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Abstract: To explore the effects of Zhimu extract on the absorption and pharmacokinetic process of puerarin,
thus to elucidate the scientific connotation of the compatibility application of Gegen-Zhimu herb pair from the
perspective of P-glycoprotein (P-gp) regulation, a rapid and sensitive quantification method for puerarin in
biological samples was established based on HPLC-UV technology. Combined with the rat single-pass intestinal
perfusion model and pharmacokinetic experiments, with the classic P-gp inhibitor verapamil as control, the effects
of Zhimu extract on the absorption and metabolism process of puerarin were investigated. The established HPLC

method for puerarin in intestine perfusate and plasma samples met the requirements for quantitative analysis of
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biological samples. The K, and P, values of puerarin in the duodenal segment were significantly higher than those

in the jejunal and ileal segments (P < 0.000 1). Co-administration with Zhimu extract or verapamil significantly

increased the K, and P, values of puerarin in the duodenal segment (P < 0.000 1). Co-administration with high-

dose Zhimu extract or verapamil significantly increased the C,  of puerarin in rats to (1.017 + 0.25) pg-mL" and
(1.827 £ 0.87) pg'mL™" (P < 0.05), respectively, and AUC,, also significantly increased (P < 0.05), reaching 1.37-
fold and 2.25-fold that of the puerarin group, respectively. Puerarin is best absorbed in the duodenal segment; by

inhibiting the efflux of P-gp, Zhimu extract can promote the absorption of puerarin in the duodenal segment,

increase its plasma concentration, and effectively improve the oral bioavailability of puerarin, which suggests the

mechanism underlying the compatibility of Gegen-Zhimu herb pair. This experiment was approved by the Animal
Ethics Committee of Naval Medical University (approval No.: NMUARE-21077).
Key words: puerarin; Gegen-Zhimu herb pair; P-glycoprotein; intestinal absorption; pharmacokinetics; high

performance liquid chromatography
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Figure 1 HPLC chromatograms of puerarin in intestine perfusate. A: Blank intestine perfusate; B: Blank intestine perfusate spiked with

puerarin reference substance; C: Tested sample
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Figure 2 HPLC chromatograms of puerarin and the internal standard (IS) in rat plasma. A: Blank rat plasma; B: Blank rat plasma spiked

with puerarin reference substance and IS; C: The plasma sample at 30 min after oral administration of puerarin

Table 1

ALLEP.<0.000 1 vs ileum group

Intestinal absorption parameters of puerarin in different intestinal segments. n = 5, X £ 5.~ P < 0.000 1 vs jejunum group;

Segment Ka/min" Pm/cm'min"
Duodenum (1.888 £ 0.162) x1072"" A~ (3.347 £0.379) x107""AAAA
Jejunum (1.074 +0.105) x10? (1.751 £ 0.181) x107
Ileum (1.048 £0.130) x10? (1.709 £ 0.239) x10~
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Table 2 Intestinal absorption parameters of puerarin under different administration conditions. n=5,x+s. " P <0.000 1 vs puerarin group

Group

Ka/min"

-1
P_/cm'min
app

Puerarin

Puerarin & low dose Zhimu extract
Puerarin & high-dose Zhimu extract
Puerarin & verapamil

(1.888 +0.162) x107

(3.067 £ 0.135) x10>"""
(3.108 £ 0.188) x107>"""
(2.792 £ 0.057) 102"

(3.347 £ 0.379) x10°

(6.216 +0.243) x10™""
(6.261 +0.345) x10™""
(5.316 £ 0.178) x10™""

Table 3 Pharmacokinetic parameters of puerarin under different administration conditions. n = 5, ¥ £ 5. "P < 0.05, P < 0.01 vs puerarin

group
Group
Parameter . Puerarin & low dose Puerarin & high dose Puerarin &
Puerarin . i .
Zhimu extract Zhimu extract verapamil
C,../pgmL 0.671 +£0.20 0.908 +0.25 1.017 +0.25 1.827 £0.87"
t../h 0.55+0.21 0.65+0.14 0.45+0.21 0.75+0
AUC,,/ pg-h-mL" 1.947 £ 0.49 1.916 +0.57 2.595+0.48" 5.112+2.35"
AUC,, / pgh-mL" 2.522+0.99 2.078 +0.67 3458 £ 1.17° 5.668 +2.38"
CL,/L-kg"h 25.26 £9.07 25.94£7.55 15.76 £ 4.78 9.942 +£3.50"
t,/h 1.998 £ 1.07 1.908 + 0.56 2.857+1.58 2.246+1.42

B WRIFN, FRER RS2 )5, HAERRAEN
1 C A (0.671 £0.20) pg-mL", £ A (0.55 + 0.21) h,
AUC,, N (2.522 + 0.99) ug-h-mL", CL, N (25.26 +
9.07) L-kg"-h™, 1,4 (1.998 + 1.07) h, W IR 25 )5
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PEHU HEROKREC S 4R 25, WIREM C,, 7 B
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0.87) ng'mL" (P < 0.05), H AUC, & 35 3% i (P <
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different administration conditions. n =5, x+ s

i

B MR 3 AR B 240 1 3 BEE M Ry 2 —,
HATZ WGBS . A SO T T8 e TR I 5
FEAS B L3R 19 HPLC 5 & 43 # 75 125, i B 6 A B )
[ Ve IR AR B AN 25 AR B 3 2 T VE 25 5 T A BRI N T
B MR M 3 WSURR I B R BN 12 S BN
Wi 2 FR, FT R S T TR LR B AR B e
S RE TTIRAER AT RE . XS [ i BRSO AT I
JE R, EMREAE+ 8l BRI A, 5 SRR
B8 5355 4 I P-gp 0 57 4 R 0K | m AR
BRI S, SRR AR T AR i BN K, A
P, MEHIEZ BN (P < 0.000 1), H 55w 7 6 i BE e
HX A0 B P 2L B8 AR 3 R A 1) K 0 P, M 43 L B 4 2
IGINZ 64.6% F187.1%, 5 HEHi MF K I H 4L 55 AR 2 I
Wi K, AP, B 73 350 5 45 245 AL 19 TN 240 47.9% A
58.8%, B AR 3 5 i MG B R0 BEER UMK A 45 2 4L
K, (P<0.05) P, {8 (P <0.01) ¥ &2 & T 4e b irok
2H, AH i AR A ] TR E M . SRR, AEE
SEEU AT 5 25 0 AR R AE T AR i BO IR CR B
BE MR GHAFNRETLR . SRBHEEK &S
Ja, B R AL+ AR W BB BCRE L T 22 4 P-gp 41
FIAERLIAKLE . 4 A URIBZE AT HA 7 41 48 I ASE BRI 50
IR0 B v 22 i 123 AT A P-gp D REMY, M £ K
R VRE U S 36 v, R R BRI £ 22 i R 23 4 P-gp
7AW E A, HE Y 5 TR AR RSO .
Ab, BRI IR TR A S50 B AR, s
P B 53 AT R LE AR R P I B L 3K 36T P-gp 1 UL RT3
B T AN R 1 ARG R R A T AR
B A RO, AT T AR PR A Sk AR i 7 4 1



IR P-HE A PR A0 AR R 24 08 0 A 20 R R SR A PN 25 B =2 - 3781 -

e 2330 12245 R BoR, 5w A REE U R 4
FMCKECH G, BREM C, H 90 R E IR & sy
2y 18 N2 51.6% A1 172.3%, AUC,_ U 43 73] ¢ 5k 2%
PRI I L 37.1% F1 124.7%.  [F)IF, 5 4847 ik 1B
HIER KB H R R ZEM T ERE RIS A
(P <0.01), {55 & AR & 50 BB A 248 25 4
BIRE M RIIE R R B RS A TR E . 48
G5 W W RE AN 2B 7 27 S I 25 ORI, FBERE HL
W) P-gp 101 i) 71 4 Bz 1K 28 TS 25 B N B AR R AE K
SRS P R R AL, i v e AR 2R IR AR R A R, EL AR AL
HIAEIEZE o RN BEBE IR F 32 B4 b Tl i Wi
B B, o T R SR S i A PR, 7T 44 ar M oK ok 384 56 g 18 R A
A, 38 AT e 8 1 ] CYP4A50 B 5 T A AR Y, B
PR B AR R IIEBR R . ML T, BAR A BER U *t
B R FR 00 Y T WROST AR 1 M0 RO T 4R R A K, (R
o 55 AR 2 R 2R 1 RS A /0N T 4 e P oK ) B L
PRI B AR 2 7 R B N 5 B 2R, S8 I B AR AR
T FR I [H] o

W AR B, W38 A HE G 12 8 A2 S e AR 245 0
W) R 2R, ) AR HER 12 R 2RI T R 24 W)
I P T W AL, B2 v 5P R AR R F B, S 35 R R 2 )
FUIRMSCBCR . P-gp 1 Y (I 25 ) SN RIS AR, A2
Ji 38 N e FE SR IA, X 2 1 i TE W USORN % s S AT B
AR E R, B2 F B2 T & 4 MDCK-MDR1
Y A B AIE TR IR, R ) 32 BE MR T R L R
TR TSR B2 A AL AR 2 A BILLE R
H 13 7] LS 2 BRI Rh123 ZE 40 i (1 M HESR, AT g H.
A F0H P-gp ThEE 1 1E FUS, 4Rk 2 % (1) P-gp
a5, w3 H ] P-gp VS PE AR 3 P-gp S A 25 1)
W USCY o i PR MAC T e i 24 4 N ISR A, 33 T s i)
ZHPNTEAR N 1) 25 38AE T RIOR, J2 I i 2454 245 1R 80 1
I RE () IR AT, R, AW AT P-gp F0 ] 5 4
P WA KA S et 1R, 25 %2 SRR B 6 565 AR 25 1 i T T
WA 2GR B IS BRI . KR sE SRR, 544
MK RS 45 24505, & M 3 E + 48 I B 0 W A fn 44 Y
T R R A, 2 R A5 B N, IX SR B B R R 2 P-gp HIJR
), HH| P-gp (R IE AT UG I B IR R AE+ I8 B
HIMR U, 5 R0 BRIV A 4 2 R, BIR E N IiE B IE
R ZE N, A0 RESE U AT S R S AR R RO
Fr M 2R EE . AW FL 25 FAR B, F B B iE i
b1 P-gp IS PESE = B AR R B AEY R BE, 25T P-gp
YA A 1) B AR =0 B 2 0k v 22 B R4y B AH ELAE R RT RE 2
B3 AR — 2R B 245 508 TC AL 18 850 R FH AL sk, L e B o
4% P-gp 1 PR E B AR = AR YR BE ) VE 1 RS
WK .

R b, AW U A R B 17 E AN A A 254K 3]
JreE R as A, WY R RS i 1] P-gp (35 P2
BB MR ER AL 16 i B MR, B0 it 253 B, 3
52 3 B AR B FUIREE PRI BE o 6 P-gp S5 A
i VR % K R 24 2 o0 TR K AR ELAR T, AT e R B AR -
JRIRE 245 WG AL P 7 A 35 200 T B LA BT o ASBE T
N R =B 25568 (W PR 2 FH AR B FE3R I T 5%
WA, th 0 B MR 3 55 P-gp S 254 11 AR 2R A 0 )
JSE 458 e AN AT R N FH S04 1 38 ) D IR AL A

e R R 90T S I  B 5 SI 0 B 4 B A
B SRR B 5 9 M KR A T S
SRS SEAEA S 5 RETT (0 R IR A B
B, 55508 RS RIS 2 NS 5 R B e RSO A 38 5
5 5 56 108 0 VA L O A B B S R 4R
P SR (T L BB S ST o, 3 9 S R R

5,
FIEEIBE: AR LA R 2R 2R
References

[11 Zhuang W, He T, Jia B, et al. Interaction between Chinese
medicine and digoxin: clinical and research update [J]. Front
Pharmacol, 2023, 14: 1040778.

[2] Aylon VJ, Hernando-Requejo V. Drug-resistant epilepsy: which
drugs are substrates of P-glycoprotein and which are not? [J].
Curr Neuropharmacol, 2025. DOI:10.2174/011570159X3818182
50612061802.

[31 Guo Y, Ashrafizadeh M, Tambuwala MM, et al. P-glycoprotein
(P-gp)-driven cancer drug resistance: biological profile, non-coding
RNAs, drugs and nanomodulators [J]. Drug Discov Today, 2024,
29:104161.

[4] WuQ, Wang Q, Luo X, et al. Glucosamine activates intestinal P-
glycoprotein inhibiting drug absorption [J]. Nat Commun, 2025,
16: 6100.

[5] Asante J, Barger SW. P-glycoprotein and Alzheimer's disease:
threats and opportunities [J]. ASN Neuro, 2025, 17: 2495632.

[6] Cao Y, Shi Y, Cai Y, et al. The effects of traditional Chinese
medicine on P-glycoprotein-mediated multidrug resistance and
approaches for studying the herb-P-glycoprotein interactions [J].
Drug Metab Dispos, 2020, 48: 972-979.

[77 Ma X, Hu M, Wang H, et al. Discovery of traditional Chinese
medicine monomers and their synthetic intermediates, analogs or
derivatives for battling P-gp-mediated multi-drug resistance [J].
Eur J Med Chem, 2018, 159: 381-392.

[8] Zhang ZD, Bai HD, Zeng YN, et al. Research progress of Zhimu
(Anemarrhenae Rhizoma) and its couplet medicines [J]. Chin
Arch Tradit Chin Med (14 £ 25 2% 7)), 2023, 41: 98-101.

[91 Han LH, Yuan X, Yang ZE, et al. Effect of Puerariae Lobatae



Ny

3782 - 2% %4} Acta Pharmaceutica Sinica 2025, 60(12): 3775-3782

[10]

[t1]

[12]

[13]

[14]

[15]

[16]

[17]

Radix-Anemarrhenae Rhizoma drug pair on improving cognitive
impairment of diabetic rats through HMGB1/RAGE/NF-«B pathway
[J]. Pharmacol Clin Chin Mater Med ("' % 24 B 5 IIfii IK), 2020,
36: 124-130.

Chao L, Wang H, Shen SQ, et al. Study on the pharmacological
effects and mechanism of Gegen-Zhimu herb pair in preventing
and treating Alzheimer's disease by UHPLC-Q/TOF-MS metabo-
lomics strategy [J]. J Pharm Pract Serv (% %% 5 & 5 R 5%),
2025, 43: 30-40.

Lei Y, Zhang R, Li Y, et al. Pueraria Radix and its major
constituents against metabolic diseases: pharmacological mecha-
nisms and potential applications [J]. Phytother Res, 2025. DOI:
10.1002/ptr.8464.

Wan Q, Lu Q, Luo S, et al. The beneficial health effects of puera-
rin in the treatment of cardiovascular diseases: from mechanisms
to therapeutics [J].
2024, 397: 7273-7296.

Naunyn Schmiedebergs Arch Pharmacol,

Chauhan P, Wadhwa K, Mishra R, et al. Investigating the poten-
tial therapeutic mechanisms of puerarin in neurological diseases
[J]. Mol Neurobiol, 2024, 61: 10747-10769.

Zhou Y, Song X, Dong G. Effects of verapamil on the pharmaco-
kinetics of puerarin in rats [J]. Xenobiotica, 2019, 49: 1178-1182.
Li H, Dong L, Liu Y, et al. Biopharmaceutics classification of
puerarin and comparison of perfusion approaches in rats [J]. Int J
Pharm, 2014, 466: 133-138.

Wang S, Liu Y, Cui M, et al. Cinnamaldehyde enhances the
intervention effect of puerarin on stroke from the perspectives of
pharmacokinetics and pharmacodynamics [J]. Eur J Pharmacol,
2025, 1000: 177732.

Wu WT, Zou B, Li WD, et al. Pharmaceutics research advances

in oral administration of puerarin [J]. China J Chin Mater Med

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(FFEFZZ4E), 2019, 44: 4134-4141.

Dai J, He Y, Fang J, et al. In vitro evaluation of the interaction of
seven biologically active components in Anemarrhenae rhizoma
with P-gp [J]. Molecules (Basel, Switzerland), 2022, 27: 8556.
Xiao Y, Wei Q, Du L, et al. In vitro evaluation and in situ
intestinal absorption characterisation of paeoniflorin nanoparticles
in a rat model [J]. RSC Adv, 2024, 14: 22113-22122.

Yan J, Guan ZY, Zhu WF, et al. Preparation of puerarin chitosan
oral nanoparticles by ionic gelation method and its related
kinetics [J]. Pharmaceutics, 2020, 12: 216.

Wang C, Zhou Y, Gong X, et al. /n vitro and in situ study on
characterization and mechanism of the intestinal absorption of
2,3,5,4'-tetrahydroxy-stilbene-2-O-f-D-glucoside [J]. BMC Phar-
macol Toxicol, 2020, 21: 7.

Lu R, Zhou Y, Ma J, et al. Strategies and mechanism in reversing
intestinal drug efflux in oral drug delivery [J]. Pharmaceutics,
2022, 14: 1131.

Cui Y, Zhou Q, Jin M, et al. Research progress on pharmaco-
logical effects and bioavailability of berberine [J]. Naunyn
Schmiedebergs Arch Pharmacol, 2024, 397: 8485-8514.

Bai J, Zhao SY, Fan XQ, et al. The inhibitory effects of nobiletin
on P-glycoprotein and the study of molecular mechanism [J].
Acta Pharm Sin (Z§%%%4), 2018, 53: 754-759.

Parida KK, Lahiri M, Ghosh M, et al. P-glycoprotein inhibitors
as an adjunct therapy for TB [J]. Drug Discov Today, 2024, 29:
104108.

Liu CS, Liang X, Wei XH, et al. Comparative pharmacokinetics
of major bioactive components from Puerariae Radix-Gastrodiae
Rhizome extracts and their intestinal absorption in rats [J]. J
Chromatogr B Analyt Technol Biomed Life Sci, 2019, 1105:
38-46.



