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Bioinformatic evaluation and in vivo study of Orlistat in acute cholestatic damage
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Abstract

The incidence of liver diseases increases every year
worldwide, making the efforts to prevent them
insufficient. The present work evaluated the ability of
Orlistat to prevent acute liver injury induced by ligation of
the common bile duct (LCBC) in the male Wistar rat. Rats
were divided into five experimental groups: untreated
(NT), Sham (Sham Surgery), LCBC and LCBC+Orlistat.
Serum markers of liver injury as alanine aminotransferase,
alkaline phosphatase, gamma-glutamyltranspeptidase, and
total and direct bilirubins were significantly increased in
LCBC group relative to healthy controls. On the other
hand, increases in these markers were significantly
prevented in the LCBC+Orlistat group. These results were
consistent with observations from livers in situ and with
H&E-stained histological sections. In addition, the
mechanism of action for Orlistat was evaluated through six
protein  target prediction platforms (ChEMBL,
PharmMaper, SEA, Super-PRED, SwissTargetPrediction
and TargetNet) where 45 possible molecules with which
Orlistat could interact. Our results suggest that Orlistat has
hepatoprotective activity during acute damage induced by
extrahepatic cholestasis in rats.

Orlistat, Acute liver disease, Common bile duct
ligation

Resumen

La incidencia de las enfermedades hepéticas continta
incrementandose cada afio en todo el mundo, siendo
insuficientes los esfuerzos para prevenirlas. El presente
trabajo evaluo la capacidad de Orlistat para prevenir el
dafio hepético agudo inducido por la ligadura del conducto
biliar comin (LCBC) en la rata Wistar macho. Las ratas
fueron divididas en cinco grupos experimentales: no
tratadas (NT), Sham (Cirugia falsa), LCBC vy
LCBC+Orlistat. Los marcadores séricos de dafio hepético
alanina aminotransferasa, fosfatasa alcalina, gamma-
glutamiltranspeptidasa, y las bilirrubinas totales y directas
se incrementaron significativamente en el grupo LCBC en
relacion con los controles sanos. En el grupo
LCBC+Orlistat se previnieron significativamente los
aumentos en estos marcadores. Estos resultados fueron
consistententes con las observaciones de los higados in
situ y con los cortes histoldgicos tefiidos con H&E. Por
otra parte, el mecanismo de accion del Orlistat fue
evaluado por medio de seis plataformas de prediccion de
blancos proteicos (ChEMBL, PharmMaper, SEA, Super-
PRED, SwissTargetPrediction y TargetNet) donde se
identificaron 45 posibles moléculas con las cuales podria
interactuar Orlistat. Nuestros resultados sugieren que el
Orlistat posee actividad hepatoprotectora durante el dafio
agudo inducido por la colestasis extrahepatica en rata.

Orlistat, Enfermedad hepatica aguda, Ligadura de
conducto biliar comin
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Introduction

The incidence and complications of liver
diseases (HD) continue to increase worldwide
(Moon et al., 2020). In Mexico, the HDs with the
highest morbidity and mortality rates are
cirrhosis and hepatocellular carcinoma (HCC),
the latter being the fourth most frequent liver
neoplasm in the world (Asrani et al., 2019;
Llovet et al., 2021).

The aetiology of HD is multifactorial, the
most common being induced by alcohol
consumption and the use of drugs or toxicants
that are metabolised by the liver (Mohi-Ud-Din,
2019). Obesity and metabolic syndrome favour
the development of non-alcoholic steatohepatitis
that can culminate in cirrhosis or HCC (Raza et
al., 2021). On the other hand, the liver is also
susceptible to damage by parasites such as the
intestinal protozoan Entamoeba histolytica,
which can migrate to the liver and necrotises it,
forming an abscess known as an amoebic liver
abscess (Ghelfenstein-Ferreira et al., 2020). HD
can also be caused by viruses, such as viral
hepatitis B and C (Sperry et al., 2022).

Furthermore, it has been reported that
regardless of the aetiology, patients with chronic
HD such as cirrhosis or HCC who were infected
with the SARS-CoV-2 coronavirus type 2,
which is the cause of the 2019 coronavirus
disease (COVID-19), are vulnerable to serious
liver decompensation and dysfunction events
(Marjot et al., 2021).

Cholestasis is a liver disorder that occurs
due to persistent obstruction of bile flow; this
bile retention accumulates toxic components and
increases oxidative stress, mainly damaging
hepatocytes and cholangiocytes (Salas-Silva et
al., 2021). Therefore, intrahepatic cholestasis
occurs when alterations of the hepatic
parenchyma, bile canaliculi or intrahepatic bile
ducts occur, such as in patients with liver
cirrhosis, virus-induced hepatitis, inflammation
of the biliary tract, and inflammation of the bile
ducts (Salas-Silva et al., 2021), inflammation of
the bile ducts and HCC, while extrahepatic
cholestasis occurs due to involvement of the
extrahepatic bile ducts, common hepatic duct, or
common bile duct, as in the presence of stones
or tumours (Salas-Silva et al. , 2021; Hilscher et
al., 2020).
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In the present research work, the
hepatoprotective capacity of the drug Orlistat
(C29H53NO05) was evaluated, which acts by
inhibiting pancreatic and gastric lipase, thereby
reducing the absorption of lipids from food, and
is therefore indicated for the control of obesity
(Wong & Cheng-Lai, 2000). In recent years, the
scientific community has explored additional
biological activities of Orlistat, for example, it
was compared to the peptide Ala-Gly-Leu-GIn-
Phe-Pro-Val-Gly-Arg  (AGL9), a novel
hepatoprotective  agent, showing similar
preventive effects in the non-alcoholic fatty liver
disease (NAFLD) model in C57BL/6 mice (Fan
etal., 2021).

Likewise, the therapeutic effect of
Orlistat was evaluated by its combination with
metformin, preventing systemic complications
of pancreatitis, gastrointestinal, pulmonary,
renal cardiac and nervous system diseases that
are induced by COVID-19 in obese diabetic
patients (Singh et al., 2021).

Therefore, in the present research work
we aimed to determine the ability of Orlistat to
reduce cholestatic liver damage that is induced
by common bile duct ligation in Wistar rats.

Methodology
Experimental animals

Twenty-nine  male Wistar rats (Rattus
norvegicus), weighing 200-250 ¢, were
maintained at a constant environmental
temperature of 24°C, with light/dark cycles (12
h:12 h). Every day, the rat feeders and drinkers
were supplied with rodent food (Labdiet 5008)
and drinking water ad libitum.

Ethics

All procedures were performed in accordance
with institutional guidelines for the care and use
of experimental animals and with the national
regulatory standard NOM-062-Z00-1999. The
present research is part of the project entitled
"Evaluation of compounds with
hepatoprotective activity” accepted by the
Research Ethics Committee of the Facultad de
Estudios Profesionales Zona Huasteca, UASLP.
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Experimental protocol

The hepatoprotective capacity of Orlistat was
evaluated using the common bile duct ligation
(CBDL) model (Van Campenhout et al., 2019;
Georgiev et al.,, 2008). Rats were randomly
divided into five groups: NT group: healthy
animals without any treatment or surgical
procedure (n=3); Sham group: rats were
subjected to sham surgery, which consisted of
exposing the bile duct without performing
ligation, and were further administered prior to
Sham surgery, with 1 mL daily for 10 days with
0.25% sodium carboxymethyl cellulose (CMC,
Sigma-Aldrich,  USA), 0.25%  sodium
carboxymethyl cellulose (CMC, Sigma-Aldrich,
USA), 0.25% sodium carboxymethyl cellulose
(CMC, Sigma-Aldrich, USA) and 0.25% sodium
carboxymethyl cellulose (CMC, Sigma-Aldrich,
USA). (n=4); LCBC group: rats were subjected
to a surgical procedure, which allowed
identification, isolation, ligation and dissection
of the common bile duct, and 10 days prior to
surgery, the rats were started daily with 1 mL of
CMC 0.25% p.o. and continued to be
administered until day 1, and 10 days before
surgery, the rats were administered daily with 1
mL of CMC 0.25% p.o., and continued
administration until the day of sacrifice (n=9);
LCBC+Orlistat group: animals were pre-treated
for 10 days with Orlistat 10 mg/kg/day, p.o.,
prior to LCBC and continued Orlistat
administration until the day of sacrifice (n=9);
and the Sham+Orlistat group (n=4). All animals
were sacrificed 48 h after LCBC or sham
surgeries (figure 1).

Sham

CMC 0.25% , p.o., diarlamente

LCBC
LCBC

CMC 0.25% , p.o., diariamente

Lilc

Orlistat 10 mg/'kg, p.o., diarlamente

LCBC +Orlistat

Sham

Orlistat Orlistat 10 mg/kg, p.o., diariamente

10 dias t=b h 48h

Figure 1 Experimental groups and procedures. Sham:
sham surgery; p.o.: from Latin per os (via oral); LCBC:
common bile duct ligation. In addition, there was a healthy
group that did not undergo any of these procedures (NT

group).
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Surgical procedure for common bile duct
ligation

The rats were anaesthetised with a mixture of
Ketamine (80 mg/kg) and Xylazine (10 mg/kg)
intraperitoneally (i.p.). The surgeries were
performed under sterile conditions, starting with
a laparotomy close to the abdominal midline of
approximately 1. 5 cm in length, to expose the
peritoneal cavity to observe the anatomical
position of the liver and access the common bile
duct, which was ligated by three knots using
sterile non-absorbable surgical suture material
(American braided black silk, 4-0 gauge), two
knots were made close to the liver and the other
at the end of the bile duct close to the duodenum,
to finally cut the bile duct before the knot close
to the duodenum (Van Campenhout et al., 2019;
Georgiev et al., 2008).

Slaughtering the animals

To perform the sacrifices, the rats were
anaesthetised with a mixture of Ketamine (80
mg/kg) and Xylazine (10 mg/kg) i.p. Blood was
withdrawn by cardiac puncture, which was
subsequently centrifuged at 3000 rpm and the
serum obtained was used to assess markers of
liver damage. The animals were checked for
vital signs after blood collection and the liver
tissue was dissected. Photographic images of the
livers were taken in situ and then carefully
dissected and washed in cold physiological
saline (NaCl 0.9%) to obtain small fragments
that were immersed in 4% neutral formalin and
used for histological analysis.

Histological staining

Liver damage was assessed by haematoxylin &
eosin (H&E) staining for morphological changes
in the tissue and staining with periodic acid and
Schiff's reagent (PAS) to determine the presence
of carbohydrates in liver cells (Luna, 1968). For
these purposes, the liver fragments obtained
during animal sacrifice were fixed for 48 h with
4% neutral formalin, then washed with distilled
water and subjected to a serial and gradual
dehydration process of alcohol baths as follows:
70% ethanol, 85% ethanol, 96% ethanol and
100% ethanol (2 immersions at 60°C for 1 h
each). Once the tissues were dehydrated, they
were treated by successive baths of absolute
ethanol-xylol (50:50) and xylol (2 immersions of
1 h each at 60 °C).
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Tissues were then embedded in liquid
paraffin to create a paraffin block (Ramos-Vara
2017; Sadeghipour & Babaheidarian 2019).
From the paraffin block, four micrometre thick
liver sections were obtained using a hand-held
rotary microtome (ECOSHEL 202A), liver
sections were transferred to a flotation bath (~39
°C) and adhered to previously silanised slides
(Aragon et al., 2018).

H&E staining

To perform the staining, it is necessary to
deparaffinise the tissue at 60 °C for 60 min.
Subsequently, the sections were rehydrated by 2
immersions of 40 s in xylene and 1 immersion in
absolute ethanol-xylol (50:50), and graded series
of 100 % (2 immersions), 96 % and 80 % alcohol
and distilled water. Histological sections were
stained with Harris haematoxylin (Sigma-
Aldrich, USA) for 5 min and rinsed with tap
water for 5 min. Immediately, they were
immersed in acid alcohol for 10 s and rinsed for
1 min in distilled water and then passed through
ammonia water for 35 s and passed through tap
water for 1 min. Subsequently, slides were
washed for 40 s in 80% ethanol and stained with
eosin (Sigma-Aldrich, USA) for 1 min. Finally,
tissues were dehydrated with 96%, 100%,
alcohol-xyl alcohol (50:50) and xylol (2 dips) for
40 s each (Luna, 1968; Wick, 2019).

PAS staining

Deparaffinised tissues were immersed in 0.5%
periodic acid (Sigma-Aldrich, USA) for 5 min,
rinsed with distilled water for 20 s, then
transferred to Schiff's reagent (Sigma-Aldrich,
USA) for 15 min. They were rinsed with tap
water for 5 min, then immersed in Mayer's
haematoxylin (Sigma-Aldrich, USA) for 10 min
and again in tap water for 5 min. Finally, the
tissues were dehydrated with 40 s immersions in
96%, 100%, alcohol-xylol (50:50) and xylol (2
immersions) (Luna, 1968).

Microscopic observations

Histological stains were evaluated using an
Axiostar plus brightfield microscope (HBO
50/AC, ZESS) with an adapted KOPPACE 16
MP camera (KP-1660), and were processed and
analysed with S-Eye (1.6.0.11) and Imagel
(Version: 1.52) software.
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Enzyme markers of liver damage in serum

Serum samples were analysed for liver damage
by quantifying the enzyme activities of alanine
aminotransferase (ALT), alkaline phosphatase
(ALP), gamma-glutamyl transferase (GGT)
(Reitman & Frankel, 1957; Bergmeyer et al.,
1983; Glossmann & Neville, 1972). ALT
enzyme activity was assessed in each sample in
triplicate, for each test 250 pL of substrate
solution (0.2 M D/L-alanine with 2 M a-
ketoglutaric acid) and 50 pL of serum were
added, mixed and incubated at 37°C for 60 min.
Subsequently, 250 pL of the chromogenic
reagent (2,4-dinitrophenylhydrazine 1 mM) was
added and the sample was incubated again at the
same temperature for another 15 min, finally 1.5
mL of 0.4 N NaOH was added.

The reading was done in the
spectrophotometer with a wavelength of 515 nm.
FA enzyme activity was determined in each
sample in triplicate by adding 250 pL of 0.1 M
glycine buffer and 1 mM MgClI2 at pH 10.5 and
250 pL of p-nitrophenylphosphate substrate to
each sample, mixing and incubating at 37 °C for
5 min, after which time 250 pL of p-
nitrophenylphosphate substrate was added to
each sample. for 5 min, after which 50 uL of
serum was added to incubate again at 37 °C for
30 min, finally 0.02 N NaOH was added and
absorbances were measured at a wavelength of
410 nm. In each sample in triplicate, GGT
enzyme activities were performed with 400 pL
of 0.2 M Tris-HCI reagent, 100 uL of MgCI2,
100 puL of 0. 04 M, 100 pL of 10 mM gamma-
glutamyl-p-nitroanilide were added, once the
solution was prepared it was incubated for 10
min at 37°C, after this time 200 pL of the serum
to be evaluated were added and incubated again
for 30 min at the same temperature of 37°C,
finally it was removed from incubation and 2 mL
of 1.5 M acetic acid was added to stop the
reaction, then they were read in a
spectrophotometer with a wavelength of 410 nm.

For the three markers of liver damage,
blanks were included and the respective standard
curves were performed as suggested by the
authors.

Total and direct bilirubin in serum

Serum total and direct bilirubin concentrations
were also  determined  following the
SPINREACT protocol (Ref: 1001044).
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Statistical analysis

All results obtained in this work were expressed
as means = standard error (SEM) and statistical
analyses were performed using GraphPad Prism
8.00 software by one-way analysis of variance
(ANOVA) followed by Tukey's test with p<0.05
as the significance level.

Identification of potential protein targets of
Orlistat in liver

Six online platforms where protein targets of
chemical compounds can be searched or
predicted were consulted to analyse what kind of
proteins Orlistat might interact with. The
platforms used were: ChEMBL (Davies et al.,
2015; Meéndez et al., 2019), Pharos (Sheils et al.,
2021), SEA (Keiser et al., 2007), Super-PRED
(Nickel, et al., 2014), SwissTargetPrediction
(Daina et al., 2019), and TargetNet (Yao et al.,
2016), accessed in August 2023. On these
platforms, the Orlistat molecule was entered in
mol2 or SMILES formats, generated with
OpenBabel software (Cheminfo.org; O'Boyle et
al., 2011) where the molecule was plotted for it.

From each set of data obtained in each
platform, those with the highest probability of
being protein targets were chosen, according to
the algorithm used in the platform (Super-
PRED, SwissTargetPrediction and TargetNet),
or all those returned by the platform were used.
For those protein targets chosen, the GeneCards
database (GeneCards; Safran et al., 2021) was
searched for their homologous protein
identification code. With this code, the Human
Protein Atlas (Uhlén et al, 2015), a
comprehensive compendium that integrates
results from omics technologies to map human
protein expression in cells, tissues and organs,
was consulted.

Results
In situ observations of livers

The in situ livers of the NT, Sham, and Orlistat
groups had a normal, dark reddish-brown
appearance with shiny, smooth surfaces. The
LCBC group presented a light brown liver,
which is very different from the livers of the
other groups when compared macroscopically.
The LCBC+Orlistat group showed an
appearance mostly similar to the healthy groups
than the LCBC group (figure 2).
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NT

o

Figure 2 Representative images of livers observed in situ
from the different experimental groups

Histological staining

The microscopic observations were consistent
with the results in Figure 3, the healthy groups
were observed with a well-structured liver
parenchyma, while the animals in the LCBC
group showed necrosis, inflammation and ductal
proliferation, and in the rats of the
LCBC+Orlistat group a decrease in liver damage
was observed compared to the LCBC group.
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Orlistat

Figure 3 Representative images of histological sections
stained with H&E or PAS.

Serum markers of liver damage

ALT, FA and GGT enzyme activities were
significantly increased in the LCBC group
animals compared to the healthy groups. On the
other hand, the LCBC+Orlistat group showed a
partial but significant prevention when
compared to the healthy and LCBC groups.
ALT, FA and GGT enzyme activities were not
significantly different between the healthy
groups (Figure 4).
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Figure 4 Measurement of liver damage markers in plasma
A) ALT, B) FA, C) GGT. Significance p<0.05. a:
significantly different from NT group; b: significantly
different from Sham group; c: significantly different from
LCBC group; d: significantly different from

LCBC+Orlistat group; e: significantly different from
Orlistat group.

Total and direct bilirubin

Total and direct bilirubin increased significantly
in the LCBC group, while the LCBC+Orlistat
group showed a trend that was not statistically
different from the LCBC group. No significant
differences were shown between the healthy
control groups (Figure 5).
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Figure 5 Determination of bilirubin. A) Total bilirubin, B)
Direct bilirubin. Significance p<0.05. a: significantly
different with respect to the NT group; b: different with
respect to the Sham group; e: different with respect to the
Orlistat group

Identification of potential protein targets of
Orlistat in liver

Table 1 shows the 45 potential protein targets of
Orlistat that were identified in the different
platforms, which were selected based on the
information stored in the Human Protein Atlas,
either because they are expressed in the liver,
enriched in hepatocytes, hepatic stellate cells or
Kupffer cells (liver-specific macrophages), as
well as for their involvement in liver-specific
functions,  angiogenesis  processes, their
relationship with nuclear factor kappa-B
(NFOB) or with known prognostic markers of
liver cancer. The latter represent 46.6% of
Orlistat's potential protein targets. Shown here
are the target name, its universal protein
identifier code, the selection information from
the Human Protein Atlas and the Platform on
which it was identified as a potential target.
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Tabla 1. Posibles blancos proteicos de Orlistat en higado.

Plataform
Nombre de la proteina blanco IDdela yicacion yio funcion def blanco 2 &
proteina bisqueda
de blanco
Bomba de exportacion de sales biliares (Bile salt export pump) ABCBIL _Tejido enviquecido: Higado n
Proteina 1 asociada a a resistencia a miltiples farmacos (Multidrug resistance- o/ Marcador pronstico en céncer de -
associated protein 1) higado (no favorable)
Transportador canalicular multespecifico de aniones organicos 1 (Canalicular ]
P Agccz Tejido, inorementado; Higado e
Transportador canalicular multespecifico de aniones organicos 2 (Canalicular
multispecific organic anion transporter 2) ABCCS Tejido, incrementado; Higado o
lipasa ABHD12 lipase ABHD12) ABHDL2 Marcador prondstico en céncer de P, Ch,S, Ph
higado (no favorable)
] sT.n.cns
lipasa ABHDS lipase ABHDS) AgHDS Tejido, incrementado; Higado B
ADN(sio apurinico o apirimidinico) iasa (DNA-(@purinic or apyrimidinic ey Marcador pronstico en céncer de -
site) lyase) higado (no favorable)
y § Marcador prondstico en céncer de
Ataxina-2 (Ataxin-2) ATXNZ higado (no favorable) o
Homologo 1 de la proteina Chromobox (Chromobox protein homolog 1) caxi M,“'“O“"’ ”"’xf;;gf" cancer de ch
Fosfatasa 2 del Inductor de fase M (M-phase inducer phosphatase 2) coczse ™
Catepsina B (Cathepsin B) crse ™
Catepsina L (Cathepsin L) cTsL Tipo celular, wn;remenladu Células SP.TN
estrelladas hepitioas
Gitocromo P450 2A6 (Cytochrome P450 2A6) Cvezas Tejido enriquecidos Higado B
Citocromo P450 2C9 (Cytochrome P450 2C9) cvpacs Tejido enriquecido: Higado ch
Gitocromo P450 206 (Cytochrome P450 206) s Tejido enriquecidos Higado o
Citocromo P450 3A4 (Cytochrome P450 3Ad) cvpaae Tejido enriquecido: Higado chsp
Sintasa de acidos grasos (Fatty acid synthase) FASN Angiogénesis (no especifica) ch,s.Ph
Marcador prondstico en cancer de
Glutamato carboxipeptidasa 2 (Glutamate carboxypeptidase 2) FOLHL N obovibre) ™
Receptor 1 de formil péptido (Formyl peptide receptor 1) FPRL Lf;”‘;'“'“’ enriquecido: Celulas de s
Reseptor d lipoxina A (Liporin A receptr) rone i o nremenai: Cales e oy
pi Marcador prondstico en cancer de
synthetase) coepst higado (no favorable) s
Lipasa hepatica (Hepatic lipase) Lee Teiido enriquecido; Higado sp.cn P
Lipasa endotelial (Endothelial lipase) LG Tipo celular, incrementado: Hepatacitos P, Ch, Ph
. Marcador prondstico en cancer de
g’ ’ LveLa /
Acil-proteina tioesterasa 2 (Acyl-protein thioesterase 2) igado. (o fvorable) s
Menin (venim) et Marcador prondstico en cancer de -

higado (no favorable)
Mo o lipasa (Monoglyceride lipase MGLL Angiogénesis (no especifica) ch

gfo 05 del factor nuclear NF-kappa-B (Nuclear factor NF-kappa-B P Subunidad de NFKB -
:Jg‘tjen\‘n‘?]swm\\aracl de Niemann-Pick (Nuclear factor NF-kappa-B p105 — Tejic enriquecido: Higado o
Receptor de pregnano X (Pregnane X receptor) NRLI2 Tejido enriquecido: Higado ch s
PI3-cinasa p110-subunidad delta (PI3-Kinase p110-delta subunit) PIK3CD L‘::;:r'“'“ incrementado: Célulasde g,
Marcador prondstico en cancer de
. - - - - - I 4 P
PI3-cinasa p110-alfa/p85-alfa (P13-kinase p110-alpha/pgs-alpha) PIK3RL higado (favorable) E
. Marcador pronéstico en cancer de
Proteina cinasa C delta (Protein Kinase C delta) PRKCD higado (no favorable) £
Marcador pronéstico en cancer de
Subunidad Macropain del Proteasoma (Proteasome Macropain subunit) PSMB2 igad (no favorable) cn
Subunidad Macropain del Proteasoma, MBI (Proteasome Macropain subunit oo oo Marcador prondstico en cancer de @
MB1) higado (no favorable)
Factor de intercambio de nucledtidos de guanina 3 de Rap (Rap guanine . .
Pucleotide exchange factor 3) RAPGEF3  Angiogénesis (no especifica) o
Subunidad beta del factor de union al niicleo (Core-binding factor subunit Marcador prondstico en cancer de .
cers i cn
beta) higado (no favorable)
Subunidad alfa de la protefna del canal de sodio tipo IV (Sodium channel ‘Angiogénesis (adipocitos y células
ScNiA s
protein type IV alpha subunit) endoteliales)
Miembro 1 de la familia 40 de transportadores de solutos (Solute carrier family ¢y, Tipo celular, incrementado: Células de ¢,
40 member 1) Kupffer
Miembro 181 de la familia de transportadores de aniones organicos y
transportador de solutos (Solute carrier organic anion transporter family sLco1sl Tejido enriquecido: Higado cn
member 181)
Miembro 183 de Ia familia de transportadores de aniones organicos y
transportador de solutos (Solute carrier organic anion transporter family sLco183 Tejido enriquecido: Higado o
member 1B3)
Marcador prondstico en cancer de
Tirosil-ADN 1 (Tyrosyl-DNA 1) ToPL higad (1o favorabie) ch.sp
Tipo celular, incrementado: Células de
Receptor tipo Toll 4 (Toll-like receptor 4) TLRa Kufter, Células eorellagas hepiticas. &
Proteasa transmembrana serina 6(T p 6) TMPRSS6  Tejido enriquecido: Higado £
Factor intermediario de transcripcion 1-alfa (Transcription intermediary factor Marcador pronéstico en cancer de
TRIM2 i s
L-alpha) higado (no favorable)
Ubiquitina carboxil I hidrolasa 1 (Ubiquitin carboxyl user Marcador prondstico en céncer de @
hydrolase 1) higado (no favorable)
El simbolo = ndica que el banco es parte de un complejo proteico, no una proteina indidual. Ch-CHEMBL, PM-PharmMapper, Ph-Phros, S-SEA, SP-Super-PRED, ST

SwissTarg tion, TN-TargetNet.

Discussion

Of the liver pathologies, cholestatic diseases are
the least studied, so their mechanisms of damage
remain poorly understood (Salas-Silva et al.,
2021). Cholangiopathies are associated with
direct damage to the biliary epithelium and
inflammatory processes, such as primary
sclerosing  cholangitis,  primary  biliary
cholangitis, biliary atresia, cystic fibrosis, drug-
induced cholangiopathies, cholangiocarcinoma,
among others (Salas-Silva et al.,, 2019;
Guicciardi et al., 2013). In the present study, the
hepatoprotective effect of Orlistat on acute liver
damage induced by extrahepatic bile duct
obstruction was evaluated in Wistar rats. The
liver is composed of different cell types, such as
hepatocytes, Kupffer cells, hepatic stellate cells,
NK (natural Killer) cells, hepatic sinusoidal
endothelial cells and cholangiocytes, of which
hepatocytes and cholangiocytes are the most
affected during cholestasis damage (Salas-Silva
et al., 2021; Salas-Silva et al., 2019; Guicciardi
etal., 2013).
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In the present work, rats were subjected
for a period of 48 h to extrahepatic obstruction
of bile flow induced by ligation of the common
bile duct, In the LCBC rats, a significant increase
in hepatocyte necrosis was observed based on
the evaluation of serum ALT enzyme activity
and hepatic histological sections stained with
H&E and PAS. In addition to evidence of
hepatocellular necrosis, increases in cholestasis
markers FA and GGT were observed, as well as
ductal proliferation, which is another indicator
of cholangiocyte damage. Bile ductal
proliferation involves massive necrosis of
hepatocytes (Guicciardi et al., 2013).

On the other hand, pretreatment with
Orlistat in the LCBC+Orlistat group was able to
partially prevent liver damage due to cholestasis,
observing in situ livers with a macroscopic
morphology with fewer alterations compared to
the livers of the LCBC group, likewise,
histological staining with HE and PAS, Also,
histological staining with HE and PAS showed
liver parenchymal architecture with less
presence of necrosis and bile duct proliferation,
and consistent with these observations the liver
damage markers ALT, FA and GGT were
partially but significantly prevented from
increasing in relation to the healthy and LCBC
groups. Orlistat is a drug that is prescribed for
weight loss, and although in 2010 the FDA
(Food and drug administration) announced the
existence of clinically attributed liver damage to
its use, the hepatotoxicity of Orlistat is
considered controversial and far from proven (In
LiverTox, 2020).

In the present study, in the group of rats
treated only with Orlistat at a dose of 10 mg/kg,
p.o., daily (Orlistat group), no enzymatic
markers of liver damage were altered, nor were
differences in liver architecture observed when
compared to the healthy NT and Sham groups.
On the other hand, an article was recently
published on the effect of Orlistat in the
treatment of patients with NAFLD, a disease
characterised by excessive lipid accumulation,
inflammation and fibrosis, which can progress to
cirrhosis or HCC; demonstrating that Orlistat
can serve as a treatment in NAFLD (Ye et al.,
2019). In addition, Orlistat possesses protective
and therapeutic activity in rats with fatty liver
disease associated with metabolic dysfunction
(MAFLD previously called NAFLD) through
activation of nuclear factor erythroid-derived
factor 2-like factor 2 (Nrf2), which reduces
oxidative stress (Zakaria et al., 2021).
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The transcriptional factor Nrf2 is a
regulator of the antioxidant response, through
antioxidant response element-mediated gene
expression, is expressed in many organs, but
primarily in liver, enabling liver cells to combat
oxidative stress during the development of liver
diseases (Tang et al., 2014). However, given the
history of its potential hepatotoxicity, further
research is needed into its potential uses as a
hepatoprotectant and the improvement of dose
concentration or combination with other drugs.

Moreover, the present study being one of
the first to evaluate the direct effect of Orlistat in
a model of in vivo cholestasis liver damage, it
was decided to consult online platforms to
predict possible molecular targets of Orlistat,
which are mainly expressed in the liver, and
which could be targets for further research. Of
the 45 protein targets identified, the protein
coded ABCB11 is a bile salt export pump
(BSEP), and mutations in it are associated with
cholestatic liver disease (Kubitz et al., 2012),
and given the possible interaction with Orlistat,
further studies are needed to determine its
mechanism of action.

In addition, interest arises in evaluating
the bioactive effect of predicted interactions of
Orlistat with prognostic markers of liver cancer
such as ABCC1, ABHD12, APEX1, ATXN2,
CBX1, CDC25B, GGPS1, LYPLA2, MENL1,
PRKCD, PSMB2, PSMB5, CBFB, TDP1,
TRIM24 and USP1 and identifying possible
interaction with (favourable) liver cancer
prognostic markers such as CYP2A6, CYP2C9,
FOLH1, PIK3R1 and TMPRSS6. Another
molecule we identified was NFKB1, which is a
suppressor of inflammation and cancer
(Cartwright et al., 2016). Orlistat has been
shown to reduce colon cancer promotion in mice
by suppressing inflammation by inhibiting
NFKB activity (Jin et al., 2021).

Therefore, the hepatoprotective results of
Orlistat obtained in this work could be mediated
by this transcriptional factor, which makes it a
molecule that should be explored to try to
elucidate the mechanism of action, and a
structure activity relationship study (QSAR)
would allow the hepatoprotective effect to be
optimised.
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Conclusion

Our results suggest for the first time that Orlistat
can reduce cholestatic liver damage induced by
acute common bile duct obstruction in Wistar
rats. Bioinformatic analysis vyields different
possible therapeutic targets that open the
possibility of diverse mechanisms of action,
which can be explored in future projects and the
opportunity arises to study the structure-activity
relationship  with  Orlistat analogues and
derivatives, in search of optimising its
therapeutic effect.
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