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Abstract
Background: The α and β adrenoblockers have been tested as an alternative treatment for chronic liver
lesions such as �brosis and cirrhosis in animal models, as well as their possible participation during the
regeneration of the damage caused by liver cirrhosis in a hamster model. However, it was observed that
doxazosin caused slight morphological changes in hepatocytes, while that curcumin showed protection
to the hepatic parenchyma. Regardless, the pharmacokinetic effects of these 𝛼/𝛽 adrenoblockers on the
hepatocytes' cell viability, possibly involved in the hepatic parenchyma's repopulation during cirrhosis
reversal, are unknown. The present study aimed to elucidate the protective effect of curcumin on the
possible side effects of doxazosin, tamsulosin, and carvedilol on the HepG2 cell line, drugs already tested
with anti�brotic activity.

Methods: HepG2 cells were exposed to 0.1, 0.5, 10, and 25 µM of doxazosin, carvedilol, and tamsulosin
for 24, 48, and 72 h, for curcumin, cells were pretreated with 1 µM for 1 h before exposure to α and β
adrenoblockers. The cell viability was assessed by MTT assay. The morphological changes were
determined using hematoxylin and eosin (H&E) staining, scanning electron microscope (SEM), and
acridine orange (AO) staining.

Results: We observed that the doxazosin decreases cell viability dependently time and dose; carvedilol
and tamsulosin increase cell proliferation. However, curcumin induces regulation of these effects in
HepG2 cell line, increasing or maintaining viability compared to control. The pretreatment with curcumin
regulated AST levels (aspartate aminotransferase) and ALT (alanine aminotransferase) in cells exposed
to α and β adrenoblockers. The SEM and H&E staining provided evidence that doxazosin, carvedilol, and
tamsulosin induced morphological changes in HepG2 cell line, depending on time and dose,
approximately 80% of the cells treated with drugs were balonized, and curcumin protected these effects,
maintaining the morphology in 90% of the treated cells.

Conclusions: The present study demonstrates that curcumin protected the HepG2 cells against
cytotoxicity and morphological changes induced by the α and β adrenoblockers attenuating secondary
effects for possible oxidative stress. In this way, it is concluded that these treatments with anti�brotic
effect, in co-treatment with curcumin, will not affect the possible repopulation process of the liver
parenchyma during the reversion of �brosis.

Background
In a hamster liver cirrhosis model, it was shown that treatment with doxazosin and carvedilol reduces the
concentration of collagen �bers in the liver and improves liver parenchymal function with decreased AST
and ALT. However, the α-1 antagonist (doxazosin) modi�ed hepatocytes' typical morphology and affected
the parenchyma's regeneration process [1]. Although the β adrenoceptor blocker (carvedilol) is considered
anti�brotic for its antioxidant activity in a liver cirrhosis model of rats treated with carbon tetrachloride
and an in vitro model of a liver stellar cell line (LX-2), it can restore liver parenchyma due to liver stellar
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cells' inactivation and collagen; inhibition of collagen synthesis can also be done through the
TGFβ1/SMAD pathway [2, 3].

Curcumin is bis-α, β-unsaturated β-diketone, with antioxidant activity [4]. The group ortho-methoxy of
curcumin plays an essential role in oxidative stress. It reacts with reactive oxygen species, and hydrogen
donation reactions lead to its oxidation and contribute to the well-established ROS-scavenging potential
in the biological system [5].

Curcumin can positively regulate cytoprotective and antioxidant proteins. However, it has been shown
that it can produce a pro-oxidant effect in high doses [6]. One of the primary defense mechanisms
against cytotoxicity is the stimulation of Nrf2 activity and the activation of the antioxidant response
element (ARE) Nrf2 signaling pathway, regulating the expression of genes involved in eliminating ROS [7].

In a study, the anti�brotic activity of doxazosin and carvedilol in co-treatment with curcumin in an in vivo
model of hamsters with CCl4 was reversed �brosis to decrease collagen I, hepatocyte morphology without
alterations and, normal liver function. The antioxidant curcumin is proposed to increase mRNA
expression of the Nrf2. On the other hand, the liver �brosis process decreased the antioxidant response of
factor 2 related to erythroid nuclear factor 2 (Nrf2) and increased the pro-in�ammatory pathway of
nuclear factor kappa B (NF-κB) [8].

Doxazosin and prazosin induced the apoptosis of cultured cardiomyocytes dose-dependently over the
range 0.1 to 50 µmol/L; this potential has been demonstrated for the two quinazoline-based antagonists,
but they have not been observed with tamsulosin, which has a phenylethanolamine structure [9]. A
concentration of 1 µmol/L in vitro is considered to ensure intracellular concentrations like those achieved
in vivo by therapeutic doses (in patients, serum doxazosin concentration reaches 0.122 µmol/L with an 8
mg dose and 0.244 µmol/L with a 16 mg dose) [10].

There is no critical understanding of effective liver repopulation requirements and mechanisms for
treatment or reversal of liver �brosis or cirrhosis. Different models of cirrhosis and �brosis have been
established in rodents to study a mechanism of progression of these diseases and/or anti�brotic
therapies. The induced liver �brosis by thioacetamide demonstrated that epithelial progenitor stem cells
that are derived from the rat fetal liver could engraft into the liver with advanced �brosis/cirrhosis and
differentiate in hepatocytes, which leads to a repopulation of the parenchyma; also, the cells that were
grafted can expand and replace the defective or damaged liver cell population shortly after a cell infusion
[11].

The pharmacokinetic effects of α and β adrenergic receptor antagonist drugs (doxazosin, tamsulosin,
and carvedilol) on the remaining hepatocytes' cell viability, possibly involved in the repopulation of the
liver parenchyma during the reversal of �brosis, are unknown. Therefore, we evaluated in vitro the role of
protective of the curcumin on the possible side effects of drugs with anti�brotic activity on the HepG2 cell
line.
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Methods
Cell culture

HepG2 cells were grown in DMEM (Sigma, D5546) supplemented with 2% fetal bovine serum (FBS), 2% L-
glutamine (Corning, 25-005-CI), and 1% penicillin/streptomycin (Corning, 30-001-CI) at 37°C in a
humidi�ed atmosphere containing 5% CO2 and 95% O2 as proposed by ATCC. After incubation, the cells
were rinsed with saline phosphate buffer (PBS, pH 7.4) after adding 1 ml of trypsin EDTA at 0.25% for 7
min to digest the cells. DMEM was added to �nish digestion. The cells were then collected by centrifuging
at 2,000 rpm for 5 minutes. All cells were harvested in the logarithmic phase of the experiments.

Treatments with doxazosin, carvedilol, and tamsulosin

A stock of doxazosin (Sigma, D9815), carvedilol (Sigma, PHR1265), and tamsulosin (Sigma, T1330) was
prepared at a concentration of 50 mM using a 0.08% DMSO solution as a solvent. Based on this solution,
the preset treatments of concentrations of 0.1 µM, 0.3 µM, 0.5 µM, 10 µM, 15 µM, and 25 µM were
obtained, using the complete DMEM medium as a solvent.

MTT assay

The cells grown overnight in 96-well plates at a density of 75% were treated with the concentrations of α/
β adrenoreceptor antagonists for 24, 48, and 72 hrs. Interactions were performed in the presence or
absence of curcumin 1 µM (Sigma, C1386). Cell viability was measured using 5 mg/mL blue thiazolyl
tetrazolium bromide (MTT) (Sigma, M2128) dissolved in PBS. Shortly, the cell culture medium with the
treatment was changed to medium with diluted MTT (1:10, v/v) and incubated for 4 h at 37°C. After
removing the incubation medium, formazan crystals were dissolved in 100 µL of acid isopropanol (84 µL
HCl at 25% in 25 ml isopropanol). MTT reduction was quanti�ed by measuring the light absorbance at
595 nm with a reference �lter of 655 nm using a Microplate reader spectrophotometer, Bio-Rad®.

Measurements of ALT and AST

The ALT and AST levels were measured by collecting the supernatant of HepG2 cells with treatments in
the presence and absence of curcumin and measured the absorbance at 340 nm. The enzyme vitality
was calculated according to a standard curve; the concentrations were expressed in international units.

Hematoxylin & eosin staining

The cells with the antagonist's adrenergic receptors in the presence and absence of curcumin were plated
at 1 x 105 cells per well in coverslips at the bottom of 24-well plates. After the 24 h, the slide inside the
plate was withdrawn and washed with PBS 1x, then �xed with 4% paraformaldehyde for 20 min at room
temperature (25°C), and washed with PBS 1x, stained with 500 µL hematoxylin (1 min), following two
washes with distilled water, counterstained with 500 µl eosin (20 s), �nally the cells were washed twice



Page 5/19

with distilled water and mounted in Mowiol® (Sigma, 81381) and observed under the Axioscop at x20
and x40.

Scanning electron microscopy

The HepG2 cells were subjected to scanning electron microscopy analysis to observe the morphological
changes upon α/β adrenoblockers in the presence and absence of curcumin during the 24 h challenge.
The cells grown on coverslips in 24-well plates were �xed in 2.5% glutaraldehyde for 10 minutes at 25°C.
The samples were washed with distilled water and were dehydrated before they were placed on a critical
point dryer for 30 mins (IR Chamber Scope).  After that, mounting was carried out by sticking the samples
onto stubs. Finally, the specimens were gold coated in (Dentuum Vaccum) before viewing under various
pressures via scanning electron microscope (JEOL JSM-5900 Low Vacuum SEM).

Acridine orange staining

To prepare the acridine orange staining solution, the stock was prepared by dissolving 1g of AO in 100 ml
of PBS pH 7.4 and was stored at 4°C away from light. The HepG2 Cells treated with doxazosin, carvedilol,
and tamsulosin were dyed with 1 µg/ml. After 15 minutes at 37°C, the stained cells were washed with
PBS. The presence of stained acidic vesicular organelles was assessed using a �uorescence invert
microscope Carl Zeiss 398 Axiovert 40CFL Microscope (Carl Zeiss AG, Germany) at the magni�cation x
20 in maximum emission of 490 nm as red color and 515 nm as green color.

Statistical Analysis

Statistical analysis was achieved using Microsoft Excel and GraphPad Prism 6 software. The results
were presented as the mean ± SD. D'agostino & Pearson's normality test and the analysis of variance
(ANOVA) and Dunnett's post hoc were used for multiple comparisons. P values less than 0.05 were
signi�cant and indicated by asterisks as follows: *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

Results
Cytotoxicity Assessment by MTT assay 

The MTT assay reported that 0.5 µM doxazosin induced a timeline and concentration-dependent
cytotoxic effect after 24 h, the cell's viability was lowered to 87.81 ± 3.95%. However, the concentration of
10 µM of carvedilol and tamsulosin increased cell proliferation in HepG2 cells (viability 129.0 ± 4.887%
and 127.5 ± 5.35%, respectively). Doxazosin induced cytotoxicity at 48 h with 0.1 µM dose (viability 85.81
± 3.53%); nevertheless, carvedilol and tamsulosin reduced the viability with 0.1 µM to 71.61 ± 5.24% and
74.58 ± 6.03%, with 25 µM rise to 88.82 ± 3.54% and 101.9 ± 2.65%. Furthermore, carvedilol and
tamsulosin at 72 h have no impact on HepG2 cells viability; they showed normal viability, without
differences versus the control (viability 96.54 ± 3.62% and 103.8 ± 1.778%, respectively). However, the
dose of 10 µM doxazosin caused cytotoxicity; the viability was 44.28 ± 3.99% (Fig. 1).
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Determination of curcumin pretreatment

The MTT assay results reported that curcumin at low doses < 1 µM showed not activity cytotoxic.
However, the doses between 10 and 25 µM induced cell death (viability 76.33 ± 1.097 and 24.01 ± 0.72%
respectively). These results con�rmed that 1 µM has no toxic effect in the cells with viability (98.18 ±
1.39%) and was selected as a conventional pretreatment for subsequent experiments (Fig. 2).

Curcumin reduced cytotoxicity induced by α and β adrenoblockers 

The results showed that 1 µM curcumin for 1 h before exposure to antagonists reduced the cytotoxicity in
HepG2 cells. In this case, the viability of the cells was increased to 98.83 ± 3.28% with 25 µM of
doxazosin, 25 µM of carvedilol 115.9 ± 2.33%, and 25 µM of tamsulosin 114.7 ± 3.77% (Fig. 3).

Measurements of ALT and AST

These results showed that HepG2 cells contain a low activity of AST and ALT in the supernatant. The
levels of AST and ALT increased in the cells treated with doxazosin (α adrenoblocker) for 72 h with a dose
of 10 µM the levels increased to 15.17 ± 0.40 and 25 ± 2.60, respectively (Fig 4a, d). The levels in the cells
with carvedilol (β adrenoblocker) only increased with the dose 0.1 µM from 12 ± 0.89 to 18.33 ± 1.96 in
AST and 19.50 ± 1.64 with ALT (Fig. 4b, e). The treatment with tamsulosin (α adrenoblocker) report
increases in AST from 12 ± 0.89 to 14.50 ± 2.73 with the dose of 25 µM and an increase to 14.67 ± 1.03
with dose 0.1 µM (Fig. 4c, f).  However, compared with the cells exposed to pretreatment with curcumin,
doxazosin treatment does not show a difference versus the control, and carvedilol and tamsulosin
regulate the enzyme's levels. The antioxidant inhibited the levels of AST and ALT in a dose-dependent
manner (Fig 5).

Effects of α and β adrenoblockers on the monolayer of HepG2 cells

The morphological changes of HepG2 cells monolayer after exposure to α and β adrenoblockers for 24 h
were described as a decrease in the interaction between the cells compared to the control. The treatment
with carvedilol and tamsulosin generated aggregates of eosinophilic cells and cell conglomerates with a
dose of 25 µM. Doxazosin treatment showed balonization dependent on dose. It also showed the general
damage at the monolayer detached from neighboring hepatocytes (Fig. 6). However, in the pretreatment
with 1 µM curcumin, it was observed that the cell culture's viability and morphology were protected during
an interaction with doxazosin, tamsulosin, and carvedilol. The cell death decrease, the monolayer's
integrity was maintained due to the increased interaction between the cells, fewer cell aggregates were
visualized, and the number of balonized cells decreased (Fig. 7).

Ultrastructural effects of α and β adrenoblockers on HepG2 cells

The HepG2 cells showed possible pro-apoptotic changes dependent on the time and the dose of the α
and β adrenoblockers; at 24h interaction, it was found several pro-apoptotic cells (exhibiting cell
shrinkage morphology) that appeared to be forming and releasing vesicles, as well cells suffered
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cytoplasmic contraction, nuclear condensation and shedding among neighboring cells. The cells exposed
to doses ≥ of 10 µM of the α and β adrenoblockers presented characteristics such as balonization or cell
rounding, condensation of cytoplasmic organelles, and the appearance of irregularities on the cell
surface, and the formation of vesiculations followed by cell fragmentation, and the appearance of
apoptotic bodies (Fig. 8). However, when the cells were exposed to the pretreatment of curcumin (1 µM)
before the α and β adrenoblockers, the morphology does not show differences between those treated and
the control, the morphological characteristics that can be observed are that the villi that represent the
intercellular junctions are normal. The cells present a normal nucleus without vesicle formation,
indicating the onset of apoptosis or necrosis (Fig. 9).

Detection of apoptosis in cell line HepG2 

The morphological characteristics of the apoptotic cells induced by the α and β adrenoblockers were
determined by acridine orange staining. The Fig. 10 show that after the incubation of doxazosin and
carvedilol for 24 hours, the HepG2 cells developed different morphological changes that include
vesiculation or nucleus fragmentation (Red arrow) and formation of apoptotic bodies (white arrow),
related to the control cells that show a normal morphology or with respect to the cells treated with
curcumin. Curcumin has a protective effect against the possible pro-apoptotic doxazosin, carvedilol, and
tamsulosin effects. However, the treatment with curcumin and tamsulosin indicates that the vesicles or
apoptotic bodies decrease and increased cells with nuclear condensation (Blue arrow), and the cells
treated with the different doses show similarity to the control.

Discussion
Regarding the background where the α and β adrenoceptor blocking drugs were used in liver �brosis,
morphological changes and alteration in liver proliferation markers have been observed. Based on these
results, the present study was developed to observe these main �ndings: cytotoxicity and morphological
changes in hepatocytes. These morphological alterations and cytotoxicity have been regulated by
pretreatment with curcumin.

In relation to the cytotoxicity of alpha adrenoblockers, investigations have been carried out on the mode
of induction of apoptosis and its relationship with the cytotoxicity of different alpha adrenoblockers such
as doxazosin, prazosin, 5-methylirapidil, and teratozine in HL-1 cells (derived from cardiomyocytes) as an
in vitro model because they maintain the phenotype and intracellular and cell surface elements. It is
reported that alpha adrenoblockers doxazosin and prazosin induced apoptosis in a dose-dependent
manner, and doxazosin shows signi�cant changes in viability decrease with the 0.1 µM/L dose [10].
These results were con�rmed with Hoechst staining, and the studies were made of 24, 48, and 72 h. In our
results found that doxazosin has the same behavior at the dose of 0.1 µM and time-dependent in HepG2
cells. It is important to remember that in patients, serum doxazosin concentration reaches 0.122 µmol/L
with an 8 mg dose and 0.244 µmol/L with a 16 mg dose) [10]. The viability was lowed from the 0.1 µM
dose at 24 hours. However, carvedilol (β adrenoblocker) with antioxidant activity and selective antagonist
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tamsulosin of α1A and α1B adrenoceptors showed a signi�cant increase in dose-dependent cell viability
at 24 h, and after 72 h, the cell proliferation mechanism was normalized.

Doxazosin is the only adrenoblocker used in the study with high levels of cytotoxicity in the HepG2 cell
line. This adverse characteristic of doxazosin has also been reported by different authors, who describe
doxazosin as an agent cytotoxic at doses of 25 µM in prostate epithelial cell lines [12]. For that reason,
we used 25 µM as a marker of damage; the viability decreased to 39.07 ± 8.75% after 24 h (Fig. 1).
Likewise, under this doxazosin concentration, we observed morphological changes in the hepG2 cells,
such as ballooning, vesicle formation, and positive orange coloration through acridine orange, changes
that are related to apoptosis. These morphological changes found in HepG2 cells are similar to those
found in prostate cells (LNCaP). The proposed mechanism of damage in an epithelial cell line is through
increased activation of caspase 8 by the formation of the death-inducing signaling complex (DISC),
caspase 8 can stop the cell cycle in the G2-M phase and thus activate caspase 3 as the tBid responsible
for the release of cytochrome c in the BAX/Bak receptor [13]. This results in the release of pro-apoptotic
inducing factors related to mitochondrial stress: cytochrome c Smac/DIABLO, AMID, and AIF [14].

Forbes A. et al., 2016 reported that the cytotoxicity of doxazosin and tamsulosin were compared and was
demonstrated a dose-dependent increase in the activation of caspase 3 followed by the apoptotic
response when the quinazoline structure is present, to con�rm this was demonstrated a decrease in HIF-1,
a resistance mediator in the LNCaP line after they were exposed to quinazoline [15]. In our study, both α-
adrenoblockers were also compared at the cytotoxic level, and doxazosin shows the highest decrease in
cell viability even in 24 h treatments. It is proposed because doxazosin has a structure based on
quinazoline and tamsulosin in sulfonamide.

It was demonstrated that doxazosin causes an increase in DNA fragmentation, cell cycle arrest in the G2
phase, and apoptosis due to the inactivation of CDK1. Also, it is suggested that doxazosin interrupts the
cell cycle by quinazolines thanks to the competitive inhibition of ATP tyrosine kinase and the inhibition of
PI3K phosphorylation of EGF and VEGF receptors [16].

Curcumin has therapeutic purposes due to its antioxidant properties [17]. It is an excellent candidate for
its low toxicity. However, one of the main characteristics of curcumin is to possess antioxidant and pro-
oxidant properties. We determine the concentration of curcumin that did not induce cell death in the
HepG2 cell line for subsequent experiments. In vitro investigations in a model with the cell line, Huh7
exposed to curcumin in very low doses (≤ 1 µM), behaves as an antioxidant. However, the doses
increased in a range of (5 to 10 µM), it behaves as an inducer of autophagy by reducing cytoplasmic
proteins' acetylation and blocks the cell cycle, �nally with doses greater than 25 µM, cell death is induced
[18]. We used different concentrations with ranges of 0.01, 0.03, 0.05, 0.07, 0.1, 0.5, 1, 5, 10, and 25 µM
during 24 h, and we observed that the doses ≤ 1 µM even increased the viability compared to control,
cells treated with doses ≥ 5 µM signi�cantly decreased viability. Therefore, it was decided to use the
concentration of 1 µM (Fig. 2).
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Our cell viability results with 1 µM curcumin pretreatment showed a recovery of cell viability in MTT up to
100% compared to control cells (Fig. 3). Possibly because the drugs doxazosin, carvedilol, and
tamsulosin induced cell death may be due to oxidative stress, and curcumin with the defense
mechanisms like the antioxidant response element (ARE) regulates the expression of genes involved in
the elimination of ROS and increased the cell viability; however, these regulatory mechanisms are not
entirely understood [19].

The main indicator enzymes of oxidative stress and liver damages are AST and ALT [20]. Previous
studies have demonstrated in a HepG2 cell model the effect of glycyrrhizate (an antioxidant) on
antioxidant defense systems by analyzing AST and ALT levels with and without H2O2, showing that H2O2

induces an increase in the levels of the enzymes. Glycyrrhizinate pretreatment effectively protected
HepG2 cells from induced damage and decreased ALT and AST [21]. We reported that AST and ALT
enzymes of HepG2 cells exposed to different concentrations of α and β adrenoblockers increased with
the concentrations of 0.1 and 10 µM of doxazosin, 0.1 and 25 µM carvedilol, and 0.1 µM tamsulosin
(Fig. 4). However, curcumin pretreatment decreased AST and ALT levels, counteracting the drugs' possible
oxidative effect (Fig. 5).

The effect of cycloheximide in liver cells at the histological level with hematoxylin and eosin staining and
the ultrastructural level with scanning electron microscopy described apoptosis stages in rat hepatocytes
in four sequential phases: 1) cell contraction, 2) cell fragmentation, 3) release of blood cells in the
sinusoids, 4) phagocytosis and digestion of blood cells by hepatocytes and Kupffer cells, we report in our
study that the changes morphological of the HepG2 cells, occurred at 24 h after interaction with the alpha
and beta adrenoblockers following the patterns indicated above; though after cycloheximide-induced
oxidative stress, is compared to histological and ultrastructural �ndings thioacetamide-induced apoptosis
[22]. In the evaluation of the cell monolayer by hematoxylin and eosin, we observed that α and β
adrenoblockers alter the formation of the monolayer and decrease cell interaction, and there are
eosinophilic aggregates or apoptotic process. However, with curcumin, the monolayer is restored and
cellular interaction (Figs. 6 and 7). Another of the hepatocytes' characteristics was ultrastructures which
suggest a progressive fragmentation of the cell body, and each fragment gives rise to an apoptotic body.
We report the ultrastructures' with SEM that indicate that doxazosin, carvedilol, and tamsulosin induce
possible pro-apoptotic processes that are time and dose-dependent. However, doxazosin shows more
morphological changes such as balonization and separation of cells that result in the formation of
vesicles or possible apoptotic bodies; carvedilol and tamsulosin show minor changes in cells as irregular
surfaces with radiated projections. Curcumin treatment reduces the morphological variations, and the cell
morphology shows normal villi and intercellular junctions without vesicles, indicating that it inhibits the
apoptotic process.

In vitro studies, in HepG2 cells, cell death mechanisms were studied from the red signal of the acridine
orange stain of different compounds that generate oxidative stress such as H2O2—relating a greater
signal with the fragmentation of cellular structures and the beginning of the apoptotic process. The
positive damage control showed high red coloration within the nucleus [23]. We observed that the three
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drugs induce the dose-dependent apoptotic response due to the increase in color in the cells compared to
our damage control (H2O2); however, this red signal decreased when the cells were analyzed with
curcumin, proving that it can have an anti-apoptotic effect.

Conclusion
The present study demonstrates that curcumin protected the HepG2 cells against cytotoxicity and
morphological changes induced by the α and β adrenoblockers attenuating secondary effects and
therefore could serve as a treatment for the regeneration process of the liver parenchyma in the
regression of �brosis with α-adrenoblockers (doxazosin and tamsulosin) and β-adrenoblocker carvedilol.
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Figures

Figure 1

Doxazosin reduces cell viability timeline and dose-dependent in the HepG2 cell line. Carvedilol induces
proliferation of HepG2 cells. Tamsulosin maintains viability and possibly induces proliferation in the cell
line. The viability was analyzed by the MTT assay and is presented relative to the activity at the start of
the experiment in each case. The results are from three independent experiments. Data are mean ± SD, *p
< 0.05, **p < 0.0025, ***p < 0.001, ****p < 0.0001 versus Control.
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Figure 2

Curcumin hormesis in HepG2 cells. The viability was analyzed by the MTT assay for 24 h and is
presented relative to the activity at the start of the experiment in each case. The results are from four
independent experiments. Data are mean ± SD, *p < 0.05, ****p < 0.0001 versus Control.

Figure 3
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Curcumin pretreatment inhibits cytotoxicity in HepG2 cells treated with doxazosin, carvedilol, and
tamsulosin. Curcumin protects HepG2 cells against the induced cytotoxicity. Cell viability was analyzed
by MTT assay. The results are from three independent experiments. Data are mean ± SD, **p < 0.0025,
***p < 0.001, ****p < 0.0001 versus Control.

Figure 4

The cell permeability changes during the treatment with α and β adrenoreceptors by AST and ALT levels.
The drugs doxazosin, carvedilol, and tamsulosin increase transaminase levels. The ALT and AST in the
culture medium were determined after 72 h. Data are mean ± SD, n=6, *p < 0.05, ***p < 0.001, ****p <
0.0001 versus Control.
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Figure 5

Curcumin controls the release of cell-damaging enzymes AST and ALT by a possible change in
permeability induced by doxazosin, carvedilol, and tamsulosin. The content of ALT and AST in cells with
curcumin treatment and α/β adrenoblockers was determined after 24 h. Data are mean ± SD, n=6, *p <
0.05, **p < 0.0025, ****p < 0.0001 versus Control.

Figure 6

Morphological effects on the monolayer of HepG2 cells exposed to α and β adrenoblockers. The arrows
indicate the cells' main morphological changes as alteration of the monolayer, decreased cell interaction,
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aggregates of eosinophilic cells, and balonization. Treatments for 24 h were visualized by hematoxylin
and eosin staining taken at x 40.

Figure 7

Curcumin protects the integrity of the monolayer during an interaction with proven anti�brotic drugs.
Curcumin decreases the amount of cell death, maintains the integrity of the monolayer, increases the
interaction between cells, reduces cell aggregates, and decreases balonization (arrow). Treatments for 24
h were visualized by hematoxylin and eosin staining taken at 40 x zoom.
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Figure 8

Ultrastructural effects of doxazosin, carvedilol, and tamsulosin on HepG2 cells. Black arrow: irregular cell
surface with folds of the cell membrane. Green arrow: cell contraction with the formation of vesicles
followed by fragmentation. Red arrow: balonization resulting in separation of neighboring cells. Yellow
arrow: possible apoptotic body. The treatments during 24 h were visualized under an SEM (scale bar of 5
µm).

Figure 9

Curcumin reduces the morphological variations related to cell damage caused by α and β adrenoceptor
blocking drugs. Cell morphology shows normal villi and intercellular junctions (red arrow) without vesicle
formation in HepG2 cells. Treatments for 24 h were visualized under SEM (5 µm scale bar).
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Figure 10

Curcumin protects HepG2 cells from the pro-apoptotic effect of doxazosin and carvedilol. Tamsulosin is
less susceptible to cell death. The untreated live cells showed normal green nuclei (Control). White arrow:
apoptotic bodies. Blue arrow: chromatin condensation. Red arrow: nucleus fragmentation. Treatments for
24 h were visualized by acridine orange staining taken at 20 x zoom. Doxazosin + Curcumin (D+C),
Carvedilol + Curcumin (C+C), Tamsulosin + Curcumin (T+C).


