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between polypharmacokinetics and chromatopharmacokinetics of the Chinese medicine compound formulas to demonstrate the
polypharmacokinetics and chromatopharmacokinetics study of 11 components in Buyang Huanwu Decoction (BYHWD), and to
explore their dose-time relationship, including the metabolic time and chromatographic retention time. Methods HPLC/MS was used
to determine the concentrations of 11 components such as astragaloside IV in BYHWD, and the polypharmacokinetic and
chromatopharmacokinetic parameters were calculated based on the established total statistical moment mathematical model of
Chinese medicine. Results The total moment parameters of polypharmacokinetics of AUCy, MRT; VRT; Clg and Vy of the 11
components in BYHWD were 4329 ng-h-mL”, 2.185 h, 5259 h% 82.59 mL-h”, and 1399 mL respectively, and the 95% metabolic
time interval was from O to 6.680 h. The total moment parameters of chromatopharmacokinetics of VUCy, MCRT;, and VCRT; were
457.5 ng-h-min-mL7, 5625 min, and 7.949 min® respectively, with a 95% time interval from 0.098 98 to 11.15 min. The RSD of the
total zero, first, and second moments of chromatopharmacokinetics at each sampling time—point were 86.09%, 2299%, and 7.587%
respectively, with the similarity basically above 0875. Conclusion The total statistical moment method of polypharmacokinetics and
chromatopharmacokinetics of Chinese medicine can represent the dose—time relationship of multi-component metabolism. Among
them, the chromatopharmacokinetics can also represent the compositional changes and chromatographic characteristics of the
measured metabolic components, laying a theoretical and experimental research foundation for clinical rational medication.
(Keywords] Buyang Huanwu Decoction; polypharmacokinetics; chromatopharmacokinetics; total statistical moment; dose—
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1 77.82+0.10 0.11£0.003 11.89+0.59 8.68+0.32  0.53:0.005  1.54:0.13 11.66:0.82 2.6820.12 0.51:0.21  8.60%0.16 17.30+0.88
2 28.38+0.47 0.06:0.009 3.11:0.31  3.680.07 0.48:0.004  125:0.08 337+1.00 1.87:0.02 0202001  5.07¢0.16  8.760.96
3 1542¢037 00620001  2.8420.15 1.51:0.12  0.47:0.001  0.68+0.07 3.3020.17 146:0.03 02320.01  2.84:0.19  6.3020.07
4 15.042046  0.06£0.003  2.080.14  0.72+0.02  0.48:0.006  0.47+0.12 2.480.12 1.06+0.02 02020.02  2.51:0.10  2.88=0.60
5 1045:028 0.06:0.003 1782002  0.68+0.03  0.43:0.001  0.37#0.10 2.31x0.16 0.87+0.05 0.17+0.01  2.83:0.07 1.95x0.16
6 8212032 0060015 1.67:0.05 0.63:0.06 0.44x0.000 3 0.5220.10  1.31x0.16 0.9120.05 0.1820.003  2.03:0.03  1.25:0.47
8 6.75£0.19 0.06:0.004 132+0.01 0.91£0.12 046x0.004  0.97:0.13 0.98+0.17 1.01x0.02 0.06:0.003 2.62:0.04  1.16:0.23
10 578045 0.05:0.005 2.05:0.06 0.24x0.18 0.43z0.000 3 0.63:0.01  0.48:020 0.96x0.02 0.09:0.004 223:0.24  0.98:0.31
R 3.66 3.89 3.9 4.61 5.14 5.302 6.17 773 8.37 10.72 11.03
A Ji] /min

3.52 e EER

2N [ 56 U K

300 L, 20 HAIA 300 Wi X S (0 F SR ARIATR, i

Ji€ 3 minJ5,13 000 remin" B0 5 min(EO4E 7 cm) |
H300 L FIHWE, R F &SRR T, 150 pL H s
B A SRR, 7E 4 °C .13 000 remin™ [
FAF B 15 min(BOFEAR T om) JEHC RV, %
AN, =20 COKFIPRAFBHEREIN E LI TR AR
Xk FE A TR N AR BRI LT e B R A I
W A AT SR BIBLER VE )1 E R

I EEEH AR R | TIRIEORER EEA N EE o
WIFE 1.72~22 000.0.063~16 000.0.37~4 700.0.74~

19 000,0.31~40 000.0.55~14 000.0.78~10 000,0.52~
6 700.006~7 000.141~18 000.1.68~43 000 ng-mlL"
WELRMECER MR FRE r 735124 0.999 4.0997 7,
0.999 7.0999 0.0998 2.0999 6.0999 3.0.996 5.
0.998 7.0.999 6.0.998 5, 4 IR FRILLT LT (D
A G LA IR B S I e SC R BT
K% E e PR IR 8 B 347 R il Y
I P 3 AN [ B TR ARE A VRORT R BRLZS 1 1
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W ALTT AT B EOR R e L 3 A5 T i
P , 25 R A AR B HR A 1) R e Mk A o
BTG E B HTEER,

4 BRESH

BABSHANFESHSRITESH

11 Aoy B 258 8l g 2 - R L3 2,
BRI 2, s SR ERATHIAS 22 AL (Y
3B 1 E IR, FEAT SPSS 25.0 BEATARZME
WER RN Y8 1228 IR IE (PR F
o ff i P == A58 [R] 2R ] MaS  Stadio HPFRETT

4.1

B UE AF BN N ERSE 11 R o254 80 12 il
LA A M R—= AL (P<0.01), TRULEE 3,
42 SBROMAGHHNZLRESITESH

3 (1)~ (10) AR5 BN W 1258
ISR, AR 3585 A Y Bl D1 G HE S
BN 45 BEGTHREAE I S,
43 EHEMNEEFRITESH

X 45 B[] 053 ) IRE 3447 4 S0 RIS 2 | 3 A4
SR ARG SR P TR 6, #l(11)~20(22)
()3 B2 B AL A i 2 10 S B g e A T
SAT BN A ORE R ) 0 11 PS5 8l 2 1 i i By

1201 0. 141 601
1001 ~0.121 ~ 501
7 ]
2 80 ?0‘10 é 40
. 0. 084 ¥
E 60 g 301
B go.%-‘ g
40 201
® 0. 041
201 0. 021 107
0 0.00 0
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
1 BRI H A el 2. I IrffEh 3. EAHF TR
121 141
1.6
10 141 121
o —~ 1.2 7. 101
3 8 _@ 1.2 é
; 1.0 S
&0 4 .
=S w0 0.8 i
B f N 8]
41 0.61
4-
® B ®
21 |
]I 0.2 2
r
0 . r T T : 0.0 y . T T 0 T - T T
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
4. AT et/ 5 ELE e/ 6. BB IE e/
301 3.01
5
251 2.51
~ ~
7 7 ~ 4
g 20 g 201 %
& o T
£ 151 151 i
@ @ g 2-
0 1.0
=g & B
®
51 0.51 11
0 T T r T ¥ 0.0 T T r r r 0 T T —t
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
7. 915 R AT il 8. HIEHE il 9. THATE I R [l
161 28
144 24
~ 1 -
,‘é .‘é 20
E 10 e
¥ g4 &
g Z 12
B 6 oy
X 4] X 8
24 4
0 T . . . . 04 . . . " :
0 2 4 6 8 10 0 2 4 6 8 10
10, T4 EEFEHL i)/ 11. B4 A g Bl

2 FMPREFIAH 11 FNIMAL S B 24 - B B 2%
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R3 FBAERG 11 BN D AN N FESH (v4s,n=3)
ZH B4 IER WA CE A LR PIBRR PRI OUEE L BRI SRR R THRARI B

WE A
Ka/h™ 4124050 3712062 429:069  2.85:058  16.63:024 12.53:0.52 3.87+0.63 3.94:1.04 8.57:097  1.98:0.04  2.84:0.13
K/h! 051£0.03  0.1:001 105+0.13 0520093  0.23:0.003 0.74+0.03 0.63x0.051 0.19£0.02 0.80:0.08  0.46:0.05  0.69:0.08

Tin(ka)/h 0.17+0.02 0.19+0.03  0.16+0.03 0.25£0.06  0.042+0.0006 0.06+0.002 0.18+0.03  0.18+0.04 0.08x0.01  0.35:0.007 0.24:0.01
Tin(K)h 1.38+0.09 642+0.64  0.67£0.08 1.35+0.22 3.04+0.04 0.94+0.03  1.11x0.09 3.62+0.50 0.87+0.09  1.52+0.16  1.01:0.12
AUC/ 203.70+5.38 097+0.06 5246+1.82  20.76+0.86 5.26+0.04  13.39+0.16 40.05+£1.3 14.65+0.84 4.8+0.26 30.20£0.69 46.56+1.53
(ng+h-mL")
tuo/h 0.58+0.03  0.99+0.09  0.44+0.03 0.74+0.05 0.26+0.002  0.24+0.005 0.57+0.04 0.82+0.11 0.31+0.01  0.96+0.034  0.66+0.02
Coo/(ng'mL?)  76.46£1.28  0.09£0.002 34.48+1.17 7.30+0.22 1.13£0.007  8.29+0.11 17.53+0.96 2.40+0.09 3.01x0.03  8.90+0.49 20.30+0.83
C/(ng'mL™)  102.8+4.84  0.11:0.005 54.83:6.27  10.83£1.45 1.20+0.01 9.90+0.22 25.06£2.62 2.83x0.22 3.86+0.19 13.85£1.18 32.04£2.70
V(mL) 99.00+4.77 223.10£13.36 132.40+14.30 129.70+16.13 585.60+4.46  161.40+3.59 150.2+16.7 280.1+22.4 369.9+312.6 204.6+18.2 163.9+14.0
CL/mL-h™)  49.88+1.35 2 060.00:93.52 137.4024.72  66.94+2.82  133.60£0.87  119.30+1.43 93.32+3.08 53.98+3.00 279.2+234.1 93.44+2.14 112.30+3.70

Xo/ng 10 160 216.0 7 202 1 388 703 1597 3 735 789 2 062 2 821 5226
=hil L‘Aﬁi
PR <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
FRS(P)

R4 FBEEFRG 11 FNMES BN NZHZERITESH (v ,n=3)

% AUCy/(ng-h-mL™) MRTy/h VRT/h? CLy/(mL-h™) Va/mL
FRILIEE AR A 203.70+5.38 2.23+0.11 4.02+0.53 49.88+1.35 99.00+4.77
JIIEEY = 0.97£0.06 9.54+0.89 86.5017.07 223.10+13.36 2 060.10£93.52
WA 52.46+1.82 1.20+0.068 0.100.18 137.4x4.72 132.40+14.30
SERE 20.76+0.86 2.31+0.23 3.99+1.10 66.94+2.82 129.70+16.13
TR 5.26+0.04 4.4520.06 19.23+0.53 133.60+0.87 585.60+4.46
R 2R 13.39+0.16 1.43+0.04 1.84+0.13 119.30+1.43 161.40+3.59
N AR 1 40.05+1.33 1.87+0.10 2.67+0.43 93.32+3.08 150.20+16.70
Cgietihes 14.65+0.84 5.48+0.67 27.64+7.85 53.98+3.00 280.10£22.40
R VI 4.84+0.26 1.380.11 1.6120.30 279.20+234.1 369.90+312.60
R (E% SUN 30.20+0.69 2.70+0.23 5.10+1.05 93.44+2.14 204.60+18.20
BN 46.56+1.53 1.82+0.16 2.28+0.50 112.30+3.70 163.90+14.00
MEGTHE 432.90+7.54 2.19+0.10 5.26+0.77 82.95+1.46 139.90+8.09
Ty 39.35 3.05 14.17 2273 290.9
RSD/% 145.50 82.33 179.7 62.40 202.9

RS ABERF 11 NS EWENFH B E5THERME
BRELATOR A NS whCH ATEH F2R PR BIESNER D WP SWERR THRERB RANE S8

FENE AR 1 0.291  0.605 0985 0.576 0.750 0.879 0.486 0.717 0.900 0.841  0.935
BN 0.291 1 0152 0292 0577 0.201 0.241 0.672 0.189 0.329 0226 0322
AR R 0.605 0.152 1 0.596 0313 0.838 0.709 0.259 0.873 0.523 0739 0.575
SERD 0.985 0292 0.59 10579 0739 0.870 0.488 0.707 0.910 0.834  0.930
H2ER 0.576 0577 0313 0579 1 0405 0.486 0.884 0.383 0.645 0458  0.622
W LR 0.750 0201 0838 0739 0405 1 0.861 0.338 0.964 0.658 0.886  0.715
FRILLIAEROE A 0.879 0241 0709 0870 0486 0.861 1 0.407 0.828 0.783 0961  0.828
BEGES 3N 0.486 0672 0259 0488 0.884 0.338 0.407 1 0.319 0.548 0382 0.529
BT 0.717 0.189 0873 0707 0383 0.964 0.828 0.319 1 0.627 0.856  0.683
WA 0.900 0329 0523 0910 0.645 0.658 0.783 0.548 0.627 1 0.748 0910
INELS 0.841 0226 0739  0.834 0458 0.886 0.961 0.382 0.856 0.748 1 0.791
P8 0.935 0322 0575 0930 0622 0715 0.828 0.529 0.683 0.910 0.791 1

] 0.747 0374 0599  0.744 0577  0.696 0.738 0.526 0.679 0.715 0.727  0.737
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F o6 HHEEF 11 AR IELEEZES T
$ESE (ks ,n=3)

HUEERF ] /min+ AUCy/(ng-h-mL™) ~ MCRTy/min  VCRTymin®
0.08 52.16+0.92 5.82+0.08 8.59+0.23
0.17 88.55+2.88 538:0.16  7.11x0.71
0.25 110.4£0.76 5.310.05 6.74+0.21
0.33 133.5£0.55 5.37+0.03 6.730.13
0.42 163.242.11 5.35+0.01 6.44+0.07
0.50 182.4+2.82 531:0.06  6.38+0.18
0.58 214.1+4.62 528+0.07  6.26x0.23
0.67 225.7+5.56 5332009  6.65:0.32
0.83 186.9+3.75 544+0.04  7.18%0.16

1 141.3+1.23 540£0.02  7.66%0.17

2 56.23+0.74 5.88+0.08  9.19+0.49

3 35.09+0.75 6.110.01 9.34+0.04

4 27.97+0.37 5.560.13 7.88+0.45

5 21.890.53 5.80£0.04  8300.16

6 17.21£0.33 5.64+0.17  7.66+0.62

8 16.29+0.31 5.9620.07 8.3620.11

10 13.91£0.51 5.89+0.09 8.5420.24

pesy 490.5+58.15 5.42+0.03 7.04+0.12
Ty 99.22 5.58 7.59
RSD/% 76.08 4.92 13.19

JE L —OVHE B EESR, IR 7 R

SeitsE A

5 itig

AT DGR TR T R
T sh 12 SRk s AR W ST vk . AR
R SEXHE G 2 W) 8y ) 2 I AT e 4, AR A%
i/l\ﬁiéj\%éﬁiﬁﬁé%ﬁ PRGN A

FTEAA LAY S IR SR R GE AR S8, oAb
iﬁﬁl(Taﬂor)%}ﬁﬁH@?ﬁJﬂf(Fourier)%?ﬁé%“ﬁ%ﬂ@é&
B B S R HEONSHOA Gt S5
E’Jélz%”ﬁxﬁﬁﬁﬁ 5 [ FF 5 114 1 20 EL A (1
Gevh , BB e SRR I S F AR B 82 B AR
F, P B RG24 W sh 1 2RO
AR, G R GE T  GE T A A
RS T (1-D) BERX (22) W 5 T 259 8
T2 GG s 2 E AR 5 2R R | B85 T P2
027 R SC R I B G 5 s AR R

% ﬁ&%ﬂb&?ﬁ?ﬂ%‘ Xﬂ‘llﬁl‘?l‘[ﬁﬁ
WA MUSS 25 8h 2% K B Gt s G sh ¢
SIS TR T ANEIR H 11 ﬁl‘
NI ST EPIE == S ESIN EqlPe xR
K LB ITE 0.5~1 h KB W ,6 h J5 K

IBES T3 8, IR R BARMRAY K . 2 AR LA 1L I MaS
F®7 APEEEF 11 MM SHESIERERITESH (545 ,0=3)
A I AT A ik
U VUC/(ng-h*min-mL™")  MCRT¢min VCRT/min? VUC/(ng-h-min-mL™")  MCRT/min VCRT/min?
0.08 2.17+0.038 5.82+0.08 8.59+0.23 3.23+0.12 5.82+0.07 5.56+0.28
0.17 8.04+0.20 5.62+0.08 7.97+0.30 11.23+0.32 5.20+0.07 5.76+0.26
0.25 16.33+0.35 5.48+0.08 7.45+0.35 22.22+0.49 5.22+0.06 5.94+0.25
0.33 26.49+0.38 5.43+0.05 7.18+0.23 35.06+0.57 5.24+0.06 6.08+0.23
0.42 38.85+0.39 5.40+0.03 6.99+0.16 48.96+0.57 5.26+0.05 6.21+0.21
0.50 53.25+0.47 5.38+0.03 6.83+0.15 63.41+0.51 5.27+0.05 6.33+0.19
0.58 69.77+0.39 5.36+0.04 6.71+0.16 78.03+£0.47 5.29+0.05 6.43+0.18
0.67 88.09+0.52 5.35+0.04 6.66+0.16 92.58+0.54 5.31+0.04 6.52+0.16
0.83 122.5+1.29 5.36+0.04 6.73+0.15 120.8+1.00 5.34+0.04 6.68+0.14
1 149.8+1.61 5.37+0.04 6.85+0.14 147.4+1.58 5.36+0.03 6.80+0.11
2 248.6+1.63 5.47+0.01 7.37+0.04 266.3+3.15 5.45+0.02 7.22+0.05
3 294.3+£1.94 5.52+0.01 7.70+0.03 333.6+2.05 5.48+0.02 7.36+0.02
4 325.8+2.35 5.55+0.01 7.81+0.04 372.2+1.42 5.50+0.02 7.42+0.002
5 350.7+£2.13 5.56+0.02 7.83+0.05 394.8+2.66 5.50+0.01 7.45+0.01
6 370.3+1.95 5.57+0.02 7.85+0.03 408.4+3.96 5.51+0.01 7.44+0.01
8 403.8+2.44 5.96+0.02 7.87+0.02 421.9+5.71 5.51+0.01 7.44+0.02
10 434.0+2.90 5.61+0.02 7.91+0.03 427.4+6.59 5.51+0.01 7.43+0.02
o8y 457.5+2.18 5.63+0.02 7.95+0.03 432.9+7.54 5.52+0.01 7.41+0.02
T 192.2 5.50 204.5 5.37 6.75
RSD/% 86.09 2.30 83.72 2.35 9.84
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F8 AMRAZERG 11 TN E S FH S BRI ERUE
A li)/ BRGEHABLE(S) B
min 008  0.17 025 033 042 050 058 067 083 1 2 3 4 5 6 8 10 0.945
0.08 1 0.968 0944 0933 0927 0921 0916 0914 0916 0.920 0.938 0953 0959 0960 0.961 0964 0.967 0.969
0.17  0.968 1 0976 0965 0958 0952 0947 0944 0947 0951 0970 0985 0990 0991 0993 0.995 0998  0.999
025 0944 0976 1 0.989 0982 0976 0971 0968 0971 0975 0994 0.991 0985 0984 0983 0980 0977 0975
033 0933 0.965 0.989 1 0993 0987 0982 0979 0982 098 0994 0979 0974 0973 0972 0969 0.966 0.964
042 0927 0958 0982 0.993 1 0994 0989 0986 0989 0993 0986 0972 0967 0966 0965 0.963 0959  0.957
050 0921 0952 0976 0987 0.99 1 0995 0992 0995 0998 0981 0.966 0961 0960 0959 0957 0954 0952
0.58 0916 0947 0971 0982 0989 0.995 1 0.998 0.999 0995 0975 0.961 0956 0955 0.954 0951 0948  0.946
0.67 0914 0944 0968 0979 098 0.992 0.998 1 0.997 0993 0973 0959 0953 0952 0951 0949 0946 0944
0.83 0916 0947 0971 0982 0989 0995 0.999 0.997 1 0995 0976 0961 0956 0955 0954 0951 0948 0.946
1 0.920 0951 0975 098 0993 0.998 0995 0.993 0.995 1 0.980 0.966 0960 0959 0958 0956 0953 0951
20938 0970 0994 0994 098 0981 0975 0973 0976 0.980 1 0985 0979 0978 0977 0974 0971  0.969
30953 098 0991 0979 0972 0966 0961 0959 0.961 0.966 0.985 1 0.994 0993 0992 0989 0986  0.984
4 0959 099 098 0974 0967 0961 0956 0953 0956 0960 0979 0.994 1 0999 0997 0995 0991  0.989
5 0960 0991 0984 0973 0966 0960 0955 0952 0.955 0.959 0978 0.993 0.999 1 0.999 099 0993  0.990
6 0961 0993 0983 0972 0965 0959 00954 0951 0.954 0.958 0977 0992 0.997 0.999 1 0997 0994 0992
8 0964 0995 0980 0969 0963 0957 0951 0949 0951 0956 0.974 0989 0995 0.99 0.997 1 0.997 0994
10 0967 0998 0977 0966 0959 0954 0948 0946 0948 0953 0971 098 0991 0993 0994 0.997 1 0.998
B 0969 0999 0975 0964 0957 0952 0946 0944 0946 0951 0969 0984 0989 0990 0992 0994 0.998 1
¥fE 0946 0974 0979 0977 0975 0972 0969 0967 0969 0972 0978 0979 0978 0978 0978 0977 0975 0973

Studio L\ A BT FAT 11 Fh o 19 259 8l )y 2%
SR O IR—E R PRI (P<0.01), 11 Ff AL
JIL3 IR AT 85 K Ka 2 1.978~16.635 h', Hirp
2= MR, T SRR 5 T PR R R 4 K
9 0.108 6~1.046 h™', Hrh i A= I BRae i, 1125
USraioR
SRR EE TR, T UR B, BRI b
A AT TR I AN [
WAEB R | T BN ER | S5 N S5 i o3 18] 1Y 25 ) 51
J15 A ST TR AR LR A s, U 3k 26 i 43 1 33 51
FATRARRL TN g 2R E 255
125 B G AR RURE BAIG, Wi i 4 A sl o3 AR
R 2 AN A A A
11 FRRS AL SRR 4329 ng-h-ml,
S —FE Sl 2.185 h, B TRYAE N 5259 h?, i
H: 959 IHH] X 5] M[0,6.680] h, 11 FSArAYIESH
BRI TE S S R R A457.5 ng-h-min-mL™,
BaE— AR 5.625 min, Sim YN 7.049 min?,
VLA 95% ARt fa] X 8] 47[0.098 98, 11.15] min, 4%
BORE SR SR —  BAERY RSD 73901 2186.09% |
2.299%.7.587%. BIL L S HGE IhZakif 17 A, H
VUC; 1 ,MCRTy ), VCRTy 1Y 2 xG 017, /N F-27.50,

Wi B P 25 AR RS s M R G T S B, [
S G ARRUEE AR TE 0.875 LA B s X
AT B (4 2t AR A A TR B N [] 045 184 14
J AR ACAS R SR T LA H AR AR B 4 30
SRR AR A5 o M AR R LM Bl T 2T
PRI L 5 B B SR OO B I LU B A (R 4y

PRt , 75 v 245 52 5 25 ) 3 0 2 I A g —
R ANFE SR S GE TR AT, AT A RS R 1
B - BT B AR R | e A T R AR AR Y
AR [ R RE 4% I BB B i g iR
ST R IR B3 A LA AR | 3R T 24 1
AR S AR AR BT TR

HAR S — 25 A W SR TR N B 002
TR s T2 T A Bl 0 2 R Y B3 B3
B 1) 5 e VR R OG R 22 ] Py 454 )2 T e Al
T2 52 T AR RIBLA, S v 211 R 5 3862 S5 87 24
WFFE R HEREIE 5 SR A

525 3k
(1] BUBEIE, HSCR, BME, 4% hEhilgea i i CH
WS IUIR B HOCHE RS DR AW SR )] A2y, 2023, 54(12):
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4061-4068.

[2] LI 'Y Z, WANG Y L, TAI W, et al. Challenges and solutions of
pharmacokinetics for efficacy and safety of traditional Chinese
medicine[]]. Current Drug Metabolism, 2015, 16(9): 765-776.

B1 2 I, B%E4S, B R, F PHHANLGROIED. PEZ
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