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Pharmacokinetics study of seven active ingredients of Compound Shexiang
Huangqi Dropping Pills in normal rats and rats with cerebral-ischemia
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Abstract: Objective To study the effects of seven active components (Z-ligustilide, formononetin, verbasin, formononetin, verbasin
glucoside, amygdalin, and paeoniflorin) in Compound Shexiang Huangqi Dropping Pills (& 77 7 5% ¥<i# A1) in normal rats and rats
with cerebral-ischemia reperfusion injury, and explore its difference in the pharmacokinetics. Methods The plasma of SD rats was
collected at different time points after ig Compound Shexiang Huangqi Dropping Pills, plasma concentrations were determined by
ultra-high performance liquid chromatography-quadrupole/electrostatic field orbitrap high-resolution mass spectrometry (UHPLC-Q-
Orbitrap HRMS). Kinetica 5.1 pharmacokinetic software was used to calculate the pharmacokinetic parameters of seven components
in each administration group, and SPSS One-way ANOVA was used to analyze whether there was a significant difference of

pharmacokinetic parameters in normal rats and rats with cerebral ischemia-reperfusion injury after ig low-, medium-and high-dose
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Compound Shexiang Huangqi Dropping Pills. Results

Some pharmacokinetic parameters of seven bioactive components were

significantly different between normal rats and rats with cerebral ischemia-reperfusion injury. Compared with normal group, peak

concentration (Cmax) of Z-ligustilide at each dose was significantly increased, area under the curve (AUC) was significantly increased

at low-dose; AUC of mullein, mullein glucoside, amygdalin and paeoniflorin were decreased; Half-life of mullein and mullein

glucoside were increased. Conclusion It lays a foundation for further exploring the mechanism of Compound Shexiang Huangqi

Dropping Pills in the treatment of cerebral ischemia, and provides a reference for formulating scientific and rational drug use strategies

in clinical practice.

Key words: Compound Shexiang Huangqi Dropping Pills; cerebral-ischemia reperfusion injury; pharmacokinetics; Z-ligustilide;

formononetin; verbasin; formononetin; verbasin glucoside; amygdalin; paeoniflorin
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Table1 Administration dosage of each component

o fiGHE,  hlE,  mlEy

(mgkg™) (mgkg™) (mgkg™)
VA ¥ NulE 1.39 2.78 5.55
TERAE R 0.14 0.28 0.56
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AL 1.34 2.68 5.37
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Fig. 1 Brain dock stained results in normal rat and model rat
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Fig. 2 Specific chromatogram of component to be tested
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Table 3 Concentration gradient, regression equation, linear range and correlation coefficient of standard

wEY IR S /(ng-mL ) [ )3 77 72 R MEVEE/(ngmL ) #
VA VNG 0.50. 2.50. 12.50. 62.50. 125.00. 250.00. 500.00 y=0.1240x+1.6650  0.50~500.00  0.9962
TR 0.59. 2.97. 14.85. 74.25. 148.50. 297.00. 594.00 y=0.0180x+0.1218  0.59~594.00  0.998 9
BB I 0.10. 0.51. 2.57. 12.85. 64.25. 128.50. 257.00 y=0.0412x+03432  0.10~257.00 0.9954
AR AE T 0.44. 220, 11.00. 55.00. 110.00. 220.00. 440.00 y=0.009 1 x+0.0573  0.44~440.00 0.997 8
R AT 042, 2,12, 10.60. 53.00. 106.00. 212.00. 424.00 y=0.006 5x+0.1354  0.42~424.00  0.999 8
A 0.59. 2.94. 14.70. 73.50. 147.00. 294.00. 588.00 y=0.0009 x+0.0201  0.59~588.00  0.9954
AjUT 0.48. 2.40. 12.00. 60.00. 120.00. 240.00. 480.00 y=0.0017x+0.0940  0.48~480.00  0.999 4
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Fig. 3 Drug-time curve of seven active ingredients in normal rats (A) and model rats (B)

F4 THEMRSEERARMREXRMRFHANFSH (X+£s5,n=6)

Table 4 Pharmacokinetic parameters of seven active ingredients in plasma of normal rats and model rats (X + s, n =6)

EHEKR BHAR
waEm ¥ SHEFEEHL SABREEEHL SAREREHL SHABAREHL SHRAREHL SHREFRERL
78 gkg’! 15.6 g'kg™! 312 g'kg™! 78 gkg’! 15.6 g'kg™! 312 gkg!
Z-BAR N Crax/(ng'mL™) 34.13%1.19 57.67£1.79 113.93+9.28 65.01£4.13™ 89.06+2.21" 162.83£19.05
Trax/h 0.75£0.00 0.75£0.00 0.71£0.10 0.71£0.10 0.75£0.00 0.75£0.00
AUCo-/(ngh-mL™)  177.16%£7.78 372.79£15.23 691.45+14.18 312.16£29.69"  341.02£18.29 6874721742
AUCo-/(ng'h-mL™)  188.92£10.24 403.33£13.20 73821£15.83 322.08£27.95%  35839+16.80 741.15£29.03
finh 6.07£0.61 6.41£0.51 6.06£0.30 4.16£0.46" 5.0240.60" 6.89£1.06°
MRTy-/h 6194027 7.00+0.14 6.83£0.26 527+030™ 5241020 6201047
MRTo-«/h 7.83£0.62 9.00£041 8481047 6.05+0.62" 651045 821+1.18
CL/Lh™ 1.91£0.10 1.79£0.06 1.96£0.04 1.04£0.10" 1.86£0.09 1.80£0.07
VilL 14.96+0.88 16.13+1.04 16.57+0.87 633+1.14" 12.14+1.28™ 14.73+1.69"
TWKE  Cood(ng'ml™) 17.87£1.90 37.66£5.03 93.36£6.49 33.08+1.46" 34.76+4.34 79.75+11.33"

Tnax/h 0.5020.00 0.2940.10 03320.13 0.2540.00" 0424020 0.4240.13
AUCo-/(ng-hmL™")  69.99+3.26 144.39£20.86 369.04+21.90 102.97£5.00 140.67£18.25 357.38+54.76
AUCo-/(ngh'mL™)  76.09£3.01 160.87£25.39 415.10£30.52 107.41£5.72 155.10£18.40 4024946233
tin/h 5.93£0.68 7774+1.36 8.95+0.95 4834123 7.64%1.58 835+1.26
MRTo-/h 5.87+0.17 6.6910.54 6.0810.31 4684031 6.0610.62" 6.5910.46
MRTo-w/h 8.0220.49 9.59+1.36 9.4941.01 5.7740.56™ 8.82+1.84 9.90£0.45
CL/Lh™ 0.48£0.02 0.4610.07 0.3520.03 031£0.02% 0.4440.05™ 0.3440.05™
VL 3.8620.33 43940.50 33440.23 18140.17" 3.88%1.00 3374049
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gk 4
EH KR N
HE 8 EHBEEEHA EFREHREA EAREHKHAL EREEEHA EFREEEHA S HREERKER
78 g'kg! 15.6 g'kg™! 312 gkg™! 78 g'kg™! 15.6 g'kg! 312 g'kg™!
EEREH  CudngmL™) 13.93£1.02 27.83£1.17 52,57+ 1.63 14.64£0.62 29.02+2.11 49.83%5.62
Tnax/h 0.54%0.10 0.500.00 0.500.00 0.500.00 0.500.00 0.58+0.13
AUCo/(nghmL™)  7536+6.90 115.07+7.83 273.56+16.66  49.59+1.82" 96.47£3.39° 131.80£15.39"
AUCo-o/(ng'h-mL™)  83.63+7.43 127.72£8.05 301.82+19.23  53.50£1.86™  104.12+421° 145.08+14.30"
tinh 6.85+0.92 7.15+127 6.79+1.20 7.04%2.61 8204047 796+1.33
MRTo-/h 6.94+0.48 639+0.23 6714028 54140.52" 5.254+0.29" 5.6840.30™
MRT-/h 9.61+1.23 9.17+0.79 9.25+0.77 7.58+1.56" 7494047 847£0.78
CL/ALh™) 2.15+0.19 2.80+0.18 237+0.16 3.08+0.11" 3.1740.13" 458+042"
VeolL 20.62£2.90 25734282 2192%1.71 23294433 2370£1.13 38.97£6.55"
BT Coad(ng'mL™) 28.18+2.22 49.28+12.29 85.79+4.93 24.45+1.09 63.6419.64"  100.37£6.08"
Tnax/h 0.54£0.10 0.58+0.13 0.67£0.13 0.2940.10" 0.25+0.00" 0.2940.10™
AUCo-/(ng-h'mL™")  121.74+10.47 171.60£28.17  396.55+22.79  104.374£9.26 185261731 393.44+54.98
AUCo-/(ng-h'mL™")  127.06+10.96 1832143168 432.75+26.54  107.41£9.45 20236+19.67  450.16+52.61
tinh 493+091 6.17+1.04 7.28+0.92 4.86+0.49 8.19+1.18" 9.70+1.56™
MRTo-/h 5474030 5671023 6394022 5294026 5674025 6331032
MRTo-/h 6.55+0.53 736%0.60 8.75+1.04 6.0240.31 8.2240.70° 10.4141.04"
CL/ALh™) 276+0.24 346029 324020 3.02+0.30 3.2140.30 2.89+0.30"
VeolL 18.05+1.50 25.5443.49 2825+3.02 18.19+1.98 26.34%2.85 30.25+5.11
ERFEMEE Cud(ngmL™) 37.25+4.69 89.55+3.66 189.22£19.03  34.56+2.79 59.33£5.11" 85.94+5.17"
i Tmax/h 0.63+0.14 0.50£0.00 0.50£0.00 0.2940.10" 0.2940.10" 0.2940.10"
AUCo-/(ng-h-mL™)  111.38£6.35 200911277 507.67£19.09  7493+424° 124.24+1026™  291.10+14.13"
AUCo.o/(ng-h'mL™")  114.88+6.94 2305241111 5326542187 7945%3.99°  133.57+10.06"  31622+1237"
finh 52740.72 5.79%0.76 6.43%1.60 7.65%0.80" 7.22+1.54 732+1.52
MRTo-/h 4754054 4.63£0.20 4.81£0.06 4414+0.12" 4484022 5714021
MRTo-«/h 5.56+0.68 5.90+0.44 6.17+0.67 6.17£0.51 6.60%0.51° 8.0440.64"
CL/ALh™) 4.18+0.26 4.16+0.20 3.60%0.15 5.57+0.28" 6.65%0.50" 5.60+0.22"
Vis/L 23.15%2.01 24.60%2.79 22.18%2.19 34.42%3.69" 43.98+5.71" 4501 £4.15"
HHCA Cra/(ng'mL™") 105.63%7.34 159.6241328  27224+1484  51.85£4.59" 98.61£8.63"  138.79%4.66™
Tmax/h 0.71£0.10 0.75£0.00 0.63£0.14 0.67+0.13 0.75+0.16 0.58+0.13
AUCo-/(ng-h-mL™)  355.18+25.00 737065371 121952488.69  184.67£14.12"  41335+31.41"  539.17+41.02"
AUCo-/(ngh'mL™") 3725143136 769.05+49.00  1291.81£87.70  193.58+14.60"  435.05+27.61"  592.56+46.26"
finh 5.79%1.16 5.1240.57 6.24%0.63 4651027 6.3840.99° 7.8310.48"
MRTy-/h 4.860.40 5.78%0.33 5.9740.18 5.1840.28° 5.50%0.35 6.09%0.23
MRTo-/h 6.13£0.86 6.87£0.59 7.50£0.52 6.35+0.50 6.92+0.87 8.72+0.40"
CLAL-h™) 1.11£0.09 1.08£0.07 1.28£0.09 1.98+0.16" 1.76£0.12" 2.59+021%
VL 6.78%+0.64 742%1.00 9.63+1.00 12.57+1.42" 12.2142.06" 2514165
AU Cra/(ng'mL ™) 173.63%£10.09 272.93+9.99 4770842193 143.64%1134"  26530%13.99  33027+18.86"
Tnaxh 0.50£0.00 0.54£0.10 0.50£0.00 0.46£0.10 0.50£0.00 0.46£0.10
AUCo-/(ngh'mL™)  682.75+30.93  1058.92£54.80  1977.00£7733  477.10+30.34"  856.27+51.23" 1211.11£29.68"
AUCo-/(ngh'mL™) 7024342748  1091.28+57.17  2145.12£89.04  495.56+3721"  896.05+53.09" 1262.90+32.84™
finh 4994047 5.0940.34 7.9940.83 5.3140.54 5684037 5.68+0.26"
MRTo-/h 523+0.18 5304024 54410.15 525+0.16 5.9440.27" 5.74%0.09"
MRT-/h 5.96+0.36 6.07£0.22 7.80+0.41 6.22+0.45" 7.11£043™ 6.83+0.17"
CLAL-h™) 0.41£0.02 0.52£0.03 0.53£0.02 0.53£0.04" 0.59£0.04" 0.83+0.02"
Vio/L 2424022 3.17£0.24 4.14£0.19 330+021" 4.17£0.25" 5.68+0.10"
SRSHRIERALE: P<0.05 *P<0.01

"P<0.05 ""P<0.01 vs normal group at the same dose



FES 20224FE87 $53% H 158 Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 15

- 4753 «

3 Wig

AW ST IEE TSR 7 A AT IE. ST
I AT LR, S 7R IR B A
GV N 1) VA SR/ S D 3B ol o e Wl N 5 PR 23]
H[M+Na] tb[M+H] W R 4F, #2455 R M+
Na] B U7 R, FeAx il sy 3R A M+ H] ik
TRl AR BT NNER, ZANARITE B E
RE SR, Hie SR w08, MR
MALBE BT HRE, ZJfE. WIE-28F (10D it
VEEE, SRR DO B L, NIRRT
LT, RN . SEEnl e A,

B FUR Y, I 7 ARG R T R SR
L PR AR A ALK SR P I REAE 1 h NIk
TR . BRI E R A E AT
A o L P 9 3 A7 A5 2R O B A AT )k W [ 35
AAFREER 4, R T7 B A w & AL T LA
o 3 2 R T R AR N TR BOE FE s S50
AL, E57 B E RS Z- AN,
WAEE . BAR Rl S S T I o e AR 24
T (18 25 W i ) A At 1) ) 350 A KOs B2 4 g 013170, 5%
HH 3 AL A A% G0 77 28 AT DA 1 245 R 43 (R W WA
FE, AR BORER) B U (H 1 h EURE AN
WAL, YR T0EE BE R IO By, A R
— BRI

Z-HEANEE . BER T B8 TR
AN A AT AR IR R BRI A& L2 g Sl
T, BERIIR. B8 A A 0 B AT 25 A
FEAY KRR AR N FF & e tE 2l 2t B, 1 B IX S Rl 4y
FEAH R B A BRBARAS T, AV S 45 2557
BLK, —IRGHAENT, AUC. JRZAHRES %
247 B ) G TEAE S 00s 6 fiq ke If P9 A0 1 A 2
KEAEN, FAFEH Z-FEAR NI Coa WHOEH 24
W Ty, T Z-BEAS P T R 52 77 R O P (12 i3 A%
(A7 E2 #H 2K 2 (nuclear factor erythroid 2-related
factor 2, Nrf2) %A% 5 B H T Ui 2k (Al Ifi 20 2 0 4
fi-1 (heme oxygenase-1, HO-1) Ri&, FH4lH] Nrf2
IR Kelch AEAHAAFEAHICEH 1 (Kelch-like
ECH-associated protein 1, Keapl) FiA, MIMm/b4H
Ji9 P 35 14 48 (reactive oxygen species, ROS) 7K120,
PR Z-FARNER Comax FH im0 mT DASE S b B8 R
BT ROS 7KFs Toax THH R, AUC 7E
TR AR B R80T Z-BE A Py 8 AT LAF A O
P b B vy P IR PR P AR A R A IO I O R A ) Bl

P, SN I S R T A0 B B itk EL 4 YR 2 (B-
cell lymphoma 2, Bel-2) [)3ik, F4Mfi] Bel-2 AHK
X 25 (Bcl-2 associated X protein, Bax) FI-HEE
TR R AR PR 1§ -3 (cystein-asparate protease-3,
Caspase-3) g, MR EESEAAR; Hilid
EAPIE 5 (peroxiredoxin 5, Prx5) Al Prx6 FKik
H T Toll #5244 4 (Toll-like receptor 4, TLR4) /
ZAF-xB (nuclear factor-«B, NF-«xB) 1 515,
T el R L i 26 R e e Bk BRI LA
IR 7N 52 J5 4 P/ e 24 L 7 A6 1200, B R AR I Z-
BN R AT e JE I bl 2 BRI e R AL AR AR,
B4 AUC JoP W oss, 2 B it i F-E
RS T, Z-Ba AN BRRSCE B2 AR AN, IR
AN ER KA BT R . TG IR e
T ik g3 LT FERDPR 8 T WS AT B AN AR P 2 e 7K~ A
S22, U B A BRI P I P 9 0 B SR AR T T A
TE A=A AE T RS I AN K, PfE R B
PREE CRAP AN 2 VRS ORBVE S ] LIS Je i i e
MEAT ORI, AR T DLE P Ak, e
T2\ PLR SR SV EMN SR LR A2 R ER 2, &
S, BEEIEE T wACE AT
H AUC AHITFA%, SRR N 8 KA
FrBEA, (B8l . 5 e o e 260 B 1 F
A FTIN,  UERHTE BREAE, AR A P R B I
A, BRI AT odEd b s . Priat .
PRI R #2870 A S AR T B B S5, 0T i 4%
W AR B — 8 I DR VE 23, 527 B A B S
WA 7 N AEYNETE R R L 25 3)) 2 S5 IR 4
IR G 2 R RIA N A WM E R, R
T BECRAS T AU 2590 RS A Pl s o A
et 5277 B I ST AR AR G R AT UBCRER
H 73 2 R0 RS B2, AR ZH b BE D N
A DUBR 370 25 5808000 R B R I 25 B2 A= 40F )
JEE AN A i B IR 8], 56 dfe IR i 45 H ¥R 97 AT BAED
B 52 5

Z-BANER. TWE R BITEAET . EA
AT Craxs AUCo— AHXTER, NEEBA
M4 Z-BE A% Y R AT DLd i 08 2 A4 e sk R 1
Nrf2 R, ORAP LA A R 0 P 4 52 S8 AL R
WRO= R 1 T BB K AR 25], 5 e i 0 |
NOD FERZ4ER K% 3 (NOD-like receptor family 3,
NLRP3) 4/ MATHAIEET:, (R BV2 /AN B4l
L HRAT AU )</ A S AR A 200 PR AR R T LA



« 4754 «

FED 20224FE87 $53% H 158 Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 15

DR A0 5 0L Y 45 4% o ) L f 5 o 340 ) o 2

RARELT A AT AT LA IS P i B 32 4 (low-

density lipoprotein receptor, LDLR) /N Bl ki

A28, A5 250t i oL PR 1 K SR R A

TRIPVERT, HHLHI AT RE 540 NLRP3 RIEAK(E S

T HIRIS . AR ARE RN R R EEIE T

HIRHZ R IE R B SRR A E 2 el 20 i iR

JRAL A BRI ] I 5 A 0,

B, AW E YO 7 B I A 7 A
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