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In vitro anti-LPS-induced acute mastitis effect of Hibiscus mutabilis leaves studied
based on "component-efficacy' relationship
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Abstract: Objective To improve the clinical efficacy of H. manihot leaves, the effective components were studied for compatibility
and a design space was established to lay the foundation for subsequent formulation and process research. Methods Bovine mammary
epithelial cells (BMEC) were cultured in vitro. The appropriate concentration and time of lipopolysaccharide (LPS) for model
establishment were screened by cell viability detected by CCK-8 and the secretion of TNF-a and IL-1p detected by kits. Using the
established LPS model of BMEC cells, the best compatibility combination of effective components of H. manihot leaves against acute
mastitis (rutin, isorhamnetin, quercetin, kaempferol and hyperoside) was screened by cell viability and the secretion of TNF-a and IL-
1B. The effective drug concentration of rutin, isorhamnetin and kaempferol against LPS-induced BMEC cells was preliminarily
screened by single factor experiments with cell viability as the index. A model was established by Box-Behnken design, and the design
space of rutin, isorhamnetin and kaempferol against LPS-induced BMEC cells was established by multi-index superposition method.
The random points within and outside the space were verified by cell viability and the content of TNF-q, IL-13 and IL-6 in the cell

supernatant as the index, and the drug concentration was screened. Results The model was established by stimulating BMEC cells
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with 10 ug-mL™" LPS for 24 h; the best compatibility combination of effective components of H. manihot leaves against acute mastitis

was rutin, isorhamnetin and kaempferol; the established design space was rutin mass concentration of 96—104 pg-mL™", isorhamnetin

mass concentration of 45—54 ug-mL~!, and kaempferol mass concentration of 4.5—6.5 pg-mL"!. All the points within this space were

within the predicted range after verification. Conclusion The best compatibility of effective components of H. manihot leaves was

successfully screened, and the established design space process was stable and reliable.
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Fig. 2 Effect of different concentrations of LPS on viability and secretion of TNF-a of BMEC cells (X £s, n=9)
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Fig. 3 Content of TNF-a secreted by BMEC cells at
different action times of LPS ( X s, n=9)

MR EbAe, MR IL-1p piERE LT (P<
0.01), RIFIEMT); HHALH AL, KR IL-
1B & AR BENMHIEH (P<0.01). &AL
TRAAE SRS F . 8>24>25>30>22>31>
26>18>13>4>20>21>23>3>7>19>11>
10>17>29>9>1>12>15>14>27>2>5>16>
28>6.

i b, BAVAR TNF-o 255
# BT (P<0.01); 5HREMALE, BT 5 6.
18, 20, 25 MECARL A, HAR & EAL X TNF-a 4
B B B BENAHIEH (P<0.01). &EAL
HAEH RGN N: 9>2>8>11>5>3>10>
29>23>15>28>19>13>22>31>4>7>14>
17>21>16>26>12>1>27>30>24>25>6>
18>20.

2 AEBEST LPS S BMEC 04537 IL-1B TNF-a B30 (X s, n=9)
Table 2 Levels of IL-1p and TNF-a secreted by LPS-induced BMEC cells in different compatibility groups ( X s, n=9)
i JR IR B IL-1p/ TNF-o/ 3 IR/ IL-1p/ TNF-o/
(lg-mL™) (pg-mL ) (pg-mL") (kg mL™) (pg-mL) (pg-mL")
o & — 103.69+5.86 188.59+21.41 16 40 225.59+9.00"  300.04+12.16™
it — 252.69+6.02%  348.00£22.36" 17 40 210.00£7.13"  294.60+6.78"
1 40 212.57+9.46™  301.82+25.76™ 18 40 195.00+7.05™  328.06+18.71
2 40 221.06+9.49"  216.06+30.17" 19 40 206.08+16.45™ 276.40+30.40™
3 40 205.36+9.97""  240.88+8.29" 20 40 197.28+12.85™ 334.70+16.13
4 40 195.72+9.01"™  282.59+6.46™ 21 40 198.73+£12.45™ 296.54+7.25™
5 40 224.92+7.02"  23544+21.11™ 22 40 187.04£3.37"  278.92134.48™
6 40 226.88+6.52"  324.60+19.94 23 40 202.72+£12.84™ 258.71+£7.41"
7 40 206.08+3.27""  288.73+19.56™ 24 40 173.52+7.88™  309.06+23.76™
8 40 170.25+8.87"  231.144+11.39™ 25 40 177.43+3.76™  316.69+18.25
9 40 212.14+11.76™ 215.60+19.40" 26 40 193.77+15.54™ 300.254+23.05™
10 40 208.60+13.54™ 251.16+3.99" 27 40 220.31£16.47" 302.12+25.54™
11 40 207.81+3.45™  233.62+26.80" 28 40 226.20£9.13"  274.42+£9.55™
12 40 214.49+7.48™  301.14+7.42" 29 40 210.22+£6.81"  254.86+£17.40™
13 40 195.12+7.61"  276.824+39.30™ 30 40 179.17+8.70™  308.30+21.61™
14 40 219.00+7.59"  292.21+40.81"" 31 40 192.16+11.23" 280.60+26.31™
15 40 215.18+6.13"  272.30+2.71"

Sx R4 #P<0.01; SHERALE: *P<0.01.

#P <0.01 vs control group; “"P < 0.01 vs model group.
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24, 25, 26+ 29. 30. 31 4b, JEAAYIREEZ
H4hn BMCE #H /7% (P<0.05. 0.01), %ML
2 AE 3R 35T M : 9>8>13>14>5>15>3>

7>19>4>17>6>27>28>2>11>12>24>
25>18>26>30>31>20>1>10>16>23>
22>21>29,

sEAF IEANFIRLH ALY LPS %S BMEC 41
AEI5 %A IL-18 TNF-o 73 WA LA, Ji5 2R S0 a ik
BFS N 8 B, Bl ABD (1. F#ftz#r. W
W) AE B AERALAH S .
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4 FREIEMAXFRY LPS 55 BMEC AMEERNFM (X £s, n=9)
Fig. 4 Effect of different compatibility relationships on viability of LPS-induced BMEC cells ( X *s, n=9)
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HXIRALEE: P<0.01.
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B 5 AREIKRERZEHX BMEC MEEERNEM(X 5, n=9)
Fig. 5 Effect of different concentrations of each drug on viability of BMEC cells (X s, n=09)
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3.6 Box-Behnken NN HSCIS4E R
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6 TREIREAT. SWEE. LEHX BMEC MEFZEENEMI(X L5, n=9)
Fig. 6 Effect of different concentrations of rutin on viability of BMEC cells ( X *s, n=9)
%<3 Box-Behnken IR ITS5ER(X +5, n=9)
Table 3 Box-Behnken experimental design and results (X *s, n=29)
Wl LES Y1/% Y2/(pg mL ™) Ys/(pg mL ™)
At vasy 1/% 2 3
" Xd(gmL")  Xol(gmL)  Xa/(gmL)
1 120 30 5 94.01+6.25 226.231+20.57 367.10+4.70
2 80 50 8 85.94+12.86 200.50+10.45 344.95+15.66
3 80 30 5 85.26+4.56 183.144-20.80 355.17+1.80
4 100 30 2 92.84+12.62 227.46 +7.67 361.26 +6.49

x4 WEESKEBHESEDIN

Table 4 Analysis of variance of experimental data on response surfaces

1 J97 A TiH 175 Al HHE ¥5 F & P& wEN
AR T 1557.1 9 17.30 10.05 0.0030 &¥
X1 4512 1 45.12 26.21 00014 &%
X2 18.00 1 18.00 10.46 00144 BZ
X3 1.13 1 1.13 0.65 04455 ¥
X1X2 36.00 1 6.00 20.91 0.0026 &%
X1Xs 2.25 1 2.25 1.31 02905 &%
X2X3 1.990 X 10713 1 1.990 X 10713 1.156 X 10713 1.0000 &3
X12 43.79 1 43.79 25.44 00015 &#
X22 4.00 1 4.00 2.33 01711 &%
Xg? 2.21 1 2.21 1.29 02942 &%
k2 12.05 7 1.72 E
30 75 9.25 3 3.08 4.40 00930 AREE
afiiR 7= 2.80 4 0.70 NTE S
W 167.76 16 NTE S
TNF-a &8 R 3919.21 9 435.47 5.88 00146 &
X1 1770.13 1 1770.13 23.90 00018 &%
X2 180.50 1 180.50 2.44 01625 &%
X3 1176.13 1 1176.13 15.88 00053 &¥
X1X2 9.00 1 9.00 0.12 07377 &%
X1X3 6.25 1 6.25 0.084 07799 &¥
X2X3 144.00 1 144.00 1.94 02059 EF
X1 12.53 1 1253 0.17 06932 &¥&
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i J37 AL i H 75 Al B H B B105 F i P i wE
X2 207.79 1 207.79 2.81 01379 B
X3? 440.21 1 440.21 5.94 00449 B
5] 518.55 7 74.08 WE
AL T 237.75 3 79.25 1.13 04374 ARG
afiR 7= 280.80 4 70.20 NTES
IL-1B & & e 1910.95 9 212.33 452 0.029 7 e
X1 105.13 1 105.13 2.24 01785 B
X2 112.50 1 112.50 2.39 0.1658 ¥
X3 210.12 1 210.12 4.47 00723 B
X1X2 156.25 1 156.25 3.32 01111 B
X1X3 4,00 1 4,00 0.085 07790 B
X2X3 30.25 1 30.25 0.64 0.4488 &
X12 566.57 1 566.57 12.05 00104 B
X22 169.78 1 169.78 3.61 00991 B
Xa? 429.52 1 429.52 9.14 00193 B
&) 329.05 7 47.01 e
R ALLI 258.25 3 86.08 4.86 00803 A
aliif 7z 70.80 4 17.70 NTES
RZE 2 240.00 16 NS

3.63 X1—3.75 X>—5.13 X3—6.25 Xi.Xo+ X1 X3—2.75
X2X5+11.60 X12+6.35 X224+10.10 X32. B0 A7
R, X SHRAEREIEMEX, HHE
KR AT R, Xo. X 59RIRTETE R B
FHOG, FHEBR KM A IS BRI, B TNF-a & &
HREA A, X Xo 5 TNF-o S &2 EMx, HE
kK TNF-o &5l , X3 5 TNF-o & &2 7K,
F &K TNF-o & S8 B IL-18 & &7 FE AT A0,
X1 5 IL-1p &2 IEMHK, HEMK IL-1p &5k

Overlay Plot
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Fig. 7 Design space diagram
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THES R AT IE M W 4E /N, BI AT 68 1 2R AE 58 5 -
P REWREN 96~104 ug-mL™!, Sl H R E
W 45~54 ng-mL™, IHIZEEREREN 4.5~
6.5 ug'mL71,

3.7.2 WAEZER HACPRA/ER T BMEC 400 24 h
J& > MMIAEIE R TNF-a. IL-1B IL-6 433 0L
F 5. GXFHRA P A, AT 2H AT i A R 2 PRI
M TNF-a. IL-1B. IL-6 b EEEH R (P<
0.05). SR, %4 252500 R 2T

MfFiE %R (P<0.05), %t TNF-a. IL-1B. IL-6 [
ARREAMEIER, BRaA 1M IL-1B 4M S EA
BEMEZER (P<0.05), Horb 28] i Y 55 i 40 i A7
WEFE . TNF-a. IL-1B. IL-6 4 s E 7 EE K
il 1 e = s I TR AN D A el 11 St
IR IL-6 1) 73 A B ANiff 5 i 70 3 A2 75 () 5K, {HMA
S5 AT LA HH 2 IR 9 R0 TL-6 1 43 9 i 5 2 () b
MR WA A, XA T A AN I 4 SR T
&) 4b

£S5 WPEFEEEM TNF-a. IL-1p. IL-6 22 (X £5, n=9)
Table 5 Results of cell viability and content of TNF-a, IL-1f, and IL-6 ( X s, n=9)

20531 JHMAETE 2% TNF-o/ (pgmL™) IL-1B/ (pg-mL™" IL-6/ (pgmL™
oyt 100.0040.00 106.83+14.44 139.98+8.55 102.01+12.06
it 62.53+8.49* 311.49+16.50" 428.66+9.87* 258.26 +7.26*
MAL 91.30+1.72" 222.02+4.86" 308.21+17.88 177.23+27.56"
B2 92.47+3.83" 214.28+7.27" 322.99+6.62" 186.82+3.81"
=V 86.37£6.19" 232.08+7.65" 357.97+7.45" 211.16+5.23"
A2 79.65+7.35" 249.47+20.04 360.46+7.31" 226.22+5.40"
AR FEZE I A BT 93.26+3.64" 198.97 +6.50" 324.99+8.45" 174.86+10.47"
MTX 96.80+5.51" 189.12+7.23" 270.03+23.72" 163.75+4.91
HX4itbic: *P<<0.05; SR *P<0.05.

#P < 0.05 vs control group; *P < 0.05 vs model group.
4 g

FUIR b R an 2 FUIR R R A R R,
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SRR A A S5 34T e v B TR R 25 R0 9, ]
AT A A S 2R A et — e I S E E
X Jyitt— P ilm PR g 24 70 1) e B AR A L A AR

AHFTIEE QbD AL T2 ] J 56 UE S 30 X A
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Wit e R R 45~54 pg-mL' s 1L ZS IR ik
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