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B (halfinhibitory concentration, 1Cso) A 7.39~79.13mg/L, 1, HBIpTRUELL 7 A FIAE ST RCR IfE . -0 etk
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Quality evaluation of Aralia elata leaves based on spectrum-effect relationship
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Abstract: Objective To establish the fingerprint of Aralia elata leaves and find a quality evaluation method that can reflect the anti-
tumor activity of Aralia elata leaves. Methods Total saponins were extracted from A. elata leaves in each batch with 70% ethanol
and n-butanol. HPLC-ELSD was used to analyze saponins and establish fingerprint combined with the similarity analysis. MTT method
was used to test the inhibitory effect of total saponins and monomer saponins of 4. elata leaves on A549, SMMC-7221 and HT-29
cells. The relationship between the fingerprints and antitumor effect was analyzed by gray correlation analysis. Results The HPLC-
ELSD fingerprint of 4. elata leaves containing 28 common peaks was established. The similarity between each batch map and common
pattern map was above 0.850, and five peak components were identified and assigned. The half inhibitory concentration (ICso) of each
batch of total saponins in anti-tumor effect was (7.39—79.13) mg/L, among which, the samples from Fenghuang mountain in
Heilongjiang Province had good anti-tumor effect, and the samples from July had good anti-tumor effect. The results of correlation
between spectrum and effect showed that the correlation degree between 28 common peak components and anti-tumor activity was
0.469 2—0.810 3. The correlation coefficient between 10 peaks and anti-tumor activity was greater than 0.70, and the correlation

degree between eight peaks and anti-tumor activity was less than 0.60. There were two peaks in the spectrum, which were quite large
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in each batch of medicinal materials, but the spectrum effect correlation was very small. Among the five known saponins, ICso of 4.

elata saponin TTP and 4. elata V in anti-tumor effect were less than 190 mg/L, ICso of A. elata saponin IV, VI and VII in anti-tumor

effect were greater than 200 mg/L. Conclusion HPLC fingerprint of 4. elata leaves and correlation analysis of anti-tumor can provide

reference for quality evaluation of A. elata leaves. If the quality control components are selected from the five known aralia saponins,

A. elata saponins TTP and V are superior to 4. elata saponins IV, VI and VII.

Key words: Aralia elata (Miq.) Seem. leaves; HPLC fingerprint; anti-tumor activity; grey relational analysis; Aralia elata saponin IV;

Aralia elata saponin V; Aralia elata saponin VI; Aralia elata saponin VII; Aralia elata saponin TTP
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TN T A ORI L AR B IR S TR R A
FE S AR I 3L AR R I g R ) R VAN S
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ARV, ARHV. FREHVIL AR
HVIL AKEH TTP BB EA K EHE
25 RS = B AR 0, FFA EI-MS,
'H-NMR #1 3C-NMR %71, HPLC £l 53 &5 %435
KT 98%, G5 LI 15 tailedli 2,55 (Hib'5 106246).
LAY (LS 82661) 1 H 3% [H Dikama A #;
GENS A AE K BTN A G TR A s MTT
(ftt5 MKBL6647V) Il H 3 [E Sigma A#]; RPMI
1640 9% (5 11875093). HEARE (S
LM1022). fa4-ifiE (b5 10099141C) 6 H [
DURAT]; PBS 22 (pH 7.4, #t5 20200328)
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PR VI R1=glcz<ilc R,=H R;=OH R,=glc
COOR, - el
R BV RIZglc<glc R,~OH Ry=H R,—glc
PR TIP  Ri=gle*-glei-gle  R=H Ry=H R,=glc
5 gle
BACHEY Ri=gledT ) Ry=H Ry=H R,=glc

1 5H=fEEHMEHN

Fig. 1 Structural formula of five triterpenoid saponins
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Table 1 Information of A. elata leaves

5 gt SRS ]
S1 BT R 2017-07-16
S2 pITE JRYE 2017-08-15
S3 oL Ll 2017-07-13
S4 oL Ll 2017-08-13
S5 T Ll 2017-09-13
S6 BTG 2017-07-16
S7 ST ek 2017-08-13
S8 T R R 2017-07-15
S9 T R R 2017-08-15
S10 T R R 2017-09-15
S11 HARIEAL T 2017-07-16
S12 M T 2017-08-16
S13 M T 2017-09-16
S14 T 2017-08-13
S15 B o7 1] 2017-08-13
14 {435

AL204 FUH-FRF. XS105DU AHLForH K
*F (% Mettler Toledo /A7) ); SK250LH 2 75
BV (RERH A ERA IR A D &R
W% (HA Hitachi A7), HE&ESEIR T
B FE I 741622 . ELSD Al 85 ; HF90/HF240 HY K%
A (R IR RPEEAEA R A D CX31 BB E
B8 (H A Olympus 7)) s ELx800 HYFFRX (3
Bio-Tek A7) ).
2 FEEHR
2.1 HREHE

TR AR08 At 1k 60 BT, K%
FREL 2.5 ¢ ByR, BT 250 mL #ZEHERMF, o
70%LEE 150 mL, HEEEHEL 0.5 h, #H, FRER
&, 70%CREANE T E, B4, I, M EiuEd
W25 mL TZ&RIMAFKRAEZET, 1S mLoK, S
REJEH 5 mL AKWEARIE TEERE 3 I, &I
BOR, T3 3B S 2EREY

A 0.030 g EAMSEFRAYET 10 mL &
b, IHERAE, B, N, 2022 um F
WL e, JEMAE R HPLC B0 IV -

FE BRI 5 Aot IR %% 2.00 mg, 22 BB T 10 mL
BRI RZE, By, HESRERESR
0.20 g/L [P e S 7
ABSAHIGLAREAM S B EF 0.020 g, S/
TR, FERKAREEAS 400 mg/L AR
Je S0 F IR I R FEAE i, O Rt [RIVETC 1 o
2.2 IBYEEREN
221 (Bif%F  Diamonsil Cg i (250 mm X
4.6mm, 5um), Fi 30 C; HFEE 10 ul; Jish
A CHE (A -7K (B), BREEWENL: 0~5 min, 10%~
20% A; 5~10 min, 20%~25% A; 10~20 min,
25%~27%A; 20~50 min, 27%~30% A; 50~65
min, 30%~38%A; 65~70min, 38%~40%A; 70~
80 min, 40%~50%A; 80~90 min, 50%~100%A;
R B B 0.8 mL/min . 2 Kk 6 B R I 2%
(evaporative light scattering director, ELSD) FJ{%F%
EIRE 110 °C, FAMAFRE 3.2 L/min.
222 FEEEFEEH RS2 FEMIR “2.17 TRk
WA, % “2.27 TUN EIS R RE SRR 5
U, il I 25 2 LA I AR X I T AR 1Y) RSD #5378
T 1.5%, AHXTERE A [) RSD ¥9/hF 0.8%, it B
TT RSB B R
223 FasEtEEE B S2 BESLE “2.17 TR ik
B IET, 1% “2.27 TR BB 2% AF 73 ITE 0 44 8.
16+ 24 h e AE IRk ], & Z AR
HHE T AR RSD 241/ T 2.0%, AHXHREE i [E] RSD
BINT 1.0%, RS E MR
224 EEMEEL fF “2.17 TR L TATHI% S2
FERILS 3, % “2.27 TUF i 2k, 5 ks
it 0 PR I T AR ) RSD 21/N T 3.0%, A 87
i 18] RSD #4)/NT 0.8%, FBH 715 BB R 4
2.2.5 fRGUENE A R ERITRIL 15 TR
FEAR I 2 [ 2.1 7T R 7 v 24 s S A R 442,27
TR a3 2 A MR IR 5 HPLC 55 . R 25t
P e S ERE AU VRN RS 2012A K 15 HERE
(") HPLC & A7 04, DL S10 S AZIERE, &
S I 8] & 56 FE A 0.5 min, HEAT ETEIEULEC . BAFRAZ
Bk A bR BT RO B P o Ko B RELT . VT
FR G UG AR LT 0.5% B ik a1,
E 28 MA I, B WECR AR R fRE, BA
BALENERAEYE, PTUMENTREUS B, WK 2.
FHIA) A AR R4 5 F =k 27 HPLC {55
AT AL, e B ) 9 SRR BTV,
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2 15 #T RABARMZ54 ) HPLC-ELSD 354 &g
Fig.2 HPLC-ELSD fingerprint of 15 batches of 4. elata leaves

10 SRR RBEVI, 13 SIEERAREVI, 22
SRR TTP, 23 SIEREARBHV. R4
Il A A e B2 N oy IR RFAIE O DL T 2 R ) R
IS

2.2.6 FROUENEMLE 2 SRk isa0A
TEAHARE PR R 48 2012 RN 15 I ZRABA A i
TREUERE R AT PR, S HEIRZH N S1~S15
HILAR L (R Z AN AHLRE 53 714 0.936. 0.932.
0.928. 0.943. 0.897. 0.942. 0.873. 0.855. 0.958.
0.961. 0.905. 0.926. 0.937. 0.910. 0.912, A
[FIHE IR 258 & oy S AR ZE o X 7] e A2 bl
KRR, B R R ARG )
A, ANTRLH DX M 2% A 22 S L SR B B B
IR FZ

23 AEHCABMBREERBAREERMEER
2310 PUMRE AR &t s W LT iR R
A549. SMMC-7221. HT-29 iR 4up, Bt &
HHRIANAD, RN 1X 105 4N/mL R, BT 96
Ut d, BEFL 100 L, FERGFRAATRRIE 240 5, W
BRI . B AL B DU R D 200
100+ 50, 25. 12.5. 6.25 mg/L FIARFRHLIIL ZRAEA
s BT B IR 400, 200, 100, 50, 25.

12.5mg/L [1) 5 PR 2 H A FFLH, &L 100
ul, “FATREE 6 MR, A4 100 pL B 3%
Heo INFEEEE SR 48 h, RJEREALIIA MTT 20 pL,
AkEL3E IR 4h JE LI LA 150 uL, #25J,
490 nm FIEBCE (4) 1H. TR
FH#IREE  (halfinhibitory concentration, ICsy) 7~
FEmOM A FHIER . FH SPSS 20.0 43 Hr T it
Xof JieEg 2 A FH B4 1C 50

AIRRANH R =1—A sa/A 2
232 ANFEHCRZM KRR B PR SR A
15 AL ZRABA I 24 64 S A S B ] AS49.
SMMC-7221. HT-29 4 fig A= K 47 Wik J 3 oy
Hr, ANFEHCIOL AR 204 . JLFh 544 52 X0 i
e A LR R 400 8] 28 B2 TCs0 [ 48 SR L3 2 3.

A2 S ICs0 o ILARABAHT 254101 A549
YHMIRIRE IR NN S8>89~S10~S11>S3~S12>
S13>S6~54>S5>S7>S2>S1>S15>S14. KUk
T T#l 8 AR S14. LT 8 K S15. 5%
FEUE/R 7T AR ST MAJRVE 8 HIM S2 4tk 8 A
S7 X A549 20 AN A LSS, FABHEIRE foxt
AS549 HHIAE F %0

T ZRRBAR 25 A0 SMMC-7221 41 i () A
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R2 THRMARMZEHMIT A549. SMMC-7221 1 HT-29 ZAAEAYHNHIZR K ICso
Table 2 Inhibition rate and ICso of A. elata leaves on A549, SMMC-7221 and HT-29 cells

e IR/ A549 4l i SMMC-7221 4ji HT-29 40}
(mg'L™") HHIZ/%  ICso/(mg-L7h e ICso/(mg-L™") HIZ/%  ICso/(mg- L)
S1 200 69.6 54.39 72.8 67.09 74.9 60.14
100 64.7 60.7 67.3
50 49.9 44.8 45.1
25 36.4 27.9 27.2
12,5 26.1 14.3 15.3
6.25 10.7 71 8.8
S2 200 78.5 49.15 87.7 52.97 74.8 65.73
100 68.9 67.5 69.4
50 52.6 435 39.6
25 34.1 29.1 21.0
125 222 133 12.6
6.25 5.4 8.8 7.9
S3 200 81.9 11.55 82.4 17.18 89.1 8.97
100 79.8 78.8 87.9
50 66.0 76.6 853
25 62.5 74.0 79.4
125 50.1 40.8 62.7
6.25 413 20.6 304
S4 200 86.2 13.18 75.7 35.66 89.7 11.72
100 84.0 703 88.9
50 81.3 60.4 82.3
25 56.9 443 74.6
125 48.0 28.5 55.0
6.25 36.7 203 27.1
S5 200 85.1 21.77 77.2 32.17 77.9 34.28
100 83.3 74.4 733
50 80.2 69.8 65.7
25 54.6 383 454
125 349 29.1 272
6.25 18.7 20.8 14.8
S6 200 88.9 13.15 81.2 36.84 76.0 23.98
100 88.6 71.0 742
50 83.6 64.5 71.0
25 79.5 40.1 51.2
125 45.1 234 37.2
6.25 25.0 15.3 254
S7 200 74.9 34.52 712 65.19 75.5 51.91
100 68.6 62.9 67.1
50 64.2 46.0 52.4
25 46.9 28.7 335
125 34.6 143 18.1
6.25 13.1 10.6 10.8
S8 200 88.4 8.64 80.2 14.71 90.3 7.39
100 88.3 772 88.5
50 84.5 742 843
25 79.7 71.9 80.2
125 69.0 48.8 66.8
6.25 27.2 253 35.4
S9 200 87.6 10.79 83.3 15.34 91.0 9.88
100 86.1 793 90.0
50 83.9 783 88.5
25 76.9 69.2 83.4
125 50.2 44.8 60.5
6.25 326 25.9 25.8
S10 200 88.3 10.83 84.7 20.66 90.0 10.16
100 87.1 83.9 89.7
50 82.9 83.3 86.4
25 779 67.3 777
12.5 542 25.5 58.8

6.25 29.4 18.5 28.7
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e R/ A549 ZH SMMC-7221 4y HT-29 4l
(mg'L™h TMHEIE/%  ICso/(mg-L7) FIE ICso/(mg-L 1) HIE/%  ICso/(mg' L")
S11 200 87.0 10.90 76.3 40.19 89.6 11.05
100 84.1 73.3 88.8
50 75.6 72.5 85.3
25 69.0 35.6 72.9
12.5 64.2 17.6 56.0
6.25 28.0 9.9 293
S12 200 86.9 11.89 78.5 4245 86.1 15.58
100 85.5 76.2 83.9
50 84.6 56.7 74.6
25 79.5 30.5 61.4
12.5 55.7 224 45.9
6.25 22.1 15.3 29.3
S13 200 85.3 12.19 77.6 48.93 78.8 36.57
100 85.4 72.5 75.7
50 84.5 59.9 65.4
25 76.9 28.2 39.7
12.5 52.4 123 23.5
6.25 24.5 10.6 13.9
S14 200 65.3 78.43 69.9 79.13 73.0 56.82
100 51.3 54.3 65.1
50 43.8 39.5 53.9
25 39.9 273 29.5
12.5 15.8 17.9 16.1
6.25 3.9 5.8 9.7
S15 200 86.4 62.25 66.9 85.13 64.0 62.16
100 79.2 52.3 59.7
50 28.1 41.7 50.5
25 153 25.1 38.6
12.5 9.9 16.3 25.2
6.25 2.1 6.5 11.3
=3 5 FhEAREEX AS49, SMMC-7221 F1 HT-29 ZHRAAHNHIZR K 1Cs0
Table 3 Inhibition rate and ICso of five monomer saponins on A549, SMMC-7221 and HT-29 cells
e e PR A549 7 i SMMC-7221 4ij HT-29 4
2 PURKE/ g L) —Fmi,  1Csomg L) TIRI%% 1Calmg L) FRT%  ICs/(mg L)
MR BTV 400 58.1 274.72 53.9 265.61 58.8 404.79
200 385 47.4 27.9
100 334 346 215
50 28.4 20.6 15.7
25 20.6 12.6 10.1
12.5 45 6.5 48
MR EEVI 400 63.5 337.49 55.6 368.65 64.1 204.25
200 232 29.1 50.8
100 16.4 23.1 32.4
50 10.2 17.4 23.9
25 4.1 8.4 11.9
12.5 2.1 2.3 6.1
AR BV 400 38.9 594.92 482 419.40 46.8 416.39
200 293 333 35.6
100 24.8 222 322
50 16.1 10.4 24.6
25 5.2 7.9 13.5
12.5 2.7 2.7 4.7
HAREH TTP 400 63.7 148.72 68.9 122.04 75.9 74.67
200 59.1 54.8 68.9
100 49.4 495 50.1
50 28.9 455 43.6
25 15.5 20.8 38.5
12.5 49 7.8 18.1
MR BHV 400 69.3 183.32 56.6 188.85 72.6 148.21
200 50.6 51.9 50.4
100 32.1 40.7 39.4
50 272 28.3 35.1
25 12.5 17.5 21.8
12.5 3.3 6.9 6.4
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K/NA S8>89>83>S10>S5>S4~S6>S11>
S12>S13>82>S7>S1>S14>S15. Hr, MEJLIL
7 HE9 S3 AR L 7~9 H ) S8~S10 X} SMMC-
7221 S FNIVE AR 3L 0L 8 H 1) S14 il
TR 8 H I S15 %F SMMC-7221 2 ffa it 401 5 51
B85, FAthdth /R AR o

T ZRABAR I Zg 4 401 HT-29 40 1A g 0 K/
9 S8>83>89>S10>S11~S4>S12>S6>S5>
S13>S7>S14>S1>S15>S2. H, KUk T1E L
th 7. 8 A1 S3. S4, KJE L 7~9 H ¥ S8§~S10,
HAKEA 7. 8 I S11. S12, X HT-29 4 g #
HilVE B, HoAt At ] HT-29 48 1 FH AH XS
B,

CREER 2 AL, ARREIHEIRZR S ) R
R A VA FE B N 8 . A S bR 4 F 9 55
5RO IX S A —E R &R, MRUGHIXE
JAE LR IL ZRAB A S S5 3 ol ey ey 1 ) 25 S
BRI, WA LR - RIS AR R, 7 H
13 BV Z A ity o B G — 4

H#E 3 Al W, #REEHIV. VI. VII. TTP. V
XT3 o 92 2 L A ) A FH 20 SRz AN T A FE o AR
Rl XWAUE T 22 RE R 2 2 o U R
FMZESR,  FEABETUAS B I8 AN B 20 B AR 1) 3L
Fo B2, B0 2580k 24 RURFE I BTk
PAZAFTAFE. 5 FEfkpisyd, RARKEHFIV. VI
XT3 R 40 B ICso 37 200 mg/mL LA b, Hifi
PRI 5 o KB BAF VIS 3 A 41 M ) 1Cs0 23
£ 400 mg/mL VA b, ZPAAEIRES, T LLACAH
SRR R o HEAREH TTP X 3 iR 4i i i)

0.9 4
0.8 3
0.7 —- Il
0.6 —-
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0.4 —

RIERE

0.3 -
0.2 —

0.1 -

0

ICso $4J7E 150 mg/mL AR, IR S lf . AR
HVXT 3 Fh R 4R ) 1Cso $7E 200 mg/mL PAF,
RFAIR T A BBAF TTP. 5 Fl AN =i B,
PR B AF TTP AREAR B VILZA I R B
H BT RE A FH DT BEROR
24 REXBESIIBYENE St MESIR Z B/
XM

HFIFH Excel 2007 #2347 2K K B% 50 Hr HPLC
RO EIE S R e I AR DG . 4 15 ikl
FRREAR I 24 HPLC $5 401 & S WU T AR
AT H A AL BRI B AR R, R IE VB AE R
FUIEHAR S &P A HE, H X(hER,
TEREF S A TR TS H 5 S
FEEUF A R IEA SRR R, A R L AR A
e T X PR 4T A P 1) 1C s (L BRI B E NS5
Hl, 18R Xo(k)o W Xo(k)5 Xi(k)IRBER A Sodk)
FoR, Colk) R 2 AN LLER 7 B (1 AH OS2 - mTER
A (D AT E . i Ak) = [Xo(k) — Xi(k)|»
A(min) F1 A(max) 73 71 2 7= Fr A LGP 81 4600f 22 vh
Wi/ MESBKE, p NTHREL pE (0, D,
AW FEEEL 0.51251, $4 2 AN ELA A1 HI SR B R AT
BE R SRBOCERE, Bhyo Fom, WA (). 2
Ja UL yoi NHAAR, & AT WG -S REAL bR, AT
Origin Pro9.1 & AR B, AT E T AN [F] 06 1 50 X 471
s ok, WL 3.

A(min) + pA(max)

0=+ pa(max)

p=(0, D;k=12,15 (1)

1 .
in:HZngOi(k), =12 28:n=12, - 15 ()

Il A549 411
[l SMMC-7221 4t
L IHT-29 48
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Fig. 3 Correlation degree of each common peak in fingerprint with inhibition of A549, SMMC-7221 and HT-29 cells
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