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B MIEERK, UERTEENLFER RN
FEE, BEMN, BTE, NUME, 2 &, K F, HEIM, K W
(R AR RS 2GR a i, TLJ5 R T 210095)

WE: [ B8] WA bmr X Fer R RMW AL Isatis indigotica 2% . Mt K FrH L F oy R B ERG A, K
Fot A RN A BOATIRIZREAE, [ Fik] £ 100% 2% 8. 60% 2KE. 20% AR FAHAAE, ks
KRBt A AREIL, Rt kFrerfelh, 2o, XA, E58. LFBRARFLF RS RES XA
E, [BR)ABTHAKERBREI A, 100 ALBANHERS., Tk, oFE. vtA . tERYARS;
KHEeH3elE, B, EEBRESHAMAEALBROBGRMIEIK, LEME L7 2 F (P<0.05); # E2L4LR 80 H AR
#3m 2 I B e AR A AR, 60% AR R E & T A4 32 (P<0.05), 12 100% 4 KMBLLY 20% 4 % BAR £ 7R
B, LHBRAARAESHMERRABANAIH, RENTRS LIRE ML, 20% 408 EM 1,1- =KL 2=
HAE B (DPPH) 8 WL FF R E (Ios) BE 3 T 60% 4L 100% 4L 1820 (P<0.05), [£#] 100% 2XBTXF
M E RS, BRAERRARL, 5 60% A 20% AR I ESHIE, £ 8539
KA A KEeh; bR N R4 BEE; X B4 REBALAR
FESES: 871843 XEFRERD: A NEHS: 2095-0756(2023)02-0356-09

Effects of light intensity on growth, chemical composition and antioxidant
activity of Isatis indigotica

LI Xinyao, HUANG Jiabin, GUO Qiaosheng, LIU Lijun, GONG Min, SU Yong, LU Lixian, ZHAO Kun
(Institute of Chinese Medicinal Materials, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China)

Abstract: [Objective] The present study, with an exploration of the effects of light intensity on growth of
Isatis indigotica, and chemical composition, antioxidant activity of isatidis folium, aims to provide reference for
the artificial cultivation of /. indigotica. [Method] With seedlings of I. indigotica planted under 100%, 60%
and 20% of full sunlight, their growth indexes were measured at the vigorous growth period, whereas chemical
compounds such as indigo, indirubin, total flavonoids, total polysaccharides and total free amino acid, as well as
antioxidant activity were determined after harvest. [Result] The growth of leaves was positively correlated
with the light intensity, and the plant height, leaf length, leaf width, number of leaves, and the single leaf area in
100% of full sunlight treatment were the largest. Indigo, total flavonoids and total polysaccharides of isatidis
folium were decreased with the decrease of light intensity, and there were significant differences among three
groups (P<<0.05). Indirubin showed a trend of increasing first and then decreasing, with that of the 60% of full
sunlight treatment being the highest (P<<0.05), yet no significant differences between the ones of 100% and
20% of full sunlight treatment. The total free amino acid was negatively correlated with light intensity and

increased with the decrease of light intensity. The antioxidant activity was positively correlated with the light
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intensity and the /q5, (half maximal inhibitory concentration) for DPPH of 20% of full sunlight treatment was
significantly higher than that in 60% and 100% of full sunlight treatment (P<<0.05). [Conclusion] The 100%
of full sunlight treatment was the optimum light intensity condition to achieve high yield and intrinsic quality of
isatidis folium, which is more conducive to the cultivation of isatidis folium than the 60% and 20% full sunlight
treatment. [Ch, 8 tab. 39 ref.]

Key words: Isatis indigotica; isatidis folium; light intensity; indigo; indirubin; total flavonoids; total

polysaccharides; total free amino acid

B R+ AEF) Brassicaceae #5 WJ& Isatis 2 AEE FIAKEYIFS W Isatis indigotica BTN, BAWE
PAREE . BUIHBER DALY, FEEAAEYRZE . 2. 20, AR . ZERSEEM NP, H
e R LR P AR N RILATE 25 ) 2020 FL (— ) R E M e bR s . BFSE R K M e
W SEEABAYOREE . PSS MGEEES; WER S EADIE . PrEENY; 2R
GYEA — W RIERERY FIRAE Y HA RSN R RS,

AR TR I F SR i fE K 7 . AR . A S A . AR, 6 WG KT Ak
K ARZERT MU EARTE S B S AR E . GRS AE KN E SN R —, RERERE YR A
K. REMIESENKT; HAMEERSHEYZE . AR IEERESWARYICR, HiEJOEmY AR
FEiE, SRR S R A B A A BCRRR R o R RTIE  UR Y A SR AR A PR TR S A
PERE VIS N ARG . ARE O RR-FEIZGPE” (R, KA PESE, DR IR A1 S A IR A )
NS . BT, AMRGE R E A EDEERAE, MR TGRS AR . MR E bR S
PrEEALIE RS, IR “OGRR-FERRZGME” (R, DA RS Rk B A

1 #H

1.1 #F

IRI AT 2020 4F R AWIL B PR B T, 2R S AR K 2% T 25 M I 5% i S8 15 A B2 S e P ARt
PAWE B A AR BE R
1.2 {88

B =UE AT (VICTOR 1010D 2, PHZ2 AU A BRITAEA R 43R (FA1104 7Y, [ IRRASFRL
KF); AT (Agilen 1290 B, SEEZHER /A F]); 40T WA AT (Alpha-1506 A, |
S TCIL IS A IR AT AR EHERZEE.OHL (5810R B, Eppendorf A 7); PS-60A A B & VENL; 7K
W (HH-S 2, PR R THUE A R ek 28 2 AL (RE-2000A Y, I AAALERT ) 1
MIKEASFE (SHZ-D B, Uil PAAUES A PR THEA T ; AHLIESk (0.22 pm, VEIREEEESST HAA FRA R,
1.3 iRXF

BEHS (CAS: 482-89-3), #E L4 (CAS: 479-41-4), 7T (CAS: 153-18-4), L-K5 % FR (CAS: 74-79-
3) AExF R A E IR R A R A F] s D(H-JCK I E B (CAS: 50-99-7) X B 5t W = 25 8 1A 4k 2%k
A BRA
2 ik
2.1 REEEIt

ABFGET 2021 4F 3—10 A #E47. 2021 4E 3 A 31 HE&MP, R VEEFR L) VEHKE): VIR )=
5:3:20% PR 3~5 om BEGEEUEERE . KB —AORIBRES TAEAE (1% 25 cm, 1 18 cm) HhIfaERAR R
VEREIG IR, (N TRV EHE5GHE B 4 R M, SR 2 (B A — g (a1, e se St . ARYE R
SR EE TR G B 43 VR 2 R 100% 42068 (TCIEYE) . 60% 2GR 20% 2 ERA3 3 4-4ab3 435tk
s L 55 3 NKCEROEER, REASALIERFRAE 32 AL, REAE 2 R, A BB R, BEALHESY, R B
PLIEH A B DA/ MR R 22 . [FAFE 10 NA), SRIUERRE . 588 . o RUEMM A, 105 € R 15 min,
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60 C ML/, #fad 60 Hif, PRAFT 255 BT (4 °C) Hhag H.
2.2 FRIEHEKIEFRNE

PAMEA A HE R, RRZH BEMLIEHR 10 &, A8 3R R T e skt o8, TR e B [ b 1340 I 4R 56
3 B e A RIT BT, MR R ARG . T AR AEAR AR A TR,
2.3 ERIEFNEEELONE
23.1 &% Agilent EclipsePlus Cg (0354 (70 mmx2.1 mm, 1.8 um); ¥l MK-HEE, AR R
25%:75%; FEIR R 30 °C 5 Al KA 289 nm; JiEE M 0.2 mLemin™'; YEFERE 2 pL; PEM 5740 0 min
25% 7K, 5min25% HEE, A EE S min, KE AN TES % S0k [1].
232 &KMKRZF R FRICT M E B HE RSS2 IR A 2 mg, 4 A0 NON- R 3 g
(DMF), 1l 15 A5 v S 95 W 0 2 v B € W M 1.562 5~100.000 0 mg-L™', #& £ 4L 4 0.156 25~10.000 00
mg L™, FEARBORAR R, DI MBI AR, X BT 0 BT ik B Ae b, 10 i R B
FAREMZE .
233 H&BAEoHMNE FRBOKH KA 0.100 0 g, HIA DMF 10 mL, #7$H 30 min, 57#%, i
UE, BUOEW, FHNIA DMF @& ZE 25 mL, ] 0.22 um AHLEERiduE, BELigm, SHHRMIER. B
IS HER AR 2 ul, T A S RORORE iAo s W T AR OB, ARPE AR it 26 20 i 15 S R B i L e
ERANDIE v/ 8
234 FEFFE F—UKNEREE R 6 I, IHEMXRERZE (Rgp, %), LAMEKEENM. F—
FE S AR F R FRI 6 UOIF il gl S, A AR TR Rep, DAMNBS B M. Rl — M s o
T 0, 2. 4. 6, 12, 24 h J5HkFE, 15 Ry, LAINES 24 h fRuE k.
23.5 mAEDRGREE O FREUE —4URE AR 6 4y, EM. B &3 AEE, S5 A—EREE
FIEE B L ARAEXT IR, e 2.3.3 R E i hil s Bl d v, IR0 e W A B 20 i /8, a5t
IR Ry
24 HMLER S NE
241 RSB SHE LIS RO BRI R A B A, SR RS R BN -A R A E ekt
E 510 nm ARANROGEE , @A T AkRIE M ST R b BORTER TR A, A S IR
242 EHZAEMNZ DL D(H)-JCAK I A0E A X IR I S 0 T A, SRR -G TA T, DU 490
nm PEARACWOGRE, 38 A AR IR 2 SRR S R R 2 T g, R S IR
243 EBHBALBRME DL LREERR R IR I S B SR T A, R = ek,
FE 570 nm PEAANROCRE 8 R R R bR v 2T AR A P SR R R R, R S K.
2.5 fESMREMLTEMENE

L1-ZR - 2- =R 2R HE (DPPH) 1 FR BRI R 120 9 VRPN A ) 4 SO i e S AT PR, LA 1
PAMESE | PR R A SO AREAS LRI K 0.200 0 g, EE 3K, IIAMREISECH 50% () £ 1
20mL, 7£ 64 °C T HEH 85 min, flilE, H8IRFH MHEEBOR . FRFECH 50% 1) 2 BEK KE i
IO C B B 0.8~8.0 g+ L7 10 N A5 AR FE AR S I . 43 B 0.1 mL A SO A 3.9 mL ) DPPH i,
NG R Y 30 min, PUE 517 nm ARG D517 )5 LA 50% LR DPPH W, A5
RN D51 T)sems VA 50% SRR SIEW, AR N D(517)2p, Hor BT ERR, LUk
FONY AR, FERREECA R AR bR, THEARHEIT S, RAEARHEIT LR DPPH B B 25 R R (Ieso) X
Rgpo

Icso = (D(517)55 g — [D(51T) e, — D51 T) g 1}/ D(517) 25 ¢4 X 100% o

Hrfr: D(517)zp 3R RN DPPH MW SERE 5 D(517)pe 378 N Ji DPPH WG RE 5 D(517) g m K
T PRI R
2.6 HIEHHT

4 R H Excel 1 SPSS 26.0 #7481 5041, S5 RIILIE AR HER TR . AR b BEAH [R5 Ar itk
1T Duncan 2 M, & MEAKFEN 0.05,
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3 ARG

B ENIR =L e SN A=A ]

M TR 100% 2C A AR R . . 58 MR8, BB ESET 20% 206 R4
(P<<0.05), 155 60% 4YCIEA T BELER; Hi 60% 2OCIRAR MK . MRS E ST 20% 46 A
(P<0.05), fHkkm . MIEEREZER . FEE R, FPr mBUEHI L, 100% 4641 g R
K, 5 60% 4)E AL 20% 4 C IR AIAF7E 3% 22 57 (P<<0.05). RfE JCHRIRAR, #8041 2 i 7
i, 20% ECIRA MK R, 5 100% 2YEIRA A 60% 2YEIAfFAE 3% 22 5% (P<0.05).

BEAN . OURMFEEAK L A E o BT A AT PRI R 359

3.1

Fz1 FRPDLELGETRENERES
Table 1 Morphology of I. indigotica under different light intensities
Qb PR FRer/cm 4 /cm I %i/cm A /em - E8U R T R em?
100%4G 17 27.30+2.82 a 25.57£1.59 a 5.97£0.74 a 4.68+0.71 ¢ 13.20£1.23 a 75.55+10.60 a
60% I 26.60+2.28 ab 25.47+£2.33 a 5.30+0.64 ab 5.85+1.02 b 12.50+1.27 a 56.06+£12.66 b
20% 4618 24.95+1.69 b 23.27+1.61b 4.93+091 b 9.01£1.27 a 10.50+1.72 b 46.93£10.51 b
UL R [R) RN R —F8 5 A [F A B R] 22 57 i 35 (P<<0.05)
32 AEXNABTMEREMEELREN BN
F2 REMEEAMNREREZFRE

BE WL FIBE 20 R 207 1 W3k 2. ARDE
SR AL B DR I AN B T 2L TR o B L AR 3. i

Table 2 Standard curves for indigo and indirubin

. . ; . . e R JoT R B/
RSB ZOLH I MR, 100% A0EMRaLle Wik ik Tl
W PORE Sy B, 5 60% A2t IRALAN 20% S0t I BEW =53 115x—11584.0 0.9999 3.125 00~50.000 00
g 2557 W3 (P<0.05). (HFHE SCMIE TS, #it KL BERLT y=45271x+869.3  0.9999 0.156 25~10.000 00

O BUETHE TR, 60% 4 YERE 4L 0EE B4 i
IR, 5 100% 46N 20% 456 IR 4H 2%

BEWT: o B A B R BT, D e TR R 3

B3 (P<0.05), 5 100% &I 20% 0 EA &3 é/ﬁj’éﬁ&iﬂ?i%ﬂﬁiﬁmﬁiﬁwﬁ
(4T RS 25 5. B

Mi’% 4 EIU—LL ﬁEE’fE& . EF‘ \ %m}ﬁ?j}ﬂﬁ@ Table 3 C.ontents -of 1‘nd1go- z‘md indirubin of isatidis folium under

different light intensities

K 53 551 R 96.604% . 95.999% . 95.526%, Rsp M b i /(me- g ) e T4 (mg-g )
0.562%; fERLLAEAL. . EvREE T IEE M5y 100%4)61 8.095+0.126 a 0.307+0.004 b
R 95.279% . 95.793% . 97.544%, Rep N 1.195%. 60%4> ¢ 1R 7.04240.276 b 0.37740.015 a
Wi B2 1 R R B 209461 5.310£0.229 ¢ 0.314£0.002 b

3.3 REIT KB EAMLFES S B BB R R RIF— e R AR RIS 22 5 13 (P<0.05)
S HT UL s R[] i Ak P A R I R R R
S T o R A GRS TR, 100% 4208

MR RE S, SRR B R, 5

F4 R.D SHETRIMEEDYZE

Table 4 Recoveries at low, medium and high concentration levels

- e R B R W PEE

60% 4= RRZH AN 20% 456 R4 22 55 B 2% (P<<0.05). BB g g Adtmg  Hwg e
S B R R R TR A BOBE 25 Ot R 5 T 5436 19454 96.604

20% @GR A S E R R R R RS, 5 w000 14203 10873 24641 95999 scn
60% 4=YGCHRZH AT 100% IR 2 7 8 3% (P<0.05), 16309 29.782  95.526
34 EEXFABFMHEIMIEMAFER R 0274 0824 95279

M 6 AI A 100% 4=t B 4] K5 i i B %) EEEL 0100 0563 0.548 1.094 95793  1.195
DPPH H H % 1975 B g 11 B 5% , DPPH s 511K, 0822 1365 97.544

60% 4 EIBA IS BRAE IR Z, 20% 4 IR 4H 13

M RE 11559 . 20% 4G IRZLY) DPPH Icsy 23 5 T 60% 456

YIRS 100% 4)EIEL] DPPH Ios) LR H 25

HEZH F1 100% 456 HR4H (P<<0.05), {H 60%
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3.5 ABEMUERS MENEERERESHEX TS

MR T RS SR S
fi] 5 OE A DG, H b e T R AT R OE A G
(P<<0.05), MIERECH 0.999; MR &I BiK
B, S R %EQWEﬁwﬁ,E¢ﬂﬁ
BEAERR S D fE R ﬁ%kﬁf@<%$
HHOE R B0 3 -0.998 . —1.000, DPPH Icso 5 5%
B, B hE. Bl EREaOB2ERAME, Hf
DPPH Icso 5 B, S B 2808 . SERE MM OC R
By Hi5-0.955. —0.968, {H K ik # i K ;
DPPH /sy 5 R A MR 2 E A G, HAH X R
ik 0.972, {HARIXF] R EKF-.

MR8 AT L. KEFM B2 55 M E
WEFARSE (P<0.05), MHEZRBI 0.998, 0.999;
S B AR S R e A 2 UG (P<<0.05), G
FECH-0.997,

4 k54
4.1 XEBESEVESHTENXER

3R 14 25 1k 2 (AR Py M e A8 A i - B DL B
AL, DLE R AN ROEIR IR A AR 607, g S0
WFoE B0 . FA R TR A BHAE RS, 61E W A
5, BETE A ARG5S AR AL A 55 R 3R 85 i 2 4y
AU RR . AR LM AR A B AL
W¥RRERE AR, Hbkm . i mhsE, RO
M AL SR IR OG, BI A SRR T RS IS K
PR, AR ARG/ M REAL, X 55k
USRS AL . I ARG SR S A DG, A
JR R R AR S OE AT, S e e
1528, Bk AR IO A R A A R
42 NMEBESAEHEMERSHEER

AN T) 225 TR 400 1) A 0 B2 il 4 X Y 5 %) i 197 47
E—ENESR ., YA B Dendrobium officinale @5%
i ) e v U R R TP L RO P A R TR P
+} B Leonurus japonicus 1E 4 54F T, éﬁi%ﬁﬁi
BAK, U0 1.13%, 1€ AR 2450,
Yo ok 2.30%0, Bl . EE RN KEMAEY
Bl B, Ho i B4R R 2 A T
W 48 b5 M B 0, BESE R BT . MR Strobilanthes

F5 FRNBAETASMH LS. 4B HEN
BFEEEBRNEESH
Table 5 Contents of total flavonoids, total polysaccharides and total
free amino acid of isatidis folium under different light
intensities
EE JSEA R A S
ﬂ\lﬂ (D) /\@E/ g*jﬁ/ L;\oj?l Jﬁj}—
(mg-¢g™) (mg-g™) fi2/(mg-g™')
100%206  54.01£2.88a  13.4120.05a  38.81£0.71 ¢
60%4CM  43.87+0.27b  7.74£0.13b  45.59£0.47 b
20% 46 H] 31.09£0.93 ¢ 5.41£0.06¢c  57.53+0.68 a
x6 AEELETATHREYHMEAN

it
Table 6 Antioxidant activity of isatidis folium extracts under different

light intensities

YL DPPH I¢5/(g° L")
100% 461 451+£0.27b
60% 2GR 4.80+0.32 b
20%4)ERE 6.61+0.24 a

Vi . AR RE s AN [ A B R) 22 57 1 3 (P<<0.05)

RT AEMUERS RAELEENEXME
S

Table 7 Correlation analysis of chemical composition and antioxidant

activity for isatidis folium

O . 1 S X
i H S S SUL fEWE fiE ELL DPPH Ics
SVETR 1
ISEAS 0.946 1
'éw?ﬁ% IR —0.998* —0.923 1

Py
(73

0.999* 0.930 —1.000* 1

KR 0.003 -0.322 -0.067 0.049 1
DPPH Ics5  —0.955 —0.807 0.972 —0.968 —0.299 1
BB s WA SE(P<0.05)

®8 REMUEMRSDSEKRREEEEXE
S
Table 8 Correlation analysis of chemical composition and morphology

for isatidis folium

T H G =TI U S U o R (5 S QT
TR 0.991 0924 0966 —0.986 0.984 0.959
B2k 0.893  0.750 0.998* —0.879 0.874 0.999*
SR A -0.997% —0.947 —0.947  0.995 0.995 —0.938

cusia MHPEEEE . SE R EFREFMLIAEE, 5 fE 0.996 0.941 0953 —0.993 —0.993 0.944
PRI S SUR AR P ER s . e R4y MR 0.138  0.384 —0.257 —0.168 —0.168 —0.282
BN, RIEEPVRR S s (UM R E R TR RRRIR(P=0.05)

F, SOCHENE H S E Baphicacanthus cusia WIRME, TELRGHIBAERKA®EEZMNRE, 20Kk
B A S L D R BRI ARSI R e B ek 0 B T 3 T AT, RIS A ) T e

WAR TWh EOERA M THERLLMR R, 565 556K BT §E R LL B B RRAR . W xR A2 1k
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MR K, FAAE—E 25, H BRI ED, PR A Wi 2 5 o3 % A8 A 04 i 7 AL i) i 75
it — PRI

AR T AN [ A ) B T 288 1 o P S e A ], R 22 50 40 ) 6 T 288 ol 0 I i Bt o D0 P 3 i 17
HAMEY ) R AP g R . R AEHL T Viola philippica B TR B A3 S GRS IEA G, i /NE
ZECO B Y A . DS R £ W S B AT A 95 Taraxacum mongolicum S8R &350, AR AP : K
T I S B 5T A B0 DR [A) Y 06 R IEARSF & LA, RIBEOGR T {2 oF B AR 2 a3 iy R

S22 WE N S B8 S AR T A AR AR, b S BRI A R A A R Y A
Fio HRRAECT ARG R I G R T AR th 2R, miZE T 2R ZNPATZE R 2
M TEARMI Y, DR ETE 100% 2GR T S . 282550 pF 3R . OCHT S R T4l
42 Taxus wallichiana var. chinensis 7 B 2 FER i /-5 =2 AT . RRAP 5 L. ok
ST, KiEF Rosmarinus officinalis R IEIR TS 7 8UE E & o AU LI . KM B &
FER 0 4 B G ORI 55 R, MR AR S5 6 SR A E o S A VR R BB = BER (ATP) 38/, ik
KGR B R D, N T HEFF IEE R EEIA, 81 BUK g™ A4 R LA 25 2 BRI e A7, S5k
S B R o A B
43 XESHABEYRELFEENXER

SR PP E A TE TR R A — 3, REESEP IR KM RO A LR FRAL, S
4> Dichondra micrantha PUEALTE M98, TRERFEEECY FoT A B0 . BEYCSAE R 2k & Pinellia ternata #8584k
Y ALl (SOD)., i A ALYl (POD) 76 PELL K TN [ (MDA) i & 70 B e IR R FRAIG; XHr S50 &
e o m s AR E R I 24 Lonicera japonica AEFE = K WTG A, BT A A G 0 1 1G58 ;
TR BB FE—EIEHN, BEECRIIEES, 4L Chrysanthemum x morifolium WIPUAALRE J115 T

W5 . AR R BT MR BGRA DPPH H o BRI BREE I 565 R IEA G, 100% 26 AL AT BREE
Vako3ii

s AZEAL i B s OB ARG 1, X g REREDT WIS aR I e — T Y R P KT I oA e R
EBCSPUAALTEERUE T TTEER . B8 L E MR ik, T8 Tmiv e, RA RS iiE
RET, B W FIHE £ LL7ERMR BT 43 40 T~ X DPPH HA BB IVIEBRAEHIPY, BT R MY 2O AA
—E PRI ER . AR KT RN DPPH H i BERYTEBRAE ) 5oL 2 IEAG, [R5
SR S 2HE . BEE . BERLLRIEADC, 5HAEEE AR UG

i LRTIR, G5O 100% eOCIRmE, KFF M2k 7= ht . 2R s Mt AL s o sy, 18
BEAE TR R MR . 98, BATWAM, BULHEBEATE . AOPEERaRkm] . FREE A4 KA

SEOCHEAMET, AFa OUMTERGNE” RUl. 5 SeATh R uE T 245 BTSN LS UE G5 % R i 2544 il it
ISR
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