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Abstract: [ Objective | Ethanol solutions of different concentrations were used to extract the leaves of
Turpinia arguta, followed by the determination of active ingredient contents in the extracts, the evaluation of
their antioxidant and anti—inflammatory activities, and the comprehensive screening of the optimal ethanol
concentration with high extraction efficiency and favorable biological activities.This study is intended to provide
a reference for the optimization of the crude extraction process of Turpinia arguta medicinal materials.
[Method | The extraction was performed using water extraction—alcohol precipitation and gradient ethanol
solutions (10%, 30%, 50%, 70%, and 90%). The contents of total polyphenols and total flavonoids were
determined by ultraviolet spectrophotometry, while the concentrations of specnuezhenide, rhofolin, and ursolic
acid were quantified using high—performance liquid chromatography (HPLC). Antioxidant activities were
assessed through DPPH and ABTS radical scavenging assays, as well as the ferric reducing antioxidant power
(FRAP) test. Anti—inflammatory activity was evaluated by measuring the inhibitory effects of extracts on nitric
oxide (NO) production in LPS—induced RAW 264.7 macrophages. [ Result | Ethanol concentration significantly
influenced the extraction efficiency of bioactive constituents. The 70% ethanol group demonstrated superior
comprehensive extraction performance, yielding the highest contents of specnuezhenide, rhoifolin, ursolic acid,
and total phenolics compared to other concentrations.Extracts using 90% ethanol ranked second, while the 10%
ethanol group showed the lowest yields.In terms of total flavonoid content, the 90% ethanol extract exhibited the
highest level among all groups ; however, no significant difference (P>0.05)was observed between the 90% and
70% ethanol groups. Considering solvent cost—benefit analysis, 70% ethanol likely represents the optimal
equilibrium point for process optimization. Antioxidant activity assays revealed significant positive correlations
(P<0.05)between total phenolic/flavonoid contents and antioxidant/anti—inflammatory indices.The 70% ethanol
extract displayed optimal antioxidant capacity across all tests: DPPH radical scavenging rate (62.7%) , ABTS
radical scavenging rate (70%) , and FRAP value (0.29 pmol Trolox/mL).For anti-inflammatory activity, at a
concentration of 0.075 mg/mlL, both 70% and 90% ethanol extracts demonstrated substantial inhibition of NO
production, with inhibition rates of 74.24% and 76.89% , respectively.[ Conclusion | 70% ethanol represents an
optimal solvent concentration for extracting active constituents from Turpinia arguta leaves.Extracts obtained
using this concentration effectively enriched key bioactive compounds, including ligustroflavone, rhoifolin,
ursolic acid, total phenolics, and total flavonoids (with flavonoid content comparable to 90% ethanol extracts ).
Furthermore, they exhibited superior comprehensive bioactivity , demonstrating the highest antioxidant capacity

(as evidenced by DPPH and ABTS radical scavenging rates, and FRAP values) and significant anti—
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inflammatory activity (NO inhibition rate of 74.24%). These results indicate that 70% ethanol achieves an
optimal balance between bioactive compound yield, functional activity, and economic feasibility. The high
extraction efficiency likely stems from the favorable solvation properties of this medium—polarity solvent.
Specifically, 70% ethanol exhibits strong dissolving capacity for diverse target compounds spanning medium—
polarity (e. g., medium—polarity flavonoid glycosides) , medium—to—low polarity (e. g., triterpenoids such as
ursolic acid) , and polar polyphenols. This broad—spectrum solvation capability overcomes the limitations of
single—polarity solvents, enabling simultaneous and efficient extraction of bioactive compounds with diverse
polarity ranges from plant materials. From the perspective of industrialization, 70% ethanol demonstrates
distinctive advantages.Compared with high—concentration ethanol, it can reduce the solvent cost by 20%—-25%.
Multi-batch repeated experiments show that the relative standard deviation (RSD) of the process is less than
3%, indicating good process stability. After vacuum recovery, the residual ethanol is non—toxic and harmless,
with favorable safety performance This study provides valuable data to support the standardization of the
primary extraction process, quality control, and subsequent formulation development of Turpinia arguta crude
drugs.Future research could further explore the synergistic interactions among the compounds in the extract and
verify its activity using in vivo models.For instance, it can analyze the synergistic effect between ligustroflavone
and ursolic acid via the isobologram method, establish inflammatory models such as carrageenan—induced rat
paw edema for in vivo validation, develop novel drug delivery systems (e. g., nanoemulsions) to enhance
bioavailability, and construct an HPLC fingerprint with ligustrin and ursolic acid as dual marker components.
From the perspective of industrial application, it is recommended to adopt a multi—stage extraction process
using 70% ethanol as the primary solvent to maximize resource utilization efficiency and the comprehensive
recovery of active ingredients.
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Tab.1 Gradient elution conditions

t/min 0 15 16 35 45
AVIV)% 100 80 55 10 0
B(VIV)% 0 20 45 90 100
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T Xof MR R, I T BEE 25 32 5 ml, 6 1.2.2 i S AR bR i, 1S PR BT 2 DT | RE SRR (9 i
1S3 FT RSD o
125 SLRLARTARBYE S-S

S X S 7 I B 22 T o S e AN ) e 2 IR B i A B 1 B 0.5 mg/mLL FRE B
VR, 76 10 mL EP A rP AR YA 1 mLAE SV, 1 mL AR AR , 3 mL 7.5% B B B VA U, T 0 4l 7K 5 4%
10 mL, #EGI N 2 h 5, 76 765 nm A0 WO BE o G 8 1 B IR A o & i A B C 1 12 0.3, 0.2, 0.1,
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Tab.2 Results of linear relationship

A% Compound EHJ7 % Regression equations HHIEZREL Correlation coefficient
B'gngts Specnuezhenide Y=5464.5X - 180.25 R*=0.999 9
BFBRIH Rhoifolin Y =11232X +30 258 R=0.9990

AESRMR Ursolic acid Y =22548X+37778 R*=0.996 0
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22 AEFWIEER
221 MHEFEHXELER

THE IS L T BREEARE REIR IR T34 RSD 439110 2.19% .0.66% . 1.63% , 3 WA Sk %5 E R4
222 ABEMKELER

A IS 2 T B RE SRR T4 RSD 43518 1.77% . 1.77% . 1.98% , i3t L2 5 45 M 7E 24 h

NHRAE
223 MttEnlXb s R
T TS A v PR | RE SRR 1) -2 (i %6 98.568% ,96.730% . 98.120% , V-3 RSD 4351 4

1.35% .1.86% .1.54% , 3 W1 2 B3 00 7 125 AT 47 o
23 ZEARSEXLERM RSB ERER S S =N

1 2% 3 WA, SRR B0 L vl 1 BFAR A L BESR R B S IR A B35, 7 70% & AR 53
BT A U & iR B AE . 2 T PR U Bl O B R 350 & R e T E Bt 3 K st ik 5
TRARFR 3 8 2 B2 (10% . 30% . 50% ) $E BUSUR 48 22 (0.183%~2.644% ) , 24 L BEAK TR/ B0 N 70% B 3k 1 (.
(5.464%) , B3 = T HABARFE(P<0.05) 590% L BERFUMECT A5 2:(5.176% ) BRI T 5.27%,
(AT S 20 T A IR AR 43 4l (P<0.05) , 3R W i AR R 3 35 O B HZ L AT IR BRI VS i e T o TR AR
H IR AR IO B2 70%(1.028% ) , Ho& KB BETTEE (0.609% ) 2 7+ 6.88% 3 50% L 120 (1.029%) 5
70% LB TC i 2 Pk 25 5 (P>0.05) , 3R WIZ 53 7E 12 AR 43 5500 [ P X8 PT S v sl P B . B SRR 4 B
Rl 2 BRI BB B B, 70% Z R ICR (0.631%) 35 2 T HAl AL B4 (P<0.05) , 8 7K S5 B iit
(0.123% ) $2 T+ 413% ; 24 2 RT3 80H 90% , HAEEHCR 26 [ (90% Mk 41 0.454%) o
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Tab.3 Results of ligustin, marsetin and ursolic acid contents in Turpinia arguta(Lindl.)Seem

with different ethanol concentrations

/%
FE Content
Sample LT HFE M ARSI
Specnuezhenide Rhoifolin Ursolic acid
JKHEBEIT Water extracts alcohol precipitation 2.277° 0.609" 0.123*
10% 0.183' 0.571" 0.063"
30% 1.868" 0.560" 0.098
50% 2.644° 1.029° 0.282"
70% 5.464° 1.028" 0.631"
90% 5.176" 0.993" 0.454"

[ATAS 6] R R 7R 35 M 22 7 (P<0.05) .
Different letters among the same row indicate significant differences (P<0.05).
24 ARERSBZERBNLEEMFZRREMESHINAERMSESH
R4 E I, CEEWR AR, I B b S 2 5 SR SR BOR AR . SR 2 R ICRm
IR (9.79%) 5 30% L2 (9.57%) Jo i E PE 2 57 (A B & 5 T 10% L4 (4.50%) 5 70% L4
HBURIRIE(E (19.47%) , H B 275 T HABAL B ;90% £ B HREUR (15.15% ) FBIEAE I B T [ 5 B 40
T 50% LA (11.36%) o Al S B i B2 ORI 5, Bl Bk B AR Ak, IR B BT (7.84% ) 55 50% & P2
(7.88% ) 25 FAH T s 7 90% L BEARFR 80N ih i =i B0 (8.28%) , 15 70% £ W4 (8.15% ) To ik 1 25 57, &
W2 53 TE T0%~90% I ] A 35 AT S5 90 e s 4 L
2.5 AREERSEH ZERIEIMIELFES
H 2% 5 B T 0 R TR AR 4385 20 T L 7 T3 2 O i B Ae Ak 19 1 22 SRR, Horp 70% 2 TR IV 1)
DPPH H H 5L FRBE 7 (62.72%) . ABTS H H 5L W5 BRBE 71 (70.00% ) .FRAP ST AL E 77 (0.290 pmol Tro-
lox/mL) i 40 T Hofth Z B2 42 B (P<0.05) , B 70% £ BE U B B AL BE 1 #cts.
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Tab.4 The contents of total polyphenols and total flavonoids in different ethanol extraction concentrations

AR %
F i Active ingredient concentration
Sample S S
Total polyphenols contents Total flavonoids contents
KPR .
Water extracts alcohol precipitation 079 784
10% 4.50" 5.81°
30% 9.57° 7.01"
50% 11.36° 7.88"
70% 19.47" 8.15
90% 15.15" 8.28"

[R5 AN [l P B A A 235 22 57 (P<0.05)
Different letters among the same row indicate significant differences (P<0.05).

K5 ARERH/LBZEERINYWA DPPH.ABTS BE HEERZEFFRAP 2R e

Tab.5 Different concentrations of ethanol extraction had a significant effect on DPPH,ABTS radical scaveng-

ing rate and total antioxidant capacity of FRAP

. SR
FE i . .
Antioxidant capacity
Sample
DPPH/% ABTS/% FRAP/(pmol Trolox+mL™)

JKHEEEDT Water extracts alcohol precipitation 53.66° 66.59" 0.104"

10% 37.09" 62.66" 0.167°

30% 51.45° 65.60° 0.140°

50% 57.19 65.60° 0.176°

70% 62.72 70.00 0.290"

90% 59.31" 67.37" 0.233"

[FIF5 AN [l PR R A 2 22 57 (P<0.05)

Different letters among the same row indicate significant differences (P<0.05).

2.6 AEMERSEBZERIMBEIMIRE ES

AT T LPS 155 RAW 264.7 5 WEZN M 57 9 FERLAY >R F NO A il il B8 724 L 7 (7] 20 P4

B IR F A B30 e B o W 6 BT/ , v s AR AR 08K 20 B (509%0~90% ) B MUY LA [ 4 B X NO B
TR IR IR 8., Fr 70% Z BRI NO H 1 28 55 90% £ BB U 45 RAH I , LA 90% £ B4 HL )
R, T3 NO FIHI R A3 A 74.24% F176.89% . (EAFERE B, 90% L BEHEHUY) Bk fe 0 %
R ILE A B R 70% ANFR T 3.6% , 45 G AR S 74T, 387 70% L BEnT ek T AT A5

Fz6 75 pg/mLATHRERENARERIA NO HI & 2=
Tab.6 The effect of different extracts with a concentration of 75 pg/mL on NO content

IKAREET
FE i Sample Water extracts alcohol 10% 30% 50% 70% 90%
precipitation
NO il /%
41.15 31.72 42.31 66.67 74.24 76.89

NO inhibition rate

2.7 EMERSFEALEERNEXES T

E2
3k

8 15 Pearson FH I 43T £ 37 10 A (R3PS 4 5 BT EAL P bR i e RO R AR 5 RANE 8 iR . &
Wy & 5P A AL TG (DPPH  ABTS . FRAP) £ 4% 1 35 IEAH G (P<0.01) , BLEE R 75 & 5 DPPH \ABTS H
T8 B R A AN 28 1A G (P<0.01) 5 B — Ak 22 il oy (& o4 EP AT L RB SRR ) & & S Pu & Ak il

(DPPH ,ABTS .FRAP) 24 . 2 1E4H ¢ (P<0.01) .
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®7 BEUERSEMENEEEXEITER

Tab.7 Correlation analysis results between active ingredients and antioxidant activity

AR T LT PREMH BRI S 5§l
DPPH  ABTS  FRAP
Correlation factors Specnuezhenide Rhoifolin  Ursolic acid Total polyphenols Total flavonoids
DPPH 1
ABTS 0.90" 1
FRAP 0.50° 0.62" 1
0.89 0.91 0.76 1
Specnuezhenide
HFE M H - .
0.75 0.63 0.76 0.80 1
Rhoifolin
REIRIR . - .
0.76" 081" 0817 0.88" 0.81° 1
Ursolic Acid
NEWH " - - .
0.86 0.90 0.79 0.94 0.77 0.84 1
Total polyphenols
SR - .
0.88" 0.77 0.40 0.80 0.68 0.57 0.79 1

Total flavonoids

##F IR P<0.01, %3 7R P<0.05,
#* represents P<0.01 and * represents P<0.05

2.8 EMER S FIHRE ERE K E S
R 1 Pearson 15 AR SN S M7 i S L1 19 305 1R A 20 S5 BT R AR AR B TR0 R AL 45 R INSR 8 s . B
Z W S B LA A O BRI L DT BRI NO I 3 S AR 2 2 TE A G (P<0.01) o
x8 FEHMSERREEEXIESTER

Tab.8 Correlation analysis results between active ingredients and anti—inflammatory activity

FHOCHR T JsEA1] syl LU PR RERmR NO il 22
Correlation factors Total polyphenols Total flavonoids Specnuezhenide Rhoifolin  Ursolic acid NO inhibition rate
JBZ W) Total polyphenols 1
JVHE Total flavonoids 0.79" 1
4 5T Specnuezhenide 0.94" 0.80" 1
HPEE R Rhoifolin 0.77" 0.68" 0.80" 1
AEIRMR Ursolic Acid 0.84" 0.57" 0.88” 0.81" 1
NO 12 NO inhibition rate 0.85" 0.76" 0.92" 0.95" 0.86" 1

##F IR P<0.01, #3778 P<0.05,
#* represents P<0.01 and * represents P<0.05.

3 ieSEit

BAREE T T 25 M Mg i b AR08 i S EBURIE Y o P 2 SRl P R R T v | BRI R
T BRI A 5 B 53, FH 0 6 BE R X B e AT T, R IR 2 B A3 2 LU A B )
DIFEZ N RIBIFFE 3B LA 20T 5 700 EURE 4 4 T 288 A 8 e R AP, 136 £ B 2 I 2R B I P 45y F2 3
A B0

AR FEHE T 200 28 451 AT ATk SR A 5 | SR P B4R vk SR UL L 2 TR i B AT /a4, B B i 5
S O S5 AR T, 70% SR PRIBUSCR B . 8 HPLC I LU A 5] i rh 2o o 1 BRI R  Je
AEIRIR & i, RILT0% CBEEE I vh =35 & b de s , 53 5K 5.464% .1.028% ,0.631% . il i AR St 4 Ak
TN, PPN AN TR 2 B gH B U4 1L A [ A RO A3 I B AR 1 R I 70% B RSN Ak RE
4, DPPH . ABTS T8 B R 70 311N 62.72% . 70.00% , FRAP S 3T A ALAE 114 0.29 pmol Trolox/mL. FXf A
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[F] & BELH AT L5 A% b, £ 21708 B ABTS BGRB8 T DPPH, i 7] g S HT A Ak is HEHL AR [Rl A 6™ #E
DPPH HL A AT M T7 T, 70% L BEHR B 10 bR R 62.70% , 5 5 BOBLEER X6l it XU v 25 i 25 4k & il
TE ML AATE PEZE A (62.44% ) fm BE 4230, X BEIA BRI B 8] 70% £ BESE I BAT 55 SCHRHR I8 1) v XUk
BAE S AR SRR T, R AR KRB A RAFHIW T . AN QB S 2 By B o
T RE B 45 R R, 70% LB R 22 W B (R 19.47% ) 5 BB TR 2 5 0 L 90% 1 70% L BELH AT
A AT (51 h 8.28% .8.15%) o X — 45 H 5 A v S B B AR AR UAR FR 20 8K (75.6% L BE ) AHW)
Go HEBNE RTINS TEAEEAR, A TSR BEE S, AR AR T 5 2 BEf R4 v , B3 T3
PRI 150 s 255 AR I 45 SR, 709% 2247 ) & BEAAFR 43 00T R i3 A $ B rp S5 AR 1k 1) B TR 2 4k
HW, R RO/ D 24 A . LPS 1755 5 1 W 20 At 98 S AR A S /R, AN R AR R 43550 2 Tt ) 1 e [T 4
By ae sl NO Bk, R BA —E TR AEH s Horb, 70% F190% L4 Uy i 4 il ROR fefE
PO 2R 53590 R 74.24% F176.89% . [R) B 38 13 AH M /AT R IS 2 B | SVEER S i S P AL PR TGRS
ERFIEME. L6 0 FEEE,70% WA T 2 BARTE R —F8 pr L R B A, (B e B 2 & i |
R RPR GG Z AN RN IE B AR A B . AR AR AT 0 4y B alidl A
AR AT 3 B AL I — 20 5T, S B L A R BE 0 1 v S8R B 2%

Bigt BT P A MO B2 BE SRR 5T 5 A BHIE L 50 (T H g% : 2024522803 ) 5 i S 0 BOMOL BHE AR R a3 H
(T H 45 : JXTG[2024)26 5 RS X ARG 45 T 1 %6, i R4
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