f36 FEF RHE B 0> 60« 90 min, YTHESH A
A 3. 4, WEHEEHA 13, MEREMILE
oI TE R I AEK, 15 B IR S R T B 5
EEOEIR. FREMDUE, DB RVHERS 1.
3. 4. HA1 150000 X g B0 J5 HIGWONAHEA 5, ©
FEREAET—20 ‘CUKFE, HHD PIAHTE SR ress)
WLE 7.

2.5.2 HHD AHIBYIMESHEE5RIE 40
BRI, S MAERE T KIS . HAPHES 1.

B0 60min EW = b

A5
150 000 X g
5.0 90 min

lhe S
JE TN

A 4

7 HHD SRS RIE
Fig. 7 Flow chart of separating phases for HHD

3. 4 NTTIEMA, M2 NERBHE, HESH
BRI TIE RSB AR o« 73 50l W& AH
BIEWOEE, KL /R ORI E SAF i R AR
A AL [RINERAE S 2 SR B, e
T TEM TSR FIEA 3 A U (dynamic light
scattering, DLS) 1 TEM &5 a1l 8 flin, A AR
KA TSR FRIARTE 20~1 000 nm 65 5
i, HIWSHZRINIABRIEIR . & RURAE A
BRWRRN S, RAEREAREE, REEXK,
2709 284.5 nm; { HALAEXHE /DN, £I8-3.6 mV.
B R MVTEAZS 1. 3. 4 TESE NS —, ki
BIBHIRAN, LR 219.20 191.5. 173.6 nm;
LA 4B HTIE K, 4301 20°9-10.7 —10.5. —12.1
mV, HAPUEHA 3 1 ¢ A LHE N TS 1,
AT REREDIAES 1 UG 550 i B2 37 75) i (1) S 2 A
FUERSY, SR C HRAINA L. SadiENTE K
RN TR B HIEBARS 2, A THONFRER

RAS, KRN, 2908 164.0 nm; ¢ A NHE i
Ky ZIN-14.6 mV. il R IE 2O 5 (1R AH
&5, HESFER L BEREER RS, S8
iR ek, 2108 3254nm; T AEE D HUK AT
e, WA K, ¢ HALBUN, £98-10.0mV.
2.5.3 HHD YIHHEASH RN SR A% %g &
F 2P RATEZ AR S T b k5 4 B A F B4,
PEEA RS RRP RS 5MEE, MO TR
KBEASHEA ZHEFERE T FR, DOE,
JEANE SO A e/ INBERR . TR BT YT . NEERR
ARG AN AR, FHENT TSR K
BURAAS 2 A L o

(1) HWAFEMER): NEMHSHERER, W
BEIE UAS B R V, PAT 3 0. 3RS
A5 BCA TAEMBARAE 2R, WL 10 uL F 5
T 96 FLEH, I 250 uL TAER, 37 CIEE
30 min Ji, EEARACIE 562 nm AEFIROEIE (4) 1H,
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A& FHAS 2
M4
HZ 1 I A 2
10 100 1000 10 100 1 000 10 100 1000
Hi4E/mm
&4 I A 5
10 100 1000 10 100 1 000 10 100 1000
Hi4E/mm
A 1 | A 2
50 =50 0 50 =50 50
¢ H A7 /mV
HHZS 4 ‘ AHAS 5
50 =50 0 50 =50 0 50
¢ HAL/mV

B8 SRUGFKEMESHHRES. RESHR BT

Fig. 8 Microscopic morphology, size distribution and { potential in hydrophilic phases of combined decoction

RANFRUERZR T EAE R EA SR, SRWNEK 457
N BRRPEAOSERTERAR, SRHAES 1
FEASERERTIRAGBMES 1 (P<0.05); &
FORAIAS 3 (P<<0.001). 4 (P<<0.01) HEASE

PR AR TR AU NARAS s B RTARAS 20 5 iR
& BA & TIRA B RARA .

(2) ZHEE BN ERT: SR 2R -T2l 2 ke
mn R 2R B O BB FE N 2.0~20.0 pg/mL
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#*4 HHD FEAMZEZEMNE (X£s,n=3)
Table 4 Determination of proteins and polysaccharides
contents in HHD (X + s, n =3)

P HEH/(ugg ™" E2 ()

A R 9891.035+907.418 4 563.205+29.853""
AHIAAL  1203.0474232263"  872.753£5.188"
A RS2 302.118£3.519 77.624+0.666™**
A HIRAHAS3 94.012+3.876™" 77.900+1.639***
GRS 30.735+4.834" 18.781+0.404"
ERIMANZAS  4981.047+2456.076  1909.562+10.842"
TRER 10 558.608 -628.102 4 804.639+17.744
BEWAIZL  1992.984+265.378 1950.540+21.683
TRE A2 204.026+41.181 50.812+0.739
TREWAEA3 371.958+39.111 133.861+1.807
TRE A4 49.935+2.801 27.688+0.385
TRAAAS  4209.555+253.556 1 648.032+74.357

SIREW R A L *P<<0.05 *P<0.01 **P<0.001;

%5 M.

P <005 P <001 P <0.001 vs mixed decoction and its

correspond phase states; same as table 5.

R AR ARG R A, FRARRREL 11 D S X R
W 4%y, FREREWIRS), XN 30 min J5, 7F
490 nm AbMISE 4 18, Lh A4 {EHAEER, AR R
TR N ARAR AR HE 28 . A A SV S
&, AT 3, % EREAEREL, E 4 FHIFARA
LI S S 2SR AR E 4 PR,

ZHREESEATENS AL &R0 AHAHEE
1. 3. 4 WS EWNEEICTIREG IR AR
(P<<0.001), T-&RIEAHA 2 (P<0.001). 5 (P<
0.01) ZHES EWEE = TIRA NAE.

DL RRARA ARG, EH. 2R
JURE T B 22 M R B AE VAR S 2 B IR ARZS 5
Wy REAEA. ZHEERMA SR RSB — &R
I orFIRER 1S HAb Y R ke g G, b S8
RN,

(3) /I TFRATEENE: SIRSCER A G
7RO, e HHD S AHAS H 3R /INEERR . 2%
YT ANEEBL. FNEANG . JEANR SR )
A AHASIROE R, 7F “2.3.17 BN i &kt
WE . BE S wIEl, 6 Fif & & &840 )L T H
HOMZHE—2: EATRAHS 1. 3. 4 Pl
R TFIR GO MAHZS (P<<0.01. 0.001); SRR
FHAS 5 R & TR AW 5 (P<0.00D). A
BRI, 6 PP RS & BAE G HIVRARZS 2 Pl
FRTIRAWAEZ 2 (P<<0.001), H A IS 2 Fh
KREZRIE R Srs R TEBCAL S S R LA 25
BIAAELE, A — R 7 EEH 5 HAb
IR RN, ARG I EIRSREGEs FAEm)
4 FhAPIREIS RS R 2 PG 22 o A7 AE P 4
GIATREME, RIECAA BIR R A 495 FH 426

=5 HHD 6 HMBYESTSENE (X£s,n=3)

Table 5 Determination of contents of six active compositions in HHD (X £ s, n=3)

R E/(mgg ™)

i

F/NBET HIET BT /NEERH AN E AN
G RN 17.15440.044"  26.471+0.072"" 11.669+0.036"" 45.034+£0.159"" 2.1194+0.010°  2.238+0.016™
ARRMAL 1.370+0.002F  1.654+0.004*°  1.0360.001™"  3.74540.001"" 0.886+0.001"** 0.96740.008"*
ARIRAAS2  1.09940.002""  1.036+0.004™"  0.892+£0.001™  2.773+0.004"" - -
ARRAA3 0.1374£0.001"  0.1774£0.001"  0.101£0.001™  0.383+0.001"** 0.077+0.001"" 0.11740.001"*"
AHIAAS4  0.070£0.0017"  0.045+0.001""  0.061£0.001™  0.166%+0.001"** 0.007+0.001""" 0.01540.001"*"
HRRMAS  11.95340.014™ 17.270+0.019"**  8.91940.010™" 31.19740.035™" 0.262+0.004™** 0.248+0.002""*
AW 17.7094+0.020  28.2534+0.029  12.619+0.010  48.341+0.051  2.170+0.028  2.326+0.002
REWIAL 1.38040.004 1.826+0.010 1.07140.002 4.030+£0.004  0.983+0.001 1.13740.010
A2 1.21440.002 1.35940.004 0.964+0.001 3.2284+0.002  0.046+0.001 0.109+0.001
WRAWAZA3  0.17440.001 0.246+0.002 0.12340.001 0.495+0.001 0.086+0.001 0.128+0.001
WRAWAZE4  0.11440.002 0.12740.002 0.092+0.001 0.294+0.001 0.009+0.001 0.0174£0.001
BEWAIZS  9.1861+0.013 12.686+0.020 6.564+0.017  22.825+0.031  0.239£0.004  0.220+0.002
2.6 ZUtFES 3 g

it SPSS 27.0 B Aoyt 2 41LAE 2 Rl ) 22 57 »
SKIREAE I X £ 5 Fom . AR (K50 £
HREASR BRI T 200 HT

AHF 71 53 T UPLC-Q-Exactive Orbitrap
HRMS HARIT HHD B & BIRIL2E sy, 45
7N, HHD &R IRAR B RG22 50 i
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K. BB, FEZERERS . Hh &R
AR 2 FREL A, TRA S S ANR A
A0, B R RIR AL SIS T %A
VIWRSE R 57 2/ INBERRL . BEOEERRL, /NEREDR IR S F
I 2 A iR 45 R ISR TE AR RS A T RE S R
NEZR R LR A B R A R, TR T 253 1]
NN FEED.

B RA R TRER. AL 6 Rl
ROy & A4, RIVEA LI & TR
TIREGACT AN . #E X HHD SRR, RS
WHHTAAS B, SiEA. 2P 6 23Uk
o3 e EBAEAN AR R ARG, KL A2
F BRI MRS, DL BRI B
WA SRR ARAR S -

UbAh, 6 MR R SRS AL, FESA
TERE WM VTEMRS, PLAERRMBAMEZS: 1
TERIEBAEES 2 P& R R B K TR GRS 2,
A BE AE RN TC AT B B A2 1 R 2 I o7 S5 B0 5 %
5378 HIFARAG M BIARNG 205, RERAR
A I EATICOR AT B S HA I R AR OB, LSS
P A B2

A EATCAIRE, BB SRS
BB A T B T A AR, R I/ INEERR
DS HRE. A B8y, HER2
A 5y A EGKRL, AT DASE o B B S 50
et PLRR IR BS R AT 25 1 i R AL A BT [F]
FEAATE H A ZEGoRobE, I i 78 1k 5 1) B E it 72
H A BEGIRRLNS A AT 32 B R IR 520 s Zhang
SEDVL P MR B A AR A RN AP AR T2 /N B
WEAY, BAERYPEEER. b, Xa ZEH005F
TR JEANE U/ NBERRS JE AN I 4 e 4
B RBL/INBERS-JE ANy 21255 g Kokl T DL 7
PRSI 9 . gk BIRRE T, WTLAERT HHD Bifh&
H A K AT REAETE AR IR il 7y (GR/NBER . 3%
Bl NEERD S5ARMEERISH CRIEANG . AN )
(FI2H 53 E 4247

ASEES UL HHD BRI & &, M AR,
MW ZHebRA s & . SR FBEXS
HHD #4T2R &R AE, JMfiFEHT HHD 9Bk al e =
TR, NIEERAN T 2537554 7 B 342
5%, AMET 5 5 A 20 HHD 258U
il i 7 B — 2P AL

RBAR FIAVEH Y ERTAEF B R
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