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Pharmacokinetics of wogonin-aloperine cocrystal in rats
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Abstract: Pharmaceutical cocrystals is an advanced technology to improve the physicochemical and biological
properties of drugs. However, there are few studies on the in vivo metabolism of pharmaceutical cocrystals. In this
study, the pharmacokinetics of wogonin cocrystal in normal rats was further studied on the basis of the previous
preparation of wogonin-aloperine cocrystal. Firstly, an ultra-performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) method was established for simultaneous determination of wogonin and its metabolite
wogonoside in rat plasma, and to investigate the methodology. The method was applied to the pharmacokinetic
study of wogonin-aloperine cocrystal (Wog-Alop) in rats. The results showed that wogonin and its metabolite
wogonoside had a good linear relationship in the range of 1-800 ng-mL", and the precision, accuracy, matrix effect
and stability in this range met the requirements of biological analysis. Compared with direct administration of

wogonin, the C,

max

of wogonin and its metabolite in rats increased to 7.44-fold and 9.15-fold, AUC_, increased to
1.67-fold and 3.72-fold, and oral bioavailability of wogonin increased to 187.66% after cocrystal administration.

Wog-Alop cocrystal can significantly improve the C_, AUC, and oral bioavailability of wogonin and its

nax>

metabolite, which provides a new perspective for the clinical application of wogonin. This study was approved by
the Experimental Animal Ethics Review Committee of Beijing University of Chinese Medicine (approval number:
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Figure 1 The chemical structure of Wog (A) and Alop (B), and powder X-ray diffraction patterns of Wog, Alop, Mix and Wog-Alop (C).

Wog: Wogonin; Alop: Aloperine; Mix: Wogonin-aloperine mixture; Wog-Alop: Wogonin-aloperine cocrystal
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Figure 2 Representative chromatograms of Wog, wogonoside and liquiritigenin (IS). A: Blank rat plasma sample; B: Blank plasma sample

spiked with Wog, wogonoside (1 ng-mL™") and IS; C: Plasma samples obtained from Wog-Alop group 48 h after intragastric administration.

IS: Internal standard
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Figure 3 Concentration-time curves of Wog (A) and wogonoside (B) after intragastric administration
Table 1 Pharmacokinetic parameters of Wog and wogonoside in rats (x £ s, n = 8)
Wog Wog-Alop
Parameter - - . -
‘Wogonin Wogonoside Wogonin Wogonoside
AUC, /ug-h-mL"! 249 +1.25 27.58 £ 15.61 4.17+2.47 102.52 + 56.39
AUC /ug-h-mL"! 2.58+1.32 45.76 £ 25.72 4.50 £2.60 272.11 £19.91
MRT,, /h 1031 £2.12 16.20 £5.24 11.27 +£5.00 17.33 £7.65
MRT,_ /h 12.31+£2.43 51.82 +£36.39 14.69 +7.95 42.52 +32.92
t,,/h 823432 35.17+27.31 9.42+6.56 33.29 2530
t . /h 0.96 +2.05 1.96 +2.08 1.214+£2.99 1.23+2.99
C,. /ng'mL’ 0.25 +0.08 1.17+0.37 1.86 + 1.47 10.70 + 8.04
RB /% - -

187.66 + 123.50




2610 -

%% %4 Acta Pharmaceutica Sinica 2024, 59(9): 2606-2611

i

Wog ZGEEiG V)32, (H i T HIE il 2, S350 Mk
AR AR, B2 22, S AR F IR IR . I 4E R,
W 5 3L SRR B R R, LA B0 A 24 1 R0 T 2 K S
U IR BT Tz 0%, (2 H AT Rt S
AN FEA D o AR SCEESE T UPLC-MS/MS ¥2: il 58
K BRI Wog B H AR = 1) I B 25 1 iR e, of I
SD K L B 45 25 Wog S Wog-Alop J& I 254850 24k
177 VR, 7% 52 Wog-Alop AR 1R A= 40 R B
SE B OR, 14 3L S, Wog K AR P2 i 6 215 4
EHRBRARNT C,, 32 m N 7.44 f5H19.15 £%; AUC, 4,
LN 1.67 {5 A1 3.72 1% ; Wog F A X 1 AR A= 0 A1
NIR 251 187.66% . 1t W 24 ) 3L & £ R AT 0] 1 o 3
Wog [¥14A 4 25X 2h 77 2 1 B2, itk — 5 42 i 1 R A9 R
FEE, FEWI20 oot H 2

VAR 22 AR I B TR AR R Wog IR ZAE W
I B 22 R R AP, 5 Wog £ E, Wog-Alop 1)
AR F AR 2 B e, HEIIX AT R T O 3%
i (T UK T Wog 43 1] 1 S5 25 45 4, A6 450 791 43
TReW 5 E b, M3 51 T Wog I R @ Wog DA
e T 23R N P T LA L g T R A s R AR
i, 1 Wog LLARARU 1 FE AR S AFAE; Blitk, Wog-Alop
A RE B B i Woug ¥ A T R HH1) TARAR i 5k i
TEAR W I 2580 1% K D IRAEDFIFH . BLAR Wog-
Alop £ 100 mg-kg™ 17 & = ] B i 2035 Wog H iRk A=
IR E, AH AR BT 5 0 A X AN (] 1) 45 24 700 R idh AT 5 4%,
(Al ., Wog-Alop (1) 25 AR 2l 77 27 /& 113 5 26 1% i AS B A o
Ji B 0 R [ 45 25 750 B Wog-Alop (1254030 /1 2% 32
1725 %%, 3F 3k — 25 BF 70 H 0 Wog 1A 9 2B Wi B B2
Wi, DAY 24590 3% 5 B R X Wog R 25 4 (1 i 38,y Hfe
T VE W) IR 25 R % PR L P 2 B 7 il 5 8 1
Bk,

B3 STBK: i bloK 1057 58 SR IR, Bl o ORI S
BT R A DT 0 KR AL B R SCE AR AR A
B RS E T Sk EALIE oA T TR R A i
T ECEBL.

FUTE SR P A A1 & 2 A AL R 23 70 2R

References

[1]  Huynh DL, Sharma N, Kumar Singh A, et al. Anti-tumor activity
of wogonin, an extract from Scutellaria baicalensis, through
regulating different signaling pathways [J]. Chin J Nat Med,
2017, 15: 15-40.

[2] Banik K, Khatoon E, Harsha C, et al. Wogonin and its analogs

for the prevention and treatment of cancer: a systematic review

(3]

(6]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[J]. Phytother Res, 2022, 36: 1854-1883.

Zheng ZC, Zhu W, Lei L, et al. Wogonin ameliorates renal
inflammation and fibrosis by inhibiting NF- kB and TGF- f1/
Smad3 signaling pathways in diabetic nephropathy [J]. Drug Des
Devel Ther, 2020, 14: 4135-4148.

Ge J, Yang H, Zeng Y, et al. Protective effects of wogonin on
lipopolysaccharide-induced inflammation and apoptosis of lung
epithelial cells and its possible mechanisms [J]. Biomed Eng
Online, 2021, 20: 125.

Shao W, Zhang C, Li K, et al. Wogonin inhibits inflammation
and apoptosis through STAT3 signal pathway to promote the
recovery of spinal cord injury [J]. Brain Res, 2022, 1782:
147843.

Yu W, Xu Z, Gao Q, et al. Protective role of wogonin against
cadmium induced testicular toxicity: involvement of antioxidant,
anti-inflammatory and anti-apoptotic pathways [J]. Life Sci,
2020, 258: 118192.

Chu Y, Lv X, Zhang L, et al. Wogonin inhibits in vitro herpes
simplex virus type 1 and 2 infection by modulating cellular
NF-«B and MAPK pathways [J]. BMC Microbiol, 2020, 20: 227.
Guo X, Wang J, Wang N, et al. Wogonin preventive impact on
hippocampal neurodegeneration, inflammation and cognitive
defects in temporal lobe epilepsy [J]. Saudi J Biol Sci, 2020, 27:
2149-2156.

Huynh DL, Ngau TH, Nguyen NH, et al. Potential therapeutic
and pharmacological effects of wogonin: an updated review [J].
Mol Biol Rep, 2020, 47: 9779-9789.

Tai MC, Tsang SY, Chang LY F, et al. Therapeutic potential of
wogonin: a naturally occurring flavonoid [J]. CNS Drug Rev,
2005, 11: 141-150.

Talbi A, Zhao D, Liu Q, et al. Pharmacokinetics, tissue distribu-
tion, excretion and plasma protein binding studies of wogonin in
rats [J]. Molecules, 2014, 19: 5538-5549.

Chettri A, Subba A, Singh GP, et al. Pharmaceutical co-crystals:
a green way to enhance drug stability and solubility for
improved therapeutic efficacy [J]. J Pharm Pharmacol, 2024, 76:
1-12.

Liu L, Li Y, Zhang M, et al. A drug-drug cocrystal of dihydro-
myricetin and pentoxifylline [J]. J Pharm Sci, 2022, 111: 82-87.
PiJ, Wang S, Li W, et al. A nano-cocrystal strategy to improve
the dissolution rate and oral bioavailability of baicalein [J].
Asian J Pharm Sci, 2019, 14: 154-164.

Liu Y, Yang F, Zhao X, et al. Crystal structure, solubility, and
pharmacokinetic study on a hesperetin cocrystal with piperine as
coformer [J]. Pharmaceutics, 2022, 14: 94.

Weng X, Pang Z, Qian S, et al. Druggability enhancement by
modification of physicochemical properties ofdrugs via crystal
engineering [J]. Acta Pharm Sin (2§ % 2% i), 2020, 55: 2883-
2891.

Guo M, Sun X, Chen J, et al. Pharmaceutical cocrystals: a



FAh K AR DU R S

TR B A B 24430 7 22T 7

2611

(18]

[19]

[20]

review of preparations, physicochemical properties and applica-
tions [J]. Acta Pharm Sin B, 2021, 11: 2537-2564.

Qiu P, Gao J, Qian S, et al. Enhanced dissolution and intestinal
absorption of adefovir dipivoxil bycocrystal formation with
acetaminophen [J]. Acta Pharm Sin (%4 %% % 4k), 2018, 53: 993-
1001.

Hua Y, Wu Y, Zheng D, et al. Enhanced dissolution and
tabletability of lornoxicam by cocrystallization [J]. Acta Pharm
Sin (Z524244R), 2022, 57: 1163-1171.

Xiong J, Xu D, Xu X, et al. Establishment of a cocrystal

(21]

[22]

(23]

characterization method for sacubitril valsartan sodium [J]. Acta
Pharm Sin (2 2%%:4Rk), 2021, 56: 577-584.

Peng B, Wang J. Advances in drug-drug complexes based on
the crystal engineering design [J]. Acta Pharm Sin (25 % %% ),
2020, 55: 2358-2367.

Qi Q, Peng J, Liu W, et al. Toxicological studies of wogonin in
experimental animals [J]. Phytother Res, 2009, 23: 417-422.

Zhu N, Li JC, Zhu JX, et al. Characterization and bioavailability
of wogonin by different administration routes in Beagles [J].

Med Sci Monit, 2016, 22: 3737-3745.



