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Liver Protective Effect of the Co-treatment of Rhei Radix et Rhizoma and Silymarin on

TAA-induced Liver Injury
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Dept. of Herbology, College of Korean Medicine, Daegu Haany University

ABSTRACT

Objective: Liver fibrosis is a highly conserved wound-healing response and the final common pathway of chronic
inflammatory injury. This study aimed to evaluate the potential anti-fibrotic effect of the combination of Rhei Radix et
Rhizoma water extract (RW) and silymarin in a thioacetamide (TAA)-induced liver fibrosis model.

Methods: The liver fibrosis mouse model was established through the intraperitoneal injection of TAA (1 week 100 mg/ke.
2-3 weeks 200 mg/kg, 4-8 weeks 400 mg/kg) three times per week for eight weeks. Animal experiments were conducted in five
groups: Normal, Control (TAA-induced liver fibrosis mice), Sily (silymarin 50 mg/kg). RSL (RW 50 mg/kg+silymarin 50
mg/kg). and RSH (RW 100 mg/kg+silymarin 50 mg/kg). Biochemical analyses were measured in serum, including aspartate
aminotransferase (AST), alanine aminotransferase (ALT), malondialdehyde (MDA), and ammonia levels. Liver inflammatory
cytokines and fibrous biomarkers were measured by Western blot analysis, and liver histopathology was evaluated through
tissue staining.

Results: A significant decrease in the liver function markers AST and ALT and a reduction in ammonia and total
bilirubin were observed in the group treated with RSL and RSH. Measurement of reactive oxygen species and MDA revealed a
significant decrease in the RSL and RSH administration group compared to the TAA induction group. The expression of
extracellular matrix-related proteins, such as transforming growth factor B1, a-smooth muscle actin, and collagen type I alpha
1, was likewise significantly decreased. All drug-administered groups had increased matrix metalloproteinase-9 but a decreasing
tissue inhibitor of matrix metalloproteinase-1. RSL and RSH exerted a significant upregulation of NADPH oxidase 2. p22*™,
and pd7""" which are oxidative stress-related factors. Furthermore, pro-inflammatory proteins such as cyclooxygenase 2 and
interleukin-18 were markedly suppressed through the inhibition of nuclear factor kappa B activation.

Conclusions: The administration of RW and silymarin suppressed the NADPH oxidase factor protein level and showed a
tendency to reduce inflammation-related enzymes. These results suggest that the combined administration of RW and silymarin
improves acute liver injury induced by TAA.
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2) Al oF

£ Ao AH-H thioacetamide(Cat No. 163678).
silymarin(Cat No, S0292)-= Sigma Aldrich Co.(St
Louis, MO, USA)elA AHE-3153}. Folin-Ciocalteu's
phenol reagent, gallic acid, quercetin, 2-Diphenyl-1-
picrylhydeazyl(DPPH), 2.2-azino-bis(3-ehylbenzothiazoline
-6-sulphonic acid(ABTS), potassium phosphate
monobasic, potassium phosphate dibasic, 1,1,3,.3-
tetramethoxyprotpane, 2-thiobarbituric acid, sodium
phosphate monobasic, sodium phosphate dibasic,
potassium chloride(KCl), HEPES, calcium chloride
(CaCly), magnesium chloride(MgCly), dithiothreitol
(DTT). phenylmethanesulfony fluoride(PMSF), and
glycerol-= Sigma-Aldrich Co.(St. Louis, MO, USA)
oA 793k em, sodium carbonate$} potassium
acetates= DAEJUNG chemicals & metals(Gyeonggi,
Korea)oll A 7-5)3ted AH8-31dc}. Aluminum chloride,
L-ascorbic acid, and bicinchoninic acid(BCA)+
Thermo Fisher Scientific(Waltham. MA, USA)el
A 73kl =3k Protease inhibitor mixture,
ethylenediaminetetraacetic acid(EDTA)+ Wako Pure
Chemical Industries, Ltd.(Osaka, Japan)ellAl +4
3o} A}8-319lel. ECL Western Blotting Detection
Reagents= GE Healthcare(Chicago, IL, USA)Z
B FYste] AREsdoh 1A Al TGF-bl,
COL1AL GAPDH. gp9l™™(NOX2), p22™™, p47,
NF-kB p-IkB. IkB, IL-1b, Lamin Bl Santa
Cruz Biotechnology(Dallas, TX, USA)ell A 43}
Ao, a-SMAE Abcam(Cambridge. Cambs, UK)
oA F43tedel COX-28+= 3= Cell Signaling
Technology. Inc.(Danvers, MA, USA)ellA 7913}
At} 221 3Alel Goat anti-mouse lgG antibody 2t
goat anti-rabbit 1gG antibody+ GeneTex, Inc.
(Irvme CA, USA)elM F8i3te] A3,

) A9 57

%—g@lﬁioﬂ AME 73332) $4) C57BL/6 mice(DBL
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o, 2F AL T3l A5 FE2EY F F
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2) DPPH 9 ABTS &A% &4

AE FEEY free radical A A% SAHS
93] Biosis 5 #P#o2 DPPH radical £7%
< 24399, 60 mM DPPH £ 100 mL$}

AEE w24 AT &9 100 LE E3sted 30
B ota Az ALdA 3087 wheA17) B

540 nmel|M FHEE FAs A dxreR
L-ascorbic acidg AHE-3ti o, A9 shitsl &
432 1Cs(the half maximal inhibitory concentration.
DPPH =z A& 50% JAAE B5)o=
FEA 3

A F2EY i3t E5& dotry] $8iA
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o, ol & A9 A Aol <F 16417 o] A
A3kl ABTS™& 34171 £ 30 C, 415 nmell
AN = %l"] 0.70+0.02¢] =7 ethanol2 ZH3}
ot FAE L4 95 mLol FEE 5 mLE 7}e}
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/‘}%E}‘ﬁiﬂ Alge] shabst &A1 1Cx(the half
maximal inhibitory concentration, ABTS z}clZ
HAE 50% AT E )22 ZAE

2) 84 W Assy 24

H2 | aspartate aminotransferase(AST) %
alanine aminotransferase(ALT)2 (Wako Pure Chemical
industries Ltd, Osaka, Japan) assay kitE |43}
o 22 EF wet A3 Ammonia 7>

ammonia assay kit(Abcam. Cambridge. UK)2] Z=2
EZd vl ZAs9d. A W reactive oxygen
species(ROS) = Black 96-well plates] &A 5 plL,
50 mM phosphate buffer 9% uL, 1.25 uM, DCF__ DA
25 uLE 93 UV £44=A2 F4=8 A3
Aot A% FH=E AT dul(n)E Akt

7+ 22 W A4 #4kglel malodialdehyde(MDA)
2= commercially available kit(bioassay system,
Hayward, CA) kitE o]&3ted Adstsich ROSE
gz 22 wez Y=,
metalloproteinase(MMP)-9, tissue Inhibitor of
Metalloproteinase(TIMP)-1& #4371 $]&)
Mybiosource, Inc.(San Diego. CA. USA)<] ELISA
kits T3k AME3oc

3) Western blotting

7t 249 AzAE +237] ¢ 2 mM MaCly,
10 mM HEPES. 10 mM KCI, 0.1 mM PMSEF, 1 mM
DTT, 0.1 mM EDTA, protease inhibitorZ % 7}s}
o ZA 84 7] (BioSpec Product, Oklahoma, USA)
2 Fastdeh Ea5 225 iceoll M 3083 AA
g oh, 10% NP-40 €& H7ksted 4 T, 12,000
rpm o2 247 94l ke ASAS Eeslel
ot &3 Folsle pelletell Al & E2lstr] $l3)
10% NP-407} £3+¢ bufferz T H A&3}22 0.3 mM
NaCl, 50 mM KCI, 10% glycerol, 50 mM HEPES,
01 mM EDTA, 1 mM DTT, 0.1 mM PMSFE ¥
T 108 A0 3 vertexdte] ARgste] Al A3}
a5 Hefsisiel 7F 22)¢] Ml EAelM TGF-bl, a-SMA,
COL1AL NOX2, pd7"* p22wt p-1xB, 1xkB., COX-2.
IL-1bi & 2} o] A€ NF-kB, Lamin Bl=h#A
S 2A57] f8iA 12 pugd AL 8-12%
SDS-polyacrylamide gele]l 27]%9% = acrylamide
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A PBS/TE AHEsle] 1:3,00002 3]A %] 3}
2ol A 2417 vkg- & PBS/TE AlFsie
2] 2 membranes enhanced chemiluminescence(ECL)
S AFE-3te] Sensi-Q2000 Chemidoc(Lugen Sci Co.
Ltd, Seoul, Korea)ell Z+34A17A Al whad-& 5}
olsted e, ATTO Densitograph Software(ATTO
Corporation. Tokyo, Japan) Z2 o=z A3}
Aot Ao A pES AT A vE

4) 7+ 249 AW A A

229 945 4 A ARE JF3] S8
H&E 94L& Aol 2t 222> 24417 5
10% F4 93 2236 14 A7 oL paraffin
© 2 embeddingdte] blocks #12tsgich 1 o
microtome2.2 Z2& 3 umFAL 2% AHow
A 2+ske] hematoxylin & eosin 94 st o
Mg &eto] =2 permount® A Z T 143}

3]
33} 3|7 (DSCHX50V, Sony, Tokto, Japan)&

st} stk Masson's trichrome(MT)
NS E3le] collagenst w92 AFS 3Helsty
2 slded, 7+ 24 &ge|=E weigert iron
hematoxylinell A 78 ¢+ 94 & AF&F902
™, iebrich scarletacid fuchsin® 2 2% F¢F g3}
9o}, 7 & phosphotungstic-phosphomolybdic acid
oA TH Fot wieksta, aniline blueE 10% F<t
A OF& 1% o EALIA 38 Sk IA A A
oAt 2 Sirius Red/Fast Green S22 protocol
o wel AP Olympus BX51 Microscope
(Olympus Co., Ltd., Tokyo, Japan) %&&n] 7o
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of the mean)® EAJ3}g 2™, SPSS(Version 26.0,
IBM, Armonk, NY, USA)S Al&3le] one-way
analysis of variance(ANOVA) testS 41|31, Fisher's
least-significant differences(LSD) testZ A& A
Al Zb o] H zbelo] Hg FAAH f-oA
< *X0.05, **p<0.01, ***p<0.00101 A H =3}

m, 4 =

1. Total polyphenol2t Total flavonoid &tz &

A2k total polyphenol® total flavonoid &k
223 A3} total polyphenol®] 7% 255.56+0.21 mg
(GAE)/ge2 Jepton, total flavonoid 332
24.59+0.02 mg(QE)/g &S el

2. DPPH 2 ABTS 2iC|Zr 47 BN =X

3ol habsl 58S #9lslr] $)s] DPPH ¥
ABTS =z 2AWE of&3ted ZA 3ol on,
Algle] oA tZ2F o 2% L-ascorbic acids AH-
stsich W3] DPPHE A8 A3 10y 32
3.48+0.03 pg/mLE Jebtom, ABTS gz
A AL 10y w2 9.82+0.03 pg/mLE ¥ 3
3} 24 el

bl

2

3 ME=9| HzHet
2

RSH Fei< 2.15¢0.23 dhxel wla) A% wH3ls
o] Zashs A3E vehdeH(Table 1).



Table 1. Body Weight Change of Liver Fibrosis Model

Body weight (g)

Group Tnitial B.W. (g) Final B.W. (g) Sl

Normal 23.60+0.50 3015+1.02 6.55+0.65

Control 2361031 90.27+0.40%%% -3.34+0.37%%%
Sily 93.95+0.41 91.34+0.76 ~0.61+0.48
RSL 93.50+0.17 91.18+0.30 ~0.40£0.30
RSH 23.75+0.27 91.50+0.44 915023

Normal : normal mice, Control : TAA-induced liver fibrosis mice, sliy : TAA-induced liver fibrosis with silymarin, RSL :
TAA-induced liver fibrosis mice treated with silymarin (50 mg/kg) +Rhel Rhizoma (50 mg/kg), RSH : TAA-induced
liver fibrosis mice treated with silymarin (50 mg/kg)+Rhizoma (100 mg/kg) body weight. All data are expressed as

means*SEM (n=7).

d

| XE 24 AST2F ALT =X 2 Ammonia

LNy
0x

7%5& Falslr] $8) dANAM AST, ALT
% Ammonia 35 ZA3IAE TAAS Fo3
T dEz2FAA ASTHA(IU/L) = AT vz
stod 3 Z7lsll, AlEnkel w5 Fol, RSLI
RSH¥ A d23 vlasted 242 47%, 33%,
26%2 FAshe S Felsigdeh ALTSA(IU/L)
= AL vlwsle] f2F(p<0.00D)= L7 =
7Febadan, Alelulsl Fof - RSL RSH Fof ol
Az} v|aste) 2z 28%, 26%, 1T%E 7
e e Felsdoh =3, g% Ry el
S(uM)7F E3EA] 2 o gAab A
Jogl=d & AeA gFrYels A3 A,
JAH 163.00£3.8300 Bl8) e 2 314.90+20.502.2

29 foF el 2712 Hgon, AlguEl oE
Fof 2 250.58417.25, RSL Fof 2 236.33+16.52,
RSH Fof2& 182.33123.132.2 RSHellAH % ¢

EX07 fosHA 2rasg ek (Fig. 1).

5. MDA2} ROSEH

Ao M ROSY A$ A 100.00+8.391
Hle o) 27(p<0.01) 151.31416.66 .2 1.580¢) Z7}
5 2gon, Aguldl dE Tl 115.85+10.26,
RSL Fol 72 145.3845.69, RSH Fo(p<0.01)=
11289494702 Zraspedet. =3t zkx# ¢ ROSe]
A= AR 100.00+4.89¢ =H] = 2F(p<0.01)
148.71+48402 oF 15v]¢] 715 B9loeH, Alg
njel g Fol 131.33:4.80, RSL Fo 72 133.89
+451, RSH $o7(p<0.01) 129.69+4.842 7+4544
of. 7 22 °] MDA A5 qls] £ Az, TAA
Foi el x> Al wd 1Lew F718k
om, Wz vlwsle] Aguld ©E Rl
41%, RSL ¥+ 45%, RSH FoF 59%2 ¥ %
9&A el 74 BeioH(Fig. 2).
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Fig. 1. The ALT, AST, and ammonia levels in serum.
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> normal mice, Control : TAA-induced liver fibrosis mice, sliy : TAA-induced liver fibrosis with silymarin,

RSL : TAA-induced liver fibrosis mice treated with silymarin (50 mg/kg)+Rhei Rhizoma (50 mg/kg)., RSH
TAA-induced liver fibrosis mice treated with silymarin (50 mg/kg)+Rhizoma (100 mg/kg). All data are

expressed meanstSEM (n=7). Significance :

Serum ROS level

###X0.001 vs. Normal, *p<0.05, **pX0.01, and ***p<0.001 vs. Control.
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Fig. 2. ROS level and MDA concentration in serum and liver,
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Normal :

normal mice, Control : TAA-induced liver fibrosis mice, sliy : TAA-induced liver fibrosis with silymarin:

RSL : TAA-induced liver fibrosis mice treated with silymarin (50 mg/kg) +RW (50 mg/kg), RSH : TAA-induced
liver fibrosis mice treated with silymarin (50 mg/kg) +RW (100 mg/kg). All data are expressed as means=SEM
#1<0.01 and ##p£0.001 vs. Normal, *p<0.05, **p<0.01, and ***p<0.001 vs. Control.

(n=7). Significance :



6. MMP-9z} TIMP-1 &8 Zx} 7A%E Rk Hbdel, MMP-9& oAlsle w4
MMP-9& =A43 73} TAA +2 FZelA= A A9l TIMP-1& AAZ B3] TAA Fof Zol| A
Aol w3l 44% A Aske Bgon, Alg 166%% Z7Fsk9eH, Aerldl w5 Foif, RSL
gl 45 Folf, RSL o, ¥ RSH T2 2oy, W RSHFZE 27l vls] 27 39%,
izl vls| 42 23%, 24%, H%E Z7VEe= 21%, 32% Z+A8eleH(Fig. 3).
800 - 800 -
I
600 3 600 .
E T T I E * -[ :
= 400 i & 400 | T
s S
= =
2 200 2
0 0
Nor Con Sily RSL  RSH Nor Con Sily RSL  RSH

Fig. 3. MMP-9 and TIMP-1 activity in livers.

Normal : normal mice, Control : TAA-induced liver fibrosis mice, sliy : TAA-induced liver fibrosis with silymarin,
RSL : TAA-induced liver fibrosis mice treated with silymarin (50 mg/kg) +RW (50 mg/kg). RSH : TAA-induced
liver fibrosis mice treated with silymarin (50 mg/kg) +RW (100 mg/kg). All data are expressed as means*SEM
(n=7). Significance : *#*p<0.001 vs. Normal, *p<0.05, **p<0.01 vs. Control.

1 =R L B E deig 24 2) NADPH Absta s shijdd sl 34

D A3 s s 34 NADPH Abtgas 54 Z4AE Fols

A3kl A <1k F TGF-blst a-SMAS) YA a7l RIS ek ASE ~EH A
HEFS $ME A3k TGF-blo] HaZFE A oz oA glod JreEEs B L
ol ulE w2l M 2.2 (0.001) F7Fek e o HAskTE NOX2o| wasks #eld 23 A4
o, 2 du] Akl 95 Feo{F 12%. RSL A du] TAAS Fodt djz=2ellA] 1.9+ (2<0.001)
T2 17%. RSH Fo+ 20% T 4= F7het Wi Azeel g o 15%. RSLFA
sk Age Bovh a-SMA FAE Feldt T 12%, RSH FoAT 18% zrasiact poote 4
A3, A dH] TAAS T3t 2ol 1490 A5 A3t A3 AT 9¥) TAAS T3 o
(X0.01) F7Fgh whd, Aejuldl &5 FoiF 30%, Zel| A 219 (p<0.001) F7FEE b, d 2o H]
RSLFeA 30%. RSH Fol= 28% #astsieh 3 Arid @5 R 10%. RSLFAT 13%
=3, collagen 19 72+ AAT dinvl TAAS & (X0.05). RSH T+ 14% 13 st
of gt 2ol M 2200 (X0.001) F7kebsl o, Al g pa7e] B4 Ak Al wldl TAAS

ohl g FojFelA] Az diu] 220 (pK0.05), e
Algekd ol 20%, RSL Foi+2 34%, RSH 2o}
FoALE 3% & A&z sk (Fig 4). 5

Azl A 2 (000 Z7he e, A
@5 Foq4F 10%, RSLF+ 19%, RSH
2% SE EACE FA3P Fasd

(SRR
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oH(Fig. 5). ALelA 27%2 BE AATAA FoHA Fas
3 dF A wde A Boleth =3t COX-29] 7% A d¥] TAAS
Goll A AAZ A NF-xBo| w3k T3t dzelA Lo F7Fskd o (p<0.001).
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Fig. 4. Expressions of TGF-B1, a-SMA, and COLTAT protein in liver tissue.

Normal : normal mice, Control : TAA-induced liver fibrosis mice, sliy : TAA-induced liver fibrosis with silymarin,
RSL : TAA-induced liver fibrosis mice treated with silymarin (50 mg/kg) +RW (50 mg/kg), RSH : TAA-induced
liver fibrosis mice treated with silymarin (50 mg/kg) +RW (100 mg/kg) body weight. All data are expressed as
means+tSEM (n=7). Significance : **p<0.01 and ***p<0.001 vs. Normal, *p<0.05, **p<0.01, and ***p<0.001 vs. Control.
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Fig. 5. Expressions of NOX2, p22phox, and pd7phox protein in liver tissue.

Normal : normal mice, Control : TAA-induced liver fibrosis mice, sliy : TAA-induced liver fibrosis with silymarin,
RSL : TAA-induced liver fibrosis mice treated with silymarin (50 mg/kg) +RW (50 mg/kg), RSH : TAA-induced
liver fibrosis mice treated with silymarin (50 mg/kg) +RW (100 mg/kg) body weight. All data are expressed
meanstSEM (n=7). Significance : *##¥p<0.001 vs. Normal, *p<0.05 and **p<0.01 vs. Control.
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Fig. 6. Expressions of NF-kB pbb and IkB-a, COX-2, IL-1b protein in liver tissue.

Normal : normal mice, Control : TAA-induced liver fibrosis mice, sliy : TAA-induced liver fibrosis with silymarin,
RSL : TAA-induced liver fibrosis mice treated with silymarin (50 mg/kg) +RW (50 mg/kg). RSH : TAA-induced
liver fibrosis mice treated with silymarin (50 mg/kg) +RW (100 mg/kg) body weight. All data are expressed as
meanstSEM (n=7). Significance : *##¥p<0.001 vs. Normal, *p<0.05 and **p<0.01 vs. Control.
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hematoxylin-eosin : (H&E) staining, A : Masson's trichrome (MT), B : Sirius Red/Fast Green Stain. C in
liver tissue. Normal : normal mice, Control : TAA-induced liver fibrosis mice, sliy : TAA-induced liver fibrosis
with silymarin, RSL : TAA-induced liver fibrosis mice treated with silymarin (50 mg/kg) +RW (50 mg/kg),
RSH : TAA-induced liver fibrosis mice treated with silymarin (50 mg/kg) +RW (100 mg/kg) body weight.
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