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Research on process of enriching total flavonoids and total phenols in
Schizonepetae Spica by ultrasound-assisted macroporous resin technology
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Abstract: Objective To enrich the total flavonoids and total phenolic in the aqueous extracts of Jingjiesui (Schizonepetae Spica, SS)
by ultrasonic-assisted macroporous resin, and compare with the changes of compound content and activity before and after treatment.
Methods The best ultrasound-assisted resin model was screened from seven different types of resins, and the influencing factors such
as ultrasonic temperature, power, sample concentration and percentage of solvent desorption were optimized under the study of
adsorption dynamics and thermodynamics. The changes in content and activity of each compound before and after the enrichment
treatment were evaluated in terms of DPPH radical scavenging capacity and neuraminidase inhibition capacity. Results The study of
kinetics and thermodynamics showed that the total flavonoids is suitable for the Langmuir model, the adsorption process is spontaneous
endothermic entropy increase, the total phenol is spontaneous exothermic, and the optimal process for the simultaneous enrichment of
the two types of components is optimized through this adsorption mechanism. In the process of ultrasound-assisted AB-8 macroporous
resin (25 C for temperature, 2.5 h for time, 150 W for power, 0.1 g/mL for sample concentration, 70% ethanol for desorption solvent),
the content of total flavonoids and total phenolic compounds in the water extract of SS increased 2—3 times, and the content of
monomer components and its antioxidant and neuraminidase inhibitory activities were increased significantly. Conclusion Ultrasonic-
assisted macroporous resin technique is a effective enrichment technique of total flavonoids and total phenolic components in SS.
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Table 1 Screening of different types of macroporous resin

KB SN

g2 5

Oi/(mgg™) O/(mgg)  R/%  Ri/% Oi/(mgg™) O/(mgg)  R/%  Ril%
D101 31.09 26.10 7890  56.57 15.54 15.10 8357 6037
HP-20 32.63 26.87 8023 5457 15.49 15.29 8320  60.67
HPD-300 29.91 2531 78.60  57.07 15.22 14.73 8330  60.43
AB-8 34.61 28.75 8187  61.97 19.27 17.07 8480  63.10
HPD-600 32.78 28.17 8120 5743 17.84 16.35 83.17 6220
S-8 28.75 2345 7980  57.90 14.64 13.76 8199 5997
HPD-826 32.88 27.97 7863 6137 16.67 16.36 8470  59.57
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Fig. 1 Adsorption kinetic curves of total flavonoids and total phenols on AB-8 resins at different temperatures
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Table 2 Adsorption kinetics equations and parameters of total flavonoids and total phenols on AB-8 macroporous resin

MR TC h— Dy A A R o o
BIEE 25 In(Qe—0)=-0.013 3 t—0.074 2 (R?=0.939 4) #/0,=0.920 4 1+32.80 (R>=0.991 5) 0,=0.072 8 #'>+0.061 3 (R>=0.983 0)
35 In(Qe—0)=-0.030 2 r—0.141 4 (R*=0.978 3) #/Q,=1.237 6 t-+40.11 (R*=0.994 7) 0,=0.074 6 £>—0.105 9 (R*=0.901 1)
45 In(Qe—0)=-0.0315t—0.959 0 (R2=0.982 3) #/0:=0.799 1 t+48.77 (R*=0.998 1) 0:=0.131 6 /'>—0.450 3 (R>=0.865 8)
BB 25 In(Qe—0)=-0.014 1 —0.424 5 (R?=0.910 2) #/0,=1.741 0 t+68.27 (R*=0.993 8) 0,=0.043 2 #'>—0.001 8 (R>=0.985 0)

35 In(Qe— Q) =-0.042 1 t—0.266 3 (R*=0.968 5) 1/Q,;=

1.138 0 ++16.83 (R*=0.996 0) 0,=0.067 5 '2—0.062 5 (R*=0.914 5)

45 In(Qe—0)=-0.033 8 t—0.450 3 (R2=0.989 8) #/0:=1.269 0 1+83.93 (R2=0.995 6) 0:=0.051 0 /2—0.025 1 (R*=0.976 2)
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Fig.2 Adsorption isotherms of AB-8 for total flavonoids and total phenols at different temperatures
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Table 3 Adsorption isotherms of total flavonoids and total phenols on AB-8 macroporous resin
Freundlich fE#Y Langmuir 57
WE TIC : :
77?335 KF 1/n R2 ﬁ?ﬁji Qm RL R2

KB 25 InQ.=0.872 9 InC.+4.923 137.5 0.8726 0.971 1 Ce/Q.=0.005 200 C.+0.002 300 192.3 0.8951~0.9154 0.983 3
35 InQe=0.821 3 InCe+4.895 138.6 0.821 0 0.980 0 Ce/Q.=0.004 473 Ce+0.004 889 223.6 0.954 7~0.963 9 0.987 8
45 InQe=0.833 7 InCe+4.945 140.5 0.833 3 0.969 3 Ce/Qe=0.004 200 Cc+0.006 200 238.1 0.973 2~0.978 4 0.994 3
syt 25 InQe=0.751 0 InCe+4.090 59.72 0.750 8 0.989 2 Ce/Qe=10.007 300 Cc+0.014 000 137.0 0.983 9~0.988 7 0.935 1
35 InQe=0.765 2 InCe+4.242 69.51 0.770 4 0.994 9 Ce/Q.=0.006 200 Ce+0.019 000 161.3 0.989 8~0.992 9 0.991 9

45 InQe=0.770 4 InCe+4.192 66.15 0.7651 0.976 4

262 HAOEZH WA TEMUEHREEL
(AG). 15728 (AHD FIEAE (AS) 3 MEFRIS, 3
AN QAHWN 5+ 104 15 mg/g, AHK CAHFH Lk
FRETHE . 1T F InCe 73 HIAE NG ALFR FIGA AL AR,
#3%| Clapeyron-Clausius /5 F£F1 AH.
InCe=AH/RT—1nKo
Ko NHEL RONSMETEE [8.3141/(mol- K) ], T NI
B, AG FTLLH Gibbs /7 #2#1 Freundlich J5 #24fE 5 H
AG=-nRT
n #& Freundlich 2R M4, AS HH Gibbs Helmholtz
TR E
AS=(AH—AG)/T
iR nE 4 Prox, FIH T AB-8 RALKHE F 2
AL A1 250 AG <0, N E K
KRB AH>0, AS>0, UL T2 —A
K~ WA HE B S AR IR A R N SN AH D
/N, X ] RESE B TR PR 5T AR PR A LE T B 751
RO RER I ZE R AT AH<0, AS<0, &
By B B — AN EUR TR IR )i A
27 BEEHEMNAILMEEELIZML
271 BARREERIE AR E R 2T 25,
3545 “CHYIRSE kAT P H B B AL B, R B i

T o () SR A [ BT 1) ) BB — 5 AR P R B v v it
AT R s 5 O P S 5 T D T 4D W Y Sk 7 32 3¢
B, WK 3 Fon, g8RW T AFEE T &S
FTG R B L, HE R 5 T 2E i e 5 R — 5
L, #5E 35 CHEARIETLZIRE. 7Hoh 2 Kk
IERARIEE N, BIAEAE 2.5 h KRR P, [
Uk, i 2.5 h N T2,

272 wAEINEGGIE  E35 CRa%HTF 50, 100,
150, 200 W [FJAN[F) D28 R 3E A7 i 75 4 B B Ab 2 o
W o 3t e ] S A [0 B 0] 23 T B — e A P R B
VA TR AT T 8 O VA 5 T A A 7 P e o ok s
AN R . G 4 Frow, 45 53 B T R A
IV B R 7 35) BB R 7S T2 PR i 3 . T 24 Dy e
200 W B, 2RI — LRI R B R o HE R 7o [
I, #isE 150 W oN L E %,

273 Ak EFEREREMRE fE35 C.150W T
YA 5 FhAS [R5 &R BE K S #(0.05+0.10+
0.15. 0.20 0.25 g/mL) 7 %l BhWR B /A i B Ak 2
3 ST BN [ O B AR PEE AR D W S 23 AR i R 2R 1 i
Hi e R EIRE . g5 Wk 5 PR, SR TA
7 1 B2 E A7 o AR PR 0 I 2 AR R R 52 o DA
X 2 AR IRBUANE N BCRAT I . 451K

F4 AB-8 ®ifE LR AR BBMNANFEH

Table 4 Adsorption thermodynamics of total flavonoids and total phenols on AB-8 macroporous resin

- AG/(J-mol ™) AS/(J-mol 1K)
Lyl Oc/(mg-g™") AH/(kJ-mol ™)

298 K 308 K 318K 298 K 308 K 318K

SN L] 5 851 —-2838 -3118 -3171 3.728 12.886 13.497
10 683 3.218 12.340 12.120

15 575 2.855 11.989 11.780

Sy 5 -3983 -3299 -3324 —3455 -2.295 -2.141 -1.661
10 -3910 -2.051 -1.904 -1.432

15 -3857 -1.873 -1.732 -1.265




5546 « PER 2023F98 B54% B17H  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 17
S 1207 =)
250 1 1 x:#
~ 901 - o
= ] == all e
5 e 2
E 150 vl s 601 .
= F —e—-25T @ —e-25C
= v —+35C =~ . naks I
100 g X 30 )
B ﬁﬁf o 45 C —a— 45 C
50 T T T T 1 0 T T T 1
0 60 120 180 0 60 120 180
t/min
B3 mEREMTFE
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Table 5 Screening of optimal sample concentration
BRI SR sy
(gmL™) M B 22/ % S /% UGS I /%
0.05 61.20 68.80 42.11 86.90 49.70 43.19
0.10 55.30 91.90 50.82 74.80 79.70 59.62
0.15 50.00 91.30 45.65 70.00 80.70 56.50
0.20 34.00 98.60 33.52 57.00 82.50 47.03
0.25 51.25 85.40 43.77 71.40 72.30 51.62

B, 7E 0.1 g/mL B 2 R4k &0 38 i s [
I, B A AT RN 0.1 g/mL.

2M.mﬁ%%a%%$%ﬁﬁﬁ TR AR
AR BORBEFI D2 NS, e 60%-
70%- 80%- 95% L EEAE MR TR 3EAT AW B o 11
SRS T 53 B ARV B 77) ) AR I 3K e ) e (e
FIE . gL 6 fn, Bon T LEEAEFR

%= 6 mIECERIRSHTHE

Table 6 Screening of optimal ethanol concentration

. RLZS/% j R 1%
% — ‘ ZEY% — ‘

M A MHEE A

60 53.80 78.40 80 54.20 74.40

70 81.90 83.90 95 58.78 69.30

I3 BORIR TR (IR o 24 L 70% £ B il 771
o TR AL R R SR R B . BRI, TfE 70%
LAy S AR AR B 77 o

2.8 HPLC EENHH

2.8.1 tiltfE ekt Waters X-Select Cs #
(150 mmX 4.6 mm, 3.5 um); EEHN 30 C; K
WEAN 0.8 mL/min; FEAAEFRA 10 uL; WahN
0.3% T RIKIER-L NG, PhEEDEAEF: 0~10 min,
5%~13%ME: 10~21 min, 13%~17%Z 1 21~
38 min, 17%~25%Z.ff; 38~50 min, 25%~32%
LM 50~60 min, 32%~45%ZE; 60~70 min,
45%~95%Z.fiE; 70~75 min, 95%~5%Z.JE: Fl
WAEKBEE N 270 nm.

2.8.2 XTHESVERIIHI 43RG SRR O R T



FED 2023F 98 $54% B 178 Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 17

= 5547 »

KRB EAT . RIE B BRI R 53 -7-0-7 % P R IR 1F
SRR AE &, N 70% £ BEH R & 8 1 99.41
pg/mL, AKREEFF 100.80 pg/mL, AR &K-7-0-]
HIFERERETT 105.3 pg/mL FIAIEAER 100.12 pg/mL
FRIVE %o FE ot VAR

2.8.3 HHAMIERIIH & AEHAFREL 100 mg KHE
YIFE S AT 100 mg AR S HESY, 3 AN 50 mL 46
JKF 50 mL 70% LB AR, 242 0.22 um JEALJE 5
1l K AR A it AN A 3 A T T

2.84 JNEEEE XNHERSWHAT T ONEER
UE, BREME. RS, EEM. RuetEaElieR.
GERNEK 7, 4 PR BA RIFIVEMRR, WE
FE . EEMEAREE MR RSD /N T 3%, [k

RT AT EYEAME

BREERTA (P EZG ) 2020 FEIEN, BIHT 7
ERTHTX 4 B IE o

285 FEmE B LR RILER T EH& T A
PR G RE o U 5 B B IR ALY K 4 AN B R A OR
BEAF . BT RIAEFR. KRBEER-T-0-H & b
BERR ) e, SRNE 8, ik ILE 5. RE
T W5 3] 7l B DR FLARS i Ak B 8 285 45l o R AL
Py G0

2.9 DPPH BHHAE SR EEREGINEEEIFM
2.9.1 DPPH H HAEERREMEN E B DPPH & &,
FH R AR G AR N 0.1 mg/mL £5H, 2 Bl HIA
[F1) o AR 55 R 7K A2 bk ot VAV R A 3L/ itk ot
W (12.5. 25.0. 50.0. 75.0. 100.0 ug/mL). DPPH

BEE. E8M. EWENRENE

Table 7 Calibration curves, precision, repeatability, stability and recovery of four analytes

R —— . A R[N EEN RSD/% S TR /Yo

(ngmL™") K% EEM REM PHME RSD

18 R Y=02439X—0.1152 099994 6213~99.410 135 217  1.80 9734 490
NS Y=0.4483 X—0.5247 099995 6.300~100.800 237 294 268  99.66 3.76
KB R-T-O-HEHPRRY Y=03805X—02970 0.99987 6.581~105300 0.56  1.10 1.18  95.18 325
RIE AR Y=0.196 6 X—0.2219 0.99999 6258~100.100 243 289 173 9925 478

#*8 ARIWRELERIEHTERERYD LR, SHEE5RFRS 2R

Table 8 Comparison of total flavonoids, total phenols and monomers in extracts of SS before and after treatment with

macroporous resin

FUE B/ (mg-g™)

i B AR KRB T-O R B RS 1 PIEEE I s
AL FE R 4.975 10.872 4.832 0.780 228.901 118.918
AHE fE 14.480 28.983 7.131 2.449 514.607 323.410
| bR SN H 5 BRBE /15 2 RSk HE kT . ARIE
‘lt ‘ ! 1 ' WEHH Y DPPH VEMAR, 115 A hEERE, 4550
VN TR I |FORN VL ONE N %9,
' o ‘ ' DPPH [ (3% 5% = (PA w1 —PA 1)/PA 41,
S 5 3 |4 PA ool PA e 0 5378 25 0 IR VRURD I N5 %) DPPH
; U T 51
I : Sl LA IR N X i, LKIRY) B R &
M smtonn oSS P A S IHIHI Ry Y WS 5 RE (WhHEET Y=
o VR R 0.5599 X+27.768, R2=0.9406; AFJ5 Y=0.6313
t/min X+36.272, R*=0.9457) J-it 5 DPPH i BRI -4
KRB 2B 3-RIEHFR  4-KBER-7-O-H S PR

1-luteoloside 2-hesperidin 3-rosmarinic acid  4-luteolin 7-O-

glucuronide

5 AIERTER A HPLC
Fig.5 HPLC of samples before and after treatment

il & (50% inhibiting concentration, ICso), &5H
402 10 From - I THHE AT LR Y, 2 A IR SL
W AR B 5 B AT PR = 2 1.8 fi%

29.2 MATREHDHNEENE LR REE
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9 KiEPHKIKBRMLERERXSAREILEHH
DPPH IR

Table 9 DPPH peak area in chromatography of aqueous
extract test solution and treated test solution

JR R S A BRATIKSEY) Wb PR S IK$EN)
(ngmLT) PA e TIHIR/% PA wa  THIR/%
12.50 6.4982 45833 2947 4.0474  37.72
25.00 32527 4995 29248 5499
50.00 3.0350 5329 1.6758 7421
75.00 2.0339 68.70 0.7993  87.71
100.00 1.1429  82.41 0.3918  93.97

* 10 AEFIEME NS SEREGHIHIE ML
Table 10 Comparison of antioxidant and neuraminidase

inhibitory activities before and after treatment

ICso/(ng'mL™1)

FER
i DPPH [ Hidi 5% o2 S

Ab AT 39.83 315.71

Osiiy= 21.80 88.24

7] (neuraminidase inhibitor, NAID) fifiit 4% 57 &
VLI HEAT ER A

(1) bR AERN 2L 7E 96 FLUSOCEEARAR N AR AL
BN 70 uL RS2, 40 mlnA 0. 1.0 2.04
5.0, 7.5. 10.0 uL MM & IRM, HAKMNEZ L
AR 90 uL. 3 EHJ5FE Y=-610.25 X+66 317.0,
R>=0.986 9.

(2) FERINGE : fEMAMEE RIS A 10
ul B 55 A KA AR . JRBNEST 1 min J5 37 C
8 2 min 2R, FILIMA 10 pL LK
Y. FEHRFNEA] 1 min, 37 CWEHE 30min JGHETH
HEIE . BOR KN 322 nm, KR SHEK Y 450 nm.
THEMA ARSI, ARIE 1.

PR ARG 2 = (40— A)/ Ao
Ao FIXTHELFIME GRS, A S RE VR KR ' B

A BRI FRIRE it 2 il AN [ 7 o R A D
PEFCHRIE , THEOT R . DUR IR X B,
IR Y B h 4, FEH SRR S R R A 1)
ICso {8, Z5F WK 10 Fon. B IFHEITLLEY, &
7R 75 A B DR FLARS T A 3 I 1 o 420 I T 0 9 12k 1
T 3.5 fi%,

X EE EAN R B (B B AR R o2
CARZHRIE, 2o A 4B FL I b 22 5 B
SR AP R A W AR, X AT RERR i

F= 11 AEREHRERBRNNE REREEHISIZE
Table 11

before and after treatment

JREIR

Neuraminidase inhibition rate of test solution

K2 L A% EVEpE
(ng'mL™)
REFT 25000  100.00  Y=0.230 6 InX+0.766 1,

1250.0 78.53 R?=0.986 6
625.0 65.43

3125 51.09

W E 12500 103.00 Y=0.219 8 InX+1.033 6,
625.0 99.37 R*=0.9167
312.5 83.11
208.3 63.59
156.3 61.46
T A TR S S BT R M B B PG DA SRR SE AR )
TE PR 0 ST
3 g

XPHUAR S, EACIT AL Rt o 2 B S
P, Rl REFPIIREIR R Z —, @RI AAF]
TR RN m K THRAMZE, AR E 5 5]
oAty 7™ B PR TE IR o TR REAE Y 2240 T AT
UL B BRI SR R ] B AR T AE A
RS A 7T 06220, FERAR RIS AR 5t F K
B2 ARSI B BRI 20 R A, AIAR AR SE
IR UEA R A, R EALAE R, X Bl
FIRE AR FF RS O E . ASHIF 7T LU I A
TKIZW I, S5 e 7 e Bl R FLARE I VB B /g R o) i
24 b RSN S 0 1) AR SRt T R . IR
PR RE A, BETT T IR A T A AL T R B B
SR, RIIX 2 Ry R AL B 22 5
XTI, ASKISG IO T RN E 4R 2 KR 1)
KRR EMFEAFEMETN, ARdEm 1R
IKEE IS D ) B TSGR T P AP
IVER, AR IAE FH R DA GRS RR K 8 A
TOE SR LR B . AR TER T, B R B B AL IR
Ab B 2 — PP U B SRR, A AT PR
TR T2 T B ) T ORI FE R o5, i PR
R, FESCEERL b, A B D R B O F LR IR TR
Bt/ A8 P ey A i A 2 43 0 R o B AR — S A 5
UEHE AR -

FBAR ALY ERREAEA G TR
SE
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