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Analysis of biomarker components of lotus leaf bioactivity effect
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ABSTRACT: Objective To screen the bioactive effect marker components of lotus leaf and provide reference for
the quality control of lotus leaf. Methods The content of 8 kinds of flavonoids or alkaloids in lotus leaves were
determined by high performance liquid chromatography, and the correlations between the antioxidative and lipase
inhibitory effects of lotus leaf and the content of the components were analyzed. The characteristic chromatographic
spots of lotus leaf were separated and analyzed by thin-layer chromatography, and the quality marker components
were screened by cluster analysis. Results The content of 8 kinds of components ranged from 0.61 to 9.93 mg/g.
Nuciferine, N-demethyllotine and 2-hydroxy-1-methoxy-apomorphine could be used as alternative markers for
chemical quality evaluation of lotus leaf. The antioxidant activity was positively correlated with the content of
hyperoside, nuciferine, 2-hydroxy-1-methoxyapomorphine and N-demethyllotine, the inhibition rate of lipase was
positively correlated with N-demethyllotine, hyperin, 2-hydroxy-1-methoxy-apomorphine and nuciferine. The

characteristic components of thin layer chromatography were 2-hydroxy-1-methoxy-lapomorphine and nuciferine.
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Conclusion

In this study, nuciferine, N-demethyllotine, 2-hydroxy-1-methoxyapophine and hypericin were

identified as the antioxidant, lipase inhibitory effect and chemical quality evaluation index components of lotus leaf,

which will help to comprehensively evaluate the quality and efficacy of lotus leaf medicinal materials.
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Table 1 Source information table of lotus leaf medicine

Fe kiR EiiR=2 = 3 Eiin=
IR 201105 S7 14 210102CP254
S2 A& 20200801 S8 4 200601CP254
S3  1HEg 200301 S9 HiB] 210415
S4 ARG 2020090381  S10  iEd C140285

X HEZY
S5 %R 200601 S11 B 121322-201805
S6 4t A201001
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(1) & 2 W A 4 3% B (high performance liquid
chromatography, HPLC)FF i fif 2b ¥

AR ARGE 3 502 0.25 g, K& FRE, BHIE
HEIEHR, K% AR B 25 mL, %%, FRedEm, ¥
FEEREL L h, HERHE FRE R, W B R ik
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PG

BURFCIRA - 2581, K, o 3 S0, KEmRE
WA 1 g, MAMEIRE | mL 20, A & F%E 40 mL,
HEFE AP 30 min, UK, JEVEEIOE R R T, AR EE
| mL %, %M.
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(DHPLC TEA X B i i W A T o)
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ff B SERNT BR G, AEEAOE, RS & P B
R, S BISEE 1 mL & 1.0 mg (X IE SRR TR . T
43 I IO Xof B i A VS TS B, TR, 0 R A R 3R e
75, WA 1 mL & IJLAEER . Wil R -3-O- AR 1T |
SURAT . ST 2-50 - - H R IERTANE . N-E 3
faf B, B . ZE88 0.060., 0.150., 0.100, 0.080. 0.020.
0.045, 0.075. 0.015 mg ARG X HE SR, & .

(2)TLC 1EA X FE it i A TR o)

B 2-FRBE-1-F AU RERATANME | 7 ikt Lt it 5 Y R
EE, REG, M EREIFES, HE 1 mL & 2-35E-1-
S SEBTANME | faf A8 43971 0.3, 0.6 mg BITR G I
W, &R
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WA IE(AY K 0.1%0KZTEFT 0.2% =2 JH)B), K
FEBENR, 0~20 min, 10%~18% A; 20~26 min, 18% A; 26~33 min,
18%~19% A; 33~45 min, 19%~30% A; 45~50 min, 30%~35%
A, Wi 0.4 mL/min, #FFER: SuL, AR 30 °C, MK
270 nm,

1.3.2 et g s iiE

S CERR2 7R B ek, B 1.5 mL DPPH ¥, Jin
A LS mL 12 0(DFUF faf AR SRR A, B WG AL
B 30 min f&, F 517 nm ZbESWAGEE . FEMES FXT R
Ja, THA B AR

DPPH H fE BRI E A R/ %=[1-(Ar—
A3)/A1¥100%, SEELL 1.5 mL FIEFD 1.5 mL DPPH ¥4
RZEE XTI, PO EE(E A Aj. LA 1.5 mL DPPH il
1.5 mL faf BN FE S, B BEEE A Ay LA 1.5 mL
fap SR BTN 1.5 mL H AR SRR 25 4, B g
FEE R Ase
1.3.3 Aot 3p4) Bg A B & M) 2

BER P  J5 5 % ZHU 85000, 3108 241804 .
B 0.08 mg/mL JEiEE 0.1 mL, HC 1.2.1(1)5ifaf M- FF B4R B
¥ 0.1 mL, 5 0.9 mL C M (BEHERRN AL NG . SFINEE.
Mi$ii@ . PBS (pH 8.0, 0.1 mol/L))'& T 5 mL EP 4%, 40 °C/k
RN 20 min, S EEHE AL BIAIA 2 mL oK 2B, B0

W EWEW, T 410 nm 2 E W OGREE
il

PRI A HH H /%= 1-(As—AL)/ (A=A ]
100%. SEE LA 50 pL, FEE 50 uL Sh2s FIXF R, e ik
JEEEE R Ay, LLPBS 50 uL, FEE 50 pL A4l =5 14,
WU RE WG EEME A Ay, LA 50 uL, faf it FH B4R ECH) 50 pL oy

i, MEWOGEAE N Ay, LLPBS 50 uL, faf - HY B IR

W) 50 pL SRR IERGR A VA, e OBEEE N Age
1.3.4 TLC a4 F ik

g (P 2 ) I 2 A S B i GE U 0502)
IRIE, WL R R T T SO B2 R VTS 10 pL, TR
BXF ISR S pL, TR AR G 2R b, LU=
Loe-P -V 2(6:2:0.1, V:VIVYRJEIFF, JRIF, Bl | BT,
BT, FRBESEWE L, HOGKTRRR, FaR
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2018,
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2.1.1 HPLC &R
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TRA N RSN, T& 1.3.1 TR ARk - E, LAETRR(Y)
JIPABER, FEEN(X, pg) AEEARFRA Tl bR 2, 8 e
B HBRTEFE R R R R REREERIE 2.
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B S6 FEARHE AR 1.2.1(0) I T A il 4 R s i, %
SLIERE 6 IR, ICRIEIER, TS S 8 i AR A A
Xt Fr Y W 22 (relative standard deviations, RSDs) 7E
1.23%~2.66%[0], & BI{HHE % BT
214 HEMKE

B S6 BEMFEHR 1.2.1()T R 5 vk il & sl dh A R,
FIRACE, AT 0, 2, 4. 6. 8, 10 h F A 141IﬁT
kAT E, CRIEEAE, AR 8 Ak A
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Fig. Chromatograms of mixed reference (A) and lotus leaf sample (B)
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Table 2 Table of linear relation

% KPR r LMV il /g
ILEHE Y=902.24X-3.086 0.9997 0.0075~0.3000
Wi 2 3 -3-O- A A B R 7 Y=2173.7X-10.742 0.9998 0.01875~0.75000
KR4 3 Y=1987.6X+17.535 0.9991 0.00125~0.50000
St AT Y=2562.7X-9.848 0.9995 0.01~0.40
2-FR I - 1-H S FL BT A Y=4177.2X+0.9329 0.9992 0.0025~0.1000
N-25 FH LA - B Y=3549X+1.8906 0.9999 0.005625~0.225000
T Ik Y=4915.3X-8.1797 0.9997 0.009375~0.375000
JER Y=4213.7%-1.0785 0.9995 0.001875~0.075000

2.1.6 MmAFEIKEEE

I S6 M 25 R HE 6 1, B0) 0.125 g, FEHRAE,
SRRESINAILEZ( mg/mL) 288 pL. Mifz 2-3-0O-F 4k
BEFRTY(1 mg/mL) 655 uL. £x24BkF(1 mg/mL) 865 pL. SHAfit
F (1 mgmL) 395 pL. 2-¥53-1-F EEEBTAME(] mg/mL)
140 pL. N-Z=HIZERTHE(1 mg/mL) 290 pL. faitHsi(1 mg/mL)
540 pL . ¥E68(1 mg/mL) 35 pL, AEHMAHEAMNE £ 25.00 mL,
TRHIR 1.2.1 TR il s bl s R, #8131 R
Wk AT E, A SR 8 FhoAL 4 o AR [ ik # 7
93.79%~104.29%2 [4], RSDs /N TF 2.80%.
2.1.7 FERAEME

B 10 HEAS [ IR A faf A 5, F22 08 1.2.1 30T 5 4kl
OGRS, TR 130 TR kb I, e ST A,
MBS R, S RIS RILE 3,

B 25 AT, S [ R A A B o & T 0 i 22
FEECK . far 24 B TR S P R 2K -3-O- A B R 1T 7 1t
ey, H(9.93+£3.06) mg/g, A:WmsAE oY LA far B d

2.1.8 BT R AH OGS T

RSB 8 RS HE AT R AL PR O T 3R
FREEAEA, e 8 il R AR REL, Do &
R E RS REE A 100), T I AR G AR AR 4%
NATE, ¥ 8 B BAMENE R S ER G TEAME . R
JHERAF SPSS 22.0 Xt 10 FHEAaf A S 8 AN BLA> B & AP 4y
PEATAHIRE A, 55 WA 4.

SRR, frnaR . N-ZKF IEAT AR . 2-3 - 1-F A
FEBTRNE . S 22kTT . I LAS R SLR AT RN A E A G
(P<0.01). #E/RMrmTfis . N-Z2HIJEAFAR . 2-F80-1-H 400
B A NHE AN 4 22 Bk T P AR A g A S PPN (AR A B -
2.2 i EYEMEITEN
221 A EAFRESLFT RS EA KBS

it 25 W BCAN [vi) > U g A i 1 4648 0 VS 9, 0 I s
B4 0.33 mg/mL, ¥ 1.3.2 TR EIEATIE . M
S1-S10 9 A HEETHBRE SR 90% . 87%. 85%. 95%.

&, H(2.48+1.80) mg/g. FERAZE ALY SN T S B ROK 75%. 94%. T4%. 84%. 24%. 63%. Xk SPSS 22.0
AHZE 0.9 1%, AEYIIRZERS N-2 B JEfp 0 & dk f R A 22 X} 1O FEAar A3 i v 8 st 2 i A B PR 67 B B A T AR OC

ik 29.7 1%,

b, G5RIFE 5.
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Table 3 Table of ingredients content of lotus leaf medicine (mg/g)

Witz 252 -3-O- 5 25 1 2P N-RHE

Frs JLEER o LM ST SERTAME . 7 IH- B HETR
S1 3.67 7.90 5.88 3.76 0.92 3.68 4.61 0.90
S2 3.71 14.21 0.67 5.68 0.29 0.15 1.01 0.72
S3 2.68 13.77 0.78 5.71 0.47 0.15 1.12 0.63
S4 2.53 5.37 7.94 3.72 1.12 2.61 5.30 0.39
S5 0.62 10.73 0.58 3.24 0.32 0.19 1.50 1.01
S6 2.39 5.09 6.86 3.15 1.05 2.37 4.74 0.29
S7 1.13 11.30 2.75 4.42 0.65 0.74 2.07 0.71
S8 1.93 10.40 3.13 4.93 0.71 0.94 2.94 0.66
S9 1.07 10.43 0.64 4.63 0.37 0.13 0.97 0.57
S10 0.95 10.13 0.51 4.54 0.20 0.12 0.53 0.45
S11 2.69 10.81 5.66 5.95 2.16 3.14 4.53 0.41

¥J{E+SD 2.07+1.12 9.93+3.06 2.97+£2.90 4.38+£0.91 0.61+0.33 1.11+1.30  2.48+£1.80  0.63+0.22

F4 M MBS BERMER

Table 4 Correlation results of 8 kinds ofcomponents in lotus leaf

L gﬁggg% SUMT ST zzﬁ;&ﬁ Ny BB
JLAE#E 1.000
Wik iz 25-3-O- R 4 b 0026 1000
T R
G2 AT 0.409 -0.868" 1.000
SR T 0.260 0.805™ —0.574" 1.000
2-FR I - 1-H A FE B . .
Kk 0.413 -0.793 0.975 -0.498 1.000
N-2 F L mf i 0.524 -0.780" 0.918" -0.567 0.887" 1.000
for -, 0.424 —0.848" 0.986™ -0.602"" 0.976™ 0.935" 1.000
SEBH, —0.001 0.478 -0.392 0.027 -0.339 -0.126 -0.265  1.000
LA 0.782  -0.468 0.800" —-0.246 0.820" 0.8417 0.889"  0.059 1.000

TR A ICAETE 0.05 M (WUR), AR B3, g AHSCHETE 0.01 ZHI(WUR), MM B3 .

®5 BHEBFRESTMHHISEEIMER

Table 5 Correlation between the clearance rate of lotus leaf and the content of various components

Wi iz % -3-O-%5 % b 2-FHE-1-H 4, N-Z: F 3t .
S S ST TR
JLER e S22k SR SR PRI I, SRR
TR/ % 0.511" —-0.244 0.644" -0.244 0.556" 0.539" 0.600" -0.670

TR AIAETE 0.05 FHRUR), MR I AHSEIETE 0.01 ZUH(WUR), MM B35 .

R BRI PEAEE S S22 S EENE 222 JEWEEITHIE RS e RSB AR X ST
S AEMIE(P<0.01), SHFITHR . 2-% 31 S L BT AR A AN [ R WL ) It P, 0 96
N-= B R F a6 . L2 2 0 & 5 2 91 5 2 0E AR G 1 Bh 5 mg/mL AURE SV WE . % 1.3.3 WUF Jrik kATl e .
(P<0.05). P74 22 BKTF . iR . 2- B 1 4 3L WA far it S1~S10 B i 1D BN i 2 4370 0 57.1% . 46.1% .

KR N2 Y B L 2 0 {4 A (i B 46.7%. 53.1%. 40.7%. 56.3%. 51.2%. 51.4%. 42%.
ML N A LA TR i AL e 50.1%. X FHE SPSS 22.0 Xt 10 HEAFITRE S H 8 sk 4>

RO b6 - S RURUIRDT B0 AL LT, 2552 6.
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Table 6 Correlation between lipase inhibition rates and the contents of various components in lotus leaf
it K -3-0-1i %9 2-FRAE-1-H AL N-Z 2
% Gt R T i 3
JLZER . G ST — . LR A
A% 0.481" -0.638° 0.813" -0.317 0.787" 0.828" 0.777"  -0.375

T A SCHERE 0.05 ZUICBUR), AHICHE R ** g AHSCHETE 0.01 ZLRICRUR), HHCHEMR 25 .

S5 0RH, RRMEGI RS N-H AT, 442
BT | 2-F2 JE-1-H S BE B ANk 52 B 58 25 1F A1 DG (P<0.01),
Sfrmtad . LR BB A (P<0.05), &/~ N-£
FERFUEOE . A 2Bk . 2-3% Jk - 1- Y SRS Bl I R A e
AR Sy i P00 1 g 5 R 9 A58 A B s i
2.3 TLC £5IRBESH
2.3.1 TLC %7

B 1.2.1 TR kil s AR SV . 45 X R Sl it 45 7S
TORTRA X BT, A0 A IR 1.3.4 T vk ied . 2551
DL 2.

T 1~5:S1. S4. S6. S8. S7;6: S11; 7: 2-F2KE-1-F S LRl AR |
B8 8~12: S5, S9. S10. S3. S2.

P2 10 HEAf 2544702 @3
Fig.2 Thin layer chromatography of 10 batches of lotus leaf
medicine

FE 2 ATLLE Y, 2-FR - 1-H S BT AR | g ol T
fE Rp0.42 F1 R;0.65 Ab H BUR B (LB 5, JLARXT IR S AE A S5
PETR ARAG Y o 10 FHE A7 AR i RS BE 24 b A g 7 Ak 5
HRH TR B B A, X BRZHF S11 5 S1. S4. S6 A B B
R AR RS B AER . SR e, 2-FR 8- 1-F
SEUSEBTANHE 2 ANREAE 843 AT A SRy AN TR 5 A A i () AT
RS o

232 HEEHE IR

Fe P4 EAS R LA 2 YAHOO pmqs 51 i )2 8 1% 1]
EAT A SBCE AT, e BUEE BRE A A7 B R e T o 3 A 7 R 4
B DI, BTN . BdE s, S B B
FRBEA . WO EHIE AR BRI, IR R
HEAT A S, TR R A B AE, A SRS
CBAFRICEE, PL 10 b 24 b 2 B a5 (5 B o0
TAEHE . SRIFEKAE SPSS 22.0 X AS[RIFi7 AR it i e 04 T 5
ForHTLE 3. 4.

d P 3 AT, EER AL ST, S4. S6 FEfh S X IRZGHF
S11 R A—, HARMEBRH—IE, H, S1. sS4, S6 7 I
FESR R BT, S7. S8 ARk T L 5 X IRZG A A 220K, S
. RERGE IS RO BE S B A

10

8

i H_‘
0 S1 S4 S6 S11 S2 S3 S5 S9 S10 S7 S8

RIS
3 fil A SR 2 A 4]

Fig.3 Cluster analysis diagram of lotus leaf samples

BEE

Fh ] 4 AT, SR FHAR TR SRS 0T 26 W I i
JEHORE L, 6030 2 R, L iy — K BE ALK, 2-
FEHE- - AR R BT RN o — R BE AR, PR —H WA
A5 A 0 TR 0 PP B9 2 AR AESE AR P AL

3 Fw5itie

A GE DA 5E 0535 SEURE A [ 5 AH, Ak A6 B Y B 11
Dy, ST T IR E e ) 8 RS MRS HPLC 43
Bk, Jrikdeik . R, B ST A I A ) B R i
T AT I RIS S o 25 A S B, A X
MEP K 270, 290, 360 nm HIHEE, A @5 IE (S S AR
FEREMLIESE 270 nm HIE K



557 %, S5 mg A s PO bR 2 B4 4 b 2111
60
40 -
X
=
o
20 -
i
0 ILII TTTT T T ]L TTrrrrTrrrrrrTrTT 1T rrrrrrrrrrrrrrrrrrrrrr T ey
RURIILIED
4 WZBES AT

Fig.4 Thin layer spot cluster analysis diagram

rRIE LSRR, AR E far A B i SRR B
L. ARFIGIHRES T 8 P& 22 AR, B
IR R -3-O- MBI 1 % i Fc =, “H(9.93+3.06) mg/g.
ST . A2 IR ARSI S LA B 5 e
F1(2.48+1.80) mg/g, N-EKHFEEATIFoH . 2-5538-1-H AL Pk b
MEKZ o 3 AT RES eI A IR 1A 56200,

ARG R, ffrbmk, N-2& LM e 2-%3E-1-H
AIEBTANE . 228k . LIRS 8 Mk BB LA T
SRS EAG, SBRIT . farntel. 2-FR5E-1-F A
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