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Anti-inflammatory Effect and Mechanism of Lianggesan and Its Component
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[Abstract] Objective: Lipopolysaccharide (LPS) -induced zebrafish inflammation model was used to
evaluate the anti-inflammatory activity of different extracts from Lianggesan (LGS) and its component
Glycyrrhiza Radix et Rhizoma. Method: Different polar fractions of LGS and Glycyrrhiza Radix et Rhizoma
were obtained by the principle of similar miscibility. For toxicity observation, the zebrafish (3 day-post-

fertilization) was exposed to different concentrations of extracts for 24, 48 and 72 h. The yolk sac of the
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zebrafish was microinjected with 0.5 g+L™' LPS to establish the inflammation model, and then the embryos were
soaked with different concentrations of extracts to observe their survival status at 72 h and the aggregation of
neutrophils in yolk sac at 12 h after treatment. Hematoxylin-eosin staining was used to analyze the yolk sac of the
zebrafish microinjected with LPS. Quantitative Real-time polymerase chain reaction (Real-time PCR) was
performed to further investigate the anti-inflammatory effects and mechanisms of LGS and Glycyrrhiza Radix et
Rhizoma. Result: The toxicity of LGS and Glycyrrhiza Radix et Rhizoma was decreased with the increase of
polarity, and the descending order was petroleum ether>ethyl acetate>n-butanol>water. Compared with model
group, the extracts from different fractions of LGS and Glycyrrhiza Radix et Rhizoma prolonged the survival
time of the zebrafish, and inhibited the recruitment and aggregation of neutrophils and decreased the infiltration
of inflammatory cells in the yolk sac, among which the water fraction of LGS and the ethyl acetate fraction of
Glycyrrhiza Radix et Rhizoma had the most significant effect (P<0.01). In addition, compared with model
group, the water fraction of LGS and the ethyl acetate fraction of Glycyrrhiza Radix et Rhizoma down-regulated
the mRNA expression of interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a«) , and suppressed the
expression of toll like receptor 4 (TLR4) and nuclear factor kappa-B (NF-«xB) in LPS-stimulated zebrafish (P<
0.01). Conclusion: The extracts from different fractions of LGS and Glycyrrhiza Radix et Rhizoma exerted
protective effects in LPS-induced zebrafish by inhibiting the TLR4 and NF-«B signaling pathways. Moreover, in
zebrafish model, the method of administration by soaking was applicable to the high-throughput screening of
anti-inflammatory Chinese medicine, which was suitable for the evaluation of anti-LPS activity of Chinese
medicine and the different extracts.
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Fig. 1 Effect of different polar parts of LGS on survival rate of zebrafish after LPS microinjection (1n=30)
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Fig. 2 Effect of different polar parts of Glycyrrhiza Radix et Rhizoma on survival rate of zebrafish after LPS microinjection (n=30)
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T A AL (R S HIER 6) , 45 R R W LPS 41 TLR4 Al
NF-«kB mRNA [ L 7E 3 hik @i,

ik — 20 7E 3 h IR ARSI 45 25 40 b TLR4 # NF-«B
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# 1 17 Real-time PCR K T LPS i 5 5 & fa1 R 4iE
J& IL-6 Fll TNF-a mRNA 3R ik KV 1948 1k, 45 1 R
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Fig.3 Effect of LGS on neutrophil recruitment and aggregation in yolk sac of zebrafish (microinjection, x20)
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Table 3 Effect of LGS on number of neutrophils (x+s,7=30)
15 Jﬁi«i&rg éi V\]rhri
/mg-L° L2 J A A

EH A 6.50+2.12
LPSH R 4] 34.50+2.12"
DEX 41 10 16.00+1.41%
LGS /K Ik B 2H 62.5 17.50+2.12%
LGS /K rhk Ji 21 125 11.00+1.417
LGS /K i ¥ Ji£ 20 250 9.50+0.71"
LGS 1FE T B Ik ik B2 41 62.5 16.50+3.57>
LGS IE T Bk B4 125 11.50+0.71%
LGS IE T i i v Ji2 41 250 12.50+3.54%
LGS LR LT AR e 41 5 19.50+2.12%
LGS Z 1R Z T v e i 41 10 18.50+0.719
LGS LR T i e 3 41 20 26.50+2.12%

LGS 3 {1 Bl A% v J3 241 1 29.50£0.71
LGS 7 {1l ik v v 3 4 5 25.50+2.12%
LGS 3 {ifi ik i v J32 41 10 18.00+1.41%

T 5 0E 4l 8V P<0.01; 5 LPS B8 8 41 [ &% 2 P<0.05, % P<

0.01(F4-F£8H)
. 22 .
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2 AR IR JAE 55 N B WF 52 1 sh R Y

Hh 24 0 A 07 8 D v 2 B O A R 0 2 B A AR 0l
Xb T 25 B WSS B AT R S T AE P 2 P O
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WA TEW 4 ;B.LPS A4 ; C.DEX 4H ;D. H# /K (125 mg- L) 4H ; E. H ® K (250 mg- L) 4 ; F. H /K (500 mg- L") 40 ; G. H B 1F T B
(25 mg-L) 40 ; H. H % 0F TEE(50 mg- L) 2H ;L H #1E TEE(100 mg- L) 4 ;). H# 2R 215 (1.25 mg- L") 4 ;K. H % 2 1R £ B (2.5 mg-L™)
L HWE 2R AER(5 mg- L)AL M. H R A Bk (0.5 mg- L) 4 ;N H 5 Bt (1 mg- L)AL ;0. H & 47 il Bt (2 mg- L4
B4 HENHISEMHEEDCPENABOBEMRENZNE (BHESH, *x20)

Fig. 4 Effect of Glycyrrhiza Radix et Rhizoma on neutrophil recruitment and aggregation in yolk sac of zebrafish (microinjection, x20)

F4 HEMhERARNRELBHEI (txs,n=30) 7 25 77 A, 8 B0 BT LPS A BE T ff A 12 FLAR
Table 4 Effect of Glycyrrhiza Radix et Rhizoma on number of EF‘ /% ?@ Qﬁ%ﬁ [EJ W F}Z El,(] ?ATA i ﬁﬁﬁ‘zﬁ_ ﬁ %EX%&
trophils (X+s5,n=30) -
R — — DEX 25491, 38 45 550 Sy 2y o o6 vk 24 1
5471352 2L N . , e et Y, NI
413 melt AR BN R IR AT IP AT . R 25 0y RS
A S0 7 6 1 R, AR AN O gl O A R O

nevisl 7.00+1.41
— 24502212 il o 24 20 25 5 20 2 1 L EL 2 R
e . oo 7 A P S 471 25 0 2 by vk o 2 B 57
R e usoees BB ¢ i85 B O 2 4 08— A A T G0 0 0 5
P s st B 0 E 22 1) e A A R O 0 55
¢ 00£2. . \ e
B K i e B 2 250 26.502.12 ik ,,\Zﬁ_ﬁ %‘E/}‘Fjﬁﬁ i ’?“O . ] i
i HIREO EE A N L S5E FHS,ELET
AR T me AR B A 62.5 10.00+1.41% e . .
N ) sosonrt Ff2E Al AL IRONET G 0, R BT LIS AR
o7 EURNNE ¥ 125 11.50£0.71° .. Hﬁ - . .
I ) 2k o AHIESE R AR AL AR B DR BEAR YR Ay B A B T
BT e R 4 250 8.50£0.71° - e N_— . N ~
R VR 0 B G 2 43 H G £ S TR L L 2R 2 TR
H 2R TR AR B2 4L 5 19.00+2.83 . . \ . .
remel * (o AE T R R R o 7 A7 50 BT B B2 1
VA YA T ) 123 . - o . o
I e miik 10 1550212 e {5, 25 5 5 W1 50 HOK 36 3 45 250 meg- L i i3 5
2 b2y y 3)
H 2T 20T v e R 4 20 9.50+0.71 LPS 3 1 il B 25 DEX 45 K1 2% i . Real-time PCR
e e 3) NN "

B Vil ARG v R 2 1 19.00+2.83 2%%43 ,ﬁﬁ*ﬁ?ﬂ]”%%@ﬁ\(ﬁ% TNF-a $u IL-6 E/\J%%
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T AEH 4 ;B.LPS B, C.DEX 4L ;D. i i 1 (62.5 mg-L™)
4B (125 mg- L) 4L F i HE (250 mg- L) 41
B5 RREAKIMAMNLPSFSHID & K EMEZHNZMN
(HE,*200)
Fig. 5 Effect of water part of LGS on LPS-induced inflammatory
cell infiltration in zebrafish( HE, x200)
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ERW 1o [ A58 6 Bt s B2 5 v i Bk 24
HEBHT TIPM . LREERRWH RN ER
1) 5 B SR AE R O TR R BUGRA , H R 2
1% 2 Tig #0850 AT 5 e B A0 8 1k 410 1) LPS 75 5 19 B 5
£ BB 4 PR Ui R E I F TNF-a FIL-6 [ 35

BT B g5 R R & B, AR I — A BT
Tt MR B K B A B HRE 2R 2 TR R A & FE DR A
FIBLH . BACHE 9T F W], TLR4/NF-«B 5 5 G 5
SE BV B PIA O . Hor TLRAAE Ry ALK [ A
f P vl AR RN 2 R — T A 7
LPS {5 5 6 T, i 1fi 38 525 40 #1146 £F 53 1k 3 7 88

24 -

WA E R 41, B.LPSH B4 ; C.DEX 41 ;D. H % (1.25 mg-L™")
L E (2.5 mg- L4 FoH (S mg- L4
Blo HEZBRZBEEAAMN LPSESHBD & JE MR H 1 %0
(HE, x200)
Fig. 6 Effect of ethyl acetate part of glycyrrhiza on LPS-induced
inflammatory cell infiltration in zebrafish (HE, x200)

x5 LPSXFESHL &I E ERIERAFFERE K TLR4 mRNA &
BRI (x+s,n=3)
Table 5 Effect of LPS on TLR4 mRNA expression in zebrafish at

different time after inducing inflammation in yolk sac (x+s,n=3)

- e B TLR4 mRNA
/g-L" 3h 6h 9h 12h
-2l 1012021  1.00£0.02 1.00£0.13 1.00+0.11

LPSHIAIZH 5 2.10+0.17" 2.03+0.02" 0.81+0.12 0.39:0.03

(MyD88) a1 JE 4 #i 1 MyD88 Wi 4 14 T i 421, i
1% T Ui NF-xB 8% % s 8 15 X, NF-«B 19 1% 1k AT 1
TR 2 40 L P B 43 0, B R T U SR ORE A T A R
KL FBORAEM & A S INEP . TLR4 1Y 13 323K 1
3T LPS i 10 20ME R 1R A2 8 o Mk 2 B 1
BT AN S AE T TNF-o i 2635 B ™. DL _E#FSE
F W], TLR4/NF-«kB 7E RAEAF 5 S h R 155 #H %
1 A, LA TLR4/NF-«B 4 0 5 BT LPS 15 5 5 T &
7, AT LA i PR N 7 28 ARAE 1 — A SO A
AW AMEH 1T T TLR4 HI NF-«B 7£ LPS i &
B4 BE L5 i B B 2 98 4 A9 1E ], Real-time PCR 45 5 &
P, LPS )3 J5 , TLR4 1 NF-«B 7E K T £f1 B 2 4 14
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*x6 LPSHFSWMBENEREKSIE/FTARFNE R NF-«B mRNARIEMFME (x£5,n=3)

Table 6 Effect of LPS on NF-xB mRNA expression in zebrafish at different time after inducing inflammation in yolk sac (x+s,n=3)

- Fﬁiﬂ?]ﬁ NF-«B mRNA
/gL 3h 6h 9h 12h
iEH 4l 1.01+0.20 1.010.15 1.02+0.30 1.00+0.01
LPS#i R4 5 3.84+0.59" 2.78+0.53" 2.91+0.57" 2.42+0.083"
R7T RERBABENHDSAPEERLEFINIRERFRIEZENZIN (3£5,7=30)
Table 7 Effect of water part of LGS on expression levels of four inflammatory factors in yolk sac of zebrafish (x+s,72=30)
215 e /mg - L TLR4 NF-«B IL-6 TNF-a
U 1.01+0.12 1.00+0.12 1.00+0.03 1.01+0.11
LPS #5841 3.73+0.56" 2.75+0.35" 4.36+0.23" 12.38+1.46"
LGS /K FBA AL A i 41 62.5 2.36+1.19” 2.37+0.35 2.78+0.37Y 8.19:+0.71%
LGS /K FBA e Ji 41 125 1.98+0.94% 1.89+0.32? 1.86+0.47> 2.57+0.43Y
LGS 7K B o5 e Ji 41 250 1.00+0.20% 1.49+0.11% 1.06+0.16> 2.31£0.319
DEX 41 10 1.24+0.40% 1.94+0.28” 2.28+0.59 3.50+0.82"

R8 HEZBMZEMUNHEIAMERREPINRERFREEHZM (T+s5,72=30)

Table 8 Effect of ethyl acetate part of glycyrrhiza on expression levels of four inflammatory factors in yolk sac of zebrafish (x+s,7n=30)

20 5 J ) /mg L TLR4 NF-«B IL-6 TNF-a
1EH 4 1.01+0.12 1.00:£0.08 1.00:£0.08 1.00+0.10
LPS 4] 3.73+0.56" 2.57+0.31" 6.45+2.11" 14.03+2.33"
TR LR L FRAR R B 2 1.25 1.92+1.04” 2.29+0.07 4.30+1.98 5.62+2.129
H R TR O e B 2 2.5 1.81£0.917 2.13+0.20” 3.85+1.61% 4.82+1.78%
R R LR e A 5 1.63+0.19% 1.63+0.30% 3.56+1.89” 5.69+0.98"
DEX 41 10 1.24+0.40” 1.74+0.18> 2.69+0.62> 4.16+1.19”

FIk W T 4 A IR BOK AL K& LR 2
fig 30 A7 5k 2 4 ) TLR4 Fl NF-xkB mRNA %1k, 1E 1
VRO . A VR LRI b & 3L LPS
5 5 B D £ R E i B2 P, Real-time PCR 45 il
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PR A L PR 1 2% 35 W D) 1 B 12 hy, H 36 UE LPS
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B, #6225 W AR AL 09 28 9 2 0 AR Gl R B &
B, 3 DR 3k B B Wi B S B TR BR T — A B[]
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P63k, B 437 A 2 v i U 1 35 DR 3 3K A I )

S, s mrh RS RHEAEREFRARE T
J (IGFALS) % 5 i mRNA 55 35 7K -4 it 1) [] % A=
BERARRY . B, A RS [ RS R AT A T
TLR4 NF-kB .IL-6 Fll TNF-o 3 [H () 3k, 45 1 5 |-
R WFSE — %, TLR4 A1 NF-xB 3 [H] 725 26 1k 0 H 3
A 18] 55 TL-6 FIl TNF-a A A .
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