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ABSTRACT

Carvedilol and tamsulosin, both belonging to the family of adrenergic receptor antagonists, have been proposed in
multiple recent studies (both in vitro and in vivo) for the treatment of liver and kidney fibrosis. However, there are
reports of possible side effects that contradict its therapeutic properties in chronic liver damage. Furthermore, there
is insufficient toxicological information on these drugs to ensure their safety. The present study investigates the
signaling pathways activated during endoplasmic reticulum stress using a cell model derived from hepatocytes.
Our MTT assay results suggest that both drugs reduce cell viability in a time-dependent manner, with a tendency
for proliferation at higher concentrations. The study of gene expression kinetics for UPR markers revealed a
moderate response in the PERK-ATF4 and IRE1-XBP1 branches after 12 hours of treatment. GRP78 showed an
increase in expression within the initial hours of treatment; however, no significant differences in its synthesis were
observed when evaluated with Western blot. Finally, the study found that tamsulosin did not alter the rate of
protein synthesis, while carvedilol briefly reduced it. Our findings suggest that both carvedilol and tamsulosin
upregulate genes associated with the response to misfolded proteins, but this alone is insufficient to trigger the cell
death response.
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INTRODUCTION

The Adreno-blockers are a group of pharmacological agents that inhibit the activity of the sympathetic nervous system
by binding to the same receptors as catecholamines, without triggering their physiological response. ™ These blockers
are classified into three main categories: al, 02, and B, with further subtypes within each category, based on their
amino acid sequence, ligand affinity, and signal transduction. They belong to the extensive family of G protein-
coupled receptors, which are distributed throughout the body.®! These receptors play a crucial role in hemodynamic
regulation, body temperature, and metabolism.™

Tamsulosin, a sulfonamide, selectively blocks al type adrenergic receptors, exhibiting an antagonistic effect on alA
and al1D receptors and functioning as an inverse agonist on al1B receptors.”® It is widely utilized for treating lower

urinary tract symptoms (LUTS) associated with benign prostatic hyperplasia and bladder obstructions.!”?

Carvedilol, an aryl ethanolamine, blocks Pl1, P2, and al adrenergic receptors.”! It is used to treat heart failure,
hypertension, and heart attacks.! as well as portal hypertension resulting from ascites, a common complication in
cirrhotic patients."” Clinical studies have demonstrated its efficacy in primary and secondary prophylaxis against
variceal bleeding.™! Carvedilol also contains a carbazole group in its structure, which is attributed to its antioxidant

and cardioprotective properties.!

The use of adrenoblockers has recently been suggested for the treatment of hepatic fibrosis because they target the
receptors expressed by hepatic stellate cells, inhibiting their activation and contributing to the liver healing process.
Several animal studies involving liver lesions treated with adrenergic antagonists have demonstrated improvements
compared to control groups.™*!

Despite FDA approval since the 1990s and ongoing research into novel applications, there is a lack of information
regarding the isolated toxicological effects on liver parenchymal cells. Both drugs are metabolized by the cytochrome

P450 multienzyme system, primarily located in hepatocyte subcellular membranes.["**"!

These drugs are
contraindicated in patients with liver failure because their chemical substances or derived metabolites can disrupt
cellular homeostasis and exacerbate health problems due to their toxicity.®**! The role of the endoplasmic reticulum in
the pathophysiology of various liver diseases, including hepatitis, fatty liver, and drug-induced hepatotoxicity, has
recently gained recognition. It plays essential roles in the cell, including lipid biosynthesis, calcium storage, and the

processes of protein synthesis, folding, assembly, trafficking, post-modification, and quality control.[*!

Oxidative stress, hypoxia, energy depletion, xenobiotic interactions, or disruptions in cellular homeostasis can initiate
failures in endoplasmic reticulum quality control, affecting protein folding and disposal.”” To mitigate these impaired
functions, cells activate the unfolded protein response (UPR), a survival mechanism triggered by persistent stress.

However, prolonged UPR activation can ultimately lead to programmed cell death.*?

This response depends on three interconnected branches that activate when uncoupled from GRP78, a resident
chaperone protein of the endoplasmic reticulum. These transmembrane sensors are PERK (double-stranded RNA-
activated ER protein kinase), ATF6 (Activating Transcription Factor 6), and IRE1 (Inositol-dependent enzyme 1).%*

PERK dimerizes and autophosphorylates, which subsequently phosphorylates the eukaryotic initiation factor elF2. This

phosphorylation event inhibits general protein synthesis while allowing the translation of select proteins, such as ATF4.
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ATF4 then translocates to the nucleus and induces the transcription of genes necessary to restore homeostasis.

ATF6, on the other hand, is activated through proteolysis following its translocation from the ER to the Golgi
apparatus. The 50 kDa fraction on the cytosolic side is also translocated to the nucleus to stimulate gene expression.
Finally, IRE1 is activated through oligomerization and autophosphorylation. Its endonuclease domain eliminates an
intron from the XBP1 mRNA, encoding a functional protein that acts as a transcription factor for stress response
genes.

Considering the evidence supporting the use of carvedilol and tamsulosin adrenoblockers in the treatment of chronic
liver damage processes, it's crucial to investigate whether these drugs can induce cell damage that hinders liver
recovery. Therefore, we will evaluate the potential activation of a stress response in the endoplasmic reticulum of

HepG2 cells, serving as a model for liver parenchyma cells, when interacting with carvedilol and tamsulosin.

Experimental Procedures

Cell culture

HepG2 human hepatocellular carcinoma cells were obtained from the UANL histology laboratory and cryopreserved
until use. Upon thawing, cells underwent at least two sub-culturing steps before experimental use. All cells were
cultured following the manufacturer's instructions, using DMEM (Corning, 10-090-CV) supplemented with 2% fetal
bovine serum (FBS), 2% L-glutamine (Corning, 25-005-Cl), and 1% penicillin, streptomycin, and amphotericin B
(Sigma, A5955) at 37°C in a humidified atmosphere containing 5% CO,.

Treatments with carvedilol and tamsulosin
A stock solution of carvedilol (Sigma, PHR1265) and tamsulosin (Sigma, T1330) was prepared at a concentration of 50
mM in DMSO. From this solution, preset treatments at concentrations of 0.01 uM, 0.1 uM, 1 uM, and 10 uM were

obtained using complete DMEM medium as the solvent.

MTT assay

The cells were seeded in 96-well plates at a density of 1 x 104 cells per well and incubated for 24 hours. When the
cellular confluency reached 75%, the medium was replaced with a treatment containing 0.01 uM, 0.1 pM, 1 pM, and
10 uM of the o/p adrenoreceptor antagonists for 24, 48, and 72 hours. After the respective incubation periods, a cell
viability assay was conducted following the protocol by Mosmann (1983). The treatment was replaced with a complete
culture medium containing 0.5 mg/ml of diluted MTT (Sigma, M2128) and incubated for 4 hours at 37°C.
Subsequently, the culture medium was removed, and the formazan crystals were dissolved in 150 pL of acid
isopropanol (0.1 N HCI in isopropanol). After shaking at 200 rpm for 10 minutes, MTT reduction was quantified by
measuring the absorbance of light at 595 nm with a reference filter set at 655 nm using the iMark Microplate Reader
(BioRad, California, USA).

Isolation of total RNA and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

HepG2 cells were cultured in 6-well plates at a density of 2.5 x 10° cells per well and incubated for 24 hours. When
cellular confluency reached 75%, they were treated with 0.01 uM, 0.05 uM, and 0.1 uM of the o/B adrenoreceptor
antagonists for 4, 8, 12, and 24 hours. As a positive control for endoplasmic reticulum stress, 5 pg/ml Tunicamycin

(Sigma, T7765) was used, following the protocol proposed by Abdullahi et al. (2017).%"
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Total RNAs were extracted using the Direct-zol RNA Miniprep kit (Zymo Research, R2050-R2053) following the

manufacturer's instructions, quantified using a Biodrop (Isogen life Science, Barcelona, Espafia), and stored at -80°C.

Reverse transcription was performed with 1 pg of total RNA using the RevertAid First Strand cDNA Synthesis Kit
(K1621, Thermo Scientific, Waltham, MA, USA). Subsequently, real-time quantitative PCR was carried out using the
Maxima SYBR Green/ROX gPCR Master Mix (2X) (K0221, Thermo Scientific, Waltham, MA, USA) on a StepOne
apparatus (Applied Biosystems) with the following cycling conditions: 50°C for 2 min, 95°C for 45 sec, followed by 40
cycles of 95°C for 45 sec and 60°C for 45 sec. The oligonucleotides listed in table 1 were designed with information

o [26.27

and tools available on the NCBI pag I Relative expression ratios were normalized to 18S rRNA as the internal

housekeeping gene, and differences were determined using the 2-AACt method.?®

Puromycin analysis

The measurement of protein synthesis in cultured cells using western blotting was based on the protocol by Ravi et al.
(2020) In brief, HepG2 cells were cultured in 6-well plates at a density of 2.5 x 10° cells per well and incubated for 24
hours. After 12 hours of stimulation with 0.01 uM of the o/p adrenoreceptor antagonists, the supplemented culture
medium was replaced with a medium containing 1 UM of Puromycin (Tocris Bioscience, 4089). After 15 minutes,
excess puromycin was removed by washing with a 0.00036% Digitonin (Sigma, D141) PBS solution. A positive
control using homoharringtonine (Sigma, SML1091) at 50 mM/9h was employed. Subsequently, total protein

extraction and the western blot protocol were followed. !

Protein extraction and Western Blot

To analyze the expression of GRP78 and LC3A/B proteins in HepG2 cells, HepG2 cells were cultured in 6-well plates
at a density of 2.5 x 10° cells per well and incubated for 24 hours. Cells were treated with 0.01 uM of a/p adrenergic
receptor antagonists for 12 hours. Tunicamycin (5 pug/ml) was used as a positive control for endoplasmic reticulum
stress. Cell lysates were prepared by lysing cells in RIPA buffer with 1% protease inhibitors and then centrifuged at
14,000 x g for 15 minutes at 4°C. Protein concentration was determined using the BCA method with the Pierce Kkit.
Each protein extract was separated on a 10% SDS-polyacrylamide gel and then transferred to PVDF membranes. Thirty
micrograms of protein extract were loaded for the detection of GRP78 and LC3A/B. Membranes were blocked for 2
hours at room temperature with TBST containing 5% non-fat milk. Specific antibodies for GRP78, LC3A/B, GAPDH,
and BiP were used to detect the proteins of interest. Incubations with the corresponding antibodies were carried out
overnight. After immunodetection and densitometric analysis, membranes were washed and incubated again with
antibodies for normalization. Secondary antibodies conjugated with HRP were used for protein detection. Transfers
were visualized using an ECL substrate kit and a transfer scanner. Protein band quantification was performed using

ImageJ software.

Scanning electron microscopy

HepG2 cells were analyzed by scanning electron microscopy to observe the morphological changes upon treatment
with 0.01 pM of o/ adrenergic receptor antagonists for 12 hours. A total of 10° cells grown on coverslips in 24-well
plates were fixed in 2.5% glutaraldehyde for 10 min at 25 °C. The samples were washed with distilled water and
dehydrated before being placed on a critical point dryer for 30 min (IR Chamber Scope). Then, the mounted of the
sample was carried out. Finally, the samples were plated with gold in Denton Vacuum before observing them with a

scanning electron microscope (JEOL JSM-5900 Low Vacuum SEM, Japan).
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Statistical Analysis

Statistical analysis was conducted using Microsoft Excel and GraphPad Prism 9 software. The results were presented as
the mean = SEM. The Shapiro-Wilk normality test, analysis of variance (ANOVA), and Dunnett's post hoc test were
used for multiple comparisons. P-values less than 0.05 were considered significant and indicated by asterisks as
follows: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

RESULTS

Cytotoxic assessment of a/p adrenoreceptor antagonists in HepG2

In the case of carvedilol, a cytotoxic effect on HepG2 cells is observed with longer interaction times and lower
concentrations. At 24 hours, no significant changes were observed in the metabolic activity of the treated cells at
different concentrations of this drug. However, after 48 hours, the activity notably decreased in all doses. In the group
treated with 0.01 pM, the difference was statistically significant (73.69+5.63%).

Similar to the previous case, at 72 hours, the most negative effects were recorded at the lowest concentrations. All
groups showed significant differences with values of 66.84 + 4.31%, 76.13 + 4.55%, 81.41 + 4.52%, and 79.27 +
3.94% for 0.01 uM, 0.1 uM, 1 uM, and 10 UM, respectively. It is observed that as the exposure time of the cells to the

drug increases, cell viability decreases with respect to its control, regardless of the concentration (Figure 1A).

When the cells were treated with tamsulosin, a very similar behavior was observed. At 24 hours, it had no effect on the
percentage of cell viability at the study concentrations. However, after 48 hours, a decrease in viability was seen at the
lowest concentrations. The groups treated with 0.01 uM and 0.1 uM had values of 70.00 + 4.69% and 83.26 + 4.02%,

respectively.

At 72 hours, all concentrations had a statistically significant effect on the cells, except for the highest concentration (10
M), which did not show differences from the control. The values were 72.19 + 3.42%, 81.79 + 3.79%, and 87.49 +
2.46% for the groups of 0.01 uM, 0.1 uM, and 1 UM, respectively (Figure 1B).

Effects of carvedilol and tamsulosin on expression and synthesis of GRP78

In the kinetic study of gene expression of GRP78, treatment with carvedilol (Figure 2A) showed an overexpression
within the first 4 hours at all three concentrations studied, with the most significant increase observed at the lowest
concentration of 0.01 uM. This overexpression was comparable to the positive control of tunicamycin (5.94 + 0.03 and
6.05 + 0.97, respectively). As time passed, the expression became regulated; however, at 12 hours, a significant

difference was still observed with the concentration of 0.01 pM (2.70 £ 0.08).

On the other hand, the tamsulosin group (Figure 2B) exhibited significant overexpression within the first few hours of
treatment, especially with the higher doses. At 4 hours, with 0.05 puM, it was expressed up to 6.69 + 0.99 times
compared to the negative control, and with 0.1 uM, it was 6.38 + 0.93 times. This behavior lasted until 8 hours, with
7.46 + 1.95 and 5.82 + 1.16 times, respectively. At the lowest concentration (0.01 uM) of tamsulosin, there were no

statistically significant effects, and the expression levels remained between 1.61 and 3.08.

The synthesis of the GRP78 protein did not differ significantly between the control, carvedilol, and tamsulosin treated

groups. The control group had a mean of 0.053 + 0.009 units relative to GAPDH, the group treated with tamsulosin had
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0.073 = 0.025 units, and carvedilol had 0.034 + 0.008 units. In contrast, the interaction with tunicamycin (TM)

triggered a significant increase in the expression of this marker, up to 0.869 + 0.104 units (Figure 2C-D).

Gene expression kinetics of PERK-ATF4 branch.

Carvedilol did not show statistically significant differences in PERK mRNA levels at the times and concentrations
considered in the study (Figure 3A). However, statistical analysis revealed that at 12 hours with 0.01 puM, ATF4 mRNA
production almost doubled (1.90 + 0.14), similar to the positive control with TM (2.30 + 0.03) (Figure 3C).

In contrast, tamsulosin-treated cells only exhibited a response at 12 hours at the lowest concentration (0.01 uM), with
2.70 £ 0.82 times more PERK mRNA than the negative control (Figure 3B). Consistently, activating transcription

factor 4 also showed a significant increase of 1.46 + 0.01 under the same conditions (Figure 3D).

Gene expression kinetics of IRE-XBP1 branch.
In the carvedilol group (Figure 4A), a significant increase in the expression of IREla is observed within the first 4
hours with 0.1 uM, similar to the positive control group (1.56 £ 0.29). An overexpression is also noted after 12 hours of

treatment with the concentration of 0.01 uM, showing a 2.51 + 0.10-fold increase compared to the negative control.

The groups treated with tamsulosin (Figure 4B) exhibit a very similar behavior to carvedilol: statistical differences are
present at 4 hours in the 0.05 uM group (1.53 £ 0.05), after 8 hours with 0.1 uM (2.54 * 0.45), and at 12 hours with
0.01 uM (2.54 + 0.45).

In the carvedilol group (Figure 4C), the expression of mMRNA encoding for XBP1 showed statistical significance within
the first 4 hours at concentrations of 0.05 uM and 0.01 puM, with levels of 2.36 £ 0.29 and 2.39 £ 0.10, respectively. An
overexpression is observed again at 12 hours with 0.01 uM, reaching 2.89 + 0.24.

The tamsulosin-treated group (Figure 4D) exhibited elevated levels within the first 4 hours at a concentration of 0.05
MM (2.58 £ 0.34) and with 0.01 uM after 12 hours of interaction (2.49 £ 0.39).

Carvedilol and tamsulosin do not alter the ratio of LC3-1/LC3-11

The expression of microtubule-associated proteins 1A/1B and 3B light chain, which are associated with early steps in
autophagosome formation, was measured. The ratio of LC3A/B-I to LC3A/B-I1I did not exhibit statistically significant
changes between the groups treated with carvedilol and tamsulosin (Figure 5 A and B). The positive control with

tunicamycin showed an upward trend with 0.811 + 0.416 relative units, but it was not statistically significant either.

Ultrastructural effects of tamsulosin and carvedilol on HepG2 cells

HepG2 cells showed time-and dose-dependent changes with treatment of tamsulosin and carvedilol. At 12 h post-
treatment, pro-apoptotic cells (asterisk) (exhibiting cell shrinkage morphology) as well as cells with cytoplasmic
contraction (arrow), nuclear condensation, and shedding among adjacent cells (#) were observed in the treatment with
tunicamycin (Figure 5C). Cells exposed carvedilol doses 0.01 uM presented features such as, cytoplasmic contraction
with appearance of irregularities on the cell surface (arrow), cell fragmentation, and the appearance of apoptotic bodies
(asterisk) (Figure 5C). However, when cells were exposed to tamsulosin 0.01 pM the morphology did not show
differences between the treated and control cells and presented a normal nucleus, indicating the no onset of apoptosis or

necrosis (Figure 5C).
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Protein synthesis rate assessment with puromycin

The control group with puromycin pretreatment had a value of 7.92 + 1.15 relative units, while the group with normal
proteins without pretreatment had a value of 1.98 + 0.23. The difference was statistically significant with p=0.0004
(Figure 6A). The group treated with the pentacyclic alkaloid HHT exhibited a very low protein synthesis rate compared
to the control, with 1.83 + 0.17 relative units, which is very similar to the group without puromycin pretreatment. The
adrenergic blockers did not show statistically significant differences (p=0.3064) compared to the puromycin-treated
control group. However, the significance levels differ when compared to the HHT group. The group treated with
tamsulosin showed levels of 8.31 + 1.21 with p=0.0005, which are slightly higher than the control with normal protein

synthesis rates. In contrast, the group treated with carvedilol had levels of 6.50 + 0.35 with p=0.0056.
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Figure 1: Effects of carvedilol and tamsulosin on the viability of hepg2 cells at different times and

concentrations.

Cell viability represented in percentages is on the Y axis, the X axis represents the doses on a logarithmic scale. Each
point represents the mean + SEM and has 12 observations (n = 12). Asterisks indicate the level of significance; * p
<0.05, ** p <0.01, *** p <0.001, **** p <0.0001.
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Figure 2: Effects of carvedilol and tamsulosin in HepG2 cells on the expression and synthesis of GRP78.

HepG2 cells interacted with 0.01, 0.05 and 0.1 uM of (A) carvedilol and (B) tamsulosin for a period of 4, 8, 12 and 24
hours, and evaluated the expression of GRP78 by RT q PCR (n=3). (C-D) GRP78 was subsequently detected by

western blot after 12 h of interaction with 0.01 pM carvedilol and tamsulosin. The results were analyzed by
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densitometry with Image J software and normalized with GADPH (n=4),. Multivariate statistical analyzes ANOVA

with Dunnett's post hoc were performed. Asterisks indicate the level of significance; *p<0.05, **p<0.01, ***p<0.001,

****p<0.0001. TM: Tunicamycin.
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Figure 3: Kinetics of gene expression of PERK-ATF4 branch.

PERK expression was evaluated with 0.01, 0.05 and 0.1 uM treatments of (A) carvedilol and (B) tamsulosin at 4, 8, 12

and 24 hrs. Subsequently, the expression of ATF4 was evaluated under the same conditions; (C) carvedilol treated

group, (D) tamsulosin treated group. Each group has three observations (n=3) and is represented as the mean + standard

deviation of the mean. Two-way ANOVA with Dunnett's post hoc statistical analysis was performed. Asterisks indicate
the level of significance; * p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. TM: Tunicamycin.
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IRE1 expression was evaluated with 0.01, 0.05 and 0.1 uM treatments of (A) carvedilol and (B) tamsulosin at 4, 8, 12
and 24 hrs. Subsequently, the expression of XBP1 was evaluated under the same conditions; (C) carvedilol treated
group, (D) tamsulosin treated group. Each group has three observations (n=3) and is represented as the mean * standard
deviation of the mean. Two-way ANOVA with Dunnett's post hoc statistical analysis was performed. Asterisks indicate
the level of significance; * p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. TM: Tunicamycin.
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Figure 5: Effects of drug treatments on LC3A/B expression and Ultrastructural effects.

A) A photograph of a PVDF membrane developed with a chemiluminescence treatment is observed, where the upper
band corresponds to LC3-1 and the thinnest below is LC3-Il. B) The ratio of LC3-1l to LC3-I in each sample is
presented. The results were analyzed by densitometry with Image J software and normalized with glyceraldehyde-3-
phosphate dehydrogenase (GADPH). Each group has 4 repetitions (n=4), the graph represents the means with error bars
and the standard deviation of the means. In all cases there was a normal distribution, and the assumption of
homoscedasticity was met. A one-way ANOVA with Dunnett's post hoc was performed. Asterisks indicate the level of
significance: * p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. C) Ultrastructural effects of tamsulosin and carvedilol
on HepG2 cells. At 12 h post-treatment, pro-apoptotic cells (asterisk) (exhibiting cell shrinkage morphology) as well as
cells with cytoplasmic contraction (arrow) and shedding among adjacent cells (#) were observed in the treatment with
tunicamycin. Cells exposed carvedilol doses 0.01 pM presented cytoplasmic contraction with appearance of
irregularities on the cell surface (arrow). However, when cells were exposed to tamsulosin 0.01 puM the morphology did

not show differences between the treated and control cells.
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Figure 6: Effects of drug treatments on global protein synthesis.

A) Western blot membrane photograph of the protein synthesis experiment revealed by chemiluminescence. 1: Control
without puromycin, 2: Control with puromycin, 3: Carvedilol, 4: Tamsulosin, 5: HHT. B) Graph derived from the
densitometric analysis of the PVDF membranes. Results were analyzed with Image J software and normalized with
housekeeping GADPH. Each group has 3 repetitions (n=3), the graph represents the means with the standard deviation
of the mean. In all cases, there was a normal distribution, and the assumption of homoscedasticity was met. A one-way
ANOVA with Dunnett's post hoc was performed: Asterisks indicate differences concerning Control with puromycin
(*), numerals are for control treated with HHT (#); * p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

DISCUSSION

The concentrations of 0.01 to 0.1 uM for both drugs helped us identify the time and concentration at which the drugs
can induce the UPR. In this study, evidence has been presented that neither tamsulosin nor carvedilol induces the
unfolded protein response. Carvedilol, at therapeutic doses in human patients, exhibits a maximum serum concentration
in the range of 0.01 to 0.1 M, with a half-life of 7 to 10 hours.B” Similarly, tamsulosin has a serum concentration of
approximately 0.01 pM, with a half-life of 9 to 13 hours.”

The observations recorded in the tamsulosin cytotoxicity assays align with observations reported by various authors
using different cell lines. According to studies conducted by Forbes et al. (2016), some alpha-blockers exhibit
anticancer properties independent of their therapeutic effects in patients. Their cytotoxicity studies, using resazurin,
reveal that tamsulosin has the least cytotoxic effect on PC-3 and LNCap prostate cancer cell lines, while Doxazosin and
prazosin exhibited greater cytotoxic effects in all cases.*! These effects are attributed to the quinazoline ring in
Doxazosin’s structure, which can activate cell death mechanisms. This mechanism may involve cellular targets such as
the activation of caspases 8/3, VEGF, EGFR, HER2/Neu, or topoisomerase.®™ On the other hand, tamsulosin and

silodosin showed no significant effects on cell viability even after 72 hours of continuous treatment at the highest
concentration of 100 pM.
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Other studies indicate that ACHN and Caki-2 kidney cancer cell lines, when treated with 50 uM tamsulosin, exhibited
no significant changes compared to naftopidil. In contrast, naftopidil inhibited proliferation by inducing G1 cell cycle
arrest.®® Another study by Forbes et al. reports on the cytotoxicity of different alpha-blockers on the human
myofibroblast cell line WPMY-1. Their findings indicate that cytotoxicity is time-dependent and that the effects of
tamsulosin, alfuzosin, and terazosin are not significant up to a concentration of 100 UM, resulting in a reduction in
viability of more than 50%.5% In a review by Batty et al. (2016), it is concluded that tamsulosin does not exhibit the
cytotoxic effects seen with other alpha-blockers on prostate cancer cell lines (PC-3, LNCaP, and DU-145). Once again,
the cytotoxic effects of doxazosin, terazosin, and prazosin are attributed to the quinazoline ring, while in naftopidil, it's
the piperazine ring, with tamsulosin being an alpha-blocker with the chemical identity of a sulfonamide.F? Medina-
Pizafio (2022) also reports that lower concentrations of carvedilol resulted in decreased cell viability, while higher

concentrations even increased viability, suggesting a proliferative effect.!*”!

In our case, we observed a time-dependent negative effect on cell viability. This effect may be associated with the
constitutive function of adrenergic receptors in hepatocytes, which play a role in modulating several functions such as

B4 Type 1 adrenergic receptors are involved in liver regeneration and

carbohydrate, lipid, and amino acid metabolism.
glycogenolysis,®* while beta receptors (predominantly types 1 and 2) regulate liver glucose disposal and lipid
catabolism similarly to glucagon. Additionally, the activation of hormone-sensitive lipase (HSL) and adipocytic

triglyceride lipase (ATGL) is also stimulated.®®

Another explanation for the cytotoxicity observed with adrenergic blockers over longer interaction times could be the
generation of reactive metabolites resulting from their biotransformation in the liver via CYP P450. This hypothesis is
one of the most plausible explanations for the etiopathogenesis of drug-induced hepatotoxicity. During the
detoxification process of xenobiotics, free radicals and compounds that covalently bind to lipids, nucleic acids, or
proteins can be generated.®” Several case studies support this hypothesis for carvedilol®°!; however, information on

tamsulosin is more limited.

Following this line of reasoning, the specific binding of reactive metabolites with macromolecules such as proteins is
termed haptenization."® It is one of the described mechanisms of hepatotoxicity and represents an idiosyncratic
reaction because its effects are not related to the therapeutic effect or dose of the drug. Additionally, it primarily

induces cellular-level liver failure.®*

Thus, secondary metabolites produced by the CYP P450 system can affect the ER membrane of hepatocytes, binding to
proteins, causing changes in their conformation. These changes may eventually be recognized by the quality control
system, leading to a potential response to misfolded proteins. This mechanism's significance lies in its association with
diseases such as hepatitis, alcoholic liver disease, and fatty liver disease.””! Hepatocyte apoptosis is a common
pathogenic event in several liver diseases and is linked to unresolved ER stress.l*l However, the extent to which

reactive metabolites activate the UPR is not clearly understood, and there is limited evidence supporting this.®"

Our findings indicate that the mRNA expression of the PERK-ATF4 branch is partially activated during treatments
with carvedilol and tamsulosin. Once PERK is activated, it leads to a reduction in global protein synthesis, which is a

result of elF2 phosphorylation and promotes mMRNA translation with a regulatory signal in the 5' non-coding region
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(UTR) like ATF4™! However, the analysis of puromycylated peptides reveals that there are no statistically significant

differences in the rate of protein synthesis, even though there is a downward trend in the group treated with carvedilol.

The branch of the UPR mediated by IRElo was partially activated at the mRNA level in the case of both
adrenoblockers. Haas et al. (2016) induced endoplasmic reticulum stress using high concentrations of dextrose in
HCAEC cells™ and subsequently treated them with beta-blockers (carvedilol, propranolol, and atenolol). They
concluded that these beta-blockers can suppress the cellular UPR since there was a decrease in the expression of
GRP78, phosphorylation of elF2, JNK, and XBP1 splicing. It's worth noting that these effects were observed at
concentrations up to 10 pM, whereas our studies used lower concentrations. The studies by Gao et al. (2017) also

suggest that carvedilol has a regulatory effect on the expression of this branch of the UPR.

In our findings, we observed an overexpression of GRP78 at the messenger RNA level; however, no significant
differences were observed in protein synthesis. It's important to note that, apart from being an endoplasmic reticulum
chaperone protein that facilitates the folding process, GRP78 also functions as a sensor of endoplasmic reticular
stress.*® This leads us to believe that both tamsulosin and carvedilol do not induce severe endoplasmic reticulum

stress, or at least do so to a very limited extent, and can be managed by the cell within the first 24 hours of interaction.

On other hand, one of the signaling pathways related to the UPR is autophagy, as misfolded polypeptides can aggregate
to form aggregates (aggregasomes) and amyloid fibers.*"*®! In these cases, additional signaling pathways, such as
autophagy, are activated. There is evidence suggesting that autophagy plays a role in post-stress survival in the ER but
can also trigger apoptosis, as they share some upstream signals.*® However, the synthesis rate of LC3-11/LC3-I

proteins indicates that there is no formation of autophagosomes.

CONCLUSION

Carvedilol and tamsulosin treatments at serum concentrations stimulate partial activation of the UPR at the
transcriptional level, which probably responds to drug-induced stress, specifically in the IRE1o-XBP1 and PERK-
ATF4 branches. However, there is no significant expression of the molecular chaperone GRP78 or its effector signaling
pathways. Therefore, it is assumed that the interaction of hepatocytes with carvedilol and tamsulosin is stable and does

not affect the integrity of the endoplasmic reticulum.
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