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Abstract: Objective To clarify the efficacy of Fangji Huangqi Tang (Fi 2.3 5%, FHT) in improving spleen deficiency-induced
renal edema and screen and identify its active phase state. Methods The gradient centrifugation-dialysis method was employed to
separate different phase states of FHT. Physicochemical analysis of each phase was conducted using multi-scale characterization
techniques. A mouse model of spleen deficiency-induced renal edema was established for pharmacological evaluation. Principal
component analysis (PCA) was integrated to construct a comprehensive efficacy index for screening the active phase state. Results

FHT was separated into four phase states via gradient centrifugation-dialysis: true solution phase (TSP), colloidal phase (CP),
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suspension phase (SP) and precipitate phase (PP). Physicochemical analysis revealed significant differences among the phases in
salinity (SAL), total dissolved solids (TDS), electrical conductivity (EC) and pH. LC-MS analysis identified 105 compounds, with the
PP containing 102 compounds, including characteristic components such as astragalus flavonoids and tetrandrine. Pharmacological
studies demonstrated that FHT significantly alleviated spleen deficiency symptoms in mice with spleen deficiency-induced renal
edema, increased microalbumin (mAlb) and aquaporin 2 (AQP2) levels, and improved lipid metabolism disorders. The efficacy
decreased after phase-state disruption, confirming the critical role of phase-state structure in therapeutic effects. Each phase state
exhibited varying degrees of improvement in spleen deficiency and renal function indicators, with the comprehensive efficacy ranking
as follows: FHT > PP > CP = Yishen Huashi Granules (& & {LJZUf7). Conclusion FHT effectively alleviates spleen deficiency-
induced renal edema, with the PP serving as the key active phase responsible for its therapeutic efficacy. This study provides a scientific
basis for the use of FHT in treating renal edema and offers new insights for research on the material basis of traditional Chinese
medicine compounds and the development of nano-pharmaceuticals.
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Fig.1 Changes in FHT particle size and PDI at different decoction times (n = 3)
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Fig. 2 Particle size plots of each phase in FHT
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a-TEM image of TSP; b-TEM image of CP; c-SEM image of SP; d-SEM image of PP; e-UV-Vis absorption spectra of all phases; f-Radar chart comparing
physicochemical properties (pH, EC, SAL, TDS, RES) across phases; g-stacked bar chart of relative chemical composition for each phase; h-LC-MS
chromatograms of each phase (left are the positive ion scan spectra, right are the corresponding negative ion scan spectra).

B3 FHT SERMELER
Fig.3 Characterization results of each phase of FHT

#1 FHT ZEEERDEEDNEREEZBFE n=3)

Table 1 Quantitative results of major components and yield of each phase in FHT (n =3)

R U (mg-g ™)

Z7EL 322 /0
A 5w o FE3T BEL o %
FHT 23.65+1.12 21.244+0.92 455.40+0.26 24.25+0.08 33.09+0.21 23.79+2.07
PP 15.714+0.26 10.454+0.92 471.38+1.32 5.06+0.04 107.21+10.39 4.64+0.19
SP 7.71+£0.29 10.294+0.03 70.134+0.18 2.13+0.01 61.41+3.67 0.88+0.12
CP 27.114+0.21 18.44+2.18 21.36+0.31 2.53+0.00 58.83+1.34 13.60+0.33

TSP 15.944+1.03 8.12+1.78 46.221+0.02 0.8540.00 30.55+4.19 3.51£0.09
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7 7.

”P<<0.01 ""P<0.001, K& 5~

a-weight-bearing exhaustion swimming time; b-water loading index; c-rotarod fatigue time; d-holding power; e-number of rearing; f-time of rearing; g-

fecal water content; h-kidney index; i-spleen index; P-Yishen Huashi Granules group; P < 0.05 #P <0.01 P <0.001 vs control group; "P < 0.05

ok

P <0.01 P <0.001 vs model group, same as Figs. 5—7.
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Fig. 4 Effect of FHT on behavioral indicators and organ indexes of spleen deficiency edema model mice (X +s,n=38)
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Fig. 5 Effect of FHT on serum biochemical indicators of spleen deficiency edema model mice (X +s,n=38)
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Fig. 6 Effect of various phases of FHT on behavioral indicators of spleen deficiency edema model mice (X £ s, n=8)
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Fig. 7 Effect of various phases of FHT on organ indexes and serum biochemical indicators of spleen deficiency edema model

mice (X ts,n=28)
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R2 BERDNFETEER RATTEE
Table 2 Variance contribution and cumulative contribution rate of each principal component
o BIRRHIE(E FEBF-J7 AN
it T3 ZE TR /% FATTRE/% At T3 ZETTRE /% ZBTTHRE /%
1 62114 36.5376 36.537 6 62114 36.5376 36.537 6
2 1.553 1 9.136 0 45.673 6 1.553 1 9.136 0 45.673 6
3 1.2610 7.417 4 53.091 0 1.2610 7.417 4 53.0910
4 1.226 5 7.214 8 60.305 8 1.226 5 7.214 8 60.305 8
5 1.039 6 6.1153 66.421 2 1.039 6 6.1153 66.4212
6 0.926 0 5.446 9 71.868 0 0.926 0 5.446 9 71.868 0
7 0.760 5 44733 76.341 3
8 0.681 6 4.009 2 80.350 5
9 0.5899 3.469 8 83.820 2
10 0.5403 3.178 3 86.998 6
11 0.5059 29760 89.974 6
12 04223 24839 92458 5
13 03815 22441 94.702 6
14 0.309 8 1.8226 96.5252
15 0.236 4 1.390 4 979155
16 0.1858 1.092 8 99.008 3
17 0.168 6 0.9917 100.000 0
R3 ERNEHRBGER
Table 3 Matrix of principal component score coefficients
By TR T2 I3 For4 TGS FHisr6
X1 0.889 338 —0.000 227 0.003 246 —0.068 409 0.151 396 0.056 517
X2 0.768 645 —0.060 649 0.249 984 —0.074 867 —0.094 191 0.132 123
X3 0.708 332 0.017 608 -0.336 712 —0.142 340 0.175 135 —0.250 161
X4 0.705 974 0.260 619 —0.192 990 —0.035 182 —0.264 474 —0.284 326
X5 0.687 053 —0.169 467 —0.006 291 —0.063 392 —0.336 386 0.090 162
X6 0.684 154 —0.406 522 —0.061 201 0.075 560 —0.030 447 —0.091 328
X7 0.663 707 0.179 461 —0.324 141 0.061 933 0.122 641 0.339 892
X8 0.630 353 —0.112 423 0.100 006 —0.445 271 —0.182 454 0.086 103
X9 0.594 117 0.407 915 —0.418 398 0.144 872 0.017 951 0.046 346
X10 0.569 933 —0.098 805 0.115784 —0.504 676 0.197 791 0.092 435
X11 0.552 726 —0.388 170 —0.061 653 0.061 857 0.073 701 0.100 553
X12 0.531 637 —0.377 276 0.376 495 0.139010 0.128 943 —0.455 549
X13 0.527 758 0.543 732 —0.015 742 0.278 399 —0.080 957 —0.337 089
X14 0.331 965 0.519 367 0.455 879 —0.066 615 0.082 019 0.393 302
X15 0.450 575 0.242 797 0.529 956 0.291 981 0.398 627 —0.095 941
X16 0.274 525 —0.365 351 —0.235 628 0.531 499 0.366 244 0.281 989
X17 0.344 252 —0.124 076 0.224 785 0.484 129 —0.613 973 0.192 662
X (F=03654 F1+0.091 4 F2+0.0742 F3+0.0721 4 $iR

F4+0.061 2 F5+0.054 5 F6) 5, & T4
ST RHEFE N FHT >PP >CP > 25 "B AL i ki > Sp >
TSP ( 8), EIEAHAEF PP AHLEA P IS T 2
B ALV BRI ZH A CP 41, H B ERT SP Al TSP 41,
RIMBNT N . 2SR EKY], PP & FHT S35 e
B VK () SRR PEAR RS, NS 24 U o LA AT
Fipept 7 B

AT TR A B PR R, KRz i 7 B,
i 2 R B A R K B IE R A . SR
IR RS /N B IR R | v LR S AR 2R LR
A, B CPERHEE. KRR BN, SE0E
NERJES T RERERS A KA B 2S); gk i i fe H 4%
B OB, E 7 KBURERE, 3
PIAE T8 TR R R S T 2 RGP0 a2 5 f
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