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Abstract

Four endogenous phytohormones: Gibberellins, indoleacetic acid, zeatin and abscisic acid in the
seeds of Phellodendron amurense, were examined by High Performance Liquid Chromatography
(HPLC) to provide effective and reliable methods for identification of phytohormones in plant
seeds. The four analytes were extracted from P. amurense seeds by 80% methanol and C-18 solid
extraction column, and then separated by Agilent C18 column, using methanol, acetonitrile, water
(1:1:8, V/V/V) as mobile phases. Detection wavelength: GA was 206 nm, IAA was 225 nm, ABA and
Zeatin were 254 nm. First, the HPLC preseted 206 nm (GA) and 225 nm (IAA) as detection wave-
lengths, and when the sample ran for 7 minutes, the detection wavelength was changed to 254 nm.
This method had been applied to the determination of gibberellin, indole acetic acid, zeatin and
abscisic acid in the seeds of P. amurense, and the recovery rate of 4 kinds of endogenous phyto-
hormones was more than 93%, relative standard deviation less than 4.1%. The results showed
that phytohormones was well separated, and the ideal quantitative data of phytohormones in P.
amurense seeds were obtained, and this method suited the purpose of the determination for phy-
tohormones in P. amurense seeds.
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RN R BER AT T, DERTHE R R EE RN R . B FA£80% FER IR,
C-18EMREBURREE, RACISHAE, Wit FE:ZH UK = 1:1:8 (IFHE). BAEK: GAKN206
nm. IAA 225 nm. ABAE T KRRZMRWBE K HN254 nm, B HEFEHPLCHE E 206 nm (GA)F1225 nm
(IAA) BB, FERERZT 708, FIHESRNEKAN254 nm. FIHZFENEHAER. BI%L
. FRENBIER AR IR R N ERREIS% L, HNTFERENT4.1%, BEEMEIMS
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1. 5|

T E & A B S AR 7 A2 5 R ) A0 IR 2 R e PR AE 5 5 S AR I L (IR FE I R A4
AP N RN, A EREA N R S HASEE M TR S8, RIRSEK .
B S T TR A A i AR (1] [2] AR B AR A ZARE SR AR [3] 07 1T, 4 ol SOAH LB L RN 35 R A i A A
(A A S5 A EL AR F R 5 R AT PR B A& LR [4] [5]. IR AERE R N I & i — A, B A
g, DR, EMAI6]. FUk, Qi e fE s A ik PR LR R B AT R B, PRUIEURT
HERI E i, S SR S U X . —

75 5% (Phellodendron amurense Rupr.), XI5, BER(MRAELR), HER(ATENH), ZEFER
(Rutaceae) 2 11 J& (Phellodendron) i K& TR AR [7] . 38 5% 2 BEHUAE T3 B ZR U AR XT3 A 1Lt o R i
FEMRAC R, RARACKRIRLAAAR EZ AW R, B TR Y, t2RERIXELAR “=
KAERR 2 —” [8]. BEBEREE =4 iy Y X R 1) F B, XA TE X R A B 22 28 DY 40K
WA EEAREME]. (BB F B A RIRIRE I, SRR BRI A WM. A e,
WRE RS FIIRIR S 3R G EBEAT IR ER, M- AR & 5 RO 78 B M1k
HRFTHY 22 0 B IR [10]. AP SR ILAF s A8 B AR[11],  FEON M g R A IR .
AW 5T LA B B 4 AR OB RE, BT T R RO (B R VA (HPLC) I 5 B BE Ah 1 i R B R (GA) . B 2R
(1AA). I TR(ABA)FIAN I 73 R K (B K3, Z)55 4 Fh A YRR I 2 1 (R B A v
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2. MR5H%E
21 SEEMES{EE

2.1.1. SEEPPH
SE8s I3 BER 1T 2016 48 10 AR B AAEMOL R 230 T pRolk R i b 40 S2 28 RSB I 3 SR AE )
KL ABAREM T, ARTREE TRREKE PR &M,

2.1.2. {XE&FER

Waters 1525-2489 1w Z0BAH S UK, F-ahEFE) . Z206A A & &5 0 HL (45 [E Heraeus). AB104
AR P (B )« UVB500PC A4 48 41 AT WL 73 1 ol FE o (LB g Je A AX 2 AT BR A 1) . C-18 [l AH 25 HUA:
(Waters). ZJiE HECNEGAL, ACHBAUK, el hniha. #RERGA). EKEKIAA). 4
DRF(EAKE, 2). BERABA)SEMFEREMIE T EEREHAEMRH AR A A .

2.2. A SHRAERRAVECH

REMEREE: @ F R 2 5iaiki% 1:1:8 (AL IR E, 485 0.22 um HIRAL
PEREAE AL e A HL gk, I U8 S M DEMGEE A A 30 min,  PARR LR EAHIE AR ARG AAA, R
1745 o

PR ECE : FERILIAA, ABA, GA, Z brifkdh % 3 mg, 45l RS A WA R, 2w+ 10 ml
MIZS R . 2 BRI IR bRAE VAR 5.0 mL, &I3F. BB, TENRREE. SAJE B R 2 5l B — e AR AR
B IR A VAW, HREE» A 1 pg/ml. 5 pg/ml. 10 pg/ml. 25 pg/ml. 50 pg/ml A4 vEE N BB 470 o

2.3. RMRMFEKNTE

¥ 4 PPERAER L H A 40 pg/ml BEATASIN, ISR A0 606 B2 VAT E A2 3 4(200 nm~400 nm)
A, BEFAAELPAREECIERE, #iE 4 MR RITE IR .
2.4, HEmElE

FREL 1 g 245 #0150 8 ml 80% FH BEFE VK I BS B ) ¢, 4°CIR 47K - 10,000 rpm, 4°C 0> 15 min.
VR Y B, 10,000 rpm, 4°C B0 15 min, BEEMK, &I LS. B L.

¥ LIEWGS C-18 [EAHREHUA: . BB IRIE . 50% H BE e - bk — AR — R T RE L S F 25 8okt
FE—800% H BE P AE — 538 o K LG IRE AR N 5 mL BRI B OV b, EASIRZE B T4, BREIRBUGR A+
IR, FFERMRBRBUERZE 1.5mL, £ 0.22 um MALIEIR IS UE 5 747 HPLC 4347,

2.5. HPLC BI93th 753k

FIH Waters 1525-2489 = 80BAH G i A (BUR K, FBhEFE), {8 2446 C18 il 4 (4.6 x 250 mm,
5 um); LA 2.2 HECE KR AWONIBIAR, R ARE 3.1 BT s A KK, ¥ 5B 7E HPLC Tl
VB PN R S U R R R D, 7SR 2 RIS 3 P IRk i I 5 PR T 0 O ORI 3 K o AR : 35°C
HEFEE: 10 uL; JE 1 ml/min.

2.6. BB
KH Excel 2007 Bt B AT Geit o3 RO bt i 22 115
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3. RS54
3.1. NP E

HRAEXS 4 FhisE 200 nm 3 400 nm AN PAC RIS R W51 GA 1E 206 nm A3 BRI, 1AA 1
225 nm A 5 KR g, ABA TE 245 nm A BCORIRIIE, Z 7E 259 nm A KR Rk, Db e D
BRANSLIGAERH], ARAE 2SN USSR EE , B0 GA ISR IR 206 nm. IAA [ A I 225 nm.
ABA 5T oKE Z skl &4 254 nm.

3.2. BiEERH

R fE . 2P C18 H:(4.6 x 250 mm, 5 pm); VidNAH: HELZNEK = 1:1:8. Rk 4 3.1
FIT i 7 P o OO0 R 0 K AN - R 1 R T ), 75 25 /E HPLC Tl & 206 nm Al 225 nm BN G, TERE b
IBAT 7 4y EReS, FEhE SO KA 254 nm. AEIE: 35°C; HEFEE: 10 uL; Y 1 mi/min. 7ERE RS
HR, 4 PR BB BRI ELF, B R, 4 PR AE. ARELE 1
PR

33 &MXREE

T8 3. 2. R S A, A A AR YRV BB VR BE 1 pug/mlls 5 pg/mls 10 pg/ml. 25 pg/ml. 50 pg/ml
SOy RS, AT B B AT . DURE TR IR P (ug/ml) AR AR AR x, WETIRUNNAL bR y PRk
Lk . 755 4 R R BT FE . HLRPETE . SPEMISC R B E 1. e 1 arRn, 4 MhisEharE
(10 0 B9 5 LU TR AR 2 P A DG R AT, MH DG R BHTE 0.99 LA E
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Figure 1. Chromatograms of standard (a) and sample (b) of phytohormone
from P. amurense seeds
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Table 1. The regression equation of four phytohormones
= L4 MRS ERERN&ZEEYTSE

WER Zebk [T RE HRFHR L pk36 H mg/ml
GA y = 663649x + 2268.8 0.9910 0.001~0.050
IAA y = 1E +06x + 1341.9 0.9961 0.001~0.050
z y =3E +07x +1310.1 0.9984 0.001~0.050
ABA y = 2E +0.7x + 29462 0.9945 0.001~0.050

3.4. BEEXRE

I 4 PR bnite SO E A NS S PR S HERE 5 Ok, TS GA U TRIAR (AR 2 (E HIAE X A i M 22
(RSD) M 1.12%, IAA IETHIFHY) RSD 4 0.82, Z WA RSD /4 1.59%, ABA W[HIF[1) RSD A 0.53%,
Ut B SRIG A A 2 FE R A

3.5. REME

HY 4 P2 hRiE AW, 755 0hy 5hy 10h, 20 h. 24 h, 48 h ke, W45 GA WETH AR [RIFR A5 1
RSD 4 1.89%, IAA I&THIFR RSD SN 2.01%, Z UEHIAH RSD 4 1.15%, ABA I&[HIFL RSD N 2.37%, 4%
LR IIIAE AC 4T, 48 h Wiy ke e BT,

3.6. EEMTE

KSR FREUA —HERE S, a4 0y, &R 1.0 g, 44%H8 Bk 73U & BoRE fhia i, 134T HPLC A&, &F
UCHEREERE 10 ul, UAERE S GA &8/ RSD N 6.94%, IAA &) RSD N 5.69%, Z & & RSD N
5.58%, ABA B[] RSD N 4.86%. 45 FH, MkSEiwIikE SR IT.

3.7. IAEEIWIERLIE

A3 ATE N HEYD SR & B B T RE S TR0 5. 10 AT 50 pg/g 19 GAL IAA. ZA Fil BA IR A Fx
VESRVA, TR 2.3 BRI & T AT HREL, HPLC BHTISE, 4 FRECR 1P Bl USCRAE 93% L) F, HEXT
PR 2 I TE 4.1%0L R (32 2), Wiz BiF, w47,

3.8. EEMRME

SRR A ST DU T T 5, %o SR ) 25 SR A M o - 2 B AL B T B PRI [ BB T 0P 1 4
PR S BT, 45 3.
4. VWHig

FETE T R P9 7E A R 0 30T 2 5 % A PR AR A 3 2 B, A A e R T DA R i PR,
DU R K R B RSB, BRI R M TRIR S R B RS, R
5 % R 7E R B AS S UE[5] . WA AE RSN E A R e S G BB . AT R
TR PO R AT A e AT T4 A V2 0 00 5 7 8 0 10 2 IO S V2 R o A i
Y, WEIBE A i AR SO (L B R T, (B SR R R, B RS2 [12]. 10 7 OB (i i T
RBPEE . MR VETR SRR AT A A1 OB SRA E b L2 RE RS B Pl Rt
DAY LA 2 1 T RSO B U 5 7 V4 L TS 7 3L
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Table 2. Recovery rates of four phytohormones by HPLC
2 2. HPLC JE 4 MHEYIH R EIE

TR WK /ugg™ B4 /% HIXTARHENR ZE/% (n = 3)
5 92.8 41
GA 10 93.6 25
50 96.7 21
5 91.2 32
IAA 10 93.7 35
50 95.2 29
5 925 36
z 10 94.6 27
50 95.3 31
5 93.8 18
ABA 10 94.2 2.9
50 94.7 35

Table 3. The homone level in two types of P. amurense seeds

"3 MMRBRBEMNTHHESE

WMESENgg!

PRl
B H(GA) AR FE(AA) FKEZ) Jit 7% R (ABA)
5 BEARHRFD T 256 1.87 2.15 42.39
B BE ORIRFT i Fih 7 152.87 39.24 11.48 8.46

FELAE i vt 8B 5 0 BT O 2 s TR i R D R 4L R, R, el i 5 s
T E2MBERTT, S EBONEME. BTN C-18 [E A AEBURE 45 % DA SCRR ' HPLC 204 GAL TAA.
Zeatin fl ABA {17715, NSEHL 4 SR BRI IIE , ASHT T Se 0 S AR O AT S Ah K 3, 1€
AR, R HPLC [RGB ThRE, #7 1 Rl AL F T 38 B8Rl 7 AT AL B 75 A0 HPLC [ (i 2 1
ANBCRT CATI I RE X 4 FEAIBER, B 7 2 AEER 2 AE I S 5 2B, T HEBLEAE . R,
BRARI 8] K45

ARSCIENT T et RO B0 (R I U0 3 S BE AN T rh 4 R 050 IZOE R TRIAE . ek
of o oy AT IEAE . BRSPS SRR, SEAE T T AR TR R OR S R AR

e HE

2% H AR Bl 3L 4 i _E 3% H [This Work Was Supported by a Grant from General Program of the National
Natural Science Foundation of China](No. 31370630) %% B/ .
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