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Pharmacological Effect and Mechanism of Andrographolide: A Review
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[Abstract] Andrographolide, a diterpene lactone, is the important material basis for the pharmacological
effect of the Chinese medicinal Andrographis paniculata (Burm.f.) Nees. Modern pharmacological research has
shown that andrographolide has many pharmacological activities such as anti-inflammation, bacteriostat, anti-
virus, anti-tumor, protecting liver, promoting the function of gallbladder, and protecting the cardiovascular
system and nervous system. It has significant anti-inflammatory activity which involves multiple targets. To be
specific, it can inhibit nuclear factor- kB (NF- kB) , signal transduction and activator of transcription 3
(STAT3) , and other signaling pathways, reduce the synthesis and release of downstream inflammatory

mediators, and regulate oxidative stress and immune response to achieve anti-inflammatory effect on various
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inflammatory diseases. At the same time, it suppresses a variety of tumor cells by inhibiting tumor cell
proliferation, blocking cell cycle, and inducing tumor cell apoptosis. Its anti-tumor mechanism involves cellular
signaling pathways such as Notch, phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) , NF-«B, and
secreted glycoprotein/B-catenin ( Wnt/B-catenin). In addition, it can also alleviate diabetes by regulating glucose
metabolism. According to related research, it often exerts pharmacological effects through multiple pathways and
multiple targets, but the specific targets are unclear. Therefore, this article summarizes the relevant studies on the
pharmacological effects and mechanisms of andrographolide in the past three years and puts forward the future

research directions, which is expected to serve as a reference for the further in-depth research and development

and utilization of andrographolide.
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Fig.1 Structure of Andrographolide
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Table 1 Antitumor effect and mechanism of Andrographolide

25 AR 411 /5y 4y A 5 E AL/ A 9T 45 9
LTS PC-3,C4-2B M Notch 15 5l B 00 95 200 4 3T RS A S R R B R T, B o EL A0 BT G /S 40 A L B
g 0 M i Noth1, &R 23 2440 158 T 1 (Hes1) \MMP-2 \MMP-9 % 41 s ] % B
S F-1(ICAM-1) g F2 ik
PC-3 R BN A T 206 (miR- G BE O S A0 M R A T, AR T A 2 (STC) 2 F ke Ak
206)
PC-3/22RV1, - 0450 40 B3 5 TR L 6 S 2L G /G 0 40 i S SUT BELAE | 0 P g
SCID F. H A
VAL MW MCF-7,MMTV- ] NF-«B/f#/N RNA-21-5p

0 /0 U AR R RS 30 ) MCF-7 SR 40 1S A9 MR8 5 T R

PyMT /] i (MIR-21-5P ) /F 7 44 40 fL 7 7 g
[H ¥ 4(PDCD4) {55 i %
MDA-MB-231 NF-«B 5% i gk b R 4 R AR R AR R 1 (TIMP) , B MMP-7 4 36 35 5 B
VT 7L Mt o £ 22
MCF-7 P53 5 P 4 AG 5 PHS 1, 564 o FH X [ e 40 A A 1 A 1 ) o g 1 P L 0L
) 23 3 p53 55 T W AR S 4 A A P X o 4 i 7 A A A 2
PUE SR TE  HeLa/lfi IE 55 1 - FR0 2 A0SR P 400 ) A0 3 A R S A0 R T L 5 5 A B R DI BV - G /S
il gga 411 20 15 B AR G T — Sk S A L (INOS) i #5517
SiHa ikl 53 Wb RRE TR A /p-i% IR AR 0 4006 AR R R T 40 R 30 04 BEL 7E G /G 31 5 T I B-catenin |
H (Wnt/B-catenin) f * it #1 A 1 3 11 D, (Cyelin D,) B C-B 4K 126 2 4 (C-mye) ik K 12
Hela - W40 b Kz 40 i 55 A 1 (B-cadherin) K 30 i & Y % AR K B

(VEGF) Ras M6 19 C3 AT R IEW 1 (Racl) # 1 2 ik 140 41 & 8098 41
Ja fry 1 R L2

U14 i J /iR - o AR L A R A U4 TR /N BB R 2R K, ML

JIN BRI T AR HE A T A A
Yok W HE T84 .Colo 205, JUUBE MR Bt -1 (IRE-1)/X & 45 AG 548 B3 U W) IR Y7l 410 i e 40 W 48 V5 08 i, T 115 52 T B 41
HT-29 fIDLD-1 & & [1-1(XBP-1)/3 58 F 45 & R -2(Bel-2) #1356 X # (1 (Bax) \XBP-1 fil CHOP & ¥4 i1, 75 5 41l i
HEHFEVRE A (CHOP) R Sl B & A2 W 1T e Ah, 10 %0 8 2 b 4 R K 4% % 1R & 14 /K i 14 -3 (cleaved
Caspase-3) .IRE-1 . fb.5% 5% 7 -6 (ATF-6 ) Fl P J5i 19 1o i 2 1 7K F- i 3

Trgt
Yk T v SW-480 M Notch 15 53 B 8 T 4% g 955 200 TR0 0 0 9 T 4B L V5 5 G /G BT 400 i B B
VR R T2 1 Bax AR JEHTIH T 2R Bel-2B
HCT-116 M Hedgehog {7 5 i it IR 2 30 ik A R, L% S 4 L S0 BV T G/
DLDI1 - T 3 A% [ 45 IR T 22 SR AL RN Caspase-3 S0IE U5 5 45 i 98 40 I A
T, U R R 25 ) S A B R A
YU R G UST-MG JAK2/STAT3 {5 5 38 Wt R P T 56 1 Caspase-3 \Bax fll PARP Y & ik, FIHHLIAT- &
1 Bel-2 (9 35, il US7-MG 4l g £ K TR S g 12253
ViR HePG2 ) PI3K/AKtE 0 AP 20 i 4 S L 2k
MHCC97H 0450 0 PL Bl TR AR 2R AR - R R R 0 o A0 G, A U BELV G,/ 5 A R I R
1 (mTOR)/p70 #% M 1k # 1 S6 14 B (Cyclin B,) , 4l ffg J& 191 4 14 4 i M B 1(CDK 1) \Bel-2 Fik R AL,
PR (p70S6K ) {5 53 Bax .cleaved Caspase-3 15 F} 5%
UM A549 4 NF-«B 5 5 1 i N P MMP-9 3 2 11 ( Vimentin) 5 2tk NF-xB 31 il 51 ac(p-

IxkBa) ik, I 1 E-cadherin Al TkBa 25 1 32 35 1M 400 i TL-6 375 5 09 A /N 40
i I 98 2 M = 2 s R 0

PSP C666-1 TG 2% Z kAL 3(SIRT3)/ T8 T 52 M SIRT3 1 #1123 R4 LR 9 0 12 AH G 8 11 pS3 I 7K T 2k i
pS3fE% 75 5 40 g )
VB RS YE  HOS.U20S, WG ROS/c-Jun Z 3 AN AG il 3 V8 1575 5 G,/M 01 BELH , 412 26 5 1A 937 40 M o 1
SAO0S-2 . MG-63  (INK)5 =i #%
143B i Wt {5 53 #% I AV 38 20 40 M A% B L (PCINA ) 9 7K SF- 00 -1 PR IR 143 41 1) 346 8 5 3

gk 3 B TR R 143 20 L B - I 7 J5 4 i 2 A (CEMIT ) a2 2 A TG 410 ¢ L
TR AR, It g

HOS - 0 ) A L e 86 02 4 T R R 3 B LV A0 LR O T S I G, T

- 275 -



5528 45 6 1] PEXEAHFRE Vol. 28 ,No. 6
202243 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2022
gxR1
253 AR A 20 /3 4y A Y FE B AT 5 WFoE 4 5
PO YE  HuCCA-1,KKU-  p38 Z 24U AL R 13k ME (38 1C, 40914 121,137 134 F1 134 pumol- L™, AG AT BG40 ML A 77 305 5, 40
100,KKUM213,  MAPK) {55l % TR 228 I T S A T
RMCCA-1
PLE I TE ECA-109 NF-«B {55 i AG Bl % 2 55 £ 5 i 40 M A A R WL IR T B S 0 g A i Y o
1518 1 20 0 1 £ NF-xeB (1) a3k A5 56 14
PAMRIEIEAE Hep-2 PI3K/Ak 55 1 #% AG i B UK I PIBK/AKAS 530 B, 1 AW I Hep-2 40
ot 1R 1 7 A 40 9 T 7 A A )
OB e T24 NF-«B {5 53 % AG FME VR HE R A0 G I8 T E A (TRATL) I A 1R 77 1T 4E 2% T24 41 il

PN 2% CEM-C /AR R _
Th B 20 i
G 4N it T 1

A A A A 1 A B IR TR R RIS O A2 #E Caspases /5 (1 4
t[m

A CEM-C 140 1 A, 20 00 00 4 BELE 26 G, 00 O 1 5 3 2 2
T 5 A P AT O 28 R BRI R A K B R A R B v SR R 4 2L cleaved
Caspase-3 1y 7K S 148

F I, 5 I Bl W i o S 2 R AR — S, W
i 45 25 A S5 R 0 22 b R AR AT P e 1 A [
i B A AR AE o A SCHRRGE , AG FTIRE K R 5
2 T % 4 W 0 BB, 3 S A 5 AMPKOE PR AR
P 28 70 Hh A 4 B i 2 85 11 (GLUT) 3 fil GLUT4 (1 3%
I, DA SR TR A SF 5 At 448 50 XoF A 4 R 1Y) 5 RO
R, Bl 2 RGP E R

WANG 25543 of W2 AG X 12 P i 1% 1
(CCH) 55 1) 1 T 4 28 S0 458 43 F1IA 60 D) BE 19 52 1
% B AG IR YT BEE /> TNF-a, IL-18 #il Caspase-3 %5 4
SiE v 5 3K W03 2E 2] 82 T BE L BL D AT RE S
T Rl A 22 8 3R I (BDNF) /4% 2 1R W I B
(TrkB) {5 5 B A ¢ o 51 — WiiF 58 & 8L AG X
CCH K R B # & oot 45 09 R 37 /R T T i 5 50
10 5 Yo o 44 [ 5 5 O Pl 2 1 - 5K ) 2 1 (PTEN)/
Akt {553 A 57 BLAh, AG 8 B A B i AR 1
FH T 3 K 1) % 8 7E 45 R OAS BT S0 1) R TR A bR
AR A A N B RS R RS, R AR R T
BDNF {5 53 % ik B PTIARE 7 28 1, AG 7]
MG RGO R R Z MG S Sl
I VB A AT R L AU T A A A R B e
ZARPRE ST . B AN, AG I RN A 2 T B L K
PR T BRI R A T B R R B R
FAER
5 PR

R A e — B A fe I by 3 B SR LR AE Y R
DRI B 0, 45 ol I W AE — 2 Y R PR 4 £
WEMAEARERE L. REW AGEAE—TH
WA IR 15 BE 7, R B R AR Wistar K BRIV H s
% B g 4K 1 I8 [ B2 (HDL-C) & &, FF 5 1K %5 B s 4R
1 I [# % (LDL-C)/HDL-C"¥ | 5 ¥% £ ¥ I8 B¢ 4 fifi

- 276 -

FH X STZ 55 00 B PR 9 455 78 R BR 26 3 i 3 4 1) B3
[F) 8 a0 AR . 2 BUBE DR (T2DM) 19 & 4= 5 1
Jt B ) BE R A 5 VI AR OC . SU SR b S0 50 K B
AG ] 3 1o 1 58 fi7p 18 57 [ D) A ARG 0RY R Be sk T 1
A W T S T 4 B R L e A, DL A K R 4R
WH Y AG H 40K ZL AR 45 24 7 B AR B A2 i 192 5 B
20 B 36 A A0 o A U 0 A B A T i v L B R
PRI PEY B PR B R (DN 2 B JR 9 fac ™ T A O
RAE Z — T R T 00 /N HK-2 41 45 1 B
i, AG 1 9] A AP HK-2 40 98 12 .EMT
JBE J5E B U AR 5 3 — 20 A PN ST 58 36 iE AG A 3 o 1
R 95 /1N B4 B A4 T R B A 1 NLRP3 4 i /R 300
o By 1E B DR /N BUE /N 0 kR R PR AR
FH L RTWL, AG ELAT B A TR MR,
VE FIALEE 5 B AR i 8 38 B Ve 90 R RE A %
I I S o TR RS R L 4R R R AR IR R
JE B A
6 {RAT.IPRH1ER

Z IS RIE T AG Xl 4 20 AP PE T .
FHIE 3 % R (BLM) 75 5 K WU 2T 4 fb B2, AG il
b A Ak A K -8, (TGF-B,) 4 3 19 Smad 4 #i
PRI AR 0 B T A A T T R £ A A i 3 B
G346 LA B ECM AR, o5 38 Jili 4 40 1) 1Y) &F 4 k).
H A8 /5 AKUmTOR {5 53 B, T o fili 21 2 1k
B 20 41 Hh NLRP3 il Caspase-1 5 15 7K -, 171 1l
A N NLRP3 % AE (K 19 #006Y . [A i, AG B % il
A0 it L 2 it K e i 6 R 398 TR A 4 RE M AR U
b 58 i 20 iR 3 K i 4 PR (IL-18, IL-6) 4 43 Wb
PO NI S U T T B W Tl S D
PRl

PP USSR R B A 5 AG ZH A



528 B4 6 Wi HEXBAFZRS Vol. 28,No. 6
202243 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2022

TERS PR R, 5 AGBCA ] AR R AR R Bl 3 K
K E TR A KL 5 R B (AST) TN & TR & AL 5% % il
(ALT) & & , i 5 F 2 e v 5 S i 0 . AG
XERBCRE I R — N CEEA B A R
P A BEAR /N B 7% P ALT  AST 7K 3F J2 TNF-a, IL-
18, IL-6 % 4t , $& = iF Ik v 4 Bk H AR (GSH) L &A1k
Yy 15 AL (SOD) Tk J1% . A W98 k8L, AG Xt 2,
T 75 5 (4 909 465 1k 905 ( ALD) B 780 EL A e 4 1 L 25
VIR YT J5 T 03 I T 2 S B I L T AR LR B AR
SR 336 1 S /KO L Wk e ALD /0N B3 I 5 L 45
P AL I, HAL 5 BE AR NF-«B Al TNF-a [ %
KA T I AT, AG T BTl SZ 45 41 40 A AR 4
A FH A 3 S 5] 4 B ok S 80, AT R 3 ok B0 i) TLR4/
NF-«B M NLRP3 4% /N3 #% 8 /0 58 5E A T i 3%
ik BCER N AE LR bR KO G
7 RIT O INE R
AR, AGE B A Hro R B
JIg Bt WLt o K i it P98 3 5 405 VE R LB Bl Ik o
B Ak R T B 00 A8 T B AR S T A DA R S I T
TAEVE SRR I BEBH T LS R B AG AL PR
A% fif O WL A AR O RE AR, 400 B R IR B BK
(ANP) . B % 4y JK ik (BNP) . B- 5 & Il Bk & 1
(B-MHC ) % Il K b5 5% mRNA (8 2 35 K, HiAlE
B AT BE 5 30HE Nref2/1f 21 2 i & B -1 (HO-1) 15 5
WA OC . O GFESEDT VR R RS 5k
T 45 25 0 % & 1 22 B0 AR B R RUBE RS T L AG B
i 2 A 0 FL R =8 (LDH) L Ca™ /K1 ik #)
Xof HU AN [R) 5P 5 A 0 A A L T B LAY
Ca’ 14 R J TG oo JUEE Mok B b ) K, 3 592 B %0 JUL
T HE KB PR 3P VR T 3 3 300 Nrf, {5 5 38 % 1
O WUBEFEJG A RO BEE A7, X R B AG
G i Z2 0 IR S5 L (O LR R L E 8 L0 WL
FEAE 45 ) 5 W0iE Nrf, {5 538 B 90 A8 K AR &9
Ca Rik A K. EW¥EELII LR, AGX 0L
SR PR 540 (MR 52U R B A AR/ A, T
il 5 400 O JUL 200 60 T, B AR i I AR 56 B [ Il
=G (TG) . B A [ % (TC) .LDL-C | K 411 il 4 4 (K
F(IL-6 . TNF-a  IL-1) 47 &7 0 3 4o 455 480 M fke 1fi
FEVE 0 (CIRD sh Wy B AL 25 S R W], AG kK%
CIRI R4 1 I i JL B A fig 5 L B8 A1 bt 28 4 M I
AR T A 2K FE, AG I A8 o 18 1 o 41
b 9y it 1A 358 51 ) 984T 57 7K (PPAR ) Fll NF-«B {5 5 il
5 R A e 0 95 R B PN B T B R AR A 44 i oA
I I N (T (W = N sl o= e VA e i =

e i PR F- 3¢ 1K A5 76 27 fiff O 10035 92 995 1 o B 0 R o
RIELEFEIANEN ., AG 25 F/E T LK 2.,
8 Htu{ER

AG X5 J5 g A GE 26 30 B s T AR
AG BB HE 1 TE B, 384 0 Bl 240 M 534k, AR SE AL ]
51245 & 51592 (OPG) /B 5 53 A -« B 52 1 3%
I P BC M (RANKL) {5 538 B X7 55—
1, AG W] 38 2 Al i B R) 7S T 48 i (BMSCs)
o runt A G 5 B F 2(Runx2) , ‘B A 8 H (Opn)
I A5 (Col-1) By 3k o MLAh, AG W] 38 o 38 45 34
W 5 A A K N B(TGF-B)/Smad 175 5 38 4 71 1 K
VLR IK TGF-B,, 45 45 4 218 K I 7 (CTGF) & it
006 28 5E BT TL-18, TNF-a 63k , XF K BUIE s Kl 14
HA R mHE RS . AG IS BAG 2 815 1 1)
Al , 38 o) R A BT AR S g I 4 A FH V8 4% i E M 18
R 7T1(EVTL) B /N B 25 400 BRA5 0, 42 v /D B
b Ry 5 P G O 0 B T R R R BN AG B
PUIE JE L T AR, X R 9 R 3D 7 B B0 1 Bt
JEETT T, AT RE 8 3 41 1 B B 38( GSK3B) 1Y ik
FAM ] NF-xB 5 15 PRS2 8L I3 1o 188 o 5 v X 9
Ji I 3K A TR R R i DA 3 e SR it
ZPE
9 FHESRE

25 Loy B, AG B 25 3 AL BT R PR R
PRI PR b 28 R G BRI A T, SR AR AR
BT 2l g0 A O LT B i B R .
BRI 22 A0, AG 38 HAT G40 18 &R e fa g% 4
2y PR T, 32 AR FH AL S B g M bt A AL 2 VA
K ZAE AL AE R R T O — o R
AN, AG X8l 2 R G0 0 LA 2R G2 AR 0 AR S BF 5
ZRUF B = W B, R4 i A sh gy g, |
K Z 24 PRAE 36 AR A5 20 s PR OF 5% 0 B8 S 4%, 1) 1]
AG TEMR N 1YW W 4 A S AR b 7, 28 3 Ao A i 42
ERFHSEREITN AR R¥EFERA

283 SCHR A E AL A & B, 20 T Y R A A 0
TERY B ROUR S, AT DAL R b vg 25 BEA N T
Z PR, B R3S AT AR . H AT X AG T R
YER B 5 b S v BT E W X 2455
i P SR TR A, R — R 2 2 IR B
250 o AH KR 4 Bt I 9 F 5 475 45 B8 A 41 K S Y
RAMIE 5T, SO 1 I X F A5 5l B M F 5, AN
FIE D\ A 1 B2 e R 5 1 I A 45 3 I =2 ) | A T OG
R EHINR AKX AG B 5 10 7 5 4% R U0 1 A

- 277 -



%28 B 6 ] HEXBAFZRS Vol. 28, No. 6
202243 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2022
gk
V BRSO A R A
Gifmge. IR RERERIER B
VPRI BRGNS S AE A
VRENR (AR, TNF-a %)
|JAK1/STAT3. TLR4/NF-xB. TLR4
0
| BRI wﬁ*o O
+2/HO-
i .
i Igi:ﬁm Notch A LA S L DHUBTE. L
| Wnt/g-catenin HO’W Wah I K¥ . BRI
|PI3K/AKT ' VR IER T

|Hedgehog

\ B R 26 MR

t 2EIZRE S
| AR

MERG

VORE. EALRE
| MZ e
| T A T

T 5 Sk FOR AT AR, TCL)FR MR 1 3R BIRaAR it , | FR T I 5 i

E2 AGHZAEMEAE

Fig. 2 Pharmacological actions diagram of AG

FUI I, 22 N 0 2% 2 B RN 3 A R DR 4
S5 R A2 T 45 78 HAE R AL A0 AR R A, OF W] i
i SRS 2l A S A O R R AR R AR DA S HE A
AL AR AL O S B R 77

AG X 28 P L P I TE R R B R YR T
DEH, FEAT 5 B (0 4 4 TR L % 1R P I T 55 I PR
UL EOUW B AR A B R AR T B0 O KRR BT
R TR AG Y LRl W) AR 2 DR
T TR T G MR A4S B JE , )Tz
TR SR T RBE T B A E R T
AT O3 4 Bl 25 0 34 DN T T S 90 e A A B S L T
e 35 A kAR R E A W BURE T B,
B T 2 S DA TR PP 2 TR R A 2 A R A G E R X
T AG A Ja i JT A B 2 H A L2 A ik R B
22 A VESEI WE TS, 645 R A0 SE 8 R DN S 4 M i
PRI EG S5, JF 0 FE AT 22 VAN, o ] 25 22 4x
JRUNT SR AN RS R K HE R AR S R R AR
SIS RUAVEY: A7 R A RAAR - AN R o R 7l P S ]
Py AU 2 00 A R 2 A PR T Y R T AR
BEAh , AG S ) — e A HIHL ] i R 3 R, 22 2k

- 278 -

— B M Ir 1 A MK 7 T 2R AT A OGRS, W
B LA SC ML) , At 2 HE 2 1w T 4 5 R o

3O, AG WL 2E EMI RN EAR, — R
BR AT 2G B B A B 2 ] AL P Ao
& Bl 22 T #f Xk AG 7 50 B T A9F 5, )8 Eh AT A A
FLGOER R BT A e SRR 44 KR A5 22 ol R R 44 K )
LR TR~ S o A N 2 ) SR DO B i
SE R i LA BCHE A AT A R 24 W ) 50 B B AR 2 D7
T B AF 5, 80 L 2 2 R v, 488 v L AR W R E 0
S PR IT A, B R R AR, S KA A PR .
BZ L AG HAT Tz 8025 FEAE RLRT R 84 T AR5
JEIR T IR | b O R B PR O L S
Z M BIR T AE IR YT 254

(&% 30k]

[1] GUPTA S, MISHRA K P, KUMAR B, et al
Andrographolide attenuates complete freund's adjuvant
induced arthritis via suppression of inflammatory
mediators and pro-inflammatory cytokines [J]. J
Ethnopharmacol,2020,261:113022.

(2] fdk, B R, & —M, 4. 50 3% N TS IR 4% JAK2/



528 B4 6 Wi HEXBAFZRS Vol. 28,No. 6
202243 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2022

[4]

[8]

[11]

[12]

[13]

[14]

STAT3 5 5 i % X6 22 77 15 5 14 /) B0 22 ¢ 41 i ik 1)
POAAR A LI]. J7 749 B& BE R 2% 24 4, 2020, 37(2) «
172-176.

YU Q, SHI Y J, SHU C, et al. Andrographolide
inhibition of Thl7-regulated cytokines and JAKI1/
STAT3 signaling in OVA-stimulated asthma in mice
[J]. Evid Based Complement Alternat Med, 2021,
2021:6862073.

R XHF . FOENTRK S AN T ERXNRES
T R g M 8 58 R RRVR T AR RIS (], BR 2 WE Y
#,2020,49(12):109-113.

LO C W, LII C K,HONG JJ, et al. Andrographolide
IL-18

w2

N]

inhibits release in bone marrow-derived
macrophages and monocyte infiltration in mouse knee
joints induced by monosodium urate[J]. Toxicol Appl
Pharmacol,2021,410:115341.

CHEN S, LUO Z, CHEN X. Andrographolide
mitigates cartilage damage via miR-27-3p-modulated
matrix metalloproteinase13 repression [J]. J Gene
Med,2020,22(8):¢3187.

KIM N, LERTNIMITPHUN P, JIANG Y, et al
Andrographolide inhibits inflammatory responses in
LPS-stimulated macrophages and murine acute colitis
through activating AMPK [J]. Biochem Pharmacol,
2019,170:113646.

ZHANG L H, CAO N, WANG Y W, et al
Improvement of oxazolone-induced ulcerative colitis in
rats using andrographolide [J]. Molecules, 2019,
25(1):76.

BB AL B/ WRAKEL, 55 . 2 03 A TG X i A9 E &
P-4 T M il 4 R B ASE TR it 2 2R R R R 2 T i 1Y) 5
ma ). AR bR g A, 2021,31(7) : 961-966.
TCH IR, o] [T, SR, A L0 T N TR X 5E A AT
Tl il 5% SR Bt JUEE 5 24 458 05 B 5 Ty g 35 AL & TLR4/
NF-«B {5 53 #% B 98 AR R[], h [ S e e ik
2020,36(12):1453-1456.

W AN BI85 50 A TR X e AE R R
O il 28 SR s A A AE IO B [T ], B2 S
12,2021,40(4) : 454-460.

FRELF AR RG], 55 20003 P TR A0 ) v P b 2
it L 135 4 0 A AL A 5 (0] B BE 2 2% 3K, 2020,
20(7):862-864.

FU K Q,CHEN H, WANG Z Z, et al. Andrographolide
attenuates inflammatory response induced by LPS via
activating  Nrf2 bovine
endometrial epithelial cells[J]. Res Vet Sci, 2021, 134
36-41.

HE W G, SUN J X, ZHANG Q W, et al

signaling pathway in

[15]

[20]

[21]

[22]

[23]

[24]

[25]

Andrographolide exerts anti - inflammatory effects in
Mpycobacterium tuberculosis - infected macrophages by
regulating the Notch1/Akt/NF-«B axis[J]. J] Leukocyte
Biol,2020,108(6):1747-1764.

ZHANG X F, DING M J, CHENG C, et al.
Andrographolide attenuates oxidative stress injury in
cigarette smoke extract exposed macrophages through
inhibiting SIRT1/ERK
Immunopharmacol,2020,81:106230.

ZHANG Q,HU L Q, LI H Q, et al. Beneficial effects

signaling  [J]. Int

of andrographolide in a rat model of autoimmune
myocarditis and its effects on PI3K/Akt pathway [J].
Korean J Physiol Pharmacol,2019,23(2):103-111.
SRR, AR AL 20 3 Y X 4 B T A
TR S R RO AR R S AT S LT ). 25 25 3 S il
JK,2019,35(1):39-42.
TRH I, A, B, A DN BRI S ST T
Xof ik FEY AR W b < B € 7T 4 3K 1 O ] A R PE LD D
SRR 22 HOR —p = 25 BLAUAL L 2020, 22(7) : 2556-
2562.
BHUVNESH K R, KAMLA P M, LILLY G, et al.
Andrographolide mitigates unfolded protein response
pathway and apoptosis involved in chikungunya virus
infection[J]. Comb Chem High T Scr, 2021, 24(6) :
849-859.
BANERJEE A, CZINN S J, REITER R J, et al.
Crosstalk between endoplasmic reticulum stress and
anti-viral activities: a novel therapeutic target for
COVID-19[J]. Life Sci,2020,255:117842.
B, o, EE N, AF %R0 % N R I i Noteh {5 5
00 o 570 R g O B A LA A0 A ) 2 AT O Y O
FELT] B R 4l AR B 5 B 2R, 2021, 42
(4):423-431.
HFE A, AW 50 TE N R OE 2 9 E miR-206/
STC2 il i 51) i it 240 JfL 365 58 0455 3 W T A ALk [0 .
AR 2k R, 2019,39(19) : 4802-4807.
FORESTIER-ROMAN I S, LOPEZ-RIVAS A,
SANCHEZ-VAZQUEZ M M, et al. Andrographolide
induces DNA damage in prostate cancer cells [J].
Oncotarget,2019,10(10):1085-1101.
LI J C,HUANG L X,HE Z N, et al. Andrographolide
suppresses the growth and metastasis of luminal-like
breast cancer by inhibiting the NF- xB/miR-21-5p/
PDCD4 signaling pathway [J]. Front Cell Dev Biol,
2021,9:643525.
BEESETTI S L,JAYADEV M, SUBHASHINI G V, et
al. Andrographolide as a therapeutic agent against
breast and ovarian cancers|J]. Open Life Sci, 2019, 14
+ 279 -



528 B4 6 Wi HESSEFFFHRE Vol. 28,No. 6
202243 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2022
(1):462-469. Switzerland),2019,19(10) :2275.

[26] LI Y X, JIANG B, WANG R Y, et al. Synergistic [37] Ju3R AT, &, % . 2003 PY g 0 H PI3K/Akt
effects of tanshinone Il , and andrographolide on the I8 N HEPG2 41 I 98 T By 52w [J]. Figed 24 2%
apoptosis of cancer cells via crosstalk between p53 and £,2020,26(6) :496-500.
reactive oxygen species pathways[J]. Pharmacol Rep, [38]  XUZrde, EUhar, 2 i e, &5 . 2800 3% P s X 9 41
2020,72(1):400-417. ffg MHCCOTH 3 58 i 5% Wi K HAMLHI D52 1], )0 o

[27] PASHA A, KUMBHAKAR D V, DONETI R, et al. e 2 K224 41,2019,36(3) :395-402.

Inhibition of inducible nitric oxide synthase (iNOS) [39] &, XM AT, 8 K5 . 200 % NS X 1L-6 1 S 1)
by  andrographolide and  evaluation of Its A /I 20 i s 40 B A2 2% e B8 B S e S AL [0 L
antiproliferative and proapoptotic effects on cervical AR ,2019,39(17):4297-4301.

cancer [J]. Oxid Med Cell Longev, 2021, 2021: [40] JEF, 200K, TR, 5 . 500 3% PN R 3 o 52 1 STRT3-
6692628. pS3 15 5 38 5 15 5 0 W 8 C666-1 401 B Y4 1 11 HIL ikl AF

(28]  BRARHE , BRAAHMG, WEA . 20 Y 9 IR 0F N E S0 SiHa FELI] M IF R 24l AR BRI, 2020, 53 (1)
ARG 7 O T e A A g 2w (0] b E i AR 106-112.
fi#,2019,34(14) :3341-3344. [41] WANGSD, LIHY,CHEN S, etal. Andrographolide

[29]  FE B, B, I 5. 50 3 N R e S0 induces apoptosis in human osteosarcoma cells via the
Hela 2 s 25 K& AT R OF 52 [J]. i E 2501 ,2019, 22 ROS/INK pathway[ J]. Int J] Oncol,2020,56(6):1417-
(4):614-618. 1428.

[30]  BUAH:E, BLAHE, A 2002 N iR X8 S0 U 14 1 [42] wefenp, RLEER 0T, 5% . .0 E NN & N E
e/ BT AR sz ma L], gl L 2020,42(2) 143B 2 Jfd i 400 1 47 P B AL [0 ], o el g 260 A 3
477-480. £,2020,36(4):628-636.

[31] SHARDA N, IKUSE T, HILL E, et al. Impact of [43]  skAv 3, Qe & a0, 45 . 200 3 Y i X R PR R 4
andrographolide and melatonin combinatorial drug L0 7 e HL il [T ], 35 B R 2= 28 4 R 52 B, 2020,
therapy on metastatic colon cancer cells and organoids 56(4):451-454.

[J]. Clin Med Insights-on, 2021, doi: 10.1177/ [44] PEARNGAM P, KUMKATE S, OKADA S, et al.
11795549211012672. Andrographolide inhibits cholangiocarcinoma cell

[32] KHAN I, MAHFOOZ S, SAEED M, et al migration by down-regulation of Claudin-1 via the p-
Andrographolide inhibits proliferation of colon cancer 38 signaling pathway [J]. Front Pharmacol, 2019,
SW-480 cells; downregulating notch signaling pathway 10:827.

[J]. Anti-Cancer Agent Me,2021,21(4) :487-497. [45]  BEWHE, 557, AR, 45 . 200 4 N TR £ A5 R AR 1Y

[33] KHAN I, MAHFOOZ S, FAISAL M, et al ST AR (D] ZRE 25,2019, 23(12) : 2517-
Andrographolide induces apoptosis and cell cycle 2521.
arrest through inhibition of aberrant hedgehog [46] MAO W J, HE P J, WANG W C, et al
signaling pathway in colon cancer cells [J]. Nutr Andrographolide sensitizes Hep-2 human laryngeal
Cancer,2020:11-19. cancer cells to carboplatin-induced apoptosis by

[34] KHAN I, MAHFOOZ S A, ANSARI I A. increasing reactive oxygen species levels [J]. Anti-
Antiproliferative ~ and  apoptotic  properties  of Cancer Drugs,2019,30(7) :e0774.
andrographolide against human colon cancer DLDI [47] DENG Y Y,BI R,GUO H R, et al. Andrographolide
cell line [J]. Endocr Metab Immune, 2020, 20 (6) : enhances TRAIL-induced apoptosis via p53 -mediated
930-942. death receptors up-regulation and suppression of the

[35]  HEAE, 2R 8 30, S, 4% . 20 3 P IR X AR S5 JRE 4 NF-«B pathway in bladder cancer cells[J]. Int J Biol
Ji8 U87-MG 1Y Az K A il L2 9 T % S AR T W5 (0], Sci,2019,15(3):688-700.

A7 VT IR W 5 2 B 22 41, 2020, 42(6) : 685-689. (481 A=WEC, J s, XS, 45 . 53500 2 DN T X A e

[36] CHIU S P, BATSAIKHAN B, HUANG H M, et al. 240 1L AR N A A IR R U T AR LT
Application of electric cell-substrate impedance [ 955 # A H 7 7, 2020,36(6) : 977-984.
sensing to investigate the cytotoxic effects of [49] PATEL R, KAUR K, SINGH S. Protective effect of

on U-87 MG glioblastoma cell

(Basel,

andrographolide

migration and apoptosis [J]. Sensors

- 280 -

andrographolide against STZ induced Alzheimer's

disease in experimental rats: possible neuromodulation



5528 B4 6 1] FEXEAFIFERE Vol. 28,No. 6
202243 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2022

[51]

[52]

[55]

[56]

[57]

(58]

[59]

and AB (1-42) analysis [J]. Inflammopharmacology,
2021,29(4):1157-1168.

LINDSAY C B,ZOLEZZI J] M, RIVERA D S, et al.
Andrographolide reduces neuroinflammation and
oxidative stress in aged octodon degus [J]. Mol
Neurobiol,2020,57(2):1131-1145.

ZHANG J W, ZHENG Y L, ZHAO Y, et al
Andrographolide ameliorates neuroinflammation in
APP/PS1 transgenic mice [J]. Int Immunopharmacol,
2021,96:107808.
WO BT R
F LT TL-18 . TL-6 &% TNF-a 3 ik
25753 ,2020,13(26) : 68-69.

GHERARDELLI C, CISTERNAS P, GUTI¢RREZ J,

50 3 PN TR X B JR 2% T SR G R
B[], I KA

et al. Andrographolide restores glucose uptake in rat
hippocampal neurons[J]. J Neurochem,2021,157(4) .
1222-1233.

WANG D P, YIN H, LIN Q, et al. Andrographolide
enhances hippocampal BDNF signaling and suppresses
neuronal apoptosis, astroglial activation,
neuroinflammation, and spatial memory deficits in a
rat model of chronic cerebral hypoperfusion [J].
Naunyn Schmiedebergs Arch Pharmacol, 2019, 392
(10):1277-1284.

WANG D P, CHEN S H, WANG D, et al
Neuroprotective effects of andrographolide on chronic
cerebral hypoperfusion-induced hippocampal neuronal
damage in rats possibly via PTEN/Akt signaling
pathway[ J]. Acta Histochem,2020,122(3):151514.
GENG J, LIU J, YUAN X, et al. Andrographolide
triggers autophagy-mediated inflammation inhibition
and attenuates chronic unpredictable mild stress
(CUMS) -induced depressive-like behavior in mice
[J]. Toxicol Appl Pharmacol,2019,379:114688.
ZHANG J J, GAO T T, WANG Y, et al
Andrographolide exerts significant antidepressant-like
effects involving the hippocampal BDNF system in
mice [J]. Int J Neuropsychopharmacol, 2019, 22(9) :
585-600.

ALIPANAH-MOGHADAM R, MEHRI A, MANAFI
F, et al. Andrographolide, a novel inducer of apelin
gene expression [J]. J Ethnopharmacol, 2021, 280:
114487.
WONG T S, ISMAIL H F, HASHIM Z, et al.
Synergistic antihyperglycaemic effect of combination
therapy with gallic acid and andrographolide in
streptozotocin-induced diabetic rats [J]. Biocatalysis

and Agricultural Biotechnology,2019,18:101048.

[60]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

SU H M, MO J L, NI J D, et al. Andrographolide
exerts antihyperglycemic effect through strengthening
intestinal barrier function and increasing microbial
composition of Akkermansia muciniphila [J]. Oxid
Med Cell Longev,2020,2020:6538930.

SYUKRI Y, TAHER M, MARTIEN R, et al. Self-
nanoemulsifying  delivery of  andrographolide:
ameliorating islet beta cells and inhibiting adipocyte
differentiation [J]. Adv Pharm Bull, 2021, 11 (1) :
171-180.

LIU W W, LIANG L M, ZHANG Q, et al. Effects of
andrographolide on renal tubulointersticial injury and
fibrosis. Evidence of its mechanism of action [J].
Phytomedicine,2021,91:153650.

LIJP,FENG M X, SUN R T, et al. Andrographolide
ameliorates bleomycin-induced pulmonary fibrosis by
suppressing cell proliferation and myofibroblast
differentiation of fibroblasts via the TGF-S,-mediated
Smad-dependent and -independent pathways [J].
Toxicol Lett,2020,321:103-113.

LIJP,YANG X H, YANG P H, et al. Andrographolide
alleviates bleomycin-induced NLRP3 inflammasome
activation and epithelial-mesenchymal transition in
cells by suppressing Akt/mTOR

Ann Transl Med, 2021, 9

lung epithelial
signaling pathway [J].
(9) :764.

R B, AR 50 4 PN TR G LPS WA T
ﬂﬂu?ﬁﬁzj: FLNLRP3 . ASC & caspase-1 3¢k I 5% il
[J]. HPRPE2£,2020,49(13):2071-2076,2081.

GAO J,PENG S,SHAN X N, et al. Inhibition of AIM2
inflammasome-mediated pyroptosis by

Andrographolide contributes to amelioration of

radiation-induced lung inflammation and fibrosis [J].

Cell Death Dis,2019,10(12):957.

BV 0505 /MG 5 a0 ARG A
I Xk 2 X 5 T 48 R BT 8 S AR AT RBOR WLEE (D], K8

IR 2 247 PR 24 I, 2020, 55(4) :472-475.

A0 2% AN, L 5 . 20 3 N R ST BUN L&

PE AT 00 B G AR RT LD, 22 BB 7 B 4 41, 2019,

33(3):5-9.

SONG Y, WU X Q, YANG D, et al. Protective effect

of andrographolide on alleviating chronic alcoholic

liver disease in mice by inhibiting nuclear factor kappa

B and tumor necrosis factor alpha activation[ J]. J Med

Food,2020,23(4):409-415.

WAL, BRI A AR O TR 2 BRI

WHFEEJE[T]. P PR ~22808,2019,19(4) : 518-522.

WEFEPH XA, A L SO SN ER X OR S LIRS

- 281 -



528 B4 6 Wi HEXBAFZRS Vol. 28,No. 6
202243 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2022

[72]

[73]

[74]

[75]

[76]

[78]

[79]

B9 HOC2 4 g AT 48 A 1z 38 i) 1 B2 Ll L]
[ 24,2019, 22(10) : 1769-1775.

BT g GRS O EARRT D B R WA
FH B ALHIOF 58 (], B B2 24 8108, 2021, 18(15)
7-10.

ELASORU S E, RHANA P, DE OLIVEIRA
BARRETO T, et al. Andrographolide protects against
isoproterenol-induced myocardial infarction in rats
through inhibition of L-type Ca’* and increase of
cardiac transient outward K' currents [J]. Eur J
Pharmacol,2021,906:174194.

XIE SY,DENG W, CHEN J J, et al. Andrographolide
protects against adverse cardiac remodeling after

myocardial  infarction enhancing  Nrf2
signaling pathway [J]. Int J Biol Sci, 2020, 16 (1) :
12-26.

SR, B, B, A S0 I A TR X O LB Il
TR R R AE RS2 ma [T]. W1 rh BR 24 K242
##,2020,22(2):21-25.

BB R, B & . 9003 N TR A 5 i 1 A R B
O WU P T RO PR AR AT S (], i T P R 2y
K2f24H,2020,22(6) :29-33.

LIY,XIANG L L,MIAO J X, et al. Protective effects

through

of andrographolide against cerebral
ischemia-reperfusion injury in mice[J]. Int J Mol Med,
2021,48(4):186.

SHU J,HUANG R Z, TIAN Y, et al. Andrographolide
protects  against  endothelial  dysfunction and
inflammatory response in rats with coronary heart
disease by regulating PPAR and NF- kB signaling
pathways [J]. Ann Palliat Med, 2020, 9 (4) : 1965-
1975.

TANTIKANLAYAPORN D, WICHIT P, SUKSEN K,

- 282 -

[81]

[82]

[83]

[84]

[86]

[87]

[88]

et al. Andrographolide modulates OPG/RANKL axis to
promote osteoblastic differentiation in MC3T3-E1 cells
and protects bone loss during estrogen deficiency in
rats[ J|. Biomed Pharmacother,2020,131:110763.
T T T4 R 55 50 2 N TR a0
TNF-a I 1) NF-«B {5 5 & 18 47 AR BE i 431
(1], il Blag 3k 2 ,2019,25(3) :316-319.

TR AR S0 T P TR X BRI YR S A 1 A
P B Honl g AL [T]. )7 74 BE 2%, 2020, 42 (6) -
715-720.
BERLLL, BRI AE . 20 2 N TR X LAl AT B AR 5 S 1Y B
SEANR /N S B DR R SE R D], P E AR R A
2019,39(22):5585-5589.
ARTE A, e ks . 5 0 T YR T O B 71
BRL A 9% L e K M 3 R A S e [T ] v [ O R 2 L2
Z4i5,2019,35(20) :2602-2604.
HASSAN W R M, BASIR R, ALI A H, et al. Anti-
effects  of

malarial and  cytokine-modulating

andrographolide in a murine model of malarial
infection[ J]. Trop Biomed,2019,36(3):776-791.
IBRAHEEM Z O,MAJID R A,SIDEK H M, et al. In
resistance
reversal effects of andrographolide [J]. Evid Based
Complement Alternat Med,2019,2019:7967980.
BER R AR R, 2718 , 45 200 34 N T A B0 B 4
WEE BEJE [T]. BEIN v B2 25 R 27 2 4, 2021, 43 (1)
85-89.
WA VERF I, E SO, 45 L 4 B0 g0 3 DY R 25 1
WA RSB 3 A B R R BR (1], b 2 2p ik,
2016,41(12):2350-2355.
VEREAA , XUBE 25, XU RO , 45 . 2500 34 D9 TG 3 0 B AT 5
PERRLT). h B 254, 2021,30(13) : 1207-1212.
[EERE Eikik]

vitro antiplasmodium and chloroquine



