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Abstract: Objective To evaluate the inhibitory effect of Banlangen (Isatidis Radix) and its active component 4-hydroxy-1H-indole-

3-carbaldehyde on hepatitis B virus (HBV) by in vitro experiments, and explore the antiviral mechanism based on regulation of retinoic
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acid-inducible gene I-mitochondria antiviral signaling protein (RIG-I-MAVS) signaling pathway. Methods The toxicity of Isatidi
Radixs was analyzed in HBV stably-replicating cell line HepG2.2.15 cells by CCK-8 method, and anti-HBV experimental study was
conducted under the safe drug concentrations. The inhibition rate of drugs on HBV DNA, HBeAg and HBsAg was calculated, and the
antiviral efficacy of Isatidi Radixs was evaluated. Western blotting was used to detect the effects of Isatidi Radixs on expressions of
RIG-I, MAVS, interferon regulated-factor 7 (IRF7) and phosphorylated IRF7 (p-IRF7), which were the key signaling proteins in host
immune-related RIG-I-MAVS signaling pathway. Active compounds in Isatidi Radixs were retrieved based on TCMSP database, and
were molecular docked with RIG-I, MAVSS and IRF7 proteins using Schrodinger software, so as to screen the potential anti-HBV active
compounds in Isatidi Radixs. The active components with strong binding ability to target proteins in molecular docking results were
selected to evaluate their anti-HBV activity and their mechanism were explored. Results Isatidi Radixs could significantly inhibit
HBV DNA, HBeAg and HBsAg levels in HepG2.2.15 cells with inhibition rates of 54.67%, 23.29% and 66.62%, respectively. Isatidi
Radixs could up-regulate RIG-I, MAVS, IRF7 and p-IRF7 protein expressions, and the up-regulation of RIG-I was the most significant
(P <0.001). Molecular docking results showed that 4-hydroxy-1H-indole-3-carbaldehyde had a strong affinity with RIG-I, MAVS and
IRF7 proteins, and the binding energies were —5.218, —6.525 and —6.813 kJ/mol, respectively. The inhibition rates of 4-hydroxy-1H-
indole-3-carbaldehyde on HBV DNA, HBeAg and HBsAg of HepG2.2.15 cells were 33.87%, 28.14%, 46.14%, respectively, which
could promote RIG-I, MAVS, IRF7 and p-IRF7 protein expression. Conclusion Isatidi Radixs and its active ingredient 4-hydroxy-
1 H-indole-3-carbaldehyde could inhibit HBV DNA, HBeAg and HBsAg levels, suggesting that they play anti-HBV roles by up-
regulating RIG-I-MAVS signaling pathway.
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et B 493 (hepatitis B virus, HBV) /&
el B E R AL AR S, T SEEEC
R4, b S5 Dh e 3  JHE AR -4 s S5 24 R
HIPm R R A B IR O, FAR 8% HBV I 4R
JT4 RS “OhRettia @, Hog SCNHEPUR R
TR, LM RREPUR (HBsAg) FFEEHK,
HBV DNA Fll B, S 2l /KT R8I 5 AL
FUEEL SR RE COHHER K TR HBV
YL T E 93 9 2 3, — e T & (interferon,
IFND 2K, —ZREH () KUY (nucleoside
analogue, NAs) 12l, X1 IFN R34 R MECK,
MR SOR EFAIRE!, BIR NAs A4 RG]
T3 B 52 1) 1 B AR R AR 5 I ARE B AU, H
WM NAs 2585 7= A i 25T 52 ma g7 2%, St A0t
HBV Htlf il A7, MELLSEI HBsAg T R%, 3K1%
DIRetEia AR IR N (SR 0.5%) Mo PRI F-408T
Bt HBV J097 254072 i R I e ) 75 2.

WRIEAR N T FAREY AW Isatis indigotica
Fort. I T/EAR, 4. J€, HO. B, BEAIEH
fiess . GRULAE ) Th Rk, W TR B, A
i, WERADE, TERY, REMFh, KGR, P,
JHRIETe BRORAR 2 b BRiim PR B FH )35 A g EE 28
72, FESHEDWE. FHLEYER. KNERE
5519 REFAO, DA TR, SREEREA PR
BOREE. PR PUTPIOE SRR B
HREE. PTANTR. PUEAAT EE 2 My

FAEAUS, JUHPIWE. PIRAGMEE, —HLEHE
PN T R 4 R 10 A SRR L 245 0 IfL 3 E A4 A1 2
Mk 7R Reff HBV foe B 40 il & HepG2.2.15 4f
Wy 5 HBsAg 1 C AU % E $ili (HBeAg),
YEH 8 d B B 3H| HBeAg HI73 AP, MR IR 2
FEXS HBV AR, HATRER T IFN-a #
P17 Janus ¥ (Janus kinase, JAK) /M5 5SS
B % W iE T (signal transducer and activator of
transcriptions, STAT) {5 51l ¥ K EGE FIHT HBV &
HREHE 00, SRR HBV EAA i {E
FH R FAR 5 14 183 S A FEALHR 1 75 32— 25 B A
2Vt HBV B 15 = I il SRS, B
TEHUR R A e N A S HBY DhfRettia
A EZRT TR MER (R FSER 1
(retinoic acid-inducible gene-I, RIG-1) ¥£524& (RIG-
I like receptors, RLRs) £l Toll F£524& (Toll-like
receptors, TLRs) s [& 45 f% 15 3 41 127 HBV
(¥ 2 K BRI 2 K0, RLRs F1 TLRs 55
Mg G2 G, MERKAESAE, MNIMHSER AL
T SR B WOEAS 5 IR B, Tl 1A
IFN. f& SRE4E A 1 R 55— RIIPUR B
THIAENL, L], 181 HBV & R 50K
M RIG-D RIAE Y BACT 2V HBV 83 K
BN RIG-I RIEEN), 2R R X HH
(hepatitis B virus X protein, HBx) 1E N %72 IR
ERT RIG-1 B 2T, 2 EEER



FED 2023F 47 $54% B T8 Chinese Traditional and Herbal Drugs 2023 April Vol. 54 No. 7

#2129 -

WOESZ I, ST A IFN PR, 3R RIG-T
=Sl E T HBV Jay7 B B X

KT S HepG2.2.15 4 Mo B AR AR MR Xof
HBV FI#HI1ER, #t—5 M RIG-I-ZR b AR U 5545
5 & 1 (mitochondria antiviral signaling protein ,
MAVS) {55538 % A B BRI ARCE AR [ 0w 225 F Bl
il [RI DAL A5 58 2% H 1) RIG-1. MAVS. IFN i
FiAF 7 (IFN regulated-factor 7, IRF7) £ [ 4L
G SIRERF AR E AT R, WP
I RO AR T2 A5 T Il B S RS, T
B AR AR AT HBV 405 7l Jo A F AL
1 R
1.1 ZHAERE

HepG2.2.15 4 il FH AR 028 A = e 515 T = 2 v
O JERGL [ 2 SR AT P it
1.2 Zh%f

WREEARDO (65 19092001 W H b 4487 24
WABRAT, ZARBCE S B o T 2 0 1 /N
WAL S e N A IERHEIFA W 1 indigotica Fort.
()T HER AR
1.3 ZA@m5iE

4-F2 L1 H-M|WE-3-HEE (5 S76690, JiiHE 7
N 97%) W E IR AR A TR A R Bk
FE (tenofovir disoproxil, TDF, #t5 FE6X) THWH
EHFEFE AT CCK-8 X7 (bS5 KH741) W H
JA A ER AR AT, HBeAg Mililfl& (it
ZC00604). HBsAg iZWridifl&E (#5 ZCY0503) it
AL T RAEMA R AR HBV BRI E 7 &
(PCR-ZOEHREHE, #ibS C001) W E b st g2k
A RAT; RIPA RfER (it C1053) W H bR
FISEIE ARG IRAF]; BCA EAE &G (S
C190501) g H b 32 FH G s Bt AR M RHBCA R A Wl
MAVS £ ik GitS ab220170) 6 [ % [E Abcam
A+l IRF7 ZwfEpifk (L5 4920s). p-IRF7 £5%
FEDUA (IS5 5184s) HEE CST AF]; RIGI £
TR (LS ATUTA2101) H- i -3-m R i Ul
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
Z P (IE'S A01020) I H Abbkine /4 7] ; HRP
FRc L =Edi i 1gG Ptk (k5 P21118). HRP #x
WCHLEPTVNR 1gG Fitik (it P21206) WHE LR
EXEEMHEARIB DA R AT
1.4 Y5

MSA36S Mot kF (FE[E Sartorius A F]);

R502B BUjeiksk ik ds (LR AR HRATD;
CV200 B ZAERTIRNL. 5410 B CO, AU S 7740
(Z£[H Thermo Fisher Scientific A% ); IX70 FY5¢ 13|
BEMEE (HZA Olympus A7]); BCL-130A B4
TAES LR WRBHEEBAARAD; Synergy
H1 AR 2B (3E[E Bio-Tek A#]); 164-5052 74
HLPKAX (3£ Bio-Rad AH]); 5200Multi 844> {31k
RICBA CEIRBERHE AR AR,
2 Bk
2.1 HEHARNHEIE

PRI BE AR 85 g, (8 A 80% LI AL HEHL,
PR 45 T 5 5 FH e i 28 AR i 222 B IR FHIGIR A
R AR, 19E OB ARIL 19.23 g 415 251
ff F PBS ¥, FEEA 0.22 pm JEMEERL, SREK
TG 1) S e 5 DO AR R PRV
2.2 YIRS RN

Bt Hd K HepG2.2.15 4R LA 1X 104 A4N4L
HFhT 96 FLA, FrA e A MGEE S, ISR &
W (0. 0.1, 0.2, 0.4, 0.8, 1.6. 3.2, 6.4mg/mL)
B AR PR B SAS VR FE (04 5+ 104 20, 40. 80.
160 320 pmol/L) 4-F2KE-1H-W|We-3-FHEERE 7%, 43
BTG 1. 3. 5K, I CCK-8 i, KXH
AR OGN 5E 450 nm A S FLBOLEE (4> {E, THEA
AR B2 25 A B B 1, YRR 2540 7E HepG2.2.15 41
M 2 Ak (52K E X R4 A EE, AT
YERE =95% AN TE 71 B IR, FEH R 24
MuEE W (half-cytotoxic concentration, CCsg)o
2.3 45T HBV SEMIEMN
231 PLIEMH LK KA KM
HepG2.2.15 A LA 2 X 104 A/FLEEF T 48 FLIR, FF
R RNGEESS, INAAFRERE (0. 0.2, 0.4,
0.8 1.6 mg/mL) HRIEMFEIYI A FKEE (0. 5.
10, 20+ 40 pmol/L) 4-¥2FE-1H-M5|WE-3-H IR 77,
Y 5 RINEEANMY B35, & ELISA &7 & it i
Fil e 4miE_FiE T HBeAg. HBsAg /KT, 115254
X HBeAg F1 HBsAg FFIHI K .

IR =1—4 wu/4 wu
2.3.2 HBVDNA #ifi|sc8e K H PCR-ZECIREE
Kl 4m i 3% HBV DNA, iHE254% HBV DNA
AmEIR, MRS 25 5 d N HBV DNA #IH| Rk
EIPN 251E T HepG2.2.15 40 A i fe A4 25t
(6], ARSI T SR 2 A 22 Ak 5 e B A 2T TR R
X HepG2.2.15 #fiff i+ HBV DNA #1 HBeAg.



* 2130 -

FED 2023F 47 $54% B T8 Chinese Traditional and Herbal Drugs 2023 April Vol. 54 No. 7

HBsAg i3, th4MNER TDF (0. 0.2, 2. 20.
200 pmol/L) A FHE XS HE

il =1— 42040 1iE HBV DNA i FE/XT R4
4H1fifs_E 3% HBV DNA ¥ /&
24 FYIXEBFRIAEREIESKEE

B HUE K I HepG2.2.15 ZHAELL 2 X 105 4N/AL
PP 6 FLIR, FrAUMsE NERESS, IR SR
JE (0. 04, 0.8, 1.6mg/mL) W EERFEEIEAFIK
J (0. 10+ 20+ 40 umol/L) 4-F5HE-1 H-M5| - 3- g 1%
I5, RAJEH S RUEELINE, I RIPA 2RI
HH, BCAEMERAWE . EEFAME 10% =kt
SRR -SRI AL IR FRLK, #% 22 PVDF I, A
5%MiEA- W, =iREF 1 h, TBST BEEEDHIINA
RIG-I. MAVS. IRF7. p-IRF7. GAPDH Jifk, 4 ‘CHif
B PEBEEIMA ST, =R E 1h, &/5H ECL
RICHES, 1 Image J AN AT T KL HT -
2.5 RIERIEMR S SEBERSER S TR

f£ RCSB #HHH i 4 E (PDB, http://www.
resb.org/) K N4 RIG-I. MAVS. IRF7 H A4
¥y, TRA7I PDB M5 o SR 2 RG24 22 5)
HrIN 25 £ (TCMSPO USRS 22 AR WA AR 8 V& 14 % 47
H4 3 mol2 1 A RAFAE N LR £ FH Schrodinger
BAFHEAT 7370, AT IT PDB % UM B A

A 1507 o 1d
S i 2 P44 . 3d
Elooﬁf—i— ‘ e a 5d
M- -

E CCsp=5.51 mg-mL™! Hkk
R e
ST ***

0 1

T T T T T T
0 01 02 04 08 1.6 32 64
R AR/ (mg-mL™)

C ”
150 e HBeAg
e = HBsAg
S 1008 * + HBV DNA
% i iy
-i::. 3 X 5k
= 507 * —
dkk
EE 3 dkkok
G T T T 1
0 0.2 0.4 0.8 1.6

AR/ (mg-mL™)

SER R AT X AT AR B, M2 BE S R KK
1, ZBREAZHR, FmIAEEENE IR A,
RNEEME, FARBCARREEHAT . SRR
Ja 3 s B AR HE Docking score HEATHE, —
RN 5 2 AR 25 -G IR R A I RE B AAIG, K
AAE T ETATRETEBR R, AHIT FE AR Docking score £
B HE<-5kJ/mol 1E NIk bR AL USRS, F Rt
P2 R AT T AL HT
2.6 FItFESH

% i} GraphPad Prism 8.0 B4 T8 AL HE 5
Guit o, KA ¢ S B A s, SR R
DRI 2R 77 22 0 M LU AL TR s, 45 SR X £ s o
3 #R
3.1 iRIERAEHPAEE AT HBY (EF

PRA S 2 IR R IR, OBEARAE HepG2.2.15 4H i
BRI CCso N 5.51 mg/mL, K24 RERE
1.6 mg/mL (B 1-A), WEMRIELZAEE S KT
PURTER BN EE (K 1-B). 7E HepG2.2.15 4H
MR, WM (1.6 mg/mL) % HBV DNA.
HBeAg. HBsAg M % 70518 54.67%- 23.29%-
66.62% (P 1-C), TDF (200 ug/mL) %} HBV DNA.
HBeAg. HBsAg #2758 95.25%- 11.16%-
9.26% (K| 1-D).

B 2 1507 =1 d

B
< =3d
Z 10093 } 4 +sd
jusng
: §* * 5 X
Z 50 L i
A * k% * -~
> ¥
m
:E O T T T T 1

0 0.1 02 04 0.8 1.6

B AR/ (mg-mL™1)
D -
150 « HBeAg
- = HBsAg
£ 1004y i — ¥ + HBV DNA
X
=
_% 504 ok
; *%
Y seokok seksk
- A
0 T T T 1
0 0.2 2 20 200

TDF/(umol-L™")

ABUIEARAS HepG2.2.15 AIIBAEIG ML B-HUIE RSB A% HBY DNA KT8 C-H2ii R4 HBV DNA. HBeAg. HBsAg /K
0 D-TDF %f HBV DNA. HBeAg. HBsAg /K TFH5um  SxHR4 BRER 0 mgmL™) . *P<0.05 ™P<0.01 *P<0.001, FE[FE

A-effect of Isatidis Radix on survival rate of HepG2.2.15 cells B-effect of Isatidis Radix on level of HBV DNA in different time C-effect of Isatidis
Radix on levels of HBV DNA, HBeAg and HBsAg D-effect of TDF on levels of HBV DNA, HBeAg and HBsAg *P<0.05 *P<0.01 *"P<0.001

vs control group (Isatidis Radix 0 mg-mL™"), same as below figures

1 HRIEERXT HepG2.2.15 A R £ REKE REREGSYAE T HBY B9HEIER (x+s,n=3)

Fig. 1 Safe concentration of Isatidis Radix on HepG2.2.15 cells and its inhibition effect on HBV under optimal effective time

(Xts,n=3)



FED 2023F 47 $54% B T8 Chinese Traditional and Herbal Drugs 2023 April Vol. 54 No. 7

* 2131 -

3.2 IER XS RIG-I-MAVS 15 S i@ Ba0EE 1A

il Western blotting 775X RIG-I-MAVS {55
i % B B A RIG-I. MAVS. IRF7. p-IRF7 ff]
RISBATAEI, W 2 fiw, RERS RIG-T.
MAVS. IRF7. p-IRF7 & MR IAH EA FRIER,
Xf RIG-I S E K EFERB N EZE (P<0.05.
0.001), FH 27K,
33 SFXEER

/£ PDB %4 1 Z [) RIG-I. MAVS. IRF7
fX) PDB #% &5 #9359 RIG-1 (PDB ID: 6KYV).
MAVS (PDBID: 2VGQ). IRF7 (PDBID: 3QU3)
HH, fE TCMSP il b A 2 B AR ) 322
T 3L 169 4, {8 Schrodinger #4-K: H brit
PGB AR 32 B R A X SR, T A

MEI.S' *EX

T - iy x s

R [T 6 s0x 101 = 107 =

g B

o-irr7 (RS R o sox10t I =

il

9 &

GAPDH [ Sme—e— 3 70> 10 =
0

04 0.8 1.6

i -XJ‘R’% 04 08 1.6
AL/ (mg-mL™")

PR/ (mg-mL™)

#0425 RIG-I. MAVS. IRF7 X245 b gs & fe<<-5
kJ/mol F14> WA 46+ 83+ 41 MEMERY . %T IRF7
5& I8 IFN i B3R 7, IRF7 HIBER L vl B S
P2 BA P HBV AE N IFN, eI 55 IRF7 45468
775 R AR A AR E 1 o A R K A HBY /R
9 1. g R R, 5 IRFT 454 /8 S s i) /&
4-3Z I -1 H-W5 e 3-SRy 4 5 RIG-TL.
MAVS W3 EA RN A 68 71, 5 RIG-1. MAVS
A IRF7 454885 N—5.218. —6.525. —6.813
kJ/mol.

IRF7 5 4-32J-1H-W|W-3-HIREIK) 73 T 45 S 1
KWK 3 R, tEY 4551 H-BWE-3-H ik 5
IRF7 & E M E K ERRES, IRF7 EEEXT 4-
PR H-M|We-3- AN 2 7= AR AR I HE R AE T (&

1.59 i 2.0 i 2.0
154 B 154
1.04 = z
= =
0 1.0 o 1.0
0.54 o i
EO.S‘ <>: 0.5
ol =
0 0 - (U

i 0.4 0.8 1.6

AR/ (mg-mL™")

Xt 04 0.8 1.6

R A/ (mg-mL™")
2 IREEARXS RIG-I. MAVS. IRF7. p-IRF7 ERFRIERIEEIER (Xts,n=3)

18 0.4 0.8 1.6
R AR/ (mg-mL ™)

Fig. 2 Regulation of Isatidis Radix on RIG-I, MAVS, IRF7 and p-IRF7 protein expressions (X + s, n =3)
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Fig. 4 Safe concentration of 4-hydroxy-1H-indole-3-carbaldehyde in HepG2.2.15 cells and its inhibition effect on HBV under

optimal effective time (X + s, n =3)
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Fig. 5 Inhibition efficiency of 4-hydroxy-1H-indole-3-formaldehyde and Isatidis Radix on HBV (X + s, n=3)
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Fig. 6 Regulation of 4-hydroxy-1H-indole-3-carbaldehyde on RIG-I, MAVS, IRF7 and p-IRF7 protein expressions (X £ s,
n=3)
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