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Investigation of Effect of Polyethylene Glycol 400 on Pharmacokinetics and Anti-
inflammatory Effect of Baicalin Based on UPLC-MS/MS and Molecular Docking Techniques
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[ Abstract] Objective: To investigate the effects of polyethylene glycol 400 (PEG400) on the
pharmacokinetics and anti-inflammatory effect of baicalin, and to preliminarily explore the anti-inflammatory

effects of baicalin and its main metabolite baicalein 6-O- 8 -D-glucuronide (B6G) by molecular docking.
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Method: Rats were randomly divided into two groups with water and PEG400 as the dissolving matrix, and rats
were administrated the equal dose of baicalin aqueous solution (baicalin+water group) and baicalin PEG400
solution (baicalintPEG400 group). After the plasma samples were processed at different time periods, the
concentrations of baicalin and B6G in rat plasma were determined by ultra performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/MS) , and pharmacokinetic parameters were processed by DAS 3.2.2
software. Mice were randomly divided into a blank group (normal saline, 20 mL-kg"') , aspirin group (dose of
0.2 g-kg') , baicalin/baicalin+tPEG400 high and low dose (3.0, 1.5 g-kg') groups, after continuous
administration for 7 days, the mouse ear swelling and foot swelling models were established, and the swelling
degree and swelling inhibition rate were calculated. Result: The pharmacokinetic study showed that compared
with baicalin+water group, the plasma concentrations of baicalin and B6G increased after administration of
baicalin PEG400 solution, and the area under the curve (AUC,,) increased by 2.36, 1.97 times, and the peak
concentration (C,, ) increased by 2.12, 1.65 times, respectively. The results of mouse ear and foot swelling
inflammation models showed that the anti-inflammatory effect was enhanced after intragastric administration of
baicalin PEG400 solution. In addition, molecular docking results showed that baicalin and B6G could site bind to
multiple target proteins [ tumor necrosis factor (TNF)-«, interleukin (IL)-6, IL-18, prostaglandin E, (PGE,)
and nuclear transcription factor-«B (NF-«B) ] with higher affinity, which was superior to the positive drug
aspirin. Conclusion: PEG400 can increase the plasma concentration of baicalin and its main metabolite B6G,
and enhance the anti-inflammatory effect. Baicalin and B6G can form strong hydrogen bonds with various
inflammatory factors and of nuclear transcription factors, it is speculated that baicalin and B6G jointly play an
anti-inflammatory role.
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B ISR, 4% 2.4 T00T J7 VR SR AT AL B 4 2.1 0
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E1 XRABREZHEABER2 hEMEERE UPLC
Fig. 1 UPLC of plasma samples of rats after oral administration

of baicalin for 2 h

F1 KEMEHMPB6GREZEFH UPLC-MS/MSHHTHMBEE
FERHEER(n=6)

Table 1  Precision and accuracy of baicalin and B6G in rat
plasma samples by UPLC-MS/MS (n=6) %
vk H N H [l
oy jwgeLt  WEE WWE  WEE  WE
RSD RE RSD RE
WA 25 9.6 -7.2 8.2 -4.9
500 3.6 5.2 4.1 33
4000 6.3 -5.4 2.9 6.2
B6G 15 10.2 11.2 9.7 -2.5
625 8.6 -2.7 33 10.0
5000 5.2 4.5 5.6 9.8

RSD<9.2%;4 °CH#FE L E 12 h /5 RE AL T -5.3%~
3.1%, RSD<8.7%; -80 °C Jz & I fill 3 X J& ) RE &b
T -8.9%~-3.7% ,RSD<9.5% ; -80 °C it & 20 d J5 RE
I T -8.2%~-3.5%, RSD<10.3%., ] 4 F &1 F

Fig. 2 Mean plasma concentration-time curves of baicalin and

B6G (x+s,n=6)

®2 XRMEFEZHMBGHEZARINNFESH (3+5.1=6)
Table 2 Main pharmacokinetic parameters of baicalin and B6G

in rat plasma (x+s,n=6)

KA AT +PEG400 41
28
WA B6G A B6G
c,/mg-L' 2.0+£0.8 3.0£0.7 424117 5.0£0.9"
t./h 9.7+1.6 8.041.7  8.5%1.4 8.5+1.6
t,,,/h 5.6+5.2 3.3+1.1  3.8+2.6 3.942.4
AUC, /mg-h-L" 155456 258448 36.5+9.3" 50.8+11.9"

AUC,_/mg-h-L" 20.0£10.0 28.0+7.6 40.5+14.2” 56.5+19.0"

V,/L-kg' 69.0+40.1  28.7+4.1 21.5+7.57 16.4+52"

CL/L-h" kg 10.2+4.7 6.3+1.5  4.6£1.6”  3.3x1.1"

T 5 B A K 4L A R4t #E Y P<0.01,7 P<0.05.

3.7 X HIORBUNRE R K E MR 55 H

2 Lb AL, WA ARR] A 4R B4 1T +PEG400 5

AV 791 2 4 % T ) DG A /0 R J P i 24 AN ) R

Hb B A, LB 2 R A B i i 2 BB

I 4y A, G e B ) DG AR 2 B A4S AT +PEG400 5
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R 41 22 243 Ge i 24 B L (P<0.05,P<0.01) ; 5B
A PEARAE AL B S Rl R 2R A St E X
(P<0.05) . B #5545 X6 /)N BUCEC b ik A7 30 A A
25 F Bl R PEG400 5 58 % 31 156 5 1 400 ) 7= B8
. W3,

®3 PEG400 X Z FEEU/N R B M AR R 18 (n=10)

Table 3  Effect of PEG400 on dimethylbenzene-induced ear

swelling in mice (n=10)

. I JEI,I PR BE (x£5) ikl

/g kg /mg 1%

= 8.1£2.3 -

i ] DG b 0.2 4.5+1.3" 44.4

5 ) 3.0 5.9+1.4 27.2

B +PEG400 = 5 3.0 3.2+1.57 60.5

AR R 1.5 6.8+1.1" 16.0

WA +PEG400 %71 4t 1.5 4.4%1.3" 45.7

T 525 (41 BV P<0.05, 7 P<0.01 ;5 45 BT =] IC bk 41 b 4% <
0.05(£ 4[d).

3.8 XA CRBBUNRE MK EREm S50
20 LR, R e IR o 4 RN B 5 +PEG400 5
AR5 o 2 K B ) DT AR A /) RO i ik 28 AT A [ R
b B A, LR B 24 T RE Y e b K R S R
Ay 3, o B % 1 R0 =, | A
PEG400 = A% 51 1 20 K Bi] W] DT bR 2H 22 = 34 it
F O X (P<0.05,P<0.01) ; 55 Bl &) DU AR 2 L 45, 8%
G ) B 41 K 5 %5 +PEG400 Ik 7] 2 4 22 7 A 4t
TR L(P<0.05) o 3R W38 55 X6 /0N B i i A 410
HI4E T, 245 BBk PEG400 5 8 55 1 196 4 v FH 4 41
YEM T 2, WLk 4,

F4 PEG4003f A XERBU/NR MK (n=10)

Table 4 Effect of PEG400 on carrageenan-induced foot swelling

in mice (n=10)

a5 | 4 Jifik B2 (% +s) il 2%

) /g kg /mg 1%
ZEH 85.2+10.6 -
AT ] DG A 0.2 38.6+13.3% 54.7
HER AT 3.0 45.6+4.99 46.5
B AT +PEG400 15 7 3.0 31.3+4.37 63.3
AL 1.5 64.6+8.6' 24.2
AT +PEG400 {1 71 1.5 52.245.9%% 38.7

3.9 WS SFHEAEAN S T E

LG E S T S S e R4,

F£ 50, %51 & B6G ¥ 1f L 5 TNF-a, NF-«B,
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IL-6,1L-18, PGE, # #f # 25 &, H. & Xf 45 45 R 24
T BHPE 24 B R DR S Sk LR R A A
YEH# B6G i, iX 2 Bl il 53 24 VL 55 PGE, Fl NF-«B 11y
SFRESE RN B PyMOL 2.3.4 84 43 5 %o 8 %
A B6G X £ I 4 14 #8554 1 (NF-«B, PGE,) £ 17
ALAAL A B, UL 3. 45 SRk B NF-«kB 5 8 5 1,
PGE, 5 B6G ¥ 1] LUE il & i, H v 8 %5 1 5 NF-«B
M 24 HE R 5% K ARG408, GLN479 I il & 5 , B6G 5
PGE, Y & JE R 5% 3 CYS167, TYR208, ASN337 & )ik
A4, KW NF-«B,PGE, 5 # % 1f ,B6G ¥ A & if

IR

x5 HEF,BGREMHEZHLAMLE G
Table 5 Binding energies of baicalin, B6G and positive drug with

each target keal* mol™!
LLPR) WA B6G BT ] DG Ak
TNF-«a -8.7 -8.8 -5.6
1L-6 -9.1 -8.3 -5.6
IL-18 -7.8 -7.5 -5.4
PGE, -11.3 -10.8 -6.6
NF-«kB -11.8 -10.3 -6.4

1 keal~4.186 J.

4 itit

A2 B ] UPLC-MS/MS 55 PEG400 X # %
R H E B B6G 78 K B (14 52 Wi, 45
PR BUTE B # 51 PEG400 I R, 35 1 K&
B6G 1 Ifil 24 Vi & W 35 1 I o AR W 58 A6 ST T/ R
T i e B R i i AR R PR 59X PEG400 X 85 45 11 bt 4%
TR i, 45 R 22 W] PEG400 5 8 & A I [H 45 24
Jei W0 T /0N BRI R Ik Y AR E A DL, 2% B
HEFF P RBOR S B, 255 KRR h
22 BL M /N B N AT BB AF AR 2R LN L, B
PEG400 512 T # & 25X 8l Jy 2447 0y 22 b, i
T 2 36 0 4 B0, (H PEG400 X B %5 1 41 4 V5 5%
M) (4 AL 3R 5 B E — 2B A5 . BRAh 4y F o R
A DAASE AL 6t TR T B R B 04 2 W T P R, B
AP MR A 2T R R A A R
AT ML E A | 5 ik 0 B (B iR ) 5 R o
T (B2 AR ) 1 R B ) 67 25 G O A R S PR A
SR RE S A A Y. B6G Ry B A Y R 43
SRR BT 5 VR L AT AR 5 8 A 2L, oA
SCHE 3 4 F X 4 B R WP R T A PR AR T
FE A — 50, T A PEG400 X 15 %= 4 BT 2 Th a8y
P F) A 4 AR i
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Fig. 3 Optimal docking conformations of target proteins with baicalin and B6G

W A PURAEN], AT 40§ PGE, (4 7= A4 il —
SALE AT IR E A TE-2(COX-2) B R ik,
HRE K A B, PR 20 M B i TNF-a, IL-6, IL-18 il
PGE, %5 RAE K TS 5 LR B 8 I, 24 20 A 7= A= 5
Y S B 23 5 S 4RE SR, NF-xB 7 21 Jifd 4%
i H RS G BV B PGE, J2 6 28 DU JA R (AA) AR ik
o COX-2 41 37 2 11 31 B2 R AE A 0T, BE 5 | kS il 7
BTk R 3E o MR T DR 1B AR R R
B2 FE /N B RE B A o 32 BB i TNF-a, IL-6,
IL-18 Fl PGE, %5 & AE 1, At , A S F= 220 F 4 1
X R B UE B 54 & B6G X 2 B g Mk 5
TNF-a, IL-6, IL-18, PGE,, NF-«B % #l & 1) 45 & 1%
PR R BT S B6G 5 O HEHE AU
M) 45 4 BE ¥4 <=5 keal-mol™, Pd B I 2% h X 2 Fh £ 5
RSP S AR SR A R U 45 A #2078 B6G AT
REAFTEWETE ML A 06 PE o A, A L 41 Ay 101 F 9%
W], B6G X HepG2 4l is A5 K 4 (1 3 i 7 il 1

FH, 6 B LA v AE Y 2 B L S SE Y A DG
FAEAEIAT .

TE PEG400 MU/E IR, 8 2 1 S = = 2R
B6G 1 Ifil 245 Ve B K Bt 48 50 W I 184 o 5 8 o X o
B R A UEAT o B B LA S T B A 2 T
F JEAK, {H PEG400 5% M K B N 845 17 ) B6G iX 2
A B VR FHBILRI o6 75 i — B IR R . AR SCHFS
S5 3 WK, 245 TH B REE R0 b i VR DO g 2w, AT
R 25 A R B2 A R 2 b 24 0 R AL i T 4R
it — 2 B B AR 4R -

[FlgmhE] ALRBEEEMTHEF R,

(&% 30ik]
[ 1] AR 2 FHRE X % 02 1A 5 25 9 TR v 5%
ML), BHAARHR,2013(8) 1 1-2.
[2] JOHNSON B M,CHARMAN W N, PORTER C J H.
An in vitro examination of the impact of polyethylene

glycol 400, pluronic P85, and vitamin E D- « -
- 137 -



527 B4 22 ] HEXBAFZRS Vol. 27,No. 22
20214E 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2021

[4]

[10]

[11]

[13]

tocopheryl polyethylene glycol 1000 succinate on P-
glycoprotein efflux and enterocyte-based metabolism
in excised rat intestine [J]. AAPS PharmSci, 2002, 4
(4):E40.

VIIASALIU D, FOWLER R, STOLNIK S. PEGylated
nanomedicines: recent progress and remaining concerns
[J]. Expert Opin Drug Deliv,2014,11(1):139-154.
FERREE E 2R, RIR A 2T IR £ T 400
ARG B 25 9 A 413 Bz 1 n 2w (7). o [ S 5
T7 R 27 ,2019,25(1) : 196-200.

YANG M, LIU D, MURDAN S. An animal's sex
influences the effects of the excipient PEG400 on the
intestinal P-gp protein and mRNA levels, which has
implications for oral drug absorption[J]. Eur J Pharm
Sci,2018,120:53-60.

WANG H J,HSIONG C H,HO S T, et al. Commonly
used excipients modulate UDP-glucuronosyltransferase
2B7 activity to improve nalbuphine oral bioavailability
in humans[J]. Pharm Res,2014,31(7):1676-1688.
PNIE K, sl B 0 BT 7R, 45 . TR 2 I 400 X {41 5 55
N SR L R A AR e (D], 90 N R 224l IR
AR ,2012,32(2):211-215.

SRR, BRAI, BB, B 5 2 TR 400 X0 B4 M
AR A R R e [T b Sy R A

75,2020,26(10) :88-93.

LI B Q, FU T, GONG W H, et al. The flavonoid
baicalin exhibits anti-inflammatory activity by binding
to chemokines [J]. Immunopharmacology, 2000, 49
(3):295-306.

MOGHADDAM E, TEOH B T, SAM S S, et al.
Baicalin, a metabolite of baicalein with antiviral
activity against dengue virus [J]. Sci Rep, 2014, 4:
5452.

4 B o I B A B T ARSI X i R 4T A
SWEMAIREEEE MR N2EER
2j,2019,30(4):788-790.

JIAY M,CHEN L R,GUO S J, et al. Baicalin induced
colon cancer cells apoptosis through miR-217/DKK1-
mediated inhibition of Wnt signaling pathway[J]. Mol
Biol Rep,2019,46(2):1693-1700.

ZHANG R Y,MA Z X,LIU K L, et al. Baicalin exerts
antidepressant effects through Akt/FOXGI1 pathway

promoting neuronal differentiation and survival [J].

- 138 -

[14]

[17]

[18]

[19]

[21]

[22]

[23]

Life Sci,2019,221:241-248.
AKAO T,SATO K, HE J X, et al. Baicalein 6-O-8-D-
glucopyranuronoside is a main metabolite in the
plasma after oral administration of baicalin, a flavone
glucuronide of Scutellariae Radix, to rats [T]. Biol
Pharm Bull,2013,36(5):748-753.
TRAS . B H TR Sh W R A B W SORAR B I SE (D . ik
PH - LB 258 K2, 2005,
SINGH S, FLOREZ H. Coronavirus disease 2019 drug
discovery through molecular docking [J]. F1000Res,
2020,9:502.
TR, B A L /N BT R AR R BE L],
LRIRH A BE A4, 2012,26(6) 1 1-4.
JES I , KA K, AF TR ORI R BRI PEG400 X
WA S RS I psg [T, b v 2 e
5,2019,44(5):1034-1040.
FME, E4E0E &K% IR TG A UE T
T it o o KU 95 55 R I e R AL Bt R 1
PERTLO]. w52 88 J7 5 2 2% 350, 2020, 26 (23) -
131-136.
WeiRr A, PR L A5 L S 5 B G B TR AP
P 5 T7 R0 R X IV R AR F s L], b [ 52 5
Tl 2R3 ,2020,26(9) :69-74.
CHEN K,LITH,CAO T C. Tribe-PSO:a novel global
optimization algorithm and its application in molecular
docking [J]. Chemometr Intell Lab Syst, 2005, 82 ( 1/
2):248-259.
KB, EAF RS E . SR SIS KR
JFs [ W 4 0 7 2k PGE, B2 TXB, HY %0 [T]. 225
SHiE K ,1990,6(4):31-34.
CHEN Y C, SHEN S C,CHEN L G, et al. Wogonin,
baicalin, and baicalein inhibition of inducible nitric
oxide synthase and cyclooxygenase-2 gene expressions
induced by nitric oxide synthase inhibitors and
lipopolysaccharide [ J]. Biochem Pharmacol, 2001, 61
(11):1417-1427.
KALINSKI P. Regulation of immune responses by
prostaglandin E,[J]. J Immunol,2012,188(1):21-28.
MR, KA, SR A, AR L RUI s A A
o3 Bl Al B FC X AT 9 20 i Hep G2 1 L B4 5% Wi T 50
[J]. HEZ5)5,2020,31(7) : 800-805.

[EERmE NEX]



