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Abstract: Objective To investigate the existing states of Panax notoginseng total saponins in complex solution systems and elucidate
the micellar association behavior of total saponins based on their ultrafiltration separation characteristics. Methods A total saponins
solution of P. notoginseng was used as the research subject, with notoginsenoside Ri and ginsenoside Rgi, Rbi, Rd selected as
representative analytes. Ultrafiltration rejection rate, permeation rate, and micellar compositional ratio were employed as evaluation

indices to analyze how key parameters—including inorganic salt concentration, temperature, and saponin concentration—affect
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saponin molecular states and ultrafiltration behavior. Results Owing to their amphiphilic structures, the saponins readily form micelles
in aqueous solution, and their ultrafiltration performance is regulated by multiple environmental factors. Inorganic salts modulate
micellar stability through ionic effects and salting-out actions: the divalent anion SO4>~ disrupts hydration layers and strengthens
hydrophobic interactions, thereby promoting micelle formation and precipitation, with salting-out intensity ranked as Na:SOs4 >
MgSO4 > KCI. Monovalent salts such as KCl facilitate micellar association at low concentrations via charge shielding, whereas high
concentrations intensify salting-out. Dammarane-type saponins, particularly Rb: and Rd, showed higher participation in salt-induced
micelles, indicating a structure-driven association preference. Increasing temperature enhances molecular motion, weakens
hydrophobic interactions and intermolecular hydrogen bonding within micelles, thereby promoting micelle dissociation, increasing
permeation rates, and reducing rejection. Elevating saponin concentration strengthens hydrophobic and aggregative interactions among
solute molecules, facilitating micelle assembly. By fitting the relationship between ultrafiltration rejection and membrane pore size at
different solute concentrations, the molecular weight of micelles at 90% rejection and the internal compositional ratio of characteristic
saponins were estimated. The results showed that at 10—20 mg/mL, micelles mainly consisted of diol-type saponins, but their
association degree remained limited at low concentrations. At 30—60 mg/mL, the micellar molecular mass increased markedly,
indicating that higher solute concentrations promote the formation of hybrid micelles. Conclusion This study elucidates the
mechanisms by which pharmaceutical processing parameters regulate the micellar structure and ultrafiltration efficiency of P,
notoginseng total saponins, providing theoretical and practical guidance for quality control and purification process optimization in
saponin-based traditional Chinese medicine formulations.

Key words: Panax notoginseng total saponins; ultrafiltration; micelles; solution environment; rejection rate; permeability; association

law; notoginsenoside Ri; ginsenoside; salting-out effect
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Table 1 Proportional concentrations of four saponins in
micelles 25 C, X+s,n=23)
R R 4P iR B 4B
HEE (molL)) Ry Rgi Rb: Rd

KCl1 8.05 1.00 1.01£0.03 1.17%£0.03 1.27+0.02
NaxSOs  4.22 1.00 1.04+0.03 1.08+0.04 1.10%0.02
MgSO4 4.98 1.00 1.03+0.04 1.09+0.02 1.12+0.03
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Table 2 Effects of KCl, MgSO4, Na2SO4 concentrations on
compositional ratio of micelles (X £ s,n=23)

KCl/ Ji TR 2 B P A5

(mol'Lh) Ry Rgi Rbi Rd
1.34 - - - -
2.68 - - - -
4.02 1.00  0.9840.03 0.93+0.02 0.94+0.03
5.36 1.00 0.9940.04 0.99+0.02 0.99+0.02
6.71 1.00  1.00£0.03 1.08+0.03 1.15£0.03
8.05 1.00  1.0140.02 1.17£0.04 1.27£0.04

MgSO4/ Ji& BR 2 ol L 5

(mol'LY) Ry Rgi Rbi Rd
0.83 - — - —
1.66 1.00  0.9540.02 0.95+0.04 0.940.02
2.49 1.00  0.9820.02 0.97+0.03 1.03+0.03
3.32 1.00  0.9940.03 0.99+0.02 1.08+0.02
4.15 1.00  1.012003 1.04+0.02 1.10%0.03
498 1.00  1.0320.03 1.09+£0.04 1.12+0.04

Na2S04/ Ji R 2 e B 451

(mol'LY) Ry Rgi Rb; Rd
0.70 - — - —
1.41 1.00  0.96%0.03 0.94+0.02 0.94+0.03
2.11 1.00  0.9940.02 0.95+0.03 0.99+0.02
2.82 1.00  1.012£0.02 1.01£0.03 1.02+0.02
3.52 1.00  1.0320.04 1.05+£0.04 1.0620.04
422 1.00 1.042004 1.08+0.04 1.10%0.03

“r KRB BN .

“=” means no salting-out effect.
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Table 3 Effect of temperature on ultrafiltration

permeability of P. notoginseng total saponins ( X = S, n=3)

R Lz A /%
T (M) Ri Rgi Rby Rd

5 1000 320%+126 4.84%1.32 0.99+197 1.12t1.64
3000 23.14+1.77 21.66+1.54 1.23+1.85 2.75+1.43
5000 30.04+1.69 33.41+2.01 4.03+1.37 3.64+1.83

10000 43.83+1.33 47.19+1.64 25.24+2.04 24.44+2.06
30000 56.45+1.68 62.52+1.79 38.24+1.23 35.74+1.17
50 000 63.30+£1.25 77.12+1.57 52.90+1.84 53.45+2.01

10 1000 520+2.11 5.00+1.73 138%1.57 1.19+1.36
3000 31.48+1.31 38.78+1.97 8.80+1.55 7.47%1.30
5000 44.76+1.77 45.27+1.67 13.03£2.05 12.724+2.00

10000 57.41+£1.32 58.11+1.41 31.17£1.19 29.33+1.23
30000 66.19+1.43 70.994+1.57 52.71£2.01 50.37+1.09
50 000 79.34+1.87 84.62+1.23 70.35+1.55 60.84+1.94

20 1000 7.15£2.01 13.14+1.75 1.83*£1.64 1.56%+1.87
3000 37.194+1.13 41.4711.08 14.72+1.52 12.93+1.45
5000 51.114£2.05 57.79+2.14 22.72+2.03 22.67%+1.89

10000 69.10£1.35 63.45+1.16 33.12+1.08 31.12+£1.76
30000 75.91£2.00 72.54+1.78 56.40+1.42 57.994+1.96
50000 83.91+1.41 82.814+1.53 84.00+1.22 85.05+1.78

30 1000 12.90+1.69 1438+1.04 7.42+1.27 6.48+1.39
3000 38.76+2.13 34.50+2.07 14.95+1.62 14.24+1.35
5000 56.21+1.88 53.38+1.75 26.84+2.01 25.82+1.59

10000 73.60£1.57 79.08+=1.62 34.40£1.90 33.63+1.75
30000 88.36+1.98 90.57+1.52 66.30+1.36 63.861+1.29
50 000 90.40+2.00 95.90+2.01 88.87+1.62 86.62+1.58

40 1000 13.21£1.31 15.36+1.25 7.06£1.07 6.16+1.62
3000 46.821+2.03 54.16x1.77 27.03+1.24 26.09+ 1.47
5000 77.71+1.02 74.32+1.23 37.20+1.28 36.18 £ 1.70

10000 88.99+1.99 89.64+1.74 79.31£2.02 79.42+1.54
30000 93.45+2.13 96.614+1.39 90.79+1.72 89.04+1.59
50000 95.61+1.37 97.9741.52 93.49+1.55 91.98+1.60
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BRREREMNZ L2 EHBEEERNEM (X£s,n=3)

Table 4 Effects of solute concentration on ultrafiltration rejection rate of P. notoginseng total saponins (X £ s, n=3)

W/

(mgmL™) (Mw) Ri

fliz S /%

Rgi Rbi Rd

B it R IE A /%
(mgmL™") (Mvw) Ri Rgi Rb; Rd

10

20

30

1000 72.62+1.13 65.99+1.75 98.08 £1.90 96.04 £ 1.52
3000 46.181£2.01 35.37+1.33 52.09+1.43 84.71+1.97
5000 35.21£1.56 35.62+1.42 87.45+1.28 92.08+1.02
10 000 10.84+1.86 4.98+1.57 13.86+1.86 12.10+1.25
30000 10.04+1.50 3.44+1.86 13.46+£2.00 14.62+2.11
50000 3.73x1.27 1.12+£1.60 5.68+1.29 4.64*+1.17
1000 88.731+1.32 81.99+1.59 98.70+1.83 97.28 =1.20
3000 54.40+1.46 43.681+2.02 81.10+1.97 96.65+1.66
5000 47.07+£1.28 37.84+1.83 95.14+1.70 95.621+2.01
10000 11.62£2.00 12.12£1.65 14.33£1.39 16.23£1.11
30000 10.87+£1.98 4.70+1.27 16.02+£1.55 17.66+1.82
50000 4.67+2.12 1.22+1.63 8.98+1.77 9.29+1.81
1000 92.88+1.13 86.27+1.08 99.46+1.20 99.16+1.37
3000 70.861+1.06 61.441+1.33 96.161+1.57 98.09 +1.64
5000 62.6012.01 44.3611.90 98.40+1.75 98.23+1.34
10 000 32.79+1.31 19.03£1.59 56.15+2.03 60.17+1.89
30000 11.11+1.88 10.18£1.23 22.06 £1.62 22.24+1.96
50000 7.75+1.21 3.06+1.38 11.01+1.47 9.68+2.03

40 1000 93.584+1.09 89.13+1.13 99.65+1.23 99.76 £ 1.07
3000 85.22+1.80 68.59+1.89 99.15+1.75 99.21+1.99

5000 77.36+1.53 58.814+2.07 98.94+1.85 99.00+1.10

10 000 39.43+1.43 30.61+1.94 72.424+1.26 78.11+1.77

30 000 16.63+£2.03 14.1411.75 38.44£1.39 41.27£2.05
50000 8.57+1.27 4.65+1.54 12.92+1.19 10.53+1.15

50 1000 96.30+1.08 90.94+1.43 99.78 +1.22 99.87+2.03
3000 86.11+1.42 74.434+1.28 99.36+1.74 99.27+1.87

5000 83.861.15 68.051+1.08 99.774+1.04 99.10+1.35

10 000 63.43+1.94 54.47+1.60 77.574+2.05 84.131+1.78
30000 35.85+£1.10 18.82£1.72 43.85+1.53 47.55+1.07
50000 9.37+2.11 9.83+1.32 16.44+1.85 19.691+1.88

60 1000 97.79+1.29 91.20£1.03 99.86+1.10 99.94+1.32
3000 94.65+1.36 88.971+1.53 99.45+1.78 99.45+1.02

5000 97.38+1.17 95.03+1.26 99.814+1.39 99.48+1.53

10 000 67.11£1.75 59.79+1.98 82.88+1.23 86.07+1.11

30 000 42.26£1.45 36.28+£2.01 52.55+1.75 54.11£1.30

50 000 14.89+2.02 27.24+1.58 16.54+1.19 23.11+1.82

x5 ZEREETRREKRET 4 MEFLM T BIRILEMBERMEISTE
Table 5 Regression equations of pore size and rejection of four saponins at various concentrations of P. notoginseng total
saponins
:t,a,%;ﬁ/ P I g EE90% = t»éa%ﬁﬁ/ o Sreme o REEI0%
(mg-mL™") Xt N B My | (mg-mL™) Xt 7 B M
10 Ri Y=-13.635X+77.494 09138 - 40 R Y=-19.107 X+120.340 0.945 4 1590
Rg1 Y=-12.879 X+69.498 0.870 6 - Rg1 Y=-17.541 X+105.720 0.982 7 900
Rbi Y=-18.614 X+110.250 0.741 2 1 090 Rbi Y=-18.351 X+134.480 0.8634 2420
Rd Y=-21.350 X+125.420 0.810 8 1 660 Rd Y=-18.310 X+ 135.400 0.838 5 2480
20 R Y=-16.753 X+94.861 0.9014 290 50 Ri  Y=-17.310 X+123.070 0.921 6 1910
Rg1 Y=-15.615X+84.909 0.9003 - Rg1 Y=-16.742 X+111.350 0.950 8 1280
Rbi Y=-20.704 X+ 124.840 0.793 6 1 680 Rbi Y=-17.298 X+133.340 0.8448 2500
Rd Y=-21.609 X+131.090 0.804 5 1900 Rd Y=-16.315X+132.040 0.810 5 2580
30 Ri  Y=-18.135 X+109.800 0.968 0 1 090 60 Ri Y=-17.198 X+129.210 0.871 6 2280
Rgi Y=-17.005 X+96.906 0.959 8 410 Rgi Y=-14.660 X+117.730 0.849 3 1 890
Rb; Y=-20.194 X+ 134.550 0.880 7 2210 Rbi Y=-16.407 X+132.600 0.810 1 2600
Rd Y=-20.372 X+135.900 0.877 4 2250 Rd Y=-15.245 X+130.380 0.806 0 2 650

%%@ﬁozﬁﬁﬁﬁﬁ§Wﬁﬁlo2MWML

I,

VR R IO B2 SRR W IR B

/|_,~

TR E N 30 mg/mL i, Ri. Rgi. Rbi. Rd K]

Ebfl2& 0.18 © 0.07 : 0.37 1 0.38; =L
N 40 mg/mL B, 4 FREFHEE 0.21 ©
0.33 . 0.34;

TR
012
=B THREREN 50 mg/mL B,

4 PPEFFELEIIE 0.23 1 0.16 : 0.30 - 0.31; =-hLEE

B Y 60 mg/mL I, 4 FhEFF A 0.24 ¢
0.20 : 0.28 © 0.28, ML VLRI H BBk R b
TE R AR BB, A T2 b R A A R

b — LR R H 30.00 mg/mL &5
44 60.00 mg/mL B, JRIRHIRUWE M, ZIE
%Lﬁ%% Ut B e o R B ) R AT Re A A T
R Rt — P RE SR E . [N, AZ=fEh
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B (R M Rg) ERFRIEEIILEN B S 5
K. MLLZF, ASZEAEE (Rby MIRD FF
TIRRMA RS . NFEEFREREFMT, BORW
FR MBI EHE: AR ERE T UAS
BBHEGRNE, MERSRERE T AS =8
BAZREILEZ S, NI RCE B AR 1R
GER . FETN[R] R O SR FE AR T R BE R A
A, R R R b =B R IR R 4R SR AT
TEEMR . ZITEAMUBE B E I R IR A
B G F A SR AT, O B AR T IR B
I E IR RN C R

29 BARREM=tREERRNES RN
FR #3025 Y6 U (dynamic light scattering, DLS)
R e VR P R AR S 3, o =L R
Jii B H 20.00 mg/mL H41% 60.00 mg/mL I,
WRRLAS 73 A A2 AL, FES K 3 000 r/min B504L
P10 min, B EJE R IIRAR 73 A 16 D0 o hsr it B2
25 C, ArERIAiK, WK 633nm, TR
9 1.330, =-LREHREWREH 20.00 mg/mL 1
B2 60.00 mg/mL B (& 1), B 22501
RAAEDMARIHE DT (<10nm) FIREES (=10
nm) [FZREN N H. BE - LA BHRBEIRE
1 20.00 mg/mL %5 T+ 2 60.00 mg/mL i, DLS i
R RER, Bt &iEZ D R ST, K
R (20.00 mg/mL) i, JEARIAR /> Al 3 2
ELHTE 105 nm Aifa; JREWRETEE 30.00 mg/mL
B, BRI /A0 B R 24 120 nm; 40.00 mg/mL
i, R AR —0 F B A4 135 nm, FEHIESE
W& A BEHN: 50.00 mg/mL I, KiAR AR B LN
150 nm, H/MRiARXAE A IS ES: fEixE
WRIZ 60.00 mg/mL I, Rife 5 A5 WA BiX FZ) 1065
nm, A 2R 5 IR R AR 43 A ity S A . R

—=— 20 mg'mL™!

—= 30 mg'mL™!

40 mg'mL™!

—v— 50 mg'mL"™!
60 mg'mL™!

&/ 1 \ - j%;%‘\ik.#fq

,

100 1000 10 000
Hif%/mm
1 BARRERE 20~60 mgmL™ K ZENHREE
Fig. 1 Particle size distribution at 20—60 mg-mL™" solute

concentrations
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SN ER I8 7 B AT 02,
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R, RSN = LR 25 RN
SEEATNEAWEMIREER. b =taai
H o KBE R R K =i oo, Hpsegetk e 7
TR AT I AR R AR B 5 AT e U . T
BLER N 2 — 28 238 7 4 2 b B i 7K AH HLAE H
KA, AT R R A sE . e, M
BT SO i il 5557 K J5 (A1 J& BBl (1) 7K Ak 2 5 38 5
Bk 4k G, IR 5 5 S R AT, &
MTIEJE 5 NapSO4>MgS04>KCl. # 2, B £ KCl
FEAGIR S AR A e s RS, (RLE SR BE I
K 57K e G R KA 2544, I SR 8. N2
TREBUEE (Rby MR EERMBAER N E 555
IRH A, FLAIN e i 1 LA R R B K e o) fi
WEEM R T FIEM . B R B4 A B
FAEon, =R R R ) N A RS R A A
2, 3R AT RS M AR 43 8 A A R PN Ik I R
AT A

BEAERRI IS4, BBy Tie
AR B R E . TR R = LR
Hor sz, A REIS5 6 KA AR 71 A
B, R R R AR BN R AR, S =R
BH S FREIEES R, RHERAKEERIAS
TR, FEE IR T o R S O A
SRR W B B gk =B R B TR U
WK R, Y=L R 2T REREELTH cMC
i, BT KR 4G TR . B
VR R EIR B (TE R, 4 AR ISR A R R
e b TE, RAREE R AR R, gilmfae ikl
LT

BT RBIEEILATH 0 B, WA RN 90%
I, KRR My 7T DAFR R IR AR M
SAANFBILA T AR EA R, R
BTN 90%H FIRFAE My, S PN BB LA . 45 B,
1020 mg/mL B, NS =M EH )L FAS 554,
NZ ZIE M BB RSB A S S A TR 30~
60 mg/mL I}, SEH My HZ) 5960 39 225 9 420,
SN R T B R B AR R IR AR T B A
7] o R B IR R LS, AR AN = E AR
TR RS GAT AT T e ERAE, BOVENHE
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