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Captopril Inhibits Thioacetamide-Induced Chronic Liver Injury
Associated with the Suppression of Inflammation/Hypoxia- Inducible
Factor 1-alpha/ Profibrogenic Axis-Mediated Hepatotoxicity in Rats

Captopril Inhibe la Lesion Hepatica Crénica Inducida por Tioacetamida Asociada con la Supresion de la
Inflamacion/Factor 1-alfa Inducible por Hipoxia/Hepatotoxicidad Mediada por el Eje Profibrogénico en Rata
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BIN-JALIAH, I.  Captopril inhibits thioacetamide-induced chronic liver injury associated with the suppression of inflammation / hypoxia-
inducible factor 1-alpha / profibrogenic axis-mediated hepatotoxicity inlnats. Morphol., 41(2B62-367, 2023.

SUMMARY: Liver transplantation is the only available method to treat liver failure induced by chronic liver injury. We sought
to determine whether the angiotensin-converting enzyme inhibitor, captopril, can inhibit the development of chronicyiiretucien
by the hepatotoxic agent thioacetamide (TAA) in association with the suppression of inflammation (hsCRPaitNE-6) / hypoxia-
inducible factor 1-alpha (HIFel) / profibrosis (TIMP-1, MMP-9, and-SMA) axis that mediates liver injury. Therefore, the model
group of rats was injected for eight weeks with 200 mg/kg TAA starting at week two. The protective group was pretreat@dngith 15
kg captopril daily for two weeks prior to TAA injections and continued receiving both capropril and TAA agents until beingljhuma
scrificed at week 10. We observed a substantial damage to liver tissue in the model group as demonstrated by a sigrifi€dnt (p<0
increase in blood and hepatic tissue levels of high sensitivity C-reactive protein (hsCRP), tumor necrosis factorar{fexEtkin-
6 (L-6), HIF-1a, tissue inhibitor of metalloproteinases-1 (TIMP-1), matrix metalloproteinase-9 (MMP-9), alpha-smooth muscle actin
(a-SMA), alanine aminotransferase (ALT), and aspartate aminotransferase (AST). All these parameters were significantly (p<0.0244)
protected by captopril. Also, a significant (p<0.0001) positive correlation was observed between a-SMA (profibrosis) ramad dmel se
tissue levels of hsCRP, TNf-HIF-1a, TIMP-1, MMP-9, and ALT. Thus, these findings suggest that the induction of chronic liver
injury by the hepatotoxic compound, TAA s associated with the upregulation of inflammation/fpiefibrosis, with captopril exhibiting
beneficial hepatic pleotropic effects.
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INTRODUCTION

Hepatic fibrosis is part of chronic liver injury Inflammation is involved in promoting liver fibrosis via the
complications that can lead to liver failure, which leavestimulation of hepatic stellate cells (HSCs) that produce the
liver transplantation as the only available method ahajority of the fibrogenic extracellular matrix (Robeit
treatment (Bzowegt al, 2011). Therefore, regression ofal., 2016; Luedde & Schwabe, 2011). In addition, knockout
hepatic fibrosis could be a potential therapeutic choice mice lacking the inflammatory biomarker TNFer the gene
prevent the progression of liver disease to cirrhosis aior the TNFe receptor reduced the hepatotoxic effects of
eventually liver failure (Liedtket al, 2013; Czaja, 2014). the compound carbon tetrachloride, CCl4 (Mogioal,
Chronic liver insults such as chemicals, toxins, viruses, &001). TAAwas reported to promote liver fibrosis associated
cohol abuse, cholestasis, and autoimmune diseases have bétnthe activation of HIF-@&, TIMP-1, andx-SMA, ERK1/
associated with the pathophysiology of hepatic fibrosis that and mTOR protein and gene expression (2bab, 2014).
could also lead to liver cirrhosis and ultimately liver failurd=urthermore, cholesterol-induced liver fibrosis in mice is
(Friedman, 2003; Czaja, 2014). Thioacetamide (TAA) is associated with the upregulation of HI&-And MMP-9
severe hepatotoxic compound that causes cirrhosis of {#aaviet al, 2015). In patients with chronic liver diseases,
liver and liver cancer (De Minicist al, 2013) as well as the renin-angiotensin system was found to be activated, and
liver fibrosis (Al-Hashenet al, 2019). angiotensin Il induced liver fibrosis via the activation of
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HSCs (Yoshijiet al, 2001). Thus, this study investigatedwith the complementary DNA (cDNA) synthesis kit (Fer-
the potential inhibitory effect of the angiotensin-convertingnentas, USA). Triplicate cDNA samples and standards were
enzyme inhibitor, captopril on TAA-induced chronic liveramplified in Master Mix containing SYBR green (Thermo
injury associated with the amelioration of the inflammatiorfFisher Scientific Inc, MA, USA) with primers specific for:
HIF-1a/profibrosis axis-mediated fibrosis. (i) TIMP-1 (sense, 5'-GGT TCC CTG GCATAATCT GA-
3’; antisense, 5-GTC ATC GAG ACC CCA AGG TA-3)
(Yoshiji et al), (ii) MMP-9 (sense, 5'-
MATERIAL AND METHOD CCTGCGTATTTCCATTCATC-3’; antisense, 5- GCCTTG
GGT CAG GTT TAG AG -3), and (iii) b-actin. The relative
expression was calculated according to the manufacturer’s
Animals. Male Albino rats weighing 180-200 gm weresoftware.
included in the experiment. The study follows the Guidelines
for the Care and Use of Laboratory Animals published by/estern blotting analysis of HIF-1a. Proteins from liver
the US National Institutes of Health (NIH publication Notissues were extracted and&per sample were subjected
85-23, revised 1996) and approved by the Ethical CommitteeeWestern blot analysis (Al-Argt al, 2010). Membranes
at King Khalid University, Rats were housed at a controlledere probed with anti-HIF-1a (Thermo Fisher Scientific,
room temperature with 12 hour light/dark cycles, and hadA, USA) at 4°C overnight. Protein bands were visualized
free access to food and water. using the enhanced chemiluminescence (ECL) kit
(Amersham-Pharmacia, UK). After normalization3sctin
Experimental design. Rats were separated into 3 groups (n=8n the ChemiDoc MP Imaging System, relative expression
per group) after acclimization. The control group (Control) ofvas obtained using image analysis software to read the band
rats were non-treated and injected intraperitoneally (i.p.) withtensity of the target proteins against the control sample.
the vehicle. The experimental group (TAA) of rats were
subjected to i.p. injections with TAA (200 mg/kg, twice peiDetermination of hsCRP, TNF-a, IL-6, ALT, and AST
week) for eight weeks, starting at week 3 (Wallkeical, 2015). levels. ELISA kits for blood and tissue determination of
The protective group (Cap+TAA) of rats was given Cap (158sCRP (Assaypro, St. Charles, MO, USA), T&FAbcam,
mg/kg) from day one until the end of the experiment, at ttéambridge, UK), and IL-6 (Abcam, Cambridge, UK) were
10" week, and received TAA as above for eight weeks. Bloateasured according to the manufacturer’s instructions.
samples were collected under anaesthesia after the completimzymatic kits (Randox Laboratories, Crumlin, UK) were
of the experiment using sodium thiopental (40 mg/kg), anased to determine the blood levels of alanine aminotransferase
animals were humanely killed by cervical dislocation, and livgALT) and aspartate aminotransferase (AST).
tissue specimens were harvested.
Statistical analysis and morphometry. Analyses of data
Histological examination. Harvested liver specimens werewere conducted utilizing SPSS with version 10.0 (SPSS Inc.,
fixed overnight in 10 % formalin and then dehydrated witiChicago, Ill., USA). Statistical comparisons of data were
ascending grades of alcohols. Paraffin blocks were prepagziformed using one-way ANOVA followed by Tukepsst
by the standard method, angi® thick sections were de- hoc test. To detect a probable significance between two
paraffinized and rehydrated. Hepatic sections were thelifferent parameters, Pearson correlation was performed. p
stained with hematoxylin and eosin (H&E) staining. < 0.05 was considered statistically significant. Morphometry
of the percentage areas of a-SMA positive immunostaining
Immunohistochemistry of a-SMA. Immunohistochemical were done using Leica QWin 500 image analyzer
staining was performed using anti-alpha-smooth muscle actbambridge, UK) in 10 non-overlapping fields for each
(a-SMA) (Agilent Dako; cat # M0851) as a marker for HSCgroup. Data were also analyzed using analysis of variance
activation. Antigen retrieval was conducted, followed by thGANOVA) as described above.
application of the primary antibody overnight in a humidity
chamber and the secondary antibody for 30 min. Sections
were co-stained with Mayer hematoxylin (Sigma-AldrichRESULTS
cat # 51275).

Quantitative real-time polymerase chain reaction (QRT- Induction of chronic liver injury in rats by TAA. In order
PCR) of TIMP-1 and MMP-9. Total RNA was isolated to test our working hypothesis, we first modelled chronic liver
from rats’ livers using the RNeasy Mini Kit (Qiagen Ptydisease in rats. Injection of the experimental group of rats
Victoria, Australia) and ug RNA was reverse-transcribedwith TAA for 8 weeks caused a profound increasévar

363



BIN-JALIAH, I.  Captopril inhibits thioacetamide-induced chronic liver injury associated with the suppression of inflammation / hypoxiteifeduer 1-alpha / profibrogenic axis-mediated
hepatotoxicity in ratsnt. J. Morphol., 41(2362-367, 2023.

injury biomarkers (ALT and AST) and hepatic tissue damadever. To investigate whether captopril treatment used in
(Fig. 1). High blood levels (p<0.0001) of ALT (Fig. 1A) andthis study can inhibit the expression of TIMP-1, MMP-
AST (Fig. 1B) in the experimental group (TAA) compared®, and a-SMA, which are well-known profibrogenic
to normal levels in the control group were detected. Livdsiomarkers (Al-Hasherat al, 2019; Anavet al, 2015),
sections prepared for basic histology staining (H&E) of TAAve assessed the levels of these parameters in liver tissue
injected rats revealed damaged hepatocytes with vacuolatetvested from all rats’ group using gRT-PCR analyses
cytoplasm and dark pyknotic nuclei, as well as infiltratiofior mRNAs expression of TIMP-1 (Fig. 3A) and MMP-
of inflammatory cells and dilated congested blood vesseds(Fig. 3B), and immunohistochemistry farSMA
(Fig. 1D) compared to normal liver tissue architecture iprotein expression (Figs. 3C-F). TAA caused a sharp
the control group (Fig. 1C). increase in TIMP-1 and MMP-9 gene expression that
were significantly (p<0.0244), but not completely,
Capropril (Cap) suppresses TAA-induced protected by captopril (Figs. 3A and 3B). Liver tissue
inflammation / hypoxia (HIF-1a) axis in blood and sections of the control group revealed few areas of a-
Liver Tissues. Liver injury is well-known to be induced SMA positive cells (Control), whereas, maaySMA
by inflammation and HIF-d (Al-Hashemet al, 2019), positive cells were shown in liver sections of the experi-
and HIF-Tn is located downstream of the inflammatorymental group (TAA), which were partially inhibited by
biomarker TNFet (Junget al, 2003). To determine whether captopril (Figs. 3C-F).
captopril can inhibit the inflammation/HIFalaxis in our
animal model, one animal group was pre-treated witiorrelation between the score of a-SMAand
captopril prior to TAA injections as explained in methodanflammation / HIF-1a axis. The correlation between
section. In comparison with control groups, TAA causedthese parameters (a-SMA, inflammatory biomarkers, and
sharp increase in blood levels of hsCRP (Fig. 2A) and liveliF-1a) was evaluated to further support the link between
tissue levels of TN (Fig. 2B), IL-6 (Fig. 2C), HIF-&  profibrogenic markers and inflammation / HIB-&xis in
(Figs. 2E and 2F), as well as blood levels AST (Fig. 2Dghronic liver injury (Fig. 4). A significant (p<0.0001)
which were substantially, but not completely, inhibited bypositive correlation was observed betweeSMA score
captopril in the Cap+TAA group (Figs. 2A-F). and hsCRP (r = 0.985) (Fig. 4A), TNF¢r = 0.985) (Fig.
4B), HIF-1a (r = 0.944) (Fig. 4C), TIMP-1 (r =0.944) (Fig.
Captopril (Cap) ameliorates TAA-induced biomarkers  4D), MMP-9 (r = 0.944) (Fig. 4E), and ALT (r = 0.939)
of liver fibrosis TIMP-1, MMP-9, and a-SMA ininjured  (Fig. 4F).

Fig. 1. TAA induces chronic liver
injury inrats. Blood levels of ALT (A)
and AST (B) were assessed at the end
of experiment in the experimental
group (TAA) and the control rats

- (Control). *p<0.0001 versus control.
Control TAA Control TAA (C and D) H&E stained liver tissue
' . images (x400) obtained from the con-
trol (C) and the experimental (D)
groups at the end of experiment are
shown using light microscopy. ALT:
alanine aminotransferase; AST:
aspartate aminotransferase; TAA:
thioacetamide.

ALT (UIL)
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A B Fig. 2. Inhibition of TAA-induced inflammation,
1 g N ﬁ*sﬂ HIF-1a, and AST by captopril (Cap). The
2° E o N g oo inflammatory biomarkers hsCRP (A), TNFB),
" 5 H and IL-6 (C) as well as the liver injury biomarker
g La & 0 ALT (D) were measured in all groups of rats at
- 2 £ 5 the end of the experiments. (E and F) HiF-1
Control Gap+TAR Control  Tam  Cap+TAA Control CapsTAA western blots of liver homogenates prepared from
all rats compared witlf8-actin expression are
W E ,_m depicted. Results represent the mea8L).
+  Cap 5 Presented p values are all significant®@39
g * S B BN versus control, *g0.0017 versus TAA. hsCRP:
% © % g high sensitivity C-reactive protein; TNg-tumor
= : 8 necrosis factor alpha; IL-6: interleukin 6; ALT:
0 €5 alanine aminotransferase; Hlf+r1lhypoxia-

Control

Cap+TAA Control Cap+TAA

;LL

0
Control Cap+TAA Control TAA Cap+TAA

inducible factor-tr; TAA: thioacetamide.

Fig. 3. Inhibition of TAA-induced liver expression

of TIMP-1, MMP-9, anda-SMAby captopril
(Cap). TIMP-1 (A) and MMP-9 (B) relative gene
expression in liver sections from all the rats’
groups are shown-SMA Immunohistochemistry
of liver sections (x400) from the control (D), the
® TAA (E), and the treated (Cap+TAA) (F) groups

Control Cap+TAA
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of rats are illustrated. Histograms in (C) exemplify
L% 0 aquantitative analysis atSMA immunostaining
area % in liver sections from groups above. Results
represent the meati§D). Presented p values are
all significant; * p£0.0127 versus control,
**<0.0244 versus TAA. TIMP-1: tissue inhibitor
of metalloproteinases-1; MMP-9: matrix
metalloproteinase-9¢-SMA: alpha smooth
muscle actin; TAA: thioacetamide.
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Fig. 4. The a-SMA score correlates with biomarkers of inflammation, liver injury, and hypoxia inducing factor. The
degree ofi-SMA tissue expression was evaluated at the end of the experiment in all rats and a sigrEfida0it &)
positive correlation was detected betweeB8MA versus hsCRP (A), TNE: (B), HIF-1a (C), TIMP-1 (D), MMP-

9 (E), and ALT (F). hsCRP: high sensitivity C-reactive protein; ThlEsmor necrosis factor alpha; HIErlhypoxia-
inducible factor-&r; TIMP-1: tissue inhibitor of metalloproteinases-1; MMP-9: matrix metalloproteinase-9; ALT:
alanine aminotransferase;SMA: alpha smooth muscle actin.
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DISCUSSION [ HIF-1a / profibrogenic axis-mediated fibrosis. Importantly,
this effect was inhibited in a rat model of chronic liver injury
for duration of 10 weeks by captopril.

The present study investigated the inflammation /

HIF-1a / profibrogenic axis-mediated liver injury in rats )
induced by TAA with and without captopril incorporation>©YRCE OF FUNDING. This work was supported by the

using molecular, chemical, immunological, and basiPeanship of Scientific Research at King Khalid University,

histology staining to address our working hypothesis stat&gant Number: KKU-Project No. R.G.P2./225/44.

that captopril can protect against TAA-induced chronic liver )
injury associated with the inhibition of the inflammation ACKNOWLEDGMENTS . The author would like to thank

HIF-1a / profibrogenic axis. Here, we demonstrated thatrofessor Bahjat Al-Ani from King Khalid University, Saudi

TAA intoxication augmented liver tissue inflammation / HIFAT@bia, and Professor Mohamed Haidara from Cairo
1a / profibrogenic axis, and captopril was able to inhibit th&/Niversity, Egypt for their input and help during the
effects of TAA. Our results were thus consistent with oufréParation of this manuscript.

working hypothesis. This further corroborate the report that

showed c_apt_opril inhibited _dyslipid(_emi_a and SySte_m'%lN-JALIAH, I.  Captopril inhibe la lesiéon hepatica cronica
hypertension induced by TAA intoxication in rats associatglqycida por tioacetamida asociada con la supresion de la infla-

with the amelioration of hepatic mammalian target ofyacion/factor 1-alfa inducible por hipoxia/hepatotoxicidad me-
rapamycin (mTOR), |nﬂammat|0n, and oxidative stress (A|d|ada por el eje profibrogénico en ratést. J. MorphoL,

Hashemet al, 2021). Interestingly, mTOR is located41(1)362-367, 2023.
upstream of HIF-a& in cell signalling (Sakamotet al.,
2014), and this would extend our investigated axis shown in RESUMEN. El trasplante de higado es el inico método
this work (Figs. 2 and 3) to be blocked by captopril. disponible para tratar la insuficiencia hepética inducida por una
lesién hepatica cronica. Buscamos determinar si el inhibidor de
The liver is a known target of TAA intoxication that!@ enzima convertidora de angiotensina, captopril, puede inhibir
causes hepatic inflammation, fibrosis and cirrhosis (&eif & desarrollo de lesion hepatica crénica inducida por el agente
al., 2004; Al-Hasheret al, 2019), and the presented data iff€Paotoxico tioacetamida (TAA) en asociacion con la supre-
this study that demonstrated the induction of hepat'lsdOn qle Ia_mflamacuon (hSCRP’.TNF? IL-6) / factor inducible
inflammatory, profibrogenic, as well as liver injuryporh'po.x'a 1-alfa (HIF-a) / profibrosis (TIMP-1, MMP-9 -
. . . . SMA) eje que media la lesion hepatica. Por lo tanto, al grupo
b|omarkers_ by TAA (_F_|gs. 1-3) are in agr_eement \_N'th thﬁwodelo de ratas se le inyect6é durante ocho semanas 200 mg/kg
above studies. In addition, our data that point to the inductiga taa a partir de la semana dos. El grupo protector fue

of MMP-9, TIMP-1, andx-SMA by TAA endorse previous pretratado con 150 mg/kg de captopril al dia durante dos sema-
studies showing (i) MMP-9 is involved in liver fibrosis nas antes de las inyecciones de TAA y continué recibiendo
induced by TAA (Linet al, 2017; Yoshijiet al, 2001.), (ii)  capropril y agentes TAA hasta que fue sacrificado en la semana
TIMP-1, anda-SMA expression was augmented by TAA10. Observamos un dafio sustancial en el tejido hepatico en el
(Al-Hashemet al, 2019); and (iii) human IL-10 (anti- grupo modelo, como lo demuestra un aumento significativo
inflammatory) gene therapy attenuated CCl4-induced TIMRp<0,0001) de los niveles en sangre y tejido hepatico de proteina
1,a-SMA, and liver fibrosis in mice (Chcet al, 2006). C reactiva de alta sensibilidad (hsCRP), factor de necrosis
tumorala (TNF-a), interleucina-6 (L-6), HIF€l, inhibidor
Previous reports have shown that (i) the peptidtésular de metaloproteinasas-1 (TIMP-1), metaloproteinasa de

hormone angiotensin 1, which is known to be inhibited b'at"1z-9 (MMP-9), actina de musculo liso ale$MA), alanina
captopril, can induce liver fibrosis (Yoshi al, 2001), (ii) aminotransferasa (ALT) y aspartato aminotransferasa (AST).

. . . . . : ignifi i <
in a rat model of bile duct ligation, captopril reduces thTodos estos parametros estaban significativamente (p<0,0244)

. £ li fibrosis (J L 2001). (i Srotegidos por captopril. Ademas, se observé una correlacion
progress_lon of liver Norosis _( onssm_a., )’_ (iif) positiva significativa (p<0,0001) entce SMA (profibrosis) y
captopril decreased LPS-induced inflammation anfls niveles séricos y tisulares de hsCRP, ENFHF-10, TIMP-

improved liver (Azizi-Malekabadi, 2020), and (iv) captoprily pmmP-9 y ALT. Por lo tanto, estos hallazgos sugieren que la
decreases angiotensin ll-induced Hiéih mesenchymal induccién de dafio hepatico crénico por el compuesto
stem cells (Litet al, 2014). These reports corroborate ouhepatotdxico, TAA, esta asociada con la regulacion al alza de la
data displaying significant inhibition of the inflammation /inflamacion/HIF-Tu/profibrosis, con captopril exhibiendo efec-
HIF-1a / profibrogenic axis by captopril. tos pleotropicos hepaticos beneficiosos.

In conclusion, we demonstrated in this study that TAA PALABRAS CLAVE: Lesion hepatica; Tioacetamida;
caused harmful impacts upon liver tissue and inflammatidfflamacion; HIF-1a; Profibrosis; Rata; Modelo.
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