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Improvement of irinotecan-induced enterotoxicity by self-assembled
nanoparticles between components of Gegen Qinlian Decoction
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Abstract: Objective Based on the interactions among the components in the combined decoction process of the classical Chinese
medicine compound Gegen Qinlian Decoction (&2 %1%, GQD), we investigated the performance of its representative components,
puerarin, berberine, baicalin, baicalin, glycyrrhizic acid, and pamadine, in combining with each other in vitro to form self-assembled
nanoparticles, and their pharmacological activities in ameliorating the enterotoxicity effects induced by irinotecan (CPT-11), so as to
provide references for self-assembled nanoparticles among active ingredients originating from the traditional Chinese medicine broths.

Methods The five self-assembled berberine-wogonoside nanoparticles (Ber-Wog NPs), berberine-puerarin nanoparticles (Ber-Pue

RS EHEA: 2024-01-15
SR « 5 B 255 PR S 256105 FIB\ 2 A A ST H (ZY YCXTD-D-202209); [ 5 %5 Bh 4= F i 78 A St RITE C £4(GZC20230335)
TEEENY: BRE (1999—), 2o, WiLFsid, FHEMNERZEHHIFIHFF SR Tel: 15583787242  E-mail: 896716899@qq.com
HBIEMEE: BHW, 0K, FENERGHRA S Tel: 13551043885  E-mail: cduttmzjm@126.com

SALRE, PET, BN S FEI IR ST . Tel: 15680803903  E-mail: yihanwuone@126.com



- 3088 » F8 B 2024F 68 $£55% B12H  Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 12

NPs), baicalin-puerarin nanoparticles (Bai-Pue NPs), baicalin-palmatine nanoparticles (Bai-Pal NPs), and baicalin-glycyrrhizic acid
nanoparticles (Bai-GA NPs) were prepared by solvent evaporation method. Then, the particle size, polydispersity index (PDI), drug
entrapment efficiency and drug loading efficiency of the nanoparticles were measured. The morphology was observed by transmission
electron microscopy, and the interaction between the components was investigated by the UV-vis absorption spectroscopy and Fourier
transform infrared spectroscopy. In addition, the pharmacological effects of five self-assembled nanoparticles on alleviating delayed
diarrheam mice model induced by irinotecan (CPT-11) in mice were investigated. Results The average particle size of Ber-Wog NPs,
Ber-Pue NPs, Bai-Pue NPs, Bai-Pal NPs, Bai-GA NPs were (198.09+4.64), (216.29 +5.31), (173.53 £5.46), (185.75+3.38), (242.10
+ 12.30) nm, respectively. The average PDI was 0.14 £ 0.06, 0.13 = 0.06, 0.19 + 0.03, 0.19 + 0.01, 0.21 £ 0.05, respectively.
Furthermore, the five self-assembled nanoparticles were spheroidal nanoparticles observed by transmission electron microscopy. The
other four nanoparticles have higher encapsulation efficiency except Ber-Wog NPs. The UV-vis absorption spectroscopy and Fourier
transform infrared spectroscopy suggested that the five assembly nanoparticles were formed by intermolecular hydrophobic forces and
the molecular docking modeling further suggested that the formation mechanism of nanoparticles was related to intermolecular
electrostatic interactions or hydrogen bonding. The pharmacodynamic results showed that the preparation group relieved weight
reduction, diarrhea index was decreased, the content of inflammatory factors tumor necrosis factor-a (TNF-o) and interleukin-1p (IL-
1B) in the colonic tissues was decreased, and interleukin-10 (IL-10) was increased; Hematoxylin-eosin staining (HE staining) showed
that the lesions of the colonic mucosal tissues were significantly relieved. Conclusion Several representative components from GQD
can efficiently self-assemble to form nanoparticles, and have similar effects to GQD in alleviating enterotoxicity caused by CPT-11,
which provides a new way to study the correlation between the basic form of pharmacodynamic substances and pharmacodynamic of
traditional Chinese medicine decoction.

Key words: Gegen Qinlian Decoction; self-assembly; nanoparticles; enterotoxicity; component interactions; puerarin; berberine;

wogonoside; baicalin; glycyrrhizic acid; palmatine; solvent evaporation method; diarrhea
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Fig. 1 Size distribution (A), TEM morphology (B), and solution morphology (C) of five kinds of nanoparticles

FT1 5 FKRRIBKIIRE PDI(X+s,n=3)

Table 1 Particle size and PDI of five nanoparticles (X £ s,

n=3)
i1l 771 i f%/mm PDI
Ber-Wog NPs 198.09+4.64 0.14%0.06
Ber-Pue NPs 216294531 0.1340.06
Bai-Pue NPs 185.75+3.38 0.1940.01
Bai-Pal NPs 173.53+5.46 0.19+0.03
Bai-GA NPs 242.10+12.30 0.21+0.05
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®2 SHARNPNBHRLEAE (Xxs,n=3)
Table 2 Encapsulation rate and drug loading of five

nanoparticles (Xt S, n=3)

il 551 D% 3 2/% BRI/ %
Ber-Wog NPs  /NBER 23.64+0.10  5.16%+0.05
WESTF 4630£0.17  22.0440.18
Ber-Pue NPs  /]NBEf 92994037  39.69+0.11
BIRER 96.05+0.17  38.46+0.02
Bai-Pue NPs  FE% 4 737242025  18.94%0.10
R 92.42+0.28 28.94+0.03
Bai-Pal NPs  FE% 4 98212020 36.24+0.06
BT 98.03£0.18  17.95+0.09
Bai-GANPs  FX Y 90.90£0.21  19.81+0.08
HEmR 99.71+£0.39  62.82£0.32
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Fig. 2 UV spectra of five component self-assembled nanoparticles and their free constituents
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Fig. 3 Infrared absorption spectra of five component self-assembled nanoparticles and their free constituents

[F] 2, Ber-Pue NPs A1 2 A7 ALl T 25 /1N BE B AN
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- Bai-Pue NPs H B A LT & 3 5 H AR i 2
FIRFEIR IS, (HIEESH I C=0 [R4EiRshigAE
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1% Ji% Bai-Pue NPs J& A% B 20 5l #5822 1 636.98
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CE R B AR AR A AN mom MERE A

Ber-Pal NPs ' H A R & S H A E 5T
PRFIER ST, (HEE SR C=0 KIH4ERzhi T
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TE 1% Bai-Pal NPs Ji5 [F/IR B 02 50 2 1 637.54 cm™!
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)% 1554.87cm™, HHILIER Bai-Pal NPs H1 85 54
FNE Sy T S n-n HEFU/EH - Ber-GANPs H
B A 35 A B RR AR A R Wiy, H
HM C=0 PR FEIRBNETE 1 660.82 cm™!, -OH
()25 fhIRBHIELE 1407.30 cm™!, 7EJE /% Bai-Pal NPs
Ja AR ERE Eh 2 1 626.67 cm ™!, -OH [ /& i X k%
A 1 418.16 cm™!, HEFEH RIHZEIRSNIE C=
7E 1655.10 cm™!, fEJE K Bai-Pal NPs Ji [ i i £cks
% 1626.67cm™, HILIER] Bai-GANPs H1 35 %4
A BERRAFE S AE 5 .
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pccompound/) FE/INEERK . POEE ., WEH . B
R, HERR. E5yTH SDF X4, H OpenBabel-
2.4.1 ¥ SDF U548 MOL2 3CfF. AutoDock
Tools 1.5.7 tiAb/NrF 458, FIHEAE AutoDock
Vina 1.1.2 #4700 FX %, ek &Ik A, — Mol
RNEEREAL, ALy, mE IS ARIKT
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oy TS A B4 At s /N T-33.47 kI /mol,

ey
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Fig. 4 Molecular docking visualization models of five-component self-assembled nanoparticles

£3 5SWHYEKKIN G

Table 3 G of five nanoparticles

il 75 G/(kJ-mol™) bl G/(kJ-mol™)
Ber-Wog NPs -17.15 Bai-Pal NPs -18.41
Ber-Pue NPs -17.99 Bai-GA NPs —24.27
Bai-Pue NPs -16.32

2.4 A BERMKER CPT-11 FIBURA 4IRS
YER#R
241 CPT-11 BURRMENGIERHAE ., 7rH 5%
IV ER ICR HEVE/NRR, MRS (20£2) g, SEXTT

BRI BOE R MRS 1, SR H oK. e,
BEJG 52 7 4, WTHEZH . L4, Ber-Wog NPs 4.
Ber-Pue NPs ZH. Bai-Pue NPs 2. Bai-Pal NPs ZH.
Bai-GANPs 4, &% 8 H. Bxfiadish, Had
BIPL 45 mg/kg FEIES: ip CPT-11, ELLEN 4 d,
FR 1R, B3 CPT-11 BUR K HREIS #0521, %f
R ZH 3 5 5 AR B AR K

5 1 KiEM TG, Ber-Wog NPs ZH4%[H# 20.0

mg/(kg-d)/NEERH AN 85.4 mg/(kg-d) L H I EL T

Bai-Pue NPs /A 7EE B n-n MERURH BLAEH, |5
HH5EWEM G ~H-16.32kI/mol; Bai-Pal NPs H11%
R nn ERH AR, S HFS5ESTH G
N—18.41 kJ/mol; BAI-GANPs HfE7E A4k, HE%s
T 5 HERRK G N—24.27 kl/mol. Kk, KA1
ST AR R W BT ) 5 i A BSR4 2E 0L
H1250 5 3 TR i B AN m-m HERR 5 A A0 A
FHK

Ber-Wog NPs

i
- — - nn R

Bai-GA NPs

/INER ig; Ber-Pue NPs 3% 20.0 mg/(kg-d)/NEEDK
F119.4 mg/(kg-d) B FIE ig, Bai-Pue NPs ZH1%
8 20.0 mg/(kg:d)FEXEF 30.6 mg/(kg-d) B AR 7
i ig; Bai-Pal NPs 414% 1 20.0 mg/(kg-d)¥H 51 Fl
9.9 mg/(kg-d) (2 T 7 ig; Bai-GA NPs 2% % 20.0
mg/(kg-d)HE T 63.4 mg/(kg-d) H BRI & ig, *f
MR AR ig S 781K, FFERZh25 10d, KR
2, ZE 11 RIS/, FIREEEHHL,
T fEsktarill. 427 3AIE Rl 5%/ AR BT &
., REFEH TR IENT8 2 (disease activity
index, DAD V¥4, %MK 4 FrifEidE4T DAL P47,
S1. S2 I S3 7 AAREAR T B VFor . FEIRA
PR AV 7y, ARHE N 156 00H 5 H DAL VF4r .

DAI=(S1+S2+8S3)/3

83T SPSS 26.0 A3 #r 2 H AR < 1A) ) 22 5
SCIGHAE FH X £ 5 FoR . TR TORCR FMOIAEA ¢ 16
oy, ZAHMPEHEEREHARNEEEER
(LSD) #:45 56 . 45 P<0.05 i Z R H Gt 242 Lo
242 /NR—MBIFH WK 5-A BoR, STRRANR
PR S AE SCIR ARBTG5 RRZH oA, AR
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Table 4 DAI scoring criteria 30 | i - . . - HA
proe- 0 TOINNe—a—w—a Ber-Wog NPs
i 1 = =% + Ber-Pue NPs
‘\// }‘& MR Y pEY 2 -
LZ RS L = e
- — 10 4 -e- Bai-Pal NPs
0 0 EH GRIERAE) FA ‘= Bai-GANPs
1 0~5 T HE I N TH#HZ 0
2 5~10  FAHC CHPIR, SERJEAM) Kl B 4] o
3 10~20 A-TWEZIE N TH#E iR
N \ Ber-Wog NP
4 >20 WS CREMIL(E, FTHL e

(8 {58 B LS

H/NRAR T EIRET T SRR LR, T 5
HRTAE—ERRRE LR /N B AR ot & /b, 28 10 K
/N BT S IE AT IR AE (38.7142.13) g A
ZH (22.10%1.31) g+ Ber-Wog NPs 4 (25.80+2.54)
g+ Ber-Pue NPs 4 (24.101+2.79) g. Bai-Pue NPs 2
(25.734+3.84) g. Bai-PalNPs 41 (23.94+3.95) g,
Bai-GA NPs #1 (26.53+3.97) g. Wikl 5-B iR,

FRAE DAL VP43 rr 4306 B2 /N BROKAE 1B, 1/ SRR
VEST CPT-11 1) 4 d J5 RAEIZHT H AR (5,
WL A58 o & il 77 20— 58 R FE T G/ SR IRVS 15 400
RILHEAE M, GERET CPT-11 H. W 5-C A
N, SXTHRZEALE, BIRAAFIERA 37.5%, Ber-
Wog NPs. Ber-Pue NPs. Bai-Pue NPs. Bai-Pal NPs.
Bai-GA NPs fEiE #5514 50.0%. 75.0%. 62.5%-
62.5%- 50.0%. WK 5-D fiown, X B2 45 iz B J2 v
W, SR e R HE M ] DR ) 2 e, TRA
iy FRMEFRIR AT AR XA, B8
SRR I E g N, KA, AmhEEE
MELLth, ik LA, SREALAARLL, 7
HIGETHAY, SSmBHILz BaRFEL, DA R
I KA AR B, W] — s R FEHIHI CPT-11 JTEL
ShlnZEan, Forp AR I 45 M~ 3 K R R I R 4
] CPT-11 45 2 4 16 RO B e MK 25 ) N
Bai-Pue NPs. Ber-Pue NPs. Bai-GA NPs. Bai-Pal
NPs. Ber-Wog NPs,

243 /PNREHHALSURIIRESEE  WE 6 BT
N, AR A e, TR, AR
(71 PN 01771 SR S = S R P Y R S
Us BRI 2 e H T R AR [E R AE, S A iR T
DLERA, FEERNAK, il RtEB e, KERELS
IR, TS —, A KRB R
iH; Ber-Pue NPs 41 f11 Bai-GA NPs ZH %} E4H AT =

*- Ber-Pue NPs
Bai-Pue NPs
- Bai-Pal NPs
Bai-GA NPs

Xof HEE
i)
< — Ber-Wog NPs
¥ 50 e “~ Ber-Pue NPs
W .
& Bai-Pue NPs
&
—— Bai-Pal NPs
—— Bai-GA NPs
0 T
0 2 4 6 8 10
t/d

’ g..—-

' X HEE

it

L——-—-} Ber-Wog NPs

h‘_“ Ber-Pue NPs

‘-—-—.- Bai-Pue NPs

k‘-‘“ Bai-Pal NPs

‘-.——-... Bai-GA NPs

ol o} 9l nlh %) |

ANRIETTE; BN RIGREIEEIREG C/D R EAF L D-
NRESIRES -

A-mouse body weight; B-mouse enterotoxic diarrhea index; C-

survival curves of mice; D-mouse colon status.

E5 5MEFRRFALERSBUER
Fig. 5 Reduction of symptoms due to irinotecan by five

agents

W, BRI, HATE BIFH A 0 2 40 R
baes Mok BLEMIER, dUIEHESIEH; 1 Bai-Pue
NPs. Bai-Pal NPs. Ber-Wog NPs £H 15 A I, % ik 2 />
BYHIMNTE, FREA D ERYEARIRTE, HS5RAY
ZHA Lk, Bai-Pue NPs. Bai-Pal NPs. Ber-Wog NPs 41
AT AR I RIS HE I B2 R MEVB H

2.4.4 FH/NR LA TNF-a. IL-18 F1 IL-10 75
ERFZW  CPT-11 SER KNGS K AR 226 K
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Ber-Wog NPs
6 HE Z&E/NREHFIEELNFIEE

Fig. 6 Pathologic pictures of mouse colon mucosa tissue after HE staining

BRIEIMRAE, W KERAER T, HH TNF-o
AU IL-1p AR RPF, IL-10 NIRRT &4xt
CPT-11 B8 05 K 2R ANk 5 fios, SXER
HAHEL, BRI TNF-a. IL-1p HIFRIAEE T E
(P<0.05), IL-10 & EEFFEK (P<0.05); S5
RUHAALL, &M K TNF-o & &E (P<
0.05), H:+ Ber-Pue NPs ZHAH Lt Ber-Wog NPs 15 Bai-
Pal NPs 1X 2 /Ml 1) 4H 2 # F# K (P<<0.05), Bai-GA
NPs 414H kb Bai-Pal NPs 212 2[4 (P<<0.05); 5
PRI AR L, &I B REFEIC IL-18 & & (P<

Ber-Pue NPs

0.05), H ' Ber-Pue NPs ZH#H Lt Ber-Wog NPs 5 Bai-
Pal NPs iX 2 Ml 7|20 . 2 A% (P<<0.05), Bai-GA
NPs # Lt Ber-Wog NPs 5 Bai-Pal NPs iX 2 /Ml 7]
R FERC (P<0.05); SHEAIGAL, HHIFI4
IL-10 #) B E T (P<<0.05), F:r Ber-Pue NPs 21
FHEE Ber-Wog NPs A1l Bai-Pal NPs iX 2 /Ml 71 4H {2
FZTm (P<0.05),
3 g

H AR gKR F Bl nen HERR L JEAEAE ],
S, FRRAHEAEA . SRR R AR AR

RS5 5 HYRRT R BERABIRELMES /N REMAL TNF-0. IL-1p 0 IL-10 FTEK PN (Xts,n=8)

Table 5 Effect of five nanoparticles on TNF-a, IL-1p and IL-10 and expression in colonic tissues of mice with irinotecan-

induced delayed diarrhea (X s, n=28)

2H 5] i &/(mgkg™") TNF-o/(pg'mg™") IL-1B/(pgmg™) IL-10/(pg'mg™")
xof - 47.74%3.26 174.79+13.18 624.30+38.88
A - 138.74+1.59" 598.07+£32.64" 251.71£7.06
Ber-Wog NPs 20 77.00£5.19%& 339.45438.67%4A 376.58 +33.20%&
Ber-Pue NPs 20 67.52+4.07* 276.54+20.70* 430.48 +28 45"
Bai-Pue NPs 20 74.56+7.89" 306.30 4 58.99* 385.27+34.21%
Bai-Pal NPs 20 81.59+5.40%A 346.46 1 64.13%44 371.4345.38%
Bai-GA NPs 20 71.19£3.64* 274.85+6.37* 412.36+36.33"

EXIRA LS "P<0.05; SHBHLLE: *P<0.05: 5 Ber-Pue NPs ZHELEL: €P<<0.05: 5 Bai-GA NPs Z1H#: 2P<<0.05.
*P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05 vs Ber-Pue NPs group; 2P < 0.05 vs Bai-GA NPs group.

NEEBK, JTHR TR, AERIEM L
oy S 2 18] LA AR AN B R B R FH T A B o
T EEN SR A, AT R
M EE, SR EEBRE, T2 EnLa
REAIFRE PERRSER, i Li 25PN SR B KA
HAER B HBIE OV B RN, Wang 55
(DR 2842 i A R IR 38 i S B AN KA T 1 B
PRGN, EARBE T, JE AT RSO3
ALZLAMEIE SLIRR ], 5 RN 2 e 88 2 il i
P IRARIN B RIIE R 70 TR A At — b 4R

7N FLTE L5 43 [B) & A ELAE FH BB G
TEARBFFH, NIESE GQD M 2B A
ShG KR, EE GQD H AR I
1B RSN EE . ESE . BIRE. HE
T BT HEREER AR L HA iz 1 e
1 #e2hth, il 5 Mkifmy— B HEBEGRk,
PDI $47E 0.3 LR ARG 78, %5 e gg
YIRERIRGIKKL, [ Ber-Wog NPs 4, 4% 4 Fligh
KR AE R LA BB . HUON T3k 3 43
PURRAE RN RZOE R, @i B mie e s kK
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L5 M B HRGUKRRIILE B T B RIIR, AR
FEZG 0 V] BE A HH T 25 ()RR 3R R R 40 245 25D Ji
K. HAET, KZHEHEDKZGY IR LR
AE, fEX YA BE AL 1T, BARME N
TR SN 22 b A2 P o B 2 ok s FLVR 7 ORI R B
o TR H A GNARRAK SE AR LA A BLAE F >R 3K
FIEAT EHLE, XL GS HAH AR AT B 4%
YK IA A F3 00 HE AT 52 52 % B W iE TH AL AR,
B MR, B o) E BIE 0 Kt A7 2 wif ikt B A
R TR K. RERIREFNS, FEEL
B IR A= 000 F 2 A BR B3 YR A )R] s I2e) 4
BA S 27038 5o B 101 R e 25 - /N BRE R ) 2 e Bt i A
HEE AR /N BRAR N H 2R 0 A R I 3 12 B i vh
KA C R 20, R HHRAE B miE T O
27\

DRI, A Eem TN TR AE M, B8
A BAEBYPRR R IR E ], BE AT pH {H
LSRN SR G AR B i KRR
M R AT SRR ME . G Li ZERSITERR B AT B £
OS2 I SRR 24 IO\ b R I 1k T Ik .
Jié-% ¢, 1% 2000 (DSPE-PEGa), MIMi#EwE T H4l
RRE MRS JIFAT N Ye ERM 2% 1 HHZr 48
HEORE PR Z T 10-F2 5 =Bl (10-HCPT ) G| e 2
(ICG) HHFMTLIAIKLW, o5 KR SR
TEHARGIK 259075 PBS MR ZFITE (FBS) Rrypk
HRIFESE 120 he

AR HTEARE TR I, GQD Al &3 2% fif CPT-
11 PR R MENGTS , vT A/ SRS A e FNTE
T3, RN RS, ) S0 1 K& PR
EREREYE, JF@E N Keleh £ BCH #XEA 1
(Kelch like ECH associated protein 1, Keapl) -#%
F E2 #5R[KF 2 (nuclear factor E2 related factor 2,
Nrf2) -4 EK A &M -1 (heme oxygenase-1, HO-1)
(Keap1-Nrf2-HO-1) 18 i A1l IR A0 T IR e LI 3-33%
lif (phosphatidylinositol-3-kinase, PI3K) /ffR{t
H ¥ B (protein kinase B, Akt) /#%[X-¥- kB (nuclear
factor kappa-B, NF-kB) (PI3K/AKT/NF-«xB) iH % &
FEUCER BT 2031, BRItk JRESHIE 5 RPHIFRI R 252,
AR PO L B R SRS IR A MRS /D R A, X
NS . MRS IETR bR AT T H0EL, K
P 5 AN BEAS [RIRE B () ek el 7 S R (CPT-
11 51 EHIIE &M IEVE AR SRR o X /N BRIRYS
TR B R A G, R ERFSIGK, RNV

R, KBS PIAHZERR N BSR4/ R A5 &
FEEST CPT-11 5, HBEREOCE, FMZEEAR,
TSR, REIREEC, ERmPEEL T, W
LS8 P — e R L I /N B P 22 B L AR
B HPIRGL . W TR gh e, il A R AR
M, SRR AR, DA, KA
BEIEOL, KR B A AT, (HR]— e
FEH AL B e B A 2 4, e bl R 2H Hh 4 )
CPT-11 %524 1) &8 th s 2K 73 791 09 Bai-Pue
NPs. Ber-Pue NPs. Bai-GA NPs. Bai-Pal NPS. Ber-
Wog NPs. HE 4t i/~ &6 g 2 I 4 2395 40 ol 3% 2%
fit, Ber-Pue NPs 01 Bai-GA NPs 4 34U 7+
W FEATOA, HRE BRI R VR4 iR,
b MR EBLE IR, 05 IEY, 1M Bai-Pue
NPs. Bai-Pal NPs. Ber-Wog NPs 3 1] W& = /b &
Hpplive, JFEADBERMEHRRE. T4
ZJERE PR - 1) 7 IR PR E R -0 (tumor necrosis
factor-o, TNF-00)+ IL-1B & & £ IL-10 E & T+ .
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