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Box-Behnken Response Surface Design Combined with LS-SVM Mathematical Model to Optimize the Extraction Process of
Effective Components of the Classic Famous Prescription Ditan Decoction CHEN Simiao, LI Xuran, ZHANG Yuyan, et al
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Abstract: [Objective] To optimize the extraction process of effective components of Ditan Decoction through Box—Behnken response surface
design combined with least squares—support vector machine(LS-SVM) mathematical model. [Methods] The total extraction of 5 effective
components(synephrine, hesperidin, neohesperidin, a—asarone, B-asarone) in Ditan Decoction were used as the evaluation indicators. On
the basis of single factor investigation such as ethanol concentration, liquid—to—material ratio, extraction time and extraction temperature ,
the Box—Behnken response surface method was used to design a 4—factor 3-level test, and the experimental results were constructed
through the LS-SVM mathematical model to predict the optimal extraction process of the effective components of Ditan Decoction. [Results|
The optimal extraction process of Ditan Decoction was ethanol concentration 55%, liquid—to—material ratio 10:1 (mL-g™), extraction time 88
min, extraction temperature 65 °C, and the relative error between the predicted value of the model and the measured value was 0.57%,
indicating high consistency. [Conclusion| Box—Behnken response surface design combined with LS—-SVM mathematical model can be used
to optimize the extraction process of Ditan Decoction, and the obtained optimal extraction process is stable and feasible. The application
effect of the LS—SVM mathematical model also provides a new method for the development and research of traditional Chinese medicine
and compound preparations.
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Note: A. Blank sample;B. Mixed reference; C. Ditan Decoction. 1-synephrine 2-hesperidin 3-neohesperidin 4-(-asarone 5—a—asarone

B 28 FIRE S TR A 6 R A 1 Y HPLC A
Fig.1 HPLC diagram of blank sample, mixed reference and Ditan Decoction
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Tab.1 Regression equation and correlation coefficient
% [l )= 77 R? ANV Hl (mg-mL™)
F Il bk Y=2.050x10*X+4.573x10* 0.9991 0.016~0.160
B Y=1.943x10°X+4.261x10* 0.9993 0.200~2.000
R J iy Y=1.782x10*X-3.242x10° 0.9990 0.200~2.000
341~ fik Y=4.796x10*X-2.604x10° 0.9994 0.024~0.240
o~ 21 ik Y=4.424x10*X-5.820x10° 0.9991 0.004~0.040

il 28 A VA R, A R B R TR T R
T, 0 S AR RS B 54 2 AL A A SE S IR (]
W R 43 i 97.53% 102.47% .99.72% 104.52% Fil
98.09% ,RSD{E 73 51 "M 1.79% .1.28% .1.64% .1.90% Fll
1.58% , 2% I iZ 7 i Wi M R 47

27 AR LIL

271 SRR BEXTEEBUSCR A2 OB R 10:1
(mL-g™) , $2BUEE H55 °C, FEH [E] 60 minft, 43
T 2, B BE 35% . 50% 65% 80% \95% %} - BL AT,
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2,73 PEEUCHE R PR USRS LR E R
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FEAEE HE4T I3 —fk AL B, P F Matlab 2015b%K 14 4
FE DL B LS-SVM AL | [l B ok FTRBF R4, i Ji5 >R FH A8
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Note: A. Effect of ethanol concentration on the total extraction volume of the five main components; B. Effect of liquid—to—material ratio on the

total extraction volume of the five main components; C. Effect of extraction time on the total extraction volume of the five main components; D.

Effect of extraction temperature on the total extraction volume of the five main components; E. Effect of extraction times on the total extraction

volume of the five main components.

P2 AN [ P A2 0 Sl 5 Sl o S B MR 45 T

Fig.2 Effects of different dependent variables on the total extraction volume of the five main components
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Tab.2 Factors and levels of Box—Behnken experimental design

[SES
K
A(%) B(mL-g") C(min) D(C)
-1 35 8:1 75 55
0 50 10:1 90 65
1 65 12:1 105 75
#=3 Box-Behnkenx:IiZit R &R
Tab.3 Box-Behnken experimental design and results
- s Comin) D) 5 Fb 3 2 L $R U (g - Sg7) B
(mL-g™) EHM T W YR o-myEt (msSg)
1 0 0 -1 -1 3.354 65.679 86.502 4.522 0.619 160.675
2 0 0 1 -1 3.016 65.057 85.317 4.126 0.469 157.985
3 -1 0 0 -1 2.383 58.629 68.156 4.639 0.458 134.265
4 1 0 0 -1 2.906 60.596 68.114 5.290 0.776 137.682
5 0 -1 0 -1 2.061 49.972 80.848 5.286 0.993 139.161
6 0 1 0 -1 2.498 50.619 61.220 5.560 0.934 120.830
7 -1 -1 0 0 3.430 74.008 75.921 4.605 0.689 158.653
8 -1 1 0 0 3.847 84.623 57.761 5.104 0.739 152.074
9 1 1 0 0 3314 75.510 62.270 5.046 0.798 146.939
10 1 -1 0 0 2.992 73.537 76.246 4.887 0.681 158.343
11 0 0 0 0 4.220 73.736 79.432 5.813 1.110 164.311
12 0 0 0 0 4.224 4.224 78.669 4.640 0.996 165.301
13 0 1 1 0 2.807 68.152 87.069 4.817 0.639 163.484
14 0 -1 1 0 3.495 67.547 71.500 4.613 0.909 148.064
15 0 0 0 0 4.429 75.022 79.003 4.832 0.877 164.163
16 0 -1 -1 0 2.868 67.610 69.751 4.850 1.131 146.211
17 0 0 0 0 4.644 78.541 77.082 4.383 1.001 165.651
18 0 1 -1 0 2.841 61.145 77.872 4773 1.009 147.640
19 1 0 -1 0 2.866 67.496 76.528 4.995 1.121 153.006
20 1 0 1 0 2.731 56.527 69.561 4513 1.058 134.390
21 0 0 0 0 4.557 76.850 77914 4.288 0.862 164.471
22 -1 0 -1 0 1.830 38.579 51.027 3.772 0.708 95.915
23 -1 0 1 0 1.752 38.026 50.027 3.368 0.669 93.843
24 0 0 0 0 4.629 77.198 78.223 4.688 0.882 165.620
25 0 0 1 1 2.665 56.455 65.535 3.953 0.907 129.515
26 0 0 -1 1 2.404 57.294 65.409 4.382 1.020 130.509
27 1 0 0 1 2.802 69.624 82.578 5.221 1.172 161.397
28 -1 0 0 1 1.563 30.188 40.693 2.348 0.473 75.264
29 0 1 0 1 2.616 53.501 67.983 4.303 0.896 129.300
30 0 -1 0 1 1.832 36.450 45.348 3.069 0.726 87.425
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Fig.3 Result graph of optimal parameters
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FE P UL TR 4, ¢ A 304 552 B A T A4 5 45 B0 AR 422
T, i — 25 e B R T, $U G 0 S B il 6 4
I, T AR AT A
2.9.3 BRSSO RS RT  HPEBox-Behnken
M) 37 TAT S 56 45 SR 45 5 R T2 98By, 38 4F Matlab
201 ShAR 4166 i 1 15 88 4H -5 Tl %5 415 4 , FIIHLS-SVM
RS AT B A 2 AR R T e 2445 3] 05 16 1) B B 2%

PF02 SR BE55% JBORHE10:1 (mL-g™) | 32 B 1]
88 min , 2 U 65 °C, 78 M5 U 45 14 100 4 b i
oy AR IUR 166 mg- 57,
294 BIRGEAMBEBFA N TZWUEL R R
AL T (1 o 0 42 BT 2 AT SUCFAT 100, s S
A3 AR A8 B BT B o=l Ik B4 TE Y
S B 34 (E 4 166.958 mg-5¢7 (RSDTE 4 0.28% ).,
WS, SHMME166 mg-Sg i, MR E N
0.57% , vé W 52 960 5 TN A W) & B3 ey, T80 ) 3¢ 9%
Wi R ICT. 2592 Al
3 itig

ARG Ry B A Dy (M A AR SR TP B 2 L
AR EZE T B W EE R s B s, i

®4 LS-SVMEE RIS BIRMETUE

Tab.4 Predicted value of total extraction amount of index components of LS—-SVM model

(mg-5g™)

HE ARk PN HE ARk P HE A PRI TN
1 160 11 165 21 165
2 157 12 165 22 95
3 134 13 163 23 93
4 137 14 148 24 165
5 139 15 165 25 129
6 120 16 146 26 130
7 158 17 165 27 161
8 152 18 147 28 75
9 146 19 153 29 129
10 158 20 134 30 87
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Fig.4 Comparison chart of experimental data and model prediction data analysis
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Tab.5 Results of 5 parallel tests carried out according to the optimized process (n=5, mg-5g™)
5 il 32 A
KA AR IR
F K B A E A A B4t ik o~ 40 3F ik
1 4.858 71.110 84.660 5.163 0.953 166.745
2 4.840 72.207 84.470 4.923 1.019 167.459
3 4323 72.095 84.419 5.006 1.044 166.887
4 4739 73.403 83.258 4.931 1.031 167.362
5 4.760 72.271 83.400 4.885 1.019 166.335
S 4.704 72217 84.042 4.981 1.014 166.958
RSD(%) 0.28

R LA KPR T ZMO B B 2 (H2 LR
WRZG N AR, P 2 R 2 4 0y AL 2 Rl RO
I B AR AR A A A 2038 AR AR | 3 {45 T 24 i
paxti eSS EE S 7 AR ES S e S RE R O L)
REAPEIRAERT e, SRR 7 IR T 2+
A I R R 24 24 W i 20 DU S A M
2, 73R 25 QU 25 v 25k AR 2 Gl R L 4
Jr 255277 5 R 44 R 75 2, A AR 24 5 T
25 VAR J5 i A o A S ) RIS P SR R AR A 2 2
FEAR T T vh 25 5207 50 T2 & ko R
Ve e si e ds , Bn] 25 JLUR Tl AR A 5% %, J7 vh
R P RS AR LRI R AR N FABR AT 5 I R
BENR  £1 Bl BATRIT 55 RS S 28018
L CHEANB N, MR JC T R R TG R A, LTS
A, LR BH . ROHL SR W B SR 2 1 0 A ot

620

T, S BE 220 FRFHE E B k48 55 1Y o
LA AL, §7 T 3% 07 i R R S Y A HAE
BIL K 245 24 0 o e it ik R R ABESE 38 VI 25T v
[ R A S 2 B A L7 80 B [ g ) HC A 2580 Joi i B
T AT AR T 5 T SRR 2% A ) S B
2, AT TR 1 LA S H Al 28 8044 7 v 245 52 5 1 5910 £
FERWEFE A By T #3750 5 A v

M) o7 TR 158 T — s T )iz i e B A Jr
2, RO A 10 UK, B35 48 52 ) TR 3R 22 ) /Y 52
H AR Box—Behnkeni i 1115 178 5 24 $2& U T
o 1 FH 2 8 R 5 , BE A R T2 50 B A
Rt o AR BTG AVt A7 e R BR A | 24722 > B
H e 22 DA KA AU AF AR AR s A AR Ze PR, 4853 A I
it S AR w ROER T LR FH i 1 TR 18 T 2 AT
WO AU R A PR B PR ZR 5 K B Y S B A



1 B A S0 25 1 33 A0 i 4 Kl Bt A R, R
MR HEEE T CREHEE OB BRI ) 2 B0 2 L
B 3 IR BON A RO o3 B B 52, 45 2R 3% W)
CWEWRE BB LG i B TR] R4 B B 3 i OROCR
FR 52 I B O 3 TR AR 2 T IR R A B K P LA
R S g B al, DR R =Ko sim s, A
Box—Behnkeni i [l % 1A 2032 17 52 52 301K

LS—SVMHL R BEHG /NI REAS w8 4 B2 25 e A1E 1)
FIUAT R0 28100 R AR A A% HE 389 0 3R A 4 %2, 9T 00 i
T RS RE TR A T R A N DL
AR L U 45 77 1Az )2 P RBF pR R ELAT R A Y
ZAGHE 1 R 2% 2 WO BRE T, AT 22 4 ) e
oy — 4 R P MSE ¢ o e Al 4 5 g il 1
2 () Y 22 S AR (DRI 50 B ASE R 4L ARG ) B
BT o AN 9T AR HLR 2K SE 58 AT Box—Behnken i b7 AT 5%
TR b 52 50 45 SRR 5 LS-SVMAR AL | [a] i >R H]
RBFRREL, 73 M LI iR A I SR T 20, 45 R R
MSE=23.88, % BI UL & R R4, 9F — 0 #0000 5 G 4
WA SBEHR FES5% JBORFE10:1 (mL-g™t) (4 HL
1A 88 min, $2HURFE6S °C, 55048 br i 73 B 4 it
S (B 5 F00I R AR X R 22 M 0.57 %, UE W] i R AL
5 AE,

LS—-SVMAR AY P HE I 25 (10 35 A b 22 I 2% 2 i
FOAIT ST PR B A T 24 5 3007 T 93 T A 1 Ttk
— 5T . ANWFST i ad Box—Behnken i N7 [ 352 116 &
LS-SVMALHITUI , AE Ak 1 ¥R i il R S T 25, 28
B TR S A B B Y 0L I ROR AR TR 45 R Ry
WIR W R BEE T B Y A A B TR A ST %
99 3 K FLAf ) 049 VR FH AL, 8] Bt 91E 52 Box—Behnken
W) IO TR B 71K 5 LS—SVMUSE B e 4G A v 285 52 775 il ) 412
BT 2 BA B B A Rk 52 I, b 2555 25 0T
S G T AR AR AL TR
S E 3k
References:

(1] FRFE S0 BRIEE 5 RO T )Y B1IA T XU 24 ARS8
AR M) P B £, 2020,29(6):1095-1097 , 1117
KANG Lei, YANG Renyi, CHEN Siyao, et al. A brief
analysis of the academic thought of differentiating and
treating stroke in Miraculous Prescriptions|J].J Emerg Tra-
dit Chin Med,2020,29(6):1095-1097,1117.

FEHE , B 0] IR AIG T T KU Y BF ST 2 BT R 2 S 4,
2010,16(6):131-133.

CUI Hai, WANG Ke. Ditan decoction advances in the

2]

621

(3]

4]

(8]

[10]

VL S 25 K <2 4R 2022 4F 6 J 45 46 B4 6 1]

treatment of stroke[J].Guid J Tradit Chin Med Pharm,
2010,16(6):131-133.

w B E W, E LR e T T XU 10341 (],
AR b B2 22,2002, 21(9):531-532.

MENG Fanxia, WANG Aiyu, WANG 103
cases of apoplexy treated by Ditan Decoction[]J].Shandong
J Tradit Chin Med,2002,21(9):531-532.

WAL, BRIE R A B A B TR 2 I A R AR
{19 i PRATE ST, 1 98 PR 25 4% 35, 2011,45(11):51-53, 59.
HUANG Kan, CHEN Mei, QIU Tao, Clinical

research on “Ditan Huayu Decoction” in preventing and

Guiqing.

et al.

treating post—stroke depression[J].Shanghai J Tradit Chin
Med,2011,45(11):51-53,59.

K2R R T % ML 1 A S A R R S i, ) A 2 e
SRR 4% 1 5 E AL BE %, 2020, 11 (12):52-54.
ZHENG Suyu. Effects of Ditan Decoction on cognitive
level and blood homocysteine in patients with vascular
dementia[J].Chin Manip Rehabil Med,2020,11(12):52-54.
kAR AT REEE A DY AR IR U IR IR 9T S ook B
B AL 5 I R L 45 7 5 i IURE 1) G PRATF 5[] T ve R 45
A i I A5 2% 7, 2020, 18 (11):1752-1756.

ZHANG Ruijuan, REN Shenghong, SHI Yanfang, et al.
Clinical study on Jiawei Ditan Decoction in the treatment
of carotid atherosclerosis complicated with phlegm and
blood stasis type hyperlipidemia[J].Chin ] Integr Med
Cardio—/Cerebrovasc Dis,2020,18(11):1752-1756.

VeitE B2, 45 25, R0 SC Ul | 45 SR AR RSO I I 5 AT iR
I Al /0N 200 i 9 A8 I R ZBOR W[ A, 2020, 15 (4):
383-386.

SHEN Haixia, LI Yinghong, HAO Wenjie,

Observation on the clinical effect of Jiedu Quyu Ditan

et al.

decoction  combined with chemotherapy for treating
patients with non-small cell lung cancer[J].Intern Med,
2020,15(4):383-386.

JE 475 A7 35 FA R 98 320 Tl DY o R WG ATL AR G P s 2 32491 o
ST ,2020,33(7):22-24.

ZHOU
ventilator—associated pneumonia with Qingre Ditan decoc-
tion[J].Tradit Chin Med Res,2020,33(7):22-24.

WRO7 057 , R, 2 1 A O8I IR 7 8 8 BELIE 55 4F 2
P e i A 2 e A 9 S8 R DT R B 52 W [T, v Y B A
0 LA 44 5, 2021,19(12):1980-1983.

CHEN Fangfang, TANG Yan, LI Haifeng. Effect of

modified Ditan Decoction on acute ischemic stroke in

Qiangian. Adjuvant treatment of 32 cases of

youths with phlegm turbidity and stasis syndrome and its
effect on cognitive function[J].Chin J Integr Med Cardio—/
Cerebrovasc Dis,2021,19(12):1980-1983.

LIIMER % i G WINE 3 A S B Oy~ R V7R o S 7377 IR RIab g 23 il
T e U U 0 2805 D% S AR 0 B B (ET-1 NO ¢ Tl
VWEZK - 19 52 W [J]. i PR B 24 AF 57 45 52 2% ,2021,6(29):150-
152.

QIU Weifeng, LUO Junqgiang. Effect of modified Gualou

T X G W0 B Gk 30 S W XY ) e B X INAS—STT i -H 36 A ey ueduypg—xog 2 i



TR MRS NOR B G G 3 L W E ) R 3 0 INAS=STT 1M 30 1 7 ey woyuypg —Xog * o By A

WV S 25 K54 4R 2022 4F 6 J1 45 46 45 6 1]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

Xiebai Banxia decoction and Ditan decoction on angina
pectoris of coronary heart disease with phlegm—turbid ob-
struction type and its influences on oxidative stress in-
dexes, ET-1, NO, cTnl and vWF levels[J].Clin Res
Pract,2021,6(29):150-152.

M ff S 2 TE R AR P, AR K T BUR R IF 55 IR 9T &
G £1 BRI B [J]. 9 T v B2 2 2 4, 2020,44(3):
255-258.

MEI Xianxian, LI Zhengfu, DU Yu,

FAN Yongsheng’s treatment of systemic lupus erythemato-

et al. Professor

sus encephalopathy with eliminating phlegm and resuscitat
[J]1J Zhejiang Chin Med Univ,2020,44(3):255-258.
WO 95 % IR I 2R, A5 AR G s & RR 9T A TR
T MR 552 53 58 5% L 285 3IE ) I PR T 28 [. v I 52 98 5 5 2 2%
#%,2021,27(18):101-106.

NI Lu, JIANG Tao, ZHANG Wendong, et al. Clinical
effect of modified Ditan Tang combined with acupuncture
on syndrome of phlegm and blood stasis blocking collat-
erals of dysphagia after apoplexy[J].Chin J Exp Tradit
Med Form,2021,27(18):101-106.

WRARIE | OGS I AR A 1 25 vk e 24 B4 T O0F 90 30
[J]. 7055 R o w2, 2019(1):14-16.

CHEN Zhiyuan,
and pharmacological effects of Synephrine[J].Jiangsu Con-
di Subs Food,2019(1):14-16.

WL RGBT T T BCH R ORI A R A 1
55 S ATL R 3 A [ B2 FR 4= 2020,23(1):282,288.

XIE Qi, WU Yiqun, LEI Min. Analysis of the regulato-

ry effect and influence mechanism of Neohesperidin on

TIAN Guanghui. Preparation methods

glucose and lipid metabolism in vitro and in vivo[J].Reg-
imen,2020,23(1):282,288.

R A R R PR B Y B ROR HG 24 BT M A B S U R[],
i PR 2546 ,2012,10(12):452-454.

CAO Mingxi.
hesperidin  from  Pericarpium  Citri
pharmacological activity[J].Guid China Med,2012,10(12):
452-454.

XNGERR, X0 AR 55 o4 = Bk I B— 20 =7 Bk 7 0o M 1607 95
PR FH HLRIT 5 5 (D) B AR AL W 1 2 8 g 12019,19(9):
1797-1800.

LIU Jiaxin, WANG Dan, LIU Sen,

progress of the effects and mechanisms of alpha-asarone

of

its

Research  progress on extraction

Reticultae and

et al. Research

and beta —asarone in cardio —cerebrovascular diseases [J].
Prog Mod Biomed,2019,19(9):1797-1800.

SEHRA S K, BRAR Y S, KAUR N, et al. Software ef-
fort estimation using FAHP and weighted kernel LSSVM
machine[J].Soft Comput,2019,23(21):10881-10900.
BRSO, 5k TR, @ X1, 45k T PSO-LSSVM A % 55 4 4
s 78 B AR AR [D). AL BT E TR 2 2 4R ,2018,38 (11):
1101-1104,1140.

QIU Zhongchao, ZHANG Weimin, GAO Xuanyi, et al.

Quantitative identification of magnetic flux leakage of fa-

622

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

tigue crack based on PSO-LSSVM[]J].Trans Beijing Inst
Technol ,2018,38(11):1101-1104, 1140.

YU P, LI Q, FENG Y M, et al. Extraction and analy-
sis of six effective components in Glycyrrhiza uralensis
Fisch by deep eutectic solvents (DES) combined with
quantitative analysis of multi-components by single mark-
er(QAMS) method[J].Molecules,2021,26(5):1310.

TR, 2T BRTE A5 e OB €335 15 () I 5 4
A g JRUIR 28 R O B[] W UL P BE 2 R e el
2021,45(6):675-684.

YU Fenglin, YUAN Dan, CHEN Yu, et al. Simultane-
ous determination of four chlorogenic acids in Artemisia
Japonica Thunb. leaves by HPLC[J].J Zhejiang Chin Med
Univ,2021,45(6):675-684.

UM, EOGW] BT R, AF A E i 5 R I SFE-CO,%E Il
T AP i #5,2017,39(7):1518-1521.

LI Shaolin, WANG Guangming, YAN Renliang, et al.
Optimization of SFE—-CO, extraction process for volatile
oil of Acorus calamus[J].Chin Tradit Pat Med,2017,39
(7):1518-1521.

G =Y = I NI A MR R A €= € LI
Zo[0). T EEAR R 24 ,2021,23(11):1975-1981.

XU Kunyong,GUO Jianzhong, YAN Juan, et al. Response
surface methodology for optimization of extraction process
of Baidu San[J].Mod Chin Med,2021,23(11):1975-1981.
1S RS O I DA TR A/ oY S A o R AN
FRHF BT 2] B f B4 ,2011,32(14):1-5.

ZHANG Lu, FAN Jieping, CAO Jing, et al. Optimiza-
of process
synephrine from  Citrus by
surface methodology[J|.Food Sci,2011,32(14):1-5.

gk JE b EEE I, 287 A LT LS-SVMAY ) ¥ il F By b i
AT e J] AT ALK, 2021 ,49 (1):110-117.
ZHANG Qilong, HAN Yaotu, GONG Ning, et al. Opti-
mization of sand control in Bohai oilfield based on LS-
SVM[J].China Petrol Mach,2021,49(1):110-117.

B 5L W I I R T SR AR ) R Y AR i R R A%
W 77 1 K R AR 2 A et i i B IS B[] 2 5 5 &
4 TR ,2016,30(4):58-64.

HUANG Hao, HU Yongfeng. Radial basis function ker-

nel width determination method based on local density of

tion ultrasound -—assisted  extraction for

aurantium  fruit response

sampling points and its application example in equipment
design[J].Military Oper Res Syst Eng,2016,30(4):58-64.
RS B, 42 It A R 2 0L O PRAR 5 4 o e
PR N7 5 8B SE )] R 24,2021, 52(3):613-620.

LIU Wenlong, ZHAO Jing, LI Yuanhua, et al. Study
on establishment and application of evaluation and
control theory system of holistic quality of traditional
Chinese medicine[J].Chin Tradit Herb Drug,2021,52(3):

613-620.
(F#%6287)



) DI-AN-IMV-MEL 37 B =) 27 W G0 i 3 Bl 7 SAUV fCH 46 " WX ok

=]

G T

7t
T

il

WV S 25 K54 4R 2022 4F 6 J1 45 46 45 6 1]

8]

[12]

[13]

Med Univ,2019,43(9):959-961,965.

GAO Q, YANG M, ZUO Z. Overview of the anti-in-
flammatory effects, pharmacokinetic properties and clin-
ical efficacies of arctigenin and arctiin from Arctium
lappa 1.[J].Acta Pharmacol Sin,2018,39(5):787-801.
ZHOU B, WENG G, HUANG Z, et al. Arctiin prevents
Ips—induced acute lung injury via inhibition of PI3K/AKT
signaling pathway in mice[J].Inflammation,2018,41 (6):
2129-2135.

ZHANG S, CHU C, WU Z, et al. IFIH1 contributes to
M1 macrophage polarization in ARDS[J].Front Immunol,
2021,11:580838.

ZHONG N S, YANG Z F, JIANG M, et al. A potential
Chinese medicine granule suppressing ARDS of COVID-
19: Keguan—1[J].Chin J Integr Med,2020,26 (11):803 —
804.

ZELOVA H, HOSEK J. TNF-a signaling and inflamma-
tion: Interactions between old acquaintances[J].Inflamm
Res,2013,62(7):641-651.

YU X, LAN P, HOU X, et al. HBV inhibits LPS—in-
duced NLRP3 inflammasome activation and IL-1f pro-
duction via suppressing the NF-kB pathway and ROS
production[J].J Hepatol ,2017,66(4):693-702.

TANAKA T, NARAZAKI M, KISHIMOTO T. Interleukin
(IL-6) immunotherapy[J].Cold Spring Harb Perspect Bi-

[15]

[18]

[19]

(L#EF622T)

[27]

[28]

[30]

T H A G AR X A VR TR T AT D). v I
Tl = 2% 2% 75,2018 ,24(3):308-309,314.

DING Ruicong, YANG Yiran, LIU Ling, et al. Analysis
of the origin of Ditan Decoction[]J].] Basic Chin Med,
2018,24(3):308-309,314.

A IRTE TSR A5 AR R T A 8 BT 5 AL i R
JOI]. 3230 B A58 5 IR ,2015,34(8):41-45.

LI Li, ZHANG Sai, HE Qiang, et al. Application of
response surface methodology in experiment design and
optimization[J].Res Explor Lab,2015,34(8):41-45.

Tk AR, T o IR 0 3 N (D] T e R K A
M (A RFHEM) ,2005,14(3):236-240.

WANG Yongfei, WANG Chengguo. Theory and applica-
tion of response surface method[J].J] CUN(Nat Sci Edit),
2005,14(3):236-240.

B AR U B, 4F kT MO VMDA A & 1 BSA
PEALLS-SVM Ay 73 H B8 5 R 25 Wl 75 v (1] 46 5t Tl K 2%

628

[31]

[32]

0l,2018,10(8):a028456.
CAI B, GAN X, HE J, et al. Morin attenuates cigarette
smoke —induced lung inflammation through inhibition of
PI3K/AKT/NF —kB  signaling pathway[J].Int Immunophar-
macol,2018,63:198-203.
HE S, FU Y, YAN B, et al. Curcumol alleviates the
inflammation of nucleus pulposus cells via the PI3K/Akt/
NF-kB signaling pathway and delays intervertebral disk
degeneration[J].World Neurosurg,2021,155:e402-411.
LI S T, DAI Q, ZHANG S X, et al. Ulinastatin atten-
uates LPS —induced inflammation in mouse macrophage
RAW264.7 cells by inhibiting the JNK/NF-kB signaling
pathway and activating the PI3K/Akt/Nrf2 pathway[J].Acta
Pharmacol Sin,2018,39(8):1294-1304.
FAN S, QI D, YU Q, et al. Intermedin alleviates the in-
flammatory response and stabilizes the endothelial barrier
in LPS—induced ARDS through the PI3K/Ak#/eNOS signal-
ing pathway[J]Int Immuno Pharmacol,2020,88:106951.
ZHOU Y, YANG Y, LIANG T, et al. The regulatory
effect of microRNA-21a-3P on the promotion of telocyte
angiogenesis mediated by PI3K (P110a)/AKT/mTOR in
LPS induced mice ARDS[J].J Transl Med,2019,17 (1):
427.

(Wi H 9 :2022-03-06)

22 41%,2021,47(1):10-23.
CAl Ligang, LI Haibo,

wear recognition

YANG Congbin, et al. Tool
based modified

variational mode decomposition and LS -SVM with the

state model on

adaptive backtracking search algorithm[J].] Beijing Univ
Technol ,2021,47(1):10-23.
AR F T AN A R T R/ T3 S I LAY N
L 3 TR AR R[] KA 5 B TR AR 4R, 2011,9(1):26-29.
ZHANG Wei, WU Dan, LI Xiaoqi, et al. Dam’s stress
prediction model based on LS-SVM method[J].] Water
Resour Archit Eng,2011,9(1):26-29.
T, A e A A R T AR ) i pR AR 2 1 44 A5 A
N R AR R AN NI Nt QS R
M) ,2021,35(2):77-82.
WANG Kaidi, LI Di, LENG Yangsong, et al. Multi—ob-
jective optimization of door structure based on RBF neu-
ral network model [J].J Shandong Univ Technol (Nat Sci
Edit),2021,35(2):77-82.

(s A7 :2021-11-02)



