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Commercial grade evaluation of Achyranthes bidentata based on
""phytoecdysones components-antioxidant biological activity'' correlation
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Abstract; The UPLC chromatographic column was acquity ACQUITY UPLC® BEHC 4 (50 mm x 2.1 mm,1.7 pm), with
0.2% acetic acid-acetonitrile as the mobile phases in gradient solvent system. The detection wavelength was set at 250 nm
with flow rate of 0.3 mL/min,and phytoecdysones components were determined in the chromatographic conditions. Then the
antioxidant biological activity was reflected through ABTS radical scavenging rate, DPPH radical scavenging rate and hydroxyl
radical scavenging rate. Finally,a two-classification logistic regression model was based on correlating biological activity and
components. All 21 batches of Achyranthes bidentata were divided into four grades according to this model. The results showed
that it was feasible to describe the mapping relationship between the grade and the influencing factors by this model, which
could provide a new idea for the evaluation standard of A. bidentata.
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Table 1  Collection information for 21 batches of A. bidentata

%5 Eh 4 KU FEEAR A
No. Name Provider Sample No.
s1 BK B P 2P A i 25 BR A ) 20190101
s2 PeREAE B TH 24 AT FR A 20190102
S3 [ wdbE M 20190103
s4 T Fg T Fg Y 20190104
S5 (71550 R 20190105
S6 {n A A 20190106
s7 el T i 20190107
S8 R TR i L 20190108
59 7 T il 20190109
S10 — gk Rl Ag | 20181101
Si1 Z gl Bl E| 20181102
S12 =2t -9 E| 20181103
S13 et b = 20181104
S14 — AR TR AR 20181105
si5 e/ 201 R A 20181106
S16 =R R R FEAE 20181107
S17 SN} T B4R 20181108
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2:5% 1( Continued Tab. 1)

ERes e P 3 EERRA S

No. Name Provider Sample No.

S18 —FHNF SEwiN .3 20181109

S19 THNF NEFwIN S 20181110

$20 ZHNGE A ey 20181111

S21 FINGE NERwiNS 20181112
2 Ak Ji% 2 mmol/L AV SEER s aS 2 A i 4155 0] B
2.1 HBEMERTSENE A, BRI A AL, FERAPIA 150 pL i)
2.1.1 &#&H DPPH A1 150wl A RASHERFE IR (A 525 1

{384 i ACQUITY UPLC® BEHC 4 (50 mm x
2.1 mm,1.7 um) , st N 0.2% LFRKIER (A) -
CMEWW(B) o BREEPENIFEF 0 0 ~ 1 min, 2% Bj;1
~21 min,2% —22% B;21 ~25 min,22% —2% B;
25 ~28 min,2% B, &I E 0.3 mL/min, $:& 30
C,HEFE 2 pL, KK 250 nm,
2.1.2 HEirH &
2.1.2.1  XFHE S 45

KE PRI B-1t Kz (55 i 25.S-44= 1 5§ i .25 R-4- i
S TR G L O e, o BB R BE 43 0 Ry
0.1.0.8.0. 1 mg/mL XJ & iAW, & o
2.1.2.2 Ml

FEEPRBUR R (1 =50 1 g, B HIEHIE
SR, K ML AT IE T P 30 mL, =i R i Ak
P30 4350, 1108, FHHBE 10 mL 3 E0R e A 4
BRIt o A I IR PR, 251, Bl hin PP B0 v A
A E S mL I i A 2 B A
2.1.3

20120 17 T X B R S 2. 1.2, 27 T
T A TR, F IR 2. 1. 17 TR gk S5, 4
A 2 pL 17 & R E o
2.2 mENEDTFEEERUE
2.2.1 ABTS g dy LR 4k A 69l 2

HAREAES I ABTS B i 3 & i 45, &
SCEATRRME N2 I 2 AT BT FE R Y = -1. 666
Ax +2.285 YL E R B r=0.999 2. B4 HE U4 )
WOCAR AT RIS BREE T (A, ) |, [FIEEAS ) X) #]
WIRBTEBRAE ST (Ay) o BAFEM B = AL, 4%
A (D) IR,

ABTS & ¥R iFTh 3 = (A,-A,) /A, x100% (1)
2.2.2 DPPH g @ik TR Ak A gl 2

S 3cuk " REE I, FA K 2% DPPH i

ASEAR

HAA 150 WL B TE7K B 150 pL 20 R4
HERPEHOR (A,) 5 %F BEZH H A 150 L ) DPPH i
WA 150 pL B ToK S (Ay) o 1RA, ZIRT
WEGHEE 30 min, JHEEAR G E 517 nm AW OG(E
A (2) RS R,
DPPH g dk#F R & =
[1-(A,-A,) /A, ] x100% (2)

2.2.3 Fhadi( - OH)RKREEA AT

BB ES B A ) TR T i A iy
FREEF ER R S U W D ke R U
(Ag) 52U A EFE S (A,) WO A, 4% IR 50
(3) IHEIHBRE,

B wWRFTRE = (4,-4,) /4, x100% (3)
2.3 SBAMERHE
2.3.1 Logistic By &A1& 5

KA SPSS 22.0 By MNA AL AY ¢ Sgid i
F LI o AT T AR B A R 2 b S GO DG 1Y) 5
R iz R 2 B F AR G, HOOW S 0 R 47 4
A AT 8 21 #EAC I B 4R 4 mi I 2 4
FTIRER PR 43, R YIZRAERE S ) B 22 5 B0 36 A 7
Logistic [M[IH 5387 355 87 MIEBEH p, = exp (B,
B+ B)/ [T +exp(By +Bixy +---By) |,
Hop AHERAE x, ,-x, A HAS R, SRR PR A
XTI AR AR S A T4 250, T 25 5 P = 0.8
FIENZER . G EHIR T 4.3.2.1,47
SHREROE(D) R (1) (10D (22 (1V) )4 159,
3 F#R
3.3 AEEER
3.1.1 R2eiEAHER

W A S A VR R S I VR 43 i A 2 L, il
S 250 nm PR A E . 38 F PR R B ] R
WA TRIAR, AT LA 3 655 B 28 45 B 40 18 40 15 B2 3 45 6 DU
FEEOR AR LA 1,
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Fig. 1 UPLC map of A. bidentata and its control

VE 1. G- 7 S T 52. 25 R-A-JE S i 5 3. 25S-2F- & &S i . Note: 1. B-Ecdysterone ;2. 25 R-Inokosterone ;3. 25S-Inokosterone.

3.1.2 BHEXERFER
R BT 45 o B A 8, P P 2 8 T R o
SRR 2. 11 UR A5 2 0F A, ERE RO 2 pl
r2

MR AR, LA R AU BAL AR (Y) |, B e A
BEARAR (X) , el AR 2k 0 S5 L3 2,3 AN
RIS B 1 25 TR JEE U I A P 56 2R Lo

3AEEEM TR ER IR X REFL TSR

Table 2 Regressive equations, correlation coefficients, linear ranges between three phytoecdysones

%

Component

[l 77 7%

Regressive equation

B-15i Bz ES R B-Ecdysterone
25 R-A- W4 5 i 25 R-Inokosterone
25S-4 5 il 25 S-Inokosterone

Y=1.66x10°X -
Y=5.97 x10°X -

Y=1.82x10°X -

, LM R
Linear range( pg/mL)
1.1 x10* 0.999 9 0.2~6
1.46 x10* 0.999 7 0.04 ~1
1.81 x 10* 0.999 1 0.01 ~0.3

3.1.3 ME AR

YROIR A of BB S AT, #2220 1. 17 I T (5338 45 8,
FE PR 6 IR, B ENEHE . A5 R IR, & 2 AL
SYETEI AR RSD 7E 0. 69% ~1.27% 2 [A], F WAL 2%
KB RAT
3.1.4 AE MR

42,1, 2. 27 IR J7 i o o A A VA W, 1R
“2. L1V g AR, R 4 NI ERE IR, SR
HERE 24 /N, BN AR E ME . SR BUR, &1
i 2 Ji 43 W TR RSD 7 0. 86% ~1.05% 2 i), %
WIREARTE 24 h NEGETER L7

3.1.5 EHMHXE

F242.1.2. 27 WUF (B FATH A% 6 kil
VW, 2. 1. 17U BB 55k, b7 5 Mk
SEIR IR, A H S B e TR RSD 7E 0. 54% ~
0.87% ], F B ik H G M R AT
3.1.6 DK FEEH

REEC AT =AM 1 g, 386 4y, 43 m
A—ER I IS $592. 1.2, 27 IR 7 8k
AR T VAR, #2117 TR €833 4% 1 2R A7)
SE L THRIMEEIEIRCR . 255 BoR , & HS B2 o 1) 7
BInEE [0 i % 7F 98. 56% ~ 101. 38% 2.[a], RSD /N F
1% (n=6) , FWJT L AMERT R R S5 3,

®3 HBRmMEEDKE

Table 3  Results of recovery test

NGy Xof JE i

HUEGISNTy

In] i 5 EECJEEES

DRNEEN

A 3
Cﬂﬁ i ; Sample Reference Found Recovery rate Averge recovery (R; D)
omponent containd ( pg) contained (pg) amount ( pg) (%) (%) ¢
B )5z {55 TR 25.06 25.10 50.79 101.36 101.38 0.58
B-Ecdysterone
25.06 25.10 51.07 101.91
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214% 3 ( Continued Tab. 3)

R X M ISRy [m] i 5 S8 ]

containd (g) contained (pg) amount (pg) (%) (%)

25.06 25.10 50.76 101.30
25.06 25.10 51.01 101. 80
25.06 25.10 50.91 101.59
25.06 25.10 50.26 100.29

ziifl_ilﬁfﬁﬁe 14. 14 14.20 28.52 100. 84 99.48 0.80
14.14 14.20 28.18 99.63
14.14 14.20 28.08 99.28
14.14 14.20 28.15 99.53
14.14 14.20 27.83 98.41
14. 14 14.20 28.05 99.18

Zéz‘?ﬂf’;ﬁfﬁlie 7.03 7.00 13.93 99.07 98.56 0.34
7.03 7.00 13.84 98.45
7.03 7.00 13.87 98.70
7.03 7.00 13.80 98. 14
7.03 7.00 13.87 98.69
7.03 7.00 13.82 98.28

3.2 SWEMZHHSENE = R S50 A B2 b B i AT ORI, 15

21 AR RS S ME SR AR 4,0 I L AYR A AR 900 264 TR 1B X, A L FE R
Pradi Ral A, (W & AT S E . B RIS E—E R A R ZAb,
AN s A B 2R A 1 5 2K A I Y DX, HL
R4 2 MEBHEMERSHSEBNELER (n=3)

Table 4  Phytoecdysones content determination for 21 batches of A. bidentata (n=3) (% )

ity B-158 B2 54 il 25 R4 I 5 2554 1 5
No. B-Ecdysterone 25R-Inokosterone 25S-Inokosterone
S1 0.40 0.25 0.26
S2 0.42 0.26 0.27
S3 0.39 0.24 0.24
4 0.61 0.25 0.26
S5 0.51 0.25 0.25
S6 0.45 0.27 0.28
S7 0.52 0.25 0.25
S8 0.41 0.26 0.26
$9 0.40 0.26 0.27
S10 0.44 0.27 0.28
S11 0.36 0.26 0.27
S12 0.31 0.25 0.26
S13 0.39 0.28 0.29
S14 0.45 0.26 0.28
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2:5% 4 ( Continued Tab. 4)
ErRe) B-158 57 54 il 25R- 4 (T 2554 [ 5
No. B-Ecdysterone 25 R-Inokosterone 258-Inokosterone
S15 0.43 0.26 0.26
S16 0.47 0.26 0.27
S17 0.29 0.26 0.27
S18 0.40 0.26 0.27
S19 0.46 0.25 0.26
S20 0.39 0.24 0.24
S21 0.37 0.24 0.25
3.3 mEAEYEREERNESER JGr B, I 2 ML, R A A e Y — 2R

21 HEA R 2 BT A A A T T P A B 0 E 2
WS o oM 4 R nl R, AN R HEOCRE il A2 W0 35
AARFREERZE R DUEHAE N Tt A 8 be
AR S A D A B B0 A P T A () BRAS: HE L 2
x5 2 MEBRELEMEEMNEER (n=3)

Table 5 Antioxidant biological activity for 21 batches of A. bidentata (n=3)

AL G TR 22 (S10,89 \S13) , FET A AL RN
TELR PR R, KR IR 2GR
PERE ) 5 (2S5 BN R BRAl 2R SC R o BT
DAASCSE 565 TR 2K 780 53 M L 4 T B2 e T e AR

B3R Scavenging rate( % )

ABTS H H 2 DPPH [ 3 PR WA
ABTS radical DPPH radical Hydroxyl radical
st 70. 82 47.27 50.90
) 75.13 42.19 48.95
3 74.94 51.2 52.89
s4 81.66 50.36 54.39
S5 75.61 46.38 49.41
s6 78.46 40.57 53.73
S7 79.62 45.73 50.80
S8 74.86 51.64 44.80
9 64.78 37.49 34.91
S10 71.16 36.34 30.01
si1 71.92 30.47 30.08
s12 80.25 43.86 48.04
SI3 59.79 36.89 40.91
S14 77.99 52.76 47.22
S5 75.20 40.48 60.45
s16 70.70 42.01 49.40
S17 54.94 29.98 47.34
SI8 69.89 47.63 50.97
S19 73.55 30.96 33.92
$20 66.56 32.68 45.25
21 78.86 42.34 43.87
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Fig.2  Contents and biological activity for 21 batches of A. bidentata
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PCA W] XJ 2 742 i 1 52 Z A5 2 047 PR ol i) 4
A ARBRFERE R B B (n = 3) AR Ak Ak B
J5 A Simea-pl4. 1 B AR EI (K A) o i
] DL AR A 4 UCORE i AT B 038, Hoor 2R 4
REFERAFLT, SR HCA RE 507k
XF AR AT 43 A, W] DL S ) W S i) 43 2K B

BRI (B B) o iy #omr (18 C) AT LR
H 59 IR 288 P80 03 R 2% BT ST DR o 5 ) 24 IR 24 6 45
RWEENE,

3.4.2 FHIAMLR

A eI R BESE R AT - ARG R ) e 28
(S4) M AR (ST) s R —Z T (S14) A b
AJE(S3) 5 g — G b (S10) F1 g N 52
(S19) s 22400 N5 (S20) M 5 2 2 (S9) 5 F]
J SPSS 22. 0 G BRI R (W AKX 4 ~T7),
R AR S AR A T P 5 A SR AR, 45
RIS,

P A =exp (-109.517-2.429 = ABTS +0. 029 =
DPPH +1.734 % - OH +4 686. 863 = B-%{ & & AR 4~
& +571.806 * 25R- % B4 2 -587. 029 * 255- & BR 4~
2)/[1+ exp (-109.517-2.429 « ABTS + 0. 029 x
DPPH +1.734 % + OH +4 686. 863 * B-%{ & $§ A7 4
& +571.806 % 25R- & BA-4-=-587. 029 * 255- & A2~
%) ] (4)

P R =exp (-82.132 +0. 148 * ABTS +6. 211 =
DPPH-0.218 = - OH-5 294. 954 * B-%i & & &R 4% -
547.849 % 25R-& BRI 4 & + 719. 112 = 25S-& BA 4

2)/[1 +exp(-82. 132 +0. 148 = ABTS +6. 211 =
DPPH-0.218 * + OH-5 294. 954 s B-%{ & & A 45 -
547.849 x 25R-$ B A& + 719. 112 * 255-5 & &
Z) ] (5)

P d =exp (-246.277 +2.325 % ABTS-7. 996
DPPH +0.086 - OH + 1 896. 384 B34, i & BA 4~
F +638.24 % 25R- & BA A5 +480.29 * 2555 A 4
2)/[1 +exp (-246.277 +2.325 * ABTS-7. 996 =
DPPH + 0.086 % - OH + 1 896. 384 = B-3%, & { FA 4~
$ +638.24 % 25R-& B 4% +480.29 * 255-& A1 4
%) ] (6)

P £ =exp (286.4083. 501 * ABTS-1. 775 =
DPPH +1.739 % - OH-2 470. 817 * B3t & & B4 &
+146. 848 % 25R-$5 BA 45 +53. 502 * 255- & BA 4
2)/[1 +exp (286.408-3.501  ABTS-1. 775 * DP-

PH + 1.739 % - OH-2 470. 817 % B-8i & § B4 +
146. 848 # 25R-$ B 4 & + 53. 502 # 255- 8 4
%) ] (7)
4 itig

4.1 HIEFEER

AW X5 T L AT T 5%, EEHEE R
FECIE T BE, LM HEE) I 7R B2 (90% W B
80% W% \70% MW It ) A4 Oy =X (R #2593t
PO =AM SR BT RBGE W RMET,
“2.1.2.27 TR i A& 7 R RE HACR R B0k I
il A 7
4.2 BIEEHMNIEE

ARBFSE R T ZWE-0. 1% WK IE W . i
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Fig. 3 Clustering results of A. bidentaia
AL PCA #U5 & B. 2HCA- R 2RI 5 C. i/ 2 Al . Note: A. PCA scatter diagram; B. HCA-clustering diagram; C. Loading plot.

0. 1% ZRIKIFR I CNE-0. 2% LIRAKEW =RV wm) PIRRETEA:, WORR 3854 % R U ¥Ry (1
RGBSR, AR, 28 0.2% L FR-2. ACQUITY UPLC® BEH Cy (50 mm x 2.1 mm, 1.7
FUEIE AR GENT , AU 73 B PR HLARA RS Mo pom) GRS AE AR B4, BB 5 e (5 3 A E AT (35
Wik sh A, %82 T 26 EIR 4 B 9 ACQUITY  #f. 7EUEK 5 1, PDA #6528 43 B 45 5 1 7R 78 250
UPLC® BEH C (50 mm x2.1 mm,1.7 pm) il AC-  nm JEK T, 443 MG 058 KIE B8 58 4. I,
QUITY UPLC® BEH C, (100 mm x 2. 1 mm, 1.7 %M 250 nm {E R0 K
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Table 6 Grade evaluation results of A. bidentata
o R I T PN T T I T
G '(d - Provider/ Original grading G 'Vd - Provider/ Original grading
rade Original Grade standard rade Original Grade standard
§ 0.6 cm< P EF#Z<0.8 cm s _
Sl Y 52/ i 7K
4 TR/ AR 5% 30 em< K J <40 em 3 N5/ Gt HR KFEA
. 0.6 cm< P EIE<0.8 cm N . 0.4 cm<HEEHFE<0.6 cm
VS YAN b =
4 VBRI R 30 em< K JF <40 cm 3 L/ =2 15 em< K JF <30 cm
N 0.4 em< P EHE<0.6 cm N 0.8 em< P EA<I] cm
3 D .Y
4 i/ 15 em< KJ¥F <30 cm 2 RE T 40 em< KJ# <70 cm
§ . 0.6 em< 4% <0.8 cm N . 0.6 cm<HEEHF<0.8 cm
3 g V 4
4 /2% 30 em< K ¥ <40 cm 2 BRI 30 em< K <40 cm
N . 0.4 em< I EHAE<0.6 cm . 0.6 cem< P EHE<0.8 cm
N —= 4 2 4]
4 R 15 em< K J# <30 em 2 M/ 2 30 em< K J¥ <40 em
N 0.6 cm< P EIE<0.8 cm § . 0.8 em<PHEHAE <1 em
3 YA 3
3 R e 30 em< K <40 om 2 /AR 40 em< K. <70 em
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