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Abstract: Objective The PK-PD binding model of effective component (total astragaloside, total flavonoids of astragalus, astragalus
polysaccharide, and glycyrrhizic acid, HLDC) of Huangqi Liuyi Decoction against diabetic nephropathy was established, and the
dynamic changes of HLDC component in diabetic nephropathy rats and the relationship between HLDC component and drug effect
were clarified. Methods The rat model of diabetic nephropathy was established by high-fat and high-sugar feed and streptozotocin
(33 mg-kg™) injected into the tail vein. After single or multiple oral administrations of HLDC (1.320 g-kg™"), the plasma contents of
astragaloside IV, ononin, formononetin, calycosin-7-O-beta-D-glucoside, calycosin and glycyrrhizic acid were determined by HPLC-
MS/MS at different time points, and tumor necrosis factor-o (TNF-a), vascular endothelial growth factor (VEGF) and interleukin

were detected by enzyme-linked immunosorbent assay (ELISA). The pharmacokinetic (PK) parameters of each component were
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fitted by using WinNonlin 8.2 software, and the aging relationship was fitted to get PD. The PK-PD model of HLDC is established
according to PD parameters. Results The results of pharmacokinetics showed that compared with a single administration, the ¢, of
each component of the model rats was advanced after repeated administration except calycosin-7-O-beta-D-glucoside. T, of each
component was delayed. Except glycyrrhizic acid and calycosin, the AUC of all components increased. The pharmacodynamic
results showed that the inhibitory effect of the drug increased first and then decreased while the drug concentration gradually
decreased. Except for astragaloside 1V, TNF-a, VEGF, and IL-18 in the single-dose group, the peak time of the drug effect was
longer than that in the blood concentration, and there was a lag effect. PK-PD binding model showed that the blood concentration of
six components in single and multiple doses of HLDC and their pharmacodynamic data could be well fitted. The corresponding drug
effect value can be calculated by the blood concentration of six components such as astragaloside IV, and the corresponding blood
concentration can also be calculated according to the drug effect value. Conclusion The results of the PK-PD model are by the
Sigmoid-Emax model, and the levels of inflammatory factors such as TNF-o, VEGF, and IL-18 have a good correlation with the
concentrations of six blood component drugs such as astragaloside IV in HLDC. The active components of HLDC play a role in
preventing and treating diabetic nephropathy and significantly improving renal function, which may be related to inhibiting the
secretion of inflammatory factors such as TNF-a, VEGF, and 1L-18.

Key words: Huangqi Liuyi Decoction components; diabetic nephropathy; pharmacokinetics (PK) -pharmacokinetics (PD);

astragaloside 1V; inflammatory factor
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1-astragaloside IV ; 2-ononin; 3-formononetin; 4-calycosin-7-O-B-D-glucoside; 5-calycosin ; 6-glycyrrhizic acid; 7-puerarin (internal standard).
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Fig.1 Chromatogram of mixed reference solution (A), test solution (B), and blank plasma (C)
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Table 2 Calibration curve and LOQ of six components in mouse plasma

2% A Gy r L PEVE M/ (ng-mL™) LLOQ/(ng-mL™)
RS R Y=0.001 1 X+0.066 5 0.999 7 2.58~725.00 2.58
TEAR AL Y=0.108 5 X+0.008 8 0.999 5 0.15~45.15 0.15
TEARAE R Y=0.060 0 X+0.052 9 0.999 4 0.02~58.25 0.02
28 e B R W Y=0.034 5 X+0.011 4 0.999 2 0.05~81.45 0.05
AR Y=0.010 4 X-+0.006 3 0.999 2 0.25~62.80 0.25
HERR Y=0.001 6 X+0.039 9 0.999 1 4.07~2 865.00 4.07
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T 253 % 5 8, ad S8 W (A (1,0 ik IR
JE(Co) ~ TH B 3 W () 25 B i 28 R
FCAUC) R M o3 A 583 (V /B Ay B % (CL/F) AH
KB . A BOE ) xks 275, K H SPSS.26.0 4
HEAT ehar B, BUR L Uk 4 2 AR TR 2 R 22 IR 4 2
Y ZH 1 2H TA) 22 e, g A5 I TA) R I A R R A
[ # B, K H GraphPad Prism8.0.1 % il 2 - i i
LK.
3 %R
3.1 PERRERABRERESLZEN

A G A 6 KK R BT, BE LR I B A 4
K Bl FBG=11.1 mol-L™", 24 h U-Alb=>30 mg, &I
3 PR, 55X A B, B A KR FBG.
Scr \BUN.TC.TG.LDL-C .24 h U-Alb .3 Ff 48 ffy
Al 7 7K *F (TNF-a . VEGF . IL-18) % 57 i # (P <
0.01) , ¥ 1 T % B 2H K B, 3% B B JR 0 B 0 A
RUK) R , A 18 WM, iR 75% . H 5
PR KR, B KRR 20 B 1 21K .
ZR.ZE ERETHEERERK =2 b7
FE IR, 5 Bt BLAS R R BE A Ak B BRIV W B A
i B SR IR BRE IR o

®3 MREEDABREXENERHRNLE R (2+5,n=6)

Table 3 Detection results of related biochemical indexes in control and model rats (r+s, n=6)

2H 51 FBG/(mmol-L™") Scr/Cumol-L™) BUN/(mmol-L™) TG/(mmol-L™") TC/(mmol-L™)
Pl 5.74+1.00 41.61+8.02 14.06+2.14 0.57+0.07 0.55+0.11
) 16.52+2.52™ 74.52+14.05" 28.82+5.65" 2.11+0.43" 1.67+0.33™
ZH ) LDL-C/Cmmol-L™") 24 h U-Alb/(mg-d™") TNF-o/(pg'mL™") VEGF/(pg-mL™) IL-18/(pg-mL™")
Al 0.23+0.04 19.23+4.25 49.17+3.29 47.43+4.51 22.39+2.59
i) 0.43+0.09™ 65.10+8.07" 74.17+5.80" 62.43+5.87" 31.89+4.14

XA R - P<0.01 ""P<<0.001.
P <0.01 ""P<0.001 vs control group.
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Fig.2 Drug-time curves of six components in diabetic ne-
phropathy rats after single and multiple administration of
HLDC (x+s, n=6)

TERE R K AR P, S Wi = B
Sr T P R 2 B Y T e A AN R 1) 24 - it
BRI EE 2 W, oA AR R IR 2 IR ig A T
HLDC J& , £ 5 /R 15 9 K B P, 38 B8 B L P54
TEH VTEARAE 2R L 6 88 e 2o 6 26 B 1 L 6 8 e B
IH B8 (14 24 - B 1 22350 2R YU B8 %2 U s HLDC BRI
S DAY R B 6 AN 120 110 % B ) e I 245 R FE K
ZART 2 IRGEHIBIIH KR

BRI 2 IR ig 47 F HLDC J& , 6 AN il 43 78 i A
KERAEHNZ¥SHERNEKL SRER,ig
45 T HLDC Ja , 5 R G 4L, 2 R4 245 1) 35 18
A ¢, Coon AUC,, 2 35 JF 5 (P<<0.05.0.01) ,
MRT & 2 B& ik (P<<0.01) ; T W 1 1F C,, & & T+
B (P<0.05); TS W6 % t,,~ AUCMRT. V,/F & &t
1 (P<<0.05.0.01), CL/F & 3% [# 1% (P<0.05) ; B
S W A O . Ca AUC, ., 2 3 T i (P<
0.05) ; & & 5 ¥ W 1, V/F & # Tt &= (P<0.05.
0.01), AUC, , & 2 FF 1K (P<<0.05) 5 H H & ¢, -
C,.~V,/F & #T & P<0.01),t,AUC, . .MRT
i PR (P<<0.05.0.01),
33 HLDCEX.ZBRAEKRFE 6 NP ERERKRRFS
RIRE KR A A PD iR

IR AR5 258 2 A TR P e 78 KRR I
G 7 TNF-a. VEGF . IL-18 3 AN 24 236 b5 , H Pl
PR 170 A 58 3000 o 8 R L1 3 AASG5 SRR 4, BAUR 2 IR

x4 BERFERKRHLDC 2RKZXEHE 6B MR FESE (1ts,n=6)
Table 4 Pharmacokinetic parameters of six components in diabetic nephropathy rats after single and multiple
administration of HLDC (r+s, n=6)

D %x A t/h tya/D Cpoo/(ng'mL™")  AUC,_/(hngmL™) V,/F(mL-kg™) CLIF MRT,_/h
S - 0 v ’ £ (mL-h-kg™) o
FEEE R 8.62+1.40 3.50+1.22 308.99+89.58  1872.22+161.16 217.464+24.42 17.651.67  12.96x1.79
H 2R 9.84+1.5770.34£0.18  426.13+31.53" 2 196.14+211.65" 221.93+30.14 15.74+1.43  9.79+1.66™
TERITE IR 4794078 0.23£0.13  2.40+0.54 18.16+1.26 3 243.34+605.93 468.29+30.78  16.93+0.77
H 2R 4.98+1.03 0.23£0.13  3.51+0.84 18.86+1.27 3235.29+788.31 447.00£25.88  17.43+1.00
PERRAE Bk 3574049 1.11+1.46  6.81+1.27 17.78+1.00 2 402.18+398.08 465.40£26.33  7.05+1.15
F O ZWI11.17£2.69™ 0.17£0.00  7.78+1.58 22.77+2.79™ 5588.90+786.55™"  354.73+47.58" 8.27+0.60"
LA IR 12274243 0312034 8.94+1.51 22.97+2.56 47 666.33+10 259.87 2 687.87+257.33 10.40+0.75
SRR 2% 15.98+43.43  0.50£0.00°  18.43+6.95" 26.52+4.16" 52 433.22410 573.09 2 307.35+342.45  9.71+1.02
PR
BT AR 5384229 0.53+027  28.55+6.39 81.90+14.65 494.14+205.66 63.39£11.76  10.91+2.65
Wil £k 9.25+2.00° 0.45£0.13  29.51+6.62 65.35+7.87 1 004.77+267.46™ 74.924928  10.15+£2.49
HEE Bk 7.0240.55 3.33+0.52 1755.48+443.46 18 154.4441 46433  569.22+42.72 56.37+4.73  12.58+0.90
Z W 9.64+£1.0770.9240.20™ 2 634.43+£371.16" 16 511.50+£1 301.20  867.57+114.35"  62.41+4.82  10.51+0.84"

ok

HRREE A R T P<<0.05 TP<<0.01 ""P<<0.001.

"P<0.05 "P<0.01 "P<0.001 vs single dose group.
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Fig. 4 Plasma concentration-time and effect curve of six components of HLDC in diabetic nephropathy model rats after sin-
gle administration (n=6)
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R5 BR.ZREHEPK-PDERSH (n=6)
Table S PK-PD model parameters of single and multiple dose groups (n=6)

N P BRI ZIREZH
TNF-a VEGF IL-18 TNF-a VEGF IL-18
T E, 66.35 56.24 28.12 65.33 59.37 28.17
Ke, 0.13 0.10 0.09 0.85 0.90 0.62
ICy, 8.68 X107 1.97X10° 3.14X10° 5.85 2.80 3.25
Gamma -1.83 -2.66 -2.42 -3.66 -7.15 ~7.49
TERRTETT E, 62.70 48.71 25.11 65.07 59.98 28.32
Ke, 0.92 0.94 031 0.36 0.32 0.79
1Cs 2.12 1.27 0.64 3.79 5.00 3.80
Gamma  2.58 1.81 2.44 4.12 5.64 4.01
TRE R E, 62.51 48.82 24.75 32.56 20.11 10.01
Ke, 0.09 0.44 0.24 0.09 0.71 0.67
ICy, 15.15 2.99 5.38x10" 4.89 6.51 453
Gamma  1.68 1.70 1.11 0.96 0.99 1.12
B 8 e I T W Y E, 62.66 58.88 29.10 55.15 49.59 23.81
Ke, 9.49X 107 1.01 0.31 9.29X 107 0.28 0.30
ICs, 7.52 0.27 1.07X10%  16.03 17.49 14.43
Gamma  2.15 2.06 2.53 1.69 223 1.66
B8 e E, 61.76 56.32 28.23 53.87 49.00 23.89
Ke, 0.97 131 1.04 1.04 0.54 1.14
ICy 534X 10" 3.66X10° 6.60 X 10° 0.20 0.25 6.77
Gamma  -2.21 -1.68 -1.79 -0.51 0.30 -1.21
EEA E, 61.86 56.35 28.21 64.55 59.83 28.18
Ke, 1.41 1.15 1.19 1.20 1.43 1.41
1Cs, 4.53 1.34 1.07 1.01 31.76 2.47
Gamma  -2.29 -3.40 -3.88 -2.21 -3.19 -3.31
AT 5T 3@ it HLDC 5% J 2 IR %5 2 & PK W PE SRR RIS o ARAE & o 5 3 AN 2R AR IC,

FLEERRI, SRIRGZMIL, ZIREH )RR T E
55 S TR A TR A AR BRI A T R 1
IFEHT 5 5 57 Cop 3K 1, 3 IE K B T H R
BRI SR 0 AUC YT &, 2 IR %
Zfa , EWHER KEH—EER, FEAUCH I B
B BEEAL , S R 1 CL/F BB AR 2 k%
2l Ji B A bR AT A Y B ARG 1 R IS () 4iE
Ko, B PRI B RS TN KR B T R B4R 4, o]
RE A2 24 P HE S B 02 0 R IR 2 — o UL 2T
LRGSR IR A IEOL T A% A %=
5, HLAHTE 7025 £ 201 PR FH 24 8 K T, WA s 56 85
G IR Z R 25, B A IGR A2 2 E 0 E .
Hi PK/PD 2 8 S HUR B, M T B IR 2544
Z R J5 6 4 WA 5 34 2R BR 1) Ke, 1 1C, (H
WA, WA T Z IR H G, 2N R IS T I 2 ik
JE (IS ) JB2 - BRI 4 240 3 I B I, T BB R 22 IR 4
2 Ja KR AR W 250 7= A2 T T 2 1 )3 B2 s
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R6 BR.ZREEHEPK-PDEE
Table 6 PK-PD model of single and multiple dose groups

PK PD PK-PD #5i7
marker  marker BRI Y LR
WIEH T TNF-0 E=66.35X{1—Ce"¥/[(8.68X10°) " +Ce'®]} E=65.33X[1—Ce**/(4.88°+Ce )]
VEGF E=56.24X{1—Ce>*/[(1.97X10°)2%+Ce>*]} E=5937X[1—Ce™/(2.807"+Ce™*)]
IL-18 E=28.12X{1—Ce>?*[(3.14X107)*?+Ce>?]} E=28.17X[1—Ce7*/(3.257*+Ce*) ]
TRIETF TNF-a E=62.70 X [1—Ce*¥/(2.12*%+Ce***) ] E=65.07X[1—Ce*(2.61**+Ce*'?) ]
VEGF E=48.71X[1—Ce""/(1.27""'4+Ce"*)] E=59.98X[1—Ce**/(4.01°%4Ce**") ]
IL-18 E=25.11X[1—Ce**/(0.64**+Ce**)] E=28.17X[1—Ce*"/(3.80*"+Ce**") ]
PRAE R TNF-a E=62.51 X[1—Ce"*/(15.15"*+Ce'*)] E=32.56X[1—Ce""/(4.89""+Ce"*)]
VEGF E=48.82X[1—Ce"/(2.99'4Ce'™)] E=20.11X[1—Ce"*/(3.76"”+Ce***) ]
IL-18 E=24.75X{1—Ce""/[(538X10")""+Ce""]} E=10.01X{1—Ce""?/[(5.38X10™)""2+Ce""]}
FBEFH TNF-a E=62.66X[1—Ce*'"%/(7.52*54+Ce*'*) ] E=55.15X[1—Ce"*/(8.19"+Ce"*)]
fiH & FE  VEGF E=58.88X[1—Ce**/(0.27*%+Ce**) ] E=49.59 X [1—Ce**/(17.49**+Ce**) ]
i) IL-18 E=29.10X {1—Ce*¥/[(1.07X 10)**+Ce**]} E=23.81X[1—Ce"*/(115.46"+Ce"*)]
FEFH TNF-o E=61.76 X {1—Ce??/[(5.34X 10> +Ce??]} E=53.87X{1—Ce™/[(1.02X10™)""4Ce™"]}
1] VEGF E=56.32X{1—Ce /[ (3.66X10™)74Ce "]}  E=49.00X[1—Ce"*/(0.25*4Ce"") ]
IL-18 E=28.23X{1—Ce""/[(6.60X10™)"”+Ce'™]} E=23.89X[1—Ce™*/(10.26™"*'+Ce ") ]
HEEE  TNF-o E=61.86X[1—Ce™*/(4.537%+Ce™*)] E=64.55X[1—Ce?/(1.01**'+Ce )]
VEGF E=56.35X[1—Ce>*/(1.347%4Ce>*)] E=59.83X[1—Ce™"/(37.01"+Ce™*" ]
IL-18 E=28.21X[1—Ce™*/(1.07°*4Ce?*)] E=2818X[1—Ce™*"/(1.07**'+Ce™**") ]

FLITVE M 2 FEPE R R, B A PK A PD 2 37 £ 5 A
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T sh W) S 56 8 57 PK-PD AR AL 2 vp 24 22 A VE R
RICPETIE 70 11 B B T L, o e 24 4 o R At K% A ML
o0 LA E i (P
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e A K. B SRR, 5
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i 2 1) TNF-ou i 23 5 350CE WE [ A 240 M 14 56 , 5 m 28
SiE AT AR I, T A5 B E AR T IL-18 & —Fh
R MEgH MR 7, e R 1 el B 2R, 5l i
L2 i 5 4, 8 N A2 2% 1 DKL 1 11 43 9 o R 98 I
N, I 98P R 7 K P T v 2 5 R IS PN ) 5 A8 4k
5 40 B B P, B AT 4R B A TR KR, R E Y
Wi R A, 35005 P9 R I o P 28 R ORT /N ER
ZA, o T BB B, 45 4% 10 YR 4R, AT
¥R VEGF /K 13R 1% , B VEGF 5 15 /)N BR 2 K i
AR SRR A= R, 7R ARSI 70 o, e 3
# TNF-a. VEGF.IL-18 /£ 4 PD ) % 45 b5 .

i 3 WinNonlin 845 1L 24 ¥ - B 18] - 25097 4
PEREAT LA, 3845 HLDC 6 > B0 76 RN % (1K
JE -1 B) 4 B PK/PD A58, 25 SR B, HLDC 3%

EFHSE 6 Mo 5 3425 A48 F5 (TNF-a. VEGF .
IL-18) REWS F 4 M AbL &, HA 75 & 4 R AL, 6
B 53 55 25 3R bR 2 1] 5800 B A L ok
R 2i)a , B I 259 B 20 A 1 RV, 2590 1)
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