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5] 2 B 5 ) - SR B IR 2 1 SE 56 DA S WP AR AR BRI AR R . ] R OB 3 (HPLC) X 3 4R UK FIAR
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Extraction, bioassay, and chemical identification of Rehmannia glutinosa L.
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Abstract: Obsticals for recropping are especially severe in the production of Rehmannia glutinosa, a Chinese medicinal
herb. It taks 8 to 10 years before one can replant a Rehmannia glutinosa to the same field where the crop had been grown.
In this study, five different solvents were used to extract potential autotoxins from the soil samples taken from a major
Rehmannia glutinosa production area in Jiao-zuo, Henan Province after harvesting the crop. Bioassy was conducted to test
the inhibiton rate (IR) of the five soil extracts on Rehmannia glutinosa radicle growth. Soil extract that had the greatest IR
was selected for a greenhouse growth study and various physiological and biochemical parameters were measured. Finally,
HPLC analysis was used to compare soil extracts with root exudates, and ESI-MS analysis was used to identify the chemical
compositions of the soil extracts. Bioassy results demonstrated that water and methanol extracted soil autotoxins had the
greatest IR; by adding 0.5 g/mL concentration of soil extracts to a germination study, the IR to Rehmannia glutinosa
radicle growth was 17% and 26% for water and methanol extracts, respectively, and the IR reached above 70% when the
concentration was increased to 5.0 g/mL. Greenhouse study exhibited that methanol extracted soil autotoxins had resulted in
(1) decreased root activities and chlorophyll contents, (2) decreased activities of SOD, CAT, and POD, (3) enhanced

membranaceous peroxidation, and (4 ) decreased growth hormones contents. HPLC analysis showed very similar
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chromatograms between the methanol extracts and the root exudates. ESI-MS analysis detected six characteristic substances

vanillic acid, D-mannitol, 2[4’-hydroxyphenyl] -ethyl hexacosanoate, verbascoside, B-sitosterol, and daucosterol.

Key Words: Rehmannia glutinosa L. ;obstacles for recropping; autotoxicity ;autotoxins ; ESI-MS
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M —— X SR S 45 B A Y 3 ( Rehmannia glutinosa Libosch. ) ¥ I f 72 P T 10 6 A e A8 (SR AL
VAR o 6l — s RS A 8—10a J5 7 T TR, T AEHEE & ek ol (R %
EIH A AR KR B A RRIE R Bk, R AT BUEAS T 0 LI SRR , T2 38 S 0P 28 07
MR,

BRSTIA i TR 2 PR e R TR - DL S ™ 2 FRE 43 WS 1 1 9 T 7=
B 1B E PR 5 O MR 2SR 1B R ISR MR ARG s R Xt R 2 A B
S A R A A RS BFTE A 1k S PRV R 28 IR 1 TR PR R A M R B R 2 —, B
ARSI — B BT

S, ARG AE A B 7 IS TR A DX SR A — A 05 O L D SR AL M0 2 R
S8, FEL A A D7 P 4 2 1 8 FEVES 7 VY, P S0 €238 S0 A S 2T A % ( FTIR ) F 555
BT (ESI-MS) R R H0 B A 1 00 A2 5 2 , 6 30— ) ORI PR SC 0 o B 1 1 75
P A A R EREATIFST , AT A 23 BB O BB PR R R B R DR R B %
WA IR 5B S %,

1 HRSHE
11 KKt

SRS TR A8 BT MR EL AR — A B AR I M R bk (R, 4083 S 3 OB 1 A
B AR lmm FUB, BRI Ske LRESESN S 5 68, 5hBI IR 7 Wk S0 2 R 2 6
4 1L, B4R 48h 5 0, HCEUE R (labeled 1 —V ). Fib S GPEERIRS BIMEVR A REERDIR A A0
S ANBERBIE, 415109 5.2.1.0.5.0.2 g/mL, XHEEEN O g/mL 384 CK, g/ml. Fo7 AL LA | mL k3
SR BB .

1.2 AEERADNE

S RIEE LR S AVBRBER) E TR labeled 1 —V KW SmL 1A B HCE K HE AL R KT
5 R W R 10 T 85-5d” B ERN T 50 KL, AT 3 WE A, ARk ik B RME R B, A
26°C BRI IR 2 4 F SEHRE ] 12h (8:00—2000) , JLARIREEHy (4. 17 £0. 18) x 10° Ix (L5 75 Py
HIRRRRER 50% . 7d J5 W RHHL 3G HOREAR K, BRSTHL BEAT I 2E |3 5 FHAEUY (labeled 1 —V )7E 5 AN
RERBEE L 19 1 B2 R FASUR AN -

e PR SR AE H JE A B 257 £ A 4090 3 Inhibition rate , IR) , f 4 85 1 5 F BB 4H < IR = (T, -
T,) + Ty x100% ,IR >0 FRAFAEMRHEN T, IR <0 FRAFAERIAE R, IR H0/IN G4 FEAREE , X b 7, 03t
0 BOALBRAEL, T, % BRI . JE/B OB R DPS B MERT 4047 o ARTE A LS eyl 1 2 1R i e
B 5 AR , ST T 2 20 o 0 40 3 1 P A A AR A AT A 3 1 TR
1.3 E R M A A LR

FEAE YIRS IER b, YR B MR B A MUAR BUG I 1 R 1 R RSk R, T
2007 4F 3 A HIZERR B A2 4R Ml A A I BT T 00 3 b AR L 85-5d” M2 (AR SL ALK
45cm x35em x 15em, P FHH 4L) , [ IRAN 1L B 7 B IR N A K RITE I 1/4MS 525 7
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BRHR 1900mg/ L, i ER%R 1650mg/L, BEAR —E8F 170me/L, HiBREE 370me/L, AL 440mg/L) . Frith b AR H
Hi Sem JEEAEM S HRo BEHBEM A IFIRFERIT (LY 14d) , — KGN B 349 UK 200mL, 5 39 5t
43 0.2 g/mL.1 g/mL.2 g/mL 3 /MRBEREEEVR AN, X BRMKEE I 0 ¢/mL, B 3 K, ALb3E 14d J5, REM F I
FARR R TRA P HT T HERE

1.3.1 SR EEMRREE

R M4 R AL (B15 SPADS02) Yl sE M | -4 R & &, 52 40UH SPAD HR7R . B4 b3 3 #k, T E
R TR BRI TIEE 3 fr, BRI B E R 3 W, BOLFE,

R HEA=FFE AP (TTC) BE I E #3AR R0 ) (IR R DSBS ) , € 485nm 4L OD {H, LA TTC iR
BRAMANTE S (mg/ (g - hFW))

1.3.2 RIPEERGEIERIE

a3 BB B R T AR AR & 1. Og, 04T i AL B AL S (SOD) (i3 AL ¥ BE (POD) | i E AL A
(CAT ) JBFRI3 A= 4 (MDA) FIIAE , 2 18 T2 RR S B ™ S skt A7

(1) POD {5 ¥ il &

SR AW :0. 1mol/ L BERRZE vk (pH6. 0) 100mL, G A S6 L, i Adii $ B W, W2 H S, INA 30%
H,0,38uL,iB5], UK R AF . B SOuL EEYR, N A 3mL [ RIE &, LA SOuL BEFR 28 vh B AR BAE 2 H,
470nm AbLE . PABESHHIA OD,q AL ERINERE MR /N( AODyy/ (g + minFW) ) .

(2)SOD Y& ¥ i €

B 50] B, TN 3.9 ml g B iB5 W (& 50mmol/L pH7. 8 WIWEERSE tP R .77. 12 wmol/ L Fig F Y Mk 15
(NBT) 0. Immol/L Z %P4 Z, R (EDTA) 1 13. 37mmol/L ZEZ AR ) #10. 1mL 80.2 wmol/L #% &% , ANk
WAE RS IR, BTE 3000Lxu T 5K 10min J5 , F 560nm 40 & OD {&, A4 #0#l l NBT S48 Lk i 50% Y
& — A EEEMERAL(U/gFW) o

(3) CAT {1 i s

HE R R EE CAT &M, RNIR &N : & S0mmol/L BEFRZE M (pH7.0) ,30% H, 0,100 L, K
FEORTE . B 100pL IR , A SN IE A& W 6mL, A 100 WL BERR 28 B AR B R AE A % B2 1, T 240nm AL LG
8, LI 5350 0D240 ZEAER R EE HER/N(U/ (g + minFW) ) .

(4) MDA & & Kl &

SRR BRE L o WSE ODgy, 0Dy Tl OD0 fH, A7 C(pmol/L) = 6.45(0Dg;, — ODgy, ) -
0. 560D450 144 MDA £ & (nmol/gFW) ,

1.3.3 HWEAEBRSENE

ARE(TAA) FER(GA) JBIEER(ABA) MIE KK (ZR) Il 5E I FI GRS % (ELISA) 2, B A T S IR
W 8 E A K2 EER S i &, B M E R 3 EBCEIME, B4R ng/g.

1.4 HEYRHKN S %E T E

WO K 55 b 3 AR R 3 U0, 3 1 ANOBORE T BOR 51 B B B SO W A T A A AT R T B B
Yy 5 B BR 22 R 48 5E o
1.4.1 BEYRMHERR ;WY E) RP-HPLC H k547

Kb A HRPBREI7 60d J5 , Ak 2K E R GHEFM PR NP K3 MTRIAEHEITLR) ,pH
ERZE 7.0, BIFHEIE 21d JFWREMKEEE TR, 0. 45 um LB U8 )G , HEA Agilent1100 BV AH (354,
5 YIS R B m B B BRI BT X BT, B P2 AT A €2 S0 £ S WML AR B 1) A R ) R ) R
TEEEE AR -

3% 2544« Hypersil-ODS C 8,4 (4. Omm X 250mm,Sum) , FishAH AN ZHE-7K (2:98) , i 4 0. 6mL/
min, FEFEE K 20 L, K4 R 210nm,
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1.4.2 AHRYRMRRSEE

ﬂﬂi%a]ﬁﬂK%ﬁE’J HEY) O IEY) 25mg, Z B SmL R 2R AL, 12000g/min 2.0 J5 ZFx L, A
Sml ZEEUEHRERAR, R S o BITITE R B B 0T € A 2 25mL, £ 0. 45 pm L UE L 385 I Cary 50
Probe B A] JL-5¢51 360G BT (SR VARIAN) AT 2B Il 2B B SO BE , F) PR S AR R 4T A1
% (FTIR,, 3£ [ Thermo Nicoler 24 &), AVATAR360 BUZT 515415 ) # € H Y R FEE A, #— P HEBE
BT PR IE X (ESI-MS, 3¢ [ Thermo-Finnigan /3 7] ) #4741 73 BUR FI45 A 00 73 T B B 700, A R AL 3R R
n/z {5 B G R AV G B T Y R A

RS B BRI SR B IR 275°C, BAE B E SV, B B Ry 4. SkV, B (AR) I
15mL/min,
2 HRESW
2.1 EHEYE A E YIRS R

MR 1 TR, A RIZEBERALIRAG 1 B 324 Boxt 3t 38 VR RISCRAAE 22 57, [RIFPAL BEKSF T, 7K R
ARSI X b B 4 5 B 2 R TR BRI At 3 ANZEEGERAZ A FARCR , JU LA R B SR 0 b 3 410 A
FEH . ; B AL BEYR BE S AN, K IR AR R BEAC IR 1B 2 ) 0T 3 B A4 o 9 BE S i, B SRR AR S v, 1
HIBCRS HAE W BE 2 AR

F1 5SHBEARNAMETIEASWRWE S MREKTE L FHRMHE
Table 1 The inhibihition rate of Rehmannia glutinasa radicle by five soil extracts at five consentration gradients

PR 2 0.2 /(g'mL7") 0.5/(g-mL"") 1/(g-mL1) 2/(g'mL"1) 5/(g-mL"")
Factors RL/cm IR/% RL/cm IR/ % RL/cm IR/% RL/cm IR/% RL/cm IR/%
CK 0.97 £0.05 a 0 1.01 £0.05 a 0 0.93£0.05 b 0 0.91+0.07 b 0 0.99 +£0.04 b 0
PEE 0.90£0.06 d -7.22 0.96+0.06 b -4.95 0.99+0.07 ab 6.45 1.04+0.04a 14.29 1.06+0.04 a 7.07
CE 0.92+0.03¢ -5.15 0.96+0.07b -4.95 1.02+0.06a 9.68 1.04+0.08a 14.29 1.03+0.08 a 4.04
EAE 0.95+0.06 b -2.06 0.91+0.05¢ -9.90 0.87 +0.04 bc -6.45 0.81+0.04c -10.99 0.74+0.04 ¢ -25.25
ME 0.87£0.05e -10.31 0.75+0.06 e -25.74 0.49+0.04 e -47.31 0.32+0.03 ¢ -64.84 0.24+0.03d -75.76
WE 0.94+0.06 bc -3.09 0.84+0.05d -16.83 0.67 +0.07d -27.96 0.55+0.04d -39.56 0.29+0.03d -70.71

TR HARA 3 WE R, [F—51)G BAER /NG T8 B R IB B 5% i) 825K P RL AARMBRARICE, IR FoRiH =, CK
R, PEE B A BRI B B9, CE RAGIAHAIN A Y0, EAE AR Z R ZBEHHIAIN A 30T, ME R H BEAR A IRUK
AR, WE REKAHAEIR K B 3451

2.2 BFWRN B A B A AL AE AR AR N
2.2.1 JPRMHSRSEARKE KM

ME 1 ATEVE H BEE F BRSO A AR BE R3S B, 3t B 7 B R 2K 5 B B, MUK U R AR T
21.8% \42.8% 1 54.6% , X8| B E /K- 5 B3 Y BAE IR BERG A, Hb 38 4 i AR AR 35 1 T R, S50 B ELAR Uk

45 212 -
o % E 102
m < 35T 2
i % R5, 08
# 2 25 2 E 6
¥ = LS
= 2
E 8 15 BT o4
S S 802
| (=
| | | é’ | | |
0 02 1.0 2.0 0 02 1.0 2.0
KW E TR 0 3R R

Autotoxins levels/(g/mL)

Bl BFEERKASVRMNEENSFRSEMRRFNHNEM
Fig. 1 Chlorophyll content and root activity of Rehmannia glutinasa affected by methanol extracted soil autotoxins

BB 3 WER K PHE, BFTRARNE FRRmR2E7IB5] 5% i BEKF
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TRET 15% 31.7% F163.7% , H b3 22 5 B3 . KA B FERAGEmbE L EIP SR 0GR
W MR, B 5 B BEAR R 06 TR, S B AR R AR AR
2.2.2  SHEYEETE MR RS AL R R

HE 2 A AEH , S/E BT 0. 2g/mL B, #h B 25 AR %8 POD & 44 . i-#F SOD F1 CAT 15H:¥ 2 FFt
e, BE R BV BE A3 = R T e TH-EE POD &M 5 A0 FYR BE 2 IEAHSR , {H POD 5 B A%
FAH R AL FE K FARFER POD 76 14 AR &6 CAT 1 1 5 40 ¥R ¥k B 2 A AH O, LS 39K F 0 b CAT W6 .
H LA, FEE B Y AR VR 3 K, B (R BR R 2 HINK, B B 338 2, DTN AE 4 B it 481k
EWNE 2 fiis , B AR BE A3 0, 3 B 4l i 3P AIAR AR MDA & & b, itk — 25358 T B B Rk b
ARG ETR,

'

=
Lt
-]

[
(=}

w

PUER . L
CAT activity/(U/(g-min FW))
T
B
MDA content/(nmol/g FW)

4
°

a
7.5

0 0.2 1.0 2.0
20
§ = 3+ a
g% £5 s : c
=) %
= S 2L
§2 Eg 0
W < mE\ 1 b
@8 "z d ¢
%] 3 5+
a | | |
0 0.2 1.0 2.0 9_ 0 0.2 1.0 2.0
R BRI LSRR

Autotoxins levels/(g/mL)

B2 FEREPERKESEYHREE SOD,POD MDA CAT W
SOD,POD,MDA, CAT of Rehmannia glutinasa leaf and root affected by methanol extracted soil autotoxins
T B EdE A 3 WEEFIIE, BHTEARRNE FRERRZE5IBE] 5% I BEKP

Fig. 2

2.2.3 b NIEEER KN

M 3 v DLE Y, BEE AL B Y BE 3, AR P9 UR
HARR(IAA) MEKRRK (ZT) BEHE TR, HBEKT
Xof BRI TR V& BR (ABA) TEHL MR N B FRE R B
ZLEBNERER(CA) EREELHEKRE N
0. 2g/mL B 35 3| 5 5 5,y 1400ng/ g, B & 1V FH YR BE fin .
KETREGEHE, oK 02 T
2.3 ABYRNKIFS % it
2.3.1 HEEREWY) 5K R R 0 WY 5T

HEEAE BB R A BRI EUY) 5K AR R
SHINNHEAT AN X IO TS B, BIRR I A
7E 210nm 245 WK T A B R W M, T X B8 4 38 0 72
210nm Lb A F R
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Fig. 3 Endogenous hormones of Rehmannia glutinasa affected
by methanol extracted soil autotoxins
W B CK AR, TAA IRBIRZBREE KRR, GA R
FRBERLYIT, ABA RERBEREW IR, 2T KRR EARRRY R
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HPLC Z5R 7R, A R i) (3 26 06 T, s B8 4R B S 90 IR 0 P BR 4R B (BB BE{E A 85. TmAU
44. 3mAU) 57K HE AR R 70 4 (O BE(E Dy 2147. 8mAU Al 2129. 3mAU ) B A AR [R] B9 FRHIE P 6 75 0 (£R B
if1E] 6. Omin 7247 ) , T %ok R 308 U T B AR AE P B 3 e (PR 4) o

VWDIA, wavelength = 210nm (XYPJS/YDDS0030, D)

2 1750 A 2000 - B 1600 | c
E 1500 1750 |- 1400 |-
& 5 y50 1500 |- 1200 |-
B2 000 1250 | 1000 -
R g 1000 |- 800 |
&g_”o‘ 750 |- 600 |-
5 5001 500 - 400 |-
2 250 250 |- 200 F

0 1 } 1 I T T T 0 n] T T I 00— I I

0 25 50 7.5 100 125 15017.5 0 5 10 15 20 0 5 10 15 20

PRER 1]

Retention time/min

B4 BREEEEENESWRHRIE
Fig. 4 The chromatogram of soil extracts and root exudates of Rehmannia glutinasa gnerated by HPLC

A B9 2 P RER IR , B B BAR R OB, C I X IR S R AR I

2.3.2 i AFYEFEREBNEE

NPl 5 i, FTIR AMAT45 RN, st 8755 4 R SR IO 20 43 v 5 —OH (3395 em ') \C = 0(1691
em ™) AR EHRLEH (1450 em ™) S EREASEH, i FALME] 625 cm ™' (C—Cl) #1 3396 em ™' (—OH) &b
BRI LL MRS, HEDIAE A P S HUBR iR A B PR SR T, BT L EST-MS 0472k A 1 B AR S EA T LAHERR B B8
o

#EHE Transmittance/%

| 1 | 1 |
4000 3500 3000 2500 2000 1500 1000 500
P % Wavenumbers/cm™

BS5 HFERRYHEEESYREREASHS TAEERItE
Fig.5 The spectrometry of FTIR analysis on functional groups in the methanol extracted soil autotoxins

HE—2 7 R 55 B 1 B o 3 20 A A T 2 10 AN B 2 B [R) 2 R AR (181 6) , iR MR K BGE (5 B m/z F
FTIR 7347 B BEA R B AT W15 B2 ig e 18 2 6 MERR AT 45 R o

W1 B m/z 0 205, HEMES T8 M+ Nal *, SEBRIFT8ON 182, i 552 (5 B T A R B A
SCHRZE [ I 7 TR

W2 BEMgE m/z Jy 363 HEME T8 [2M—H ], SEhRar T80 182, G514 5 Bl AT £ W5 B A
SCHREE B Je HE 9 D-H R B

W3 JRWE m/z Oy 516, HEMI AR S AEN T, SERR TR N 516, G514 4 R B AT AR WM B S STk A
58] J55 HEEI SR I Ay — A R R R TR o
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W4 i m/z Jy 670, HEMIES T [M—COOH] ™, SEhnir T80 625, il S 5 Rt AT AE M 5 B2 A0
SCHREE B Ja HEI D B3 TERE

WS Fig m/z Oy 827, HEINES TN [2M—H ]~ SEBRar T8 O 414, i 45 5 BT A W5 B s A ST
R PR HET O B~ B

W6 EMINE m/z Jg 1153, M 79[ 2M—H] ~, SEhair T80 577, S5 4% (5 B AT £ W5 B2 A0
SCHRZE ) Jo HHEI M 2 SH o

DAData\SWAD HC 04/01200803:07:14 PM DHC
ESI

DHC#47 RT: 145 AV 1 NL:1.15E5
T:- ¢cESIFullms [50.00-200000]
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Fig.6 The total ion chromatogram of methanol extracted soil autotoxins from ESI-MS analysis

3 itig

MW IE FAEAE SRR, S B R — o5 e FL A A 49 A6 K AR A AR TR, X 6 R AR AR
JRAE P BUE Y A B AAEEEA, AL A RS o AP E D B T B BRSAHT HAR  F)
6 Ff B YR N E R D-HBEE . T ARSI BRI B A MM E M, BT
JEYRTERE ™ o XL 2% A %t K B A BRAR R M TR 0 i AR IR BT T, & B B G o A R
AT RESR A2 B SR /M) (BRETZESAE W AR =), HE U R SR M A B B . B SE o A
HEAR PR P B BRI RRIE T HR AP IR R TERSF 12 AR AR R . 32 R0V s 4
WEFE A e B 2/ E Y Hh i BRI SR 4 2L RAR R 40 bt 43 B HE T 38 28 P IR L R R R BT
WM TR AEYR Y . XEAFEYRAMEERERPERSE, 5IREIEATEEEE S, 53K
Bk, N SCAE YRR DI B , I B A KA R A A K Z I, i &2 S RS
BTSRRI B A Ve AR i3 27 o AR e A ik & B 2 T 498 Fh Al SO A 70400 41 ot 22
KB #Y R, #— PR A S ER A A ISR A, i B Y ERER THE TR E 5 50
PALBI R S, F B MR & BB FR R 5 1 TR, U3 N IR R KT, Wl A K.

WHRPORIER I, MY B Y R AW AR EORVE F7E 13 BRIE S5 R HIEMAES REWRHA
SEHThRE R AU, B R R YE R ARBCE RN G &7 EAE Y R E , T B AR A R R
WrE"S BT & B BOEAE G TR I X R BB IR BT B, {E B R RL4E R 3% B, 3R i R v B AL
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R IS I R B A T S T A R R R SR A A 3R S0 TR o, TS P A R AR R D, AR PR
HE IR AU , IS TS . VLA SRR AR SR , B BARRY A AR P AR bR P R
W E BRI B, EUTETT S PIRR, s IGE MRS R Y SRR A T BRI, A B
B, KBRS BRI, DIRAESREC T IRKA,

H AT AL, 35 A B4R R R BOLER RN — M EZRH ,, B YW RA N EEM G IER A K, 88
W HARPMA A S RG-S DA YA AR R A e B A M, U5 5 L3RR E A W R £, (A1
BN AT LR, (A QYRS TR AR E K AFY RS LR AE M EIER
RBE—RER
Biff: RESKREM L RERIAE SHFEH L Chen Chengei HEAEA R CHEE MBBLL R 4T H B,
P B
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