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Abstract: Andrographis paniculata is one of the most important “Southern Medicines” in China.
It is used for clearing heat and detoxifying, cooling blood and reducing swelling. Its main active
ingredient, andrographolide, functions in anti-cancer, anti-HIV, anti-inflammation and liver
protection. It is difficult to be synthesized artificially, mainly relying on extraction from cultivated
plant materials. However, the quality of cultivated medicinal materials is affected by various
factors such as soil, climate, water and fertilizer management. On the other hand, 4. paniculata
has a long growth cycle, occupying land resources. The technology of plant in vitro culture has
significant advantages in rapid propagation of seedling and accumulation of active ingredients,
which is one of the important ways to achieve production of active ingredients rapidly and
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efficiently in A. paniculata. The in vitro regeneration technology system of A. paniculata is
becoming more and more perfect, and the in vitro regeneration technology from explants to
complete plants is becoming more and more mature, it has been applied in seedling propagation
and ploidy breeding. At the same time, during callus culture, cell suspension culture, adventitic
root culture and hairy root culture of A. paniculata, the accumulation of andrographolide and other
active ingredients in the culture things could be greatly increased by optimizing the culture
conditions and using appropriate inducers. This paper comprehensively and systematically
reviewed the research advances in the technology of in vitro culture of A. paniculata and
production of andrographolide from the aspects of tissue culture, cell culture, adventitious root
culture, and hairy root culture. This paper aimed to provide reference for promoting the
development and application of in vitro culture technology of A. paniculata, as well as for the
study of in vitro production of andrographolide. It also put forward three aspects that need be
focused on in future research on in vitro culture technology of A. paniculata and the production of
andrographolides by this technology: (1) to mature and improve the tissues in vitro regeneration
technology system of A. paniculata, and establish a comprehensive and systematic evaluation
system; (2) to further increase the yield of andrographolide and other important active ingredients
by optimizing the culture conditions and its combination with efficient inducers; and (3) to carry
out researches in bioreactor culture of the production of andrographolide by cell suspension
culture technology.
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2F 023 (Andrographis paniculata ) X 44— W5 FOEE 5L k%% , B3R EL (Acanthaceae)
FIER (Andrographis) —FAFARZIHEY), HTMEM B ANY, BAHEMNERE, o
M2 Thak (ExZ5iE RS, 20200 « FOERLERIERGYART 4. HRFNE A
SR EE R, R OEARRR AL SERE., FOER . EFEOER . HKE
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i 70 SERBE AR 2 IR 2 —, CARENH TR, fEdhuiE. bt HIV i, K.
PRATEE 5 TR B % (Islam et al., 2018; Burgos et al., 2020; Renetal., 2021) . B X 50
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E(Kmmmmmlmw PRARSESE, 20200 , (HZELENBRIEDE AR R 5T
FERI A ARG, SE R 7 HUBEIA BT S5 O (Tajidin et al., 2019; Rafi et al., 2020; Dalawai
etal,2021; BHAESE, 2021) , ZFOEERIEIARWAZ H o B46 00 L BIRA R, MUK EE
M A 7= S (R A S RRL B B2 0 32 A B — o I SR R A o
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1.1 FOEHLIE B AR S

T L5 TR R 32 B R T AME AR PR B AT 5 . S5 M . MY IMRC L
BFRFMERE.

1.1.1 MR

AN AR T B e A T v e T EUM 3807 « B IR TR] . S8R 5 R &K . 725 0
USRI R, MR R BEE . 2B IR 2R B AR A AL I WA A SME AR 3R 4T 44
B IR, A 2 B0t 50\ 9 LA e R R I 2R B A R AR AT A 2 S IR AR L
(Purkayastha et al., 2008; Bansi & Rout, 2013; [53Ek, 2017; #AK%E, 2018) . k. &
RN SRS AT T 28 O AME RTH B8, (EH B 7 AR R A0V 25 F ) 5o 4/ A 5 i
K. BRZeER (2017) Msksk (2018) BEFTKIL, A7 ilzr 22 BONAIMEIRR, el 75%1
FEHTE 15s, PR 3%IRERENE T 30 min, L TERUCRET, FIEFEE 56.33%; M
TAERNIMERES, JeH 75% PR 15 s, FH 3%IKE RN 5 20 min, HAATERET]
78.67%.

1.12 =44

FEARBE IR FA R A R0 77 h EERE IR, FoRisr LI & & 2 /D0 8 EL 2 e A ME
R AE R AN GG TEIRAS, AR AME AR AR IR B R A AN E . 3465 (20100 HF
FENN MS & 5 idE & 5 O PG A A K B AR RS IR L, 3T %N 83.3%, HKHRIF. W
WESE (2017) KFEE T 4AiEAE. MS. 1/2MS. MS + 2.0 mg-L! 6-BA 4 FhAS [5] [ 15 72 X6 2 0
FERR TR IR, SREH B R BMBGESR, A ES T 0EM T K IR MS
o 1/2 MS. FER (2016) XTEEAFFR T MS. 1/2MS. MT. H. Bs%§ 5 RN [A] ) 3 AR 77 B xot
FOETCH KR, A 12MS & A 0= T AEK . W5 (2018) Xf Lt
Jt T MS. NeHl Nistch £ 72 IR AL 253G T2 5200, N N 35975 2 Bl A1 N 2 O EAE S
BRI AR 72
1.1.3 #idh 4 KAT #

TR IR R B R ES FRM  AAE S B AR E TR 75 5K, 7R S AR: 72 56 b i3 Il — 7 T b 1A
YA KRS AT S 4 B 5, EARHSAERK AR eSS . NFE R R RN L i
AL AE R TR M AR it A AN 88 B R AR AR FH AN R

MR E . AR THEMA SR R AR, 402 RaEHLR 70
AV FH 2 35 40 H 0] 4 2R AR K, TR B PR 2 A RT 2F PR A R, (] R 52 e S8 43 4HL 23 %) 2 AL R 2
fIIE % (Loyola-Vargas & Ochoa-Alejo, 2018) ; AEKZKMEAH 2 dtgi A KA R, 5
T B AR IR O 5% (Kuluev et al., 2015) o 7855038 A5 22435 SR 28904k
i, BaiiE % (6-BA. KT 25) AIEKZE (NAA . TAA. IBA. 2,4-D %) #BRAEIEN
TIMFVE FBCRES (R D, WS (2018) WA, FOEEGALE S RE
HACE N MS + 1.0 mg-L! 6-BA+ 1.5 mg- L' NAA; [52€Ek (2017) A5 KL MS + 1.0 mg-L!
6-BA + 0.1 mg-L" 2,4-D X} 0 N AR S5 SRR B, 0 REUL 18.47 GHIHRE=1H %
HEAZFHO 5 R, EIRARFRE EARIAERKER, (ORIN—MEi—M UL E4ifu 2R
AT LA T2 O o AR B, SIS 250385, 40 Dandin & Murthy (2012) BF58 K30,
W T D FE S IR (0 25 B AN E MS + 0.2 mg L1 6-BA RS IR 5L b AME 1A 17 2 A= 28 Fi A= %
ik 9.25 4, #E— B ALIER B L R IIAE MS + 0.2 mg- L 6-BA + 1.0 mg-L! KT {35973 I



ST REAS SME AR WA ZE R AE BT Ik 39.08 . TR, K 2F 0 TC T T SR ) 2R B
PREEAIN 2.0 mg L' 6-BA 1) MS }: 323k &, ~FIgREANME AN A ZF AR IA 341 4, H
BRI ZFR TR A, A B AR A A 5 0.35 me L GAs [ MS
Rkt b2 e, NAEZFRPKERATIE 96%, #4514 3.9 cm (Purkayastha et al., 2008 ),
XA Re 5 40M 7 R 3 6-BA FA (i 27 B GE M 40 ZE A VR A OC . BRI (adenine
sulfate, ADS) A4 A 7> 2 E BV HT A, v] LASE g i 7» 24 31 (10 4904 i (Khan et al., 2014),
FLAE g — Pt 27 B G AI AR K A A KR 5 7072 R (Rency et al., 2018) . Bansi &
Rout (2013) WFFLFKH, ZF0EZBAMN 57 MS +3.0 mg-L! 6-BA + 50 mg-L"' ADS + 1.0
mg- L' NAA (35753595 6 FIAR T RGALRNKRE, BHESR LRI E4ARR:
%6 )G, TAIMERKIF A EZERTIL 28.6 A, M@ AL ZE A RN 75.3%,

2R AL ZF AN 63.4%. EAMIEFEM B, Wik IAAZE MS 8 1/2MS #5755 E 7y

I EMZ N 0.5 mg L' IBA A1 0.5 mg L NAA AR AWML (£ D

R 1 AT I 7 S R IR T S

Table 1 Application of plant growth regulators in tissue culture of 4. paniculata

VIRIEREN EAR: MWK (mg LD FIRAEE 225 3R
Explant IRk Plant growth regulator Culture process Reference
Basic (mg-L)
medium

MR F 25 B MS 6-BA (1.0) . NAA (1.5) {544 WA (2018)
Stem with Callus
axillary buds
MR 2F 25 B MS 6-BA (1.0) . 2,4-D (0.1) MAHEZf MRo R (2017)
Stem with Clustered buds
axillary buds
MR R 25 B MS KT (1.0) « NAA (0.1) MAZF H%SE (2010)
Stem with Clustered buds
axillary buds
ToH 2R MS 6-BA (0.5) . NAA (0.1) MAEZE Et (2016)
Stem tips of Clustered buds
sterile seedlings
12 N6 PP333 (1.0) . KT (1.0). @4l e (2018)
Anther 2,4-D (0.5) - NAA (0.5) Callus
12 N6 6-BA (2.0).NAAC0.5) . MRFREEVER  fE5E (2018)
Anther Mt (5%) 2

Embryoid or

embryogenic

callus
HARIIE =Y MS 6-BA (3.0) . ADS (50.0). MAEZE Bansi & Rout
Leaf and stem NAA (1.0) Clustered buds (2013)
LA RIIE =Y 12MS  IBA (0.5) . NAA (0.5) iR Bansi & Rout
Leaf and stem Rooting (2013)
R IENE MS 6-BA (0.2) +KT (1.0) M4 Dandin & Murthy
Leaf and stem Clustered buds (2012)
R IENE 12MS  IBA (0.4) AR Dandin & Murthy




Leaf and stem Rooting (2012)

TC I 2B MS 6-BA (2.0) A Purkayastha et al.
Stem of sterile Clustered buds (2008)
seedlings

TC I 2B MS IBA (0.5) AR Purkayastha et al.
Stem of sterile Rooting (2008)
seedlings

1.1.4 33 %4

TEMH LG TR R, B E R B RS IR A 5 SIS B KA
KR, HE— ErRE B AMEARR b 5K SaiR R 2 7 b B R
FkMZ— AR, FOEM AR A P RE T RBEXMT, BREXMET
BRI DA BB A0, PSS, WA JGRRAL MR RS0, R, H
TEESE CEHESE, 2017) o ZFOIE4IEEH H R FRIEEE N (25 £2) C, JelsREZ N 2 000~
2500 Lx, Yef®IN 12 h /12 h B8 16 h Y6/8 h B (3545, 20105 Dandin & Murthy, 2012;
Bansi & Rout, 2013; FRZEZk, 2017) .
1.1.5 Breask

WH—BEAAER. @i [OUERERTE T AR E BRI AARRMET, FES
=N Z PR ANIE B IS FE . Bansi & Rout (2013) WFFR, K EMR A 27 O B 12
MR L, WrMmT43E 111 (wv) BFREERT, SR EHEATIINE BE T 60%,
BT KHBREE A K. 1 Dandin & Murthy (2012) BFFCRH, AR F OEAHRT
M B & oW LA 11 (wiv) IRERERY, Rl 25+2°C, JuJHH 16 h /8 h
s 80%AHXT I EEFN 50 pmol-m 257 FIJERR &M N T 2 G, PRI HE TR NItk
A2 M, mEHBHLE TR TAEK, BUSHEAE 95%. Purkayastha 55 (2008)
AN, B DR WA AR L A A EAE (11D IREWAER T 2 i 5 K
TERATIE 92%, MEARAKMEL . ERE (20160 RS RERH, K6 6 FEMNFELEH
B ey 5 101 RS R AR BRI, S FI5 86.7%.
1.2 HEEAERAEE RN

HAT7E 25 D 2 0% BN 7 M AME R ZH 23 21 56 B AR I A 2R B AR T AR HR AR &
Dandin & Murthy (2012) F.7E 2012 S 717 I 25 1) 22 BONAME R, BESL T 28 O3 AR B9 4
HAEFEARER, HFRHMEILY 2 &P DNA Frid (random amplified polymorphic DNA,
RAPD) X FAE P (AL RS E R REAT 1 20 M, A8 R 3R, 2K RIW AR RR 5 B A EE
RPEAEATAT R R AR S, PR AR AR PRI A ZE 28 B R 2 O RS &3 T BHA . Purkayastha
4 (2008) . Dandin & Murthy (2012) . Bansi & Rout (2013) [E#f LA IR 2 (025 BUR i F
NAMER, BT IO RS AR R R AR R, (8 AR AR AR I T8 A A 1 2 24 R
& m AT PR . Kadapatti & Murthy (2021) PL%F0IEJE Andrographis alata (Vahl) Nees [t
R E LB AMEAR ST T m A AR R EHOR AR R, FERI I BENLY 1 2 357 DNA brid
(RAPD) Ffajsa 8 & ¥4 (simple sequence repeat, SSR) Fric % FiAE T A AL Fo e M EAT
Ty, GERFM, 2R R AR S BHAAE LUK R A AT AT B DR R AR S5 [R]INE SR v A0
A% Chigh performance liquid chromatography, HPLC) &l 1 F- A= A A% BT 27 005 1N B
IEa, SRR, AR O AR &5 5 BRI S .
1.3 R

FEM BB IRZ AT 2, Fran s § e ER S (FRARsdE, 20200 o BT HEHE
FE IR HAR P 1 B A AT LUOA 27 0o o 0T o R DR 5 BT HR AL BN & 2 . AR O E 2 IR B S 7
I, EDREE (20160 LLZE L3 MR & I SR 3 AR, R BOKALEC N 75 S 7147 35



AEER, WA AL T o E FNR VIR I S 5 T, IEAR T 4 bR A0 1 [RIVE DY A5 44
T, N 0.075% R AKALTRT T 24 h R Eetd:, HIUfER TG S50 3.3%, & AN)G
SRR OE 2GRS B AR AIFT T LB e 1R . RIRIAEE (2022) H 0.05% M RKKALER
BZH 48 h, FFOEMTIE T RIEFIL 89%, BAE IR IR 8 MRIUM AR K. 75 A5
BRI, WiE (2018) LLAZFCIEARL NIMEMR, B 75 OEAA SRR FREARE R, W
DR | 5 D E BRI @ 2N, 2B AT 1 5 O B F A R SE I, vaia A
PRI R B0E T A
1.4 BHREFEFFOENE

20 E AL A o O N R SEEVE RO B R RIS . SR NAAL 2,4-D. TDZ. 6-BA
J KT S5 s s Dl — @ L W R H S v i 7 O @ H A R T 0N B
(Vidyalakshmi & Ananthi, 2013; Jindal et al., 2016) . Jindal % (2016) PLZE05&EM F 4L
MR, LT FOERMALE AR, JERIMH FAMEARLE MS + 1.0 mg-L! 2,4-D + 1.0
mg L NAA ({35 752 BB 43005 5 23 mik 92%, [FIR 58 03 N g 7 &t 5k 8.34 mg- ¢!
(fresh cell weight, FCW) o %0 3% A R/ io)oi N 2R (mevalonate, MAV) I&4%
IR AR it SE AR EBE R (deoxy-xylulose phosphate, DXP) &2 ¥k [ /E FH 7= 421 (Singh et al.,
2018; Sinha et al., 2018; Das & Bandyopadhyay, 2021) . Das & Bandyopadhyay (2021) #ff
TR, 2 MAV B2 BHE SR AT (lovastatin) AMHL 2 O E A H SR, MAV B2 4%
BELET, 27 003 N iR & A BT A& DXP 124645, ik DXP it i, SECF CENTRKS
I E N, FN G HS AL, T DXP & LW Z & 2 (fosmidomycin) Ab P
2 )E, DXP BN, 70 AR S R R MAV &%, H5TA MAV @84 e
MAME = A DENER, FEFCENER AR PRI, IR (AgNOs) A
FS ORGSR F OENEE, SRR BEGE RCHAHLE, MRV AR AR T B
HAE L 5, 2 OEN BRI = 5 &, A 3.41~3.76 mg-g!' (dry cell weight, DCW),
XK Y] DXP @ARAE F O N BRI A & b e = 34EH . k4, Das & Bandyopadhyay
(2021) LRI, EGHR. THIRAR . BN & BUSIRFHET AL B R, MRS EM O
WHlE & BRI IR G, B, fEARKRIIOTF Y, @A H T g in 2l 2488 B 4R
B R AT AR RO TR T 5 0 N R P R ) SR

2 FL TR

2 PR A 0 5 SR AT 9 1) E BN A R AE AN s IR R v, e e 0 02 v 7 2L 2 A L AR
MRALEE T2 25 AF Bk FH s 8085 5 1550708, FRAR AR R4 i FOg P ey 7= 8, B adad AR
ARG =W A OGS AR R 3R 2 A R H .

2.1 RFALES

PRAR A LA ERAT VT 1 HE ) 20 B8 55 0 AR 2R S S P DT R v 28 1k o A B B 8
FENE I Bk H S @A 214 o BT 28 O SR R I B 3R 10 G P R 2R M R A B At 3
H% (Mishraetal, 20100 , HTWEHESSRRIIEK, HHCE K2 % H M oSMEAR K
FRHEEMEGHN. Gandi 5 (2012) PAFPFTMRM 3 JHETLHE EEM MR, ST T
PREEL i ARAE N AME X B S5 T (R, A AMEARTE MS + 2.0 mg-L12,4-D +
0.4 mg-L' 6-BA (35775 L S @A LM S0, BHEE, S EH TARSFR .
Sharma & Jha (2012) DA % A4 K ) 28 O3 St Y AMELR, ZE7 N 1.0 mg- L' NAA A1 1.0
mg-L"' 2,4-D [J MS #5775 L S HW @GN ER K, BEAOMG, GRS, SEHTF
CEMMIEVF R 7% . Dawande & Sahay (20200 DARPFHAA 10 d MR TCE MMM R, W50
TAFESMEAR CFrEy FI2EM . EIREATT D |« 85985 (Bsy SHD) KA FESERC X
THALLE S, SRERY, £5F 2.0mg L' 2,4-D f10.1 mg-L"' 6-BA ] SH K575



b AR IR ) A AR S O At
2.2 SRR F O ENER

IR TG 725 AT T 115 555 7 2RI 8 570 40 M B R IR b 2 O N TR
R R KME$E S - Sharma 1 JTha(2012)H/F 7T KB, /£ MS + 1.0 mg-L' NAA + 1.0 mg-L!' 2,4-D
AR IR E AR =Y R o DE N BR S RIS 324 mg-g! (FCW) , 2@ B A
HEELENBE SRR 2.4 5, M APFEOENESERN 1.3 5. HEYAREFRDEZRE
&GS e 7 S5 AR = R R E SRR — P15 (Yue etal, 2016) , X4t
B TEEEMIES T FEMFE R TAIE S 7%, Gandi 55 (2012) HIKIRIE [ 5 0%E
Y B R SR AR RS R A O AR T, RIVEME ST (R, KIBHFE . A%
AT HRAE AR 532 AR ¢58) AR5 S 1 (CdCly AgNOs. CuCly AT HgCly)
RE B A R 5 5 57 O BV R R 2 DE N BRI R, DA BES S it 500 2 N BRAR
REAIA 13.5mgg! (DCW) , HEXTRESEIN T 8 f%. WA, IEMERY, M 1.5mL 1%
ARG IR 10 d J5, HURE G HLM KA MBI = h o OEN B R R, 1k
13.2mg-g!' (DCW) , LUXTHEIE N 6.94 55 0.6%MF B HFAPEE 7Y 8d J5, AMuE: %
ViR OE N BEAL 2A 8.1 mg-g' (DCW), LUXT B3 i 6.23 £i% (Vakil & Mendhulkar, 2013a);
7.0 mg LKA 24 h J5, ZFOENBRS EIX 3.7 mg g! (DCW) , A IEH] 18.5 £if;
20 mg SCRMEALEE 48 h 5, FOENEE S ESIE 11.9 mg-g' (DCW), & Xf iR 59.5 fif (Vakil
& Mendhulkar, 2013b) . Sharma %5 (2014) fE4HMLETFRE TR EH, FH 1.0 mg L' KFTE H
fiE (methyl jasmonate, MJA) 5 -FALRE 24 h Ji5 5800 N 5 2 & LU XS BEBG N 5.25 £% . Dawande
& Sahay (20200 WFFEUCHAES 20 g L' BERFER 1/2MS MR RS 72 2E FJEIE 20 h-d?, 3 G &
Pt h g OE N RS B ik 4.60 mg-g! (DCW) , EIZISIREMETN, BRERMI. AR H
Be JU T J0F B B B 2215 T 0] o8 O A M B FR W o 00 Y N R A B R T, DL 80 mg-L!
BRIRERE S OE N B BN, 15 29.42 mg-g! (DCW) o IXEH, AR IR A
BERTHEFHIEHHTURZEREFOENER A&, BT, 280700 AKGER
(salicylicacid, SA) FIZEFIER (jasmonic acid, JA) XIS 5 2 T 1EAEY) (1)3E DL 1 7
M HAREPER (Brooks et al., 2005; Zheng et al., 2012) , A HF 57 % W] — F 474 W FIAE
(Mur et al., 2006) . KR (SA) FERFHIIR (JA) HE L% S @4l 0N
fig & w1 (Zaheer & Giri, 2015) - Ahmed & Praveen (2023) 50 & L, SA Al JA XF 5 0»
FEAH BB IR 2RV AT P R P s e 35 e LR B T o g, Hob 13.8 mg L SA 5%
2 N RS BN 0.083 mg-g! (DCW) , FEXFHEE N 0.18 %, 21.0 mg L' JA AbFE 1) %
OIENPEEREATIA 0211 mg-g! (DCW) , HEXFTHEIE M 3 £ tbAk, 10.35 mg L' SA 1 15.75
mg-LJA [HiES, FOENEES Rk 028 mg-g! (DCW) , LbxtHEBE TN 3.8 5. Al WL,
TEZF O EM MR IR B b, 2N B S 7 IS LL AN IR R0 155 5 7 B s FH 25UR
BT,

3 FEANERAIETR

3.1 AEMBERREF LENE

A EMR Y28 B 2B R R M A SR R RO 2 A, AR IR T
KA, HHIAEIRIEFMAE, @A AN IRAALE ™4 . HYA € iR IR 5
SREM AR =), X N2 YIS ER S IRt —Fh TR 48 (Paek etal., 2005) .
H AT 2 A RIS A E AR, FE0 LT T RIMBUEY B as 853 G,
2022) o fEZFOEA EAR S T /71 Praveen 55 (2009) LLZF CER o NAMEAK, 7E8 1.0 mg-L!
NAA FIE 0.3%FERER) MS 35952 B S 7 AEMR, 7£7 0.5 mg L' NAA I 0.3%EHE
(1 MS W AR 77 B 3% 4 i G FA D Lo IR e 7 i, 28 O N R B B ROW IR R 3.5 1%



Sharma % (2013) DA HOAAMERR, 764 1.0 mg- L' NAA R MS £57%3E P84 Fh
AR S H R ERBTIL 26.7 4, REWRIFEFRIA 83%, FEAHF R FIRAARE 753 11
755 G, g0 E N ER S EiL 133.3 mg-g ' (DCW), ELX i i 3.5~5.5 fi% . Das & Bandyopadhyay
(2015) fEEH 2.0 mg- L' NAA [ MS £ 773% F DI FIi 9 SME & B35 S A ER,
TEAR FRAR RS 70k B35 % 4 R A ER P 2E DA RS & 50m, N 1.06 mg- L' (DCW) .
32 BRTHBFREFLENE

FR T 15 S AE R MG F2 Y o7 0 N R S AR R0, 17 B AT A E AR B TR R
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