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Abstract 

Scoparone, a key 5ngred5ent 5solated from Artem&s&a cap&llar&s, has 
5mportant therapeut5c propert5es. In our study, 5t was a5med to 
5nvest5gate the therapeut5c effects of system5c adm5n5strat5on of 
Scoparone on l5ver f5bros5s after the format5on of l5ver f5bros5s w5th 
Th5oacetam5de. In order to create a chron5c f5bros5s model, Sw5ss 
alb5no m5ce were 5njected 5ntraper5toneally w5th Th5oacetam5de. 
Serum levels of AST and ALT were 5nvest5gated 5n all groups, and 
TGF-β1, HGF and TNFAIP6 gene express5ons from mRNA 5solated 
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from l5ver t5ssues were exam5ned. Accord5ng to our f5nd5ngs; ALT 
and AST levels of mouse serum samples 5n the f5bros5s groups were 
s5gn5f5cantly 5ncreased compared to the control, DMSO and 
Scoparone groups. It was observed that Scoparone 5nject5on 5n the 
f5bros5s group decreased ALT and AST levels, but there was no 
stat5st5cally s5gn5f5cant d5fference. Wh5le HGF gene express5on was 
found to be s5gn5f5cantly h5gher 5n l5ver mRNA samples 5n wh5ch 
Scoparone treatment was appl5ed to the f5brous group, compared to 
all other groups, Scoparone 5nject5on to the f5brot5c subjects caused a 
decrease 5n TGF-β1 gene express5on (p<0.05). Inject5on of 
Scoparone 5nto the l5ver f5bros5s group caused a decrease 5n 
TNFAIP6 levels, but th5s decrease was not stat5st5cally s5gn5f5cant. In 
conclus5on; although scoparone does not completely regress f5bros5s, 
5t has been found to be benef5c5al and th5s 5s reflected 5n molecular 
analyzes. However, further stud5es are needed to determ5ne the effect 
of d5fferent doses, to clar5fy 5ts molecular mechan5sms and targets, 
and to eluc5date 5ts tox5c5ty. 

 

Introduction 

Chron'c l'ver fa'lure 's a slowly progress've l'ver 'njury process and 's a common health problem 
worldw'de w'th s'gn'f'cant morb'd'ty and mortal'ty rates. In th's process, normal l'ver t'ssue 's replaced 
by f'brot'c t'ssue w'th regenerat'on nodules [1]. If f'brot'c t'ssue 's left untreated, c'rrhos's, wh'ch 's 
assoc'ated w'th organ shr'nkage and nodule format'on, may occur, ult'mately lead'ng to organ fa'lure 
and death [2,3]. In general, l'ver transplantat'on 's the most effect've treatment for chron'c l'ver fa'lure, 
but 't 's not w'dely pract'ced due to a lack of donor organs, costs and spec'al'sts. It also has the 
d'sadvantage of requ'r'ng l'felong 'mmunosuppress'on. Therefore, !n v!vo and !n v!tro models of drug 
tox'c'ty and chron'c l'ver fa'lure are cr't'cal for 'dent'fy'ng new drug targets and test'ng new therapeut'c 
'ntervent'ons [4]. Hepatoprotect've agents, espec'ally natural products and herbs, are 'mportant aga'nst 
chem'cal l'ver 'njury [5]. However, 'n recent years, extens've research on the appl'cat'on of trad't'onal 
Ch'nese med'c'ne 'n the treatment of l'ver d'seases has become 'ncreas'ngly common. These 
'nvest'gat'ons are generally a'med at protect'ng hepatocytes and 'nh'b't'ng hepat'c 'nflammat'on [6]. In 
the l'ght of recent data obta'ned from var'ous !n v!tro and !n v!vo stud'es, Scoparone, an 'mportant 
component 'solated from Artem!s!a cap!llar!s, 's reported to have 'mportant therapeut'c propert'es [7]. 
Scoparone has been used 'n Ch'nese herbal med'c'ne to treat neonatal jaund'ce [8]. Var'ous stud'es have 
reported that Scoparone has hypol'p'dem'c, ant'allerg'c, ant'-tumor, ant'-ox'dant, ant'-'nflammatory and 
hepatoprotect've effects [9,10]. In our study, 't was a'med to b'ochem'cally 'nvest'gate the effect of 
system'c adm'n'strat'on of Scoparone on l'ver damage after TAA (Th'oacetam'de)-'nduced l'ver 
f'bros's, to molecularly determ'ne the express'on of genes assoc'ated w'th l'ver regenerat'on. 

Materials and Methods 

Experimental design 

For th's study, eth'cal approval was obta'ned from the local eth'cs comm'ttee of Afyon Kocatepe 
Un'vers'ty-Exper'mental An'mals Appl'cat'on and Research Center on 24.06.2020 w'th the protocol 
number 49533702/282. A total of 40 male Sw'ss alb'no m'ce, 8-10 weeks old, 18-20 g, were used 'n the 
study. Dur'ng the exper'ment, the m'ce were kept 'n rooms w'th a temperature of 21 oC and an amb'ent 
hum'd'ty of 55-60%, 12 hours of l'ght and 12 hours of darkness, and all m'ce were fed ad l'b'tum w'th 
standard mouse chow dur'ng the exper'ment. The chem'cals used 'n th's study were Scoparone (≥98% 
pur'ty, S'gma-Aldr'ch®, USA) and Th'oacetam'de (TAA) (≥99% pur'ty, S'gma-Aldr'ch®, USA). M'ce 
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were d'v'ded 'nto 5 groups (n=8 per group) as control group (Group 1), DMSO (D'methyl sulfox'de) 
group (Group 2), Scoparone group (Group 3), TAA group (Group 4), TAA+Scoparone group (Group 
5). Control Group (Group 1): Noth'ng was appl'ed to the subjects for 12 weeks. DMSO Group (Group 
2): DMSO, 'n wh'ch Scoparone chem'cal was d'ssolved, was adm'n'stered to the subjects at the same 
rate (0.04%) for 2 weeks [7]. Scoparone Group (Group 3): Scoparone agent was d'ssolved 'n 0.04% 
DMSO and adm'n'stered '.p. at a dose of 40 mg/kg da'ly for 2 weeks [11]. TAA Group (Group 4): TAA 
agent at a dose of 100 mg/kg was d'ssolved 'n PBS (Phosphate-buffered sal'ne) and adm'n'stered '.p. 3 
days a week for 12 weeks (11). TAA+Scoparone Group (Group 5): TAA agent at a dose of 100 mg/kg 
was d'ssolved 'n PBS and adm'n'stered '.p. 3 days a week for 12 weeks [11]. After 12 weeks of TAA 
adm'n'strat'on, Scoparone agent was adm'n'stered '.p. da'ly at a dose of 40 mg/kg for 2 weeks. 
Scoparone dose (40 mg/kg) was selected based on pract'ces reported 'n prev'ous stud'es w'th'n the 
effect've and safe dose range [7]. 

Serum liver enzyme levels 

Serum alan'ne am'notransferase (ALT) and aspartate am'notransferase (AST) levels were measured 
us'ng commerc'ally ava'lable ELISA (Enzyme L'nked Immunosorbent Assay) k'ts (Sunred®, Shangha', 
Ch'na; Cat. No: 201-02-0330) 'n accordance w'th the manufacturer’s protocols. 

Real time-polymerase chain reaction  

RNeasy Plus M'n' k't (QIAGEN®, Germany) was used for RNA 'solat'on from mouse l'ver t'ssues. 
Qual'ty of RNA (OD260/280) was evaluated us'ng the nanodrop dev'ce (NanoDrop/ND-1000 
UV/USA). cDNA synthes's followed the 'nstruct'ons 'n the RT2 HT F'rst Strand K't (QIAGEN, 
Germany). β-act'n was used as a reference gene. RT2 SYBR Green qPCR Masterm'x k't (QIAGEN, 
Germany) was used for determ'nat'on of gene express'on by Real-t'me polymerase cha'n react'on (RT-
PCR). PCR m'x was prepared for each sample (HGF, TNFAIP6, TGFB1, ACTB) accord'ng to the 
'nstruct'ons 'n the k't.  RT-PCR cond't'ons were determ'ned as 95 o C for 10 m'nutes (1 cycle), 40 cycles 
of 15 seconds at 95 o C and 30 seconds at 60 o C 'n B'orad dev'ce. Relat've gene express'on levels were 
calculated us'ng the 2^-ΔCt method (normal'zed to β-act'n) and expressed as relat've express'on values 
[12]. 

Statistical analysis 

The data of the research was analyzed us'ng SPSS 22.0 (IBM) software. The su'tab'l'ty of the data for 
normal d'str'but'on was evaluated by Shap'ro–W'lk test. Levene test was used to determ'ne whether the 
var'ances were homogeneous. Add't'onally, one-way ANOVA were used. Tukey's test was performed 
when var'ances were homogeneous. For nonnormal d'str'buted data, 'ntergroup compar'sons were 
performed us'ng the Kruskal–Wall's test. p<0.05 was cons'dered stat'st'cally s'gn'f'cant. Sample s'ze 
and power: Group s'zes (n=8) were suff'c'ent to detect b'olog'cally mean'ngful d'fferences. Post-hoc 
power analys's us'ng ALT values 'nd'cated stat'st'cal power ≈75–80% (α=0.05, two-ta'led). 

Results 

Serum AST ve ALT levels 

ALT and AST levels were s'gn'f'cantly 'ncreased 'n f'bros's groups compared to control, DMSO and 
Scoparone groups. Scoparone 'nject'on 'n the f'bros's group decreased ALT and AST levels, but there 
was no stat'st'cally s'gn'f'cant d'fference (Table 1). 
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Table 1. B5ochem5cal analys5s of the exper5mental groups. 

Groups Mean AST (U/L) Mean ALT (U/L) 
Control  81,91±11,59 27,51±8,42 
DMSO 86,66±12,45 28,11±3,54 
Scoparone 87,99±15,48 30,81±3,54 
TAA 118,07±16,09* 36,02±6,04** 
TAA+Scoparone 95,30±28,07 31,45±3,29 

The values of the groups >n the table show the mean±standard dev>at>on of the ELISA analys>s results obta>ned from the 
samples. *: Represents the stat>st>cal d>fference between TAA group and control, DMSO and Scoparone groups (p<0.05). **: 
Represents the stat>st>cal d>fference between the TAA group and the control and DMSO groups (p<0.05). 

Gene expression results 

HGF gene express'on was found to be s'gn'f'cantly h'gher 'n Scoparone-treated samples of the TAA-
'nduced l'ver f'bros's group compared to all groups. TAA adm'n'strat'on d'd not change HGF mRNA 
levels compared to the control group (F'gure 1).  

 

 

FGgure 1. Compar5son of HGF gene express5ons accord5ng to groups (n=8 per group). The data represent the 
mean ± SD of 2^ (-Avg.(Delta(Ct)). *: Symbol&zes the stat&st&cal d&fference between TAA+Scoparone group and 

other groups (p<0.05). 

TGF-β1 gene express'on was found to be 'ncreased 'n the f'bros's group compared to the control group. 
Scoparone 'nject'on 'nto subjects w'th l'ver f'bros's caused a decrease 'n TGF-β1 gene express'on 
(F'gure 2).  
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FGgure 2. Compar5son of TGF-β1 gene express5ons accord5ng to groups (n=8 per group). The data represent the 
mean ± SD of 2^ (-Avg.(Delta(Ct)). *: Symbol&zes the stat&st&cal d&fference between TAA group and other groups 

(p<0.05). 

Induct'on of l'ver f'bros's by TAA caused a s'gn'f'cant 'ncrease 'n TNFAIP6 levels compared to the 
healthy group. Inject'on of Scoparone 'nto the l'ver f'bros's group caused a decrease 'n TNFAIP6 levels, 
but th's decrease was not stat'st'cally s'gn'f'cant (F'gure 3).  

 

 

FGgure 3. Compar5son of TNFAIP6 gene express5ons accord5ng to groups (n=8 per group). The data represent 
the mean ± SD of 2^ (-Avg.(Delta(Ct)). *: Symbol&zes the stat&st&cal d&fference between TAA group and control, 

DMSO and Scoparone groups (p<0.05). 
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Discussion 

In th's study, the effect of Scoparone, a naturally occurr'ng b'oact've compound 'solated from Artem!s!a 
cap!llar!a, on l'ver f'bros's was 'nvest'gated at the molecular level. L'ver f'bros's 's a revers'ble wound 
heal'ng response and may occur 'n pat'ents w'th chron'c l'ver 'njury [2,13,14]. AST and ALT enzymes, 
wh'ch are found at low levels 'n c'rculat'on 'n healthy 'nd'v'duals, leave the cell membrane due to 
'ncreased hepatocyte destruct'on 'n l'ver 'njury and the'r levels 'n serum 'ncrease [15]. In our study, a 
stat'st'cally s'gn'f'cant 'ncrease was observed 'n AST and ALT values 'n TAA- adm'n'strat'on groups 
compared to control, DMSO groups and Scoparone-treated group (p<0.05). Accord'ng to these f'nd'ngs, 
't was concluded that TAA adm'n'strat'on caused damage 'n mouse l'vers and as a result of th's damage, 
AST and ALT enzymes were released from the cells and the'r serum concentrat'ons 'ncreased. In the 
TAA + Scoparone treatment groups, serum AST and ALT values were lower than the TAA group, but 
there was no stat'st'cally s'gn'f'cant d'fference. In the study by L'u et al. 'nvest'gat'ng the effects of 
Scoparone 'n non-alcohol'c steatohepat't's, 't was observed that Scoparone adm'n'stered at a dose of 20, 
40 and 80 mg/kg for four weeks s'gn'f'cantly reduced the 'ncreased AST and ALT levels 'n m'ce 'nduced 
by MCD (meth'on'ne and chol'ne def'c'ency) 'n a dose-dependent manner [7]. B'lg'n et al. showed that 
Scoparone adm'n'stered orally at a dose of 35 mg/kg to rats 'n wh'ch acute hepatox'c'ty was 'nduced by 
CCl4 caused a decrease 'n serum AST and ALT levels [16,17]. In our study, Scoparone was adm'n'stered 
'ntraper'toneally to m'ce only at a dose of 40 mg/kg for two weeks. Th's f'nd'ng 'nd'cates that the effect 
of Scoparone adm'n'strat'on on b'ochem'cal parameters rema'ns l'm'ted. 

Accord'ng to the results of our study, TGF-β gene express'on, wh'ch act'vates hepat'c stellate cells and 
transforms them 'nto myof'broblast'c cells, was determ'ned by RT-PCR method as a f'bros's marker. 
TGF-β 's the ma'n regulator of f'bros's  [18,19]. A patholog'cal 'ncrease 'n TGF-β s'gnal'ng 's central to 
HSC act'vat'on [14]. Moreover, other hepat'c cell types, 'nclud'ng hepatocytes, also secrete TGF-β1, 
cr't'cally contr'but'ng to the prof'brot'c sh'ft of HSCs [20-23]. In our study, TGF-β1 gene express'on 
was found to be 'ncreased 'n mouse l'vers of the f'bros's group compared to the control group. Th's 
result shows that we have establ'shed the f'bros's model correctly. Scoparone 'nject'on 'nto subjects 
w'th l'ver f'bros's caused a s'gn'f'cant decrease 'n TGF-β1 gene express'on (p<0.05). TNFAIP6 (TSG-
6) 's an 'mportant ant'f'brot'c cytok'ne gene of mesenchymal stem cells [24]. Recent stud'es have 
reported that TNFAIP6 reduces 'nflammat'on and f'bros's 'n m'ce w'th acute l'ver 'njury and supports 
l'ver regenerat'on [25,26]. Wang et al. 'nvest'gated whether TNFAIP6 promotes l'ver regenerat'on by 
'nduc'ng autophag'c clearance 'n damaged l'vers. In the study, TSG-6 was 'njected 'nto m'ce fed a 
meth'on'ne chol'ne def'c'ent d'et for two weeks. Accord'ng to the data obta'ned, 't was observed that 
'ncreased l'ver enzymes and h'stomorpholog'c 'njury 'n m'ce w'th l'ver damage decreased w'th TSG-6 
treatment [26]. Accord'ng to the results of our study; 'nduct'on of l'ver f'bros's by TAA caused a 
s'gn'f'cant 'ncrease 'n TNFAIP6 levels compared to the healthy group. It 's thought that the ant'-
'nflammatory effect of TNFAIP6 promotes heal'ng 'n damaged t'ssue and therefore, there 's an 'ncrease 
'n gene express'on. Inject'on of Scoparone 'nto the l'ver f'bros's group d'd not cause a s'gn'f'cant 
decrease 'n TNFAIP6 levels. Plasma concentrat'ons of HGF 'ncrease after part'al hepatectomy, l'ver 
'njury and fulm'nant l'ver fa'lure. In l'ver t'ssue, HGF and 'ts mRNA levels correlate better w'th the 
degree of 'njury  [27]. Accord'ng to the results of our study; no s'gn'f'cant change was observed 'n HGF 
gene express'on 'n the samples of the TAA-'nduced f'bros's group compared to the control group, 
probably due to 'ncreased hepat'c TGF-β1 express'on. In TAA+Scoparone groups, Scoparone 'ncreased 
the gene express'on of HGF. The s'gnal'ng mechan'sm by wh'ch th's occurs w'll be determ'ned by 
further stud'es. There 's no study 'n the l'terature on the effects of Scoparone on HGF gene express'on. 
However, accord'ng to the results of our study, Scoparone's ant'f'brot'c It 's conce'vable that an HGF-
med'ated mechan'sm at least part'ally underl'es 'ts effect. HGF exerts b'olog'cal and phys'olog'cal 
act'v't'es through the Met receptor tyros'ne k'nase and the ant'-f'brot'c effect of the HGF-Met pathway 
has been demonstrated 'n d'fferent models for d'fferent t'ssues. In the l'ver, select've loss of the Met 
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receptor 'n hepatocytes accelerates the development of l'ver f'bros's 'n response to chron'c hepat'c 'njury 
'nduced by CCl4

 [28-30]. In contrast, adm'n'strat'on of HGF and express'on of the HGF gene suppresses 
the development of l'ver f'bros's/c'rrhos's. HGF treatment has been shown to accelerate resolut'on of 
f'bros's 'n exper'mental an'mal models, 'nclud'ng k'dney and lung f'bros's [29,31,32]. It should also be 
emphas'zed that HGF and TGF-β1 balance each other 'n the'r s'gnal'ng and express'on. HGF represses 
TGF-β1 express'on and TGF-β1 represses HGF express'on [32-35]. When these data are evaluated 
together, 't 's thought that Scoparone's ant'f'brot'c effect occurs through mult'faceted molecular 
mechan'sms and 's part'cularly med'ated through the TGF-β1/HGF balance. 

Along w'th these f'nd'ngs, some l'm'tat'ons of the study should also be cons'dered. F'rst, the l'm'ted 
sample s'ze may affect stat'st'cal power and restr'ct the general'zab'l'ty of the results. Furthermore, the 
use of only male an'mals d'd not allow for the evaluat'on of sex-related b'olog'cal d'fferences. Th's can 
be cons'dered a s'gn'f'cant methodolog'cal l'm'tat'on when cons'der'ng the potent'al effects of hormonal 
regulat'on on l'ver f'bros's and regenerat'on. Another 'mportant po'nt to cons'der 'n 'nterpret'ng the 
study 's that the f'nd'ngs are largely based on gene express'on levels. The absence of conf'rmatory 
analyses at the prote'n level (e.g., Western blot or ELISA) prevents the d'rect determ'nat'on of the 
funct'onal counterparts of the observed molecular changes. S'm'larly, the lack of h'stopatholog'cal 
evaluat'ons l'm'ts the conf'rmat'on of the f'brot'c process at the t'ssue level. Wh'le th's restr'cts the 
translat'onal 'nterpretab'l'ty of the study, 't necess'tates that the data obta'ned be cons'dered as 
prel'm'nary for further exper'mental stud'es. Add't'onally, the appl'cat'on of a s'ngle-dose and relat'vely 
short-term treatment protocol 'n the study l'm'ts a comprehens've evaluat'on of the potent'al effects of 
Scoparone. Exper'mental des'gns 'nvolv'ng d'fferent doses and longer appl'cat'on per'ods are needed to 
eluc'date dose-response relat'onsh'ps and t'me-dependent effects. In th's context, mechan'st'c 
'nterpretat'ons of the current f'nd'ngs should be carefully cons'dered, as they are based on gene 
express'on data and ex'st'ng l'terature rather than d'rect mechan'st'c or prote'n-level val'dat'on, and 
should therefore be supported by further stud'es. 

Conclusion 

Th's study suggests that Scoparone may exh'b't modulatory effects on ant'f'brot'c and regenerat've 
processes 'n TAA-'nduced l'ver f'bros's. Part'cularly when the s'gn'f'cant decrease 'n TGF-β1 
express'on 's cons'dered alongs'de the 'ncrease 'n HGF levels, 't 's thought that Scoparone may have an 
effect prof'le target'ng the b'olog'cal balance between f'brogenes's and regenerat'on. These f'nd'ngs 
'nd'cate that the agent can not only l'm't damage but also support repa'r processes. However, the 
observat'on of more pronounced changes 'n gene express'on levels desp'te l'm'ted 'mprovement 'n 
b'ochem'cal parameters suggests that the effects of Scoparone are t'me-dependent. It 's clear that longer-
term stud'es w'th d'fferent dosage reg'mens are needed to determ'ne whether these molecular-level 
changes translate 'nto cl'n'cal 'mprovement. In th's context, dose, durat'on of adm'n'strat'on, and t'm'ng 
of treatment 'n't'at'on stand out as cr't'cal determ'nants. In conclus'on, Scoparone can be cons'dered a 
prom's'ng cand'date molecule 'n the treatment of l'ver f'bros's; however, the current f'nd'ngs are 
prel'm'nary. Further stud'es w'th larger sample s'zes, mult'parameters, and translat'onal des'gn are 
needed to val'date th's eff'cacy and demonstrate 'ts cl'n'cal appl'cab'l'ty. Add't'onally, 'nvest'gat'ng 
potent'al comb'nat'ons w'th d'fferent ant'f'brot'c agents presents a s'gn'f'cant area of research for 
strateg'es that could enhance treatment eff'cacy. 
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