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Detection of Apoptosis Initiated in

Treated HepG2 Cells with t-

BHP: The

Role of Phytochemicals to Reduce
Toxicity and Stop Apoptosis

Maha ] Hashim*

Al-Gardens Street, Amman, Jordan

ABSTRACT

Apoptosis or programmed cell death is a standard physiological mechanism. It is essential to
control the number of cells, balance cell division and cell death, regulate the immune system, and
eliminate pathogen-infected cells. Apoptosis entailed a different investigation to determine related
biochemical reactions such as activated caspase, Reactive Oxygen Species (ROS), Lipid Peroxidation
(LPO), and Evaluation of Glutathione Content (GSH) by using different techniques. HepG2 cells were
exposed to +/- 0.4 and 0.8 mM t-BHP for specific times to induce toxicity for apoptosis detection.
We aim to investigate the mechanism of cell death in treated HepG2 with t-BHP under consideration
of the conditions of the cytoprotection assay. Results showed no strong evidence for apoptosis,
although caspase-3 activity increased significantly (p < 0.05) in treated HpG2 cells with 0.8 mM t-BHP
at 150 minutes. The weak proof for apoptosis may attribute to the participation of Calpain through
the cross-talk in blocking the caspase- activation.

Similarly, we obtained significant ROS and lipid peroxidation increases in treated HepG2 cells
with 0.8 mM t-BHP (p < 0.05 and 0.01 respectively) at 150 minutes. Moreover, reported a (non-
significant) decline in GSH amounts. Treatment of the cells with Q and I13C under the conditions used
in the cytoprotection study prevented the weak activation of caspase-3 identified by western blot.

INTRODUCTION

Physiological cell death in humans during health and disease proceed similarly
through anatural process called apoptosis [1,2] or programmed autonomous cellular
dismantling to avoid inflammation [3,4], where all dying cells are removed regularly
without any trace [1,3] (Figure 1a). Moreover, because potentially deleterious cells
eliminate, apoptosis can be considered one of the most potent defenses against
cancers [5]. Inversely, Necrosis classifies as the second type of cell death. Still, it
is passive, resulting from severe environmental damage to the cell and involving
cell swelling, lysis, ATP depletion, and irregular release of intracellular contents
resulting in inflammation of the tissue (Figure 1b) [3].

The core effectors of apoptosis encompass proteolytic enzymes of the caspase
family that exist as latent zymogens or precursors in the cytoplasm of multicellular
animals [6]. During cell death, caspases closely link to apoptosis through their two
functional main groups [7] called initiator and effector caspases [6]. Activation of
caspases is considered one of the significant features of apoptosis, where activation
of initiator caspases leads to activation of the effector caspases, which subsequently
results in cellular substrate cleavage [3]. Oxidative stress, induced by endogenous
processes due to imbalance between levels of oxidant and reductant in favor of
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Figure 1 Cell death pathways. Viable cell initiates cell death pathways after responding to death-inducing stimuli. (a) Apoptosis pathway features include activation
of initiator caspases first, which activates the effector caspases, and that last activation contributes later on in cleaving cellular substrates. At this stage, when
apoptotic cells formed, they can notice a condensation of nuclei and cytoplasm besides DNA damage and the formation of apoptotic bodies. In the apoptosis
pathway, the intact plasma membrane can still bein seen. (b) The second cell death pathway is Necrosis, where the cell swells, and the plasma membrane breaks

down, leading to the release of inflammatory cellular contents [3].

the oxidants, can generate apoptosis [8]. The induction of
apoptosis associates with the depletion of the endogenous
antioxidant glutathione [9], the primary modulator of
oxidative stress [10], which dictates the relative resistance
or susceptibility of the cell to the apoptotic or cytotoxic
activities of a toxicant [10-13].

On the other hand, a significant elevation of ROS that
increases hydrogen peroxide [14] links with induction of
apoptosis, where evidence indicates that polyunsaturated
fatty acid can kill cells by apoptosis [15,16]. More associations
between apoptosis and the highest level of caspase-3
activity have been reported as well [17] HepG2 cells are
widely preferred to use as a model system of the human liver

for oxidant and phytochemicals compounds applications
[18]. Although HepGz2 cells are considered cancer cells due
to their ability to differentiate and divide [19], they are the
valid model for drug testing, such as the protective effects
of phytochemicals against pro-oxidant effects [20]. The
protective effects of the phytochemicals in HepG2 cells can
be achieved by culturing cells in high density to behave as
closely as possible to those in vivo regarding functionality,
metabolism, and morphology [21]. For example, the pre-
treatment HepG2 cells with quercetin completely prevented
the toxicity effect t-BHP [22,23]. Moreover, HepG2 cells
are considered a reliable model to study the mechanism of
toxicity of the oxidant agents by t-BHP [24] and propose cell
death pathways [25].
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Apoptosis: Programmed cell death

Apoptosis is programmed cell death. It is a standard
physiological mechanism used by metazoans during the
development, morphogenesis, and homeostasis of organs
and tissues; since it carves the body, shapes the organs, and
sculpts the fingers and toes [26].

The term apoptosis is Greek and means falling off like
the leaves of trees. It was first given in 1972 [27] and his
colleagues to describe the unique phenotypic phenomenon
of cellular shrinkage of cells, eliminating during embryonic
development, atrophy upon hormone withdrawal, and
average cell turnover in healthy adult tissue [27]. Moreover,
another definition has been given for apoptosis relying
on the events consecutively depending on the cellular
metabolism that causes the specific morphology of the cell
damage [14]. By the second definition, apoptosis can easily
distinguish from the other types of cell death-like necrosis,
autophagy, and oncosis [14,28].

The main morphological features of apoptosis are
nuclear, and cytoplasmcondensation, nucleus fragmentation
into mono-and oligonucleosomal units, plasma membrane
blebbing, and cell shrinkage before the cell breaks into
small membrane-surrounded fragments called apoptotic
bodies. Phagocyte cells take up these fragmented bodies
and degrade before deletion within phagosomes without
inciting inflammation [27,29,30]. Necrosis, the passive and
accidental cell death, can be distinct from apoptosis by the
uncontrolled release of inflammatory cellular contents due
to cellular and organelle swelling and membrane breakdown
[3] (Figure 2).

A Attraction of Phagocytes
via soluble “Find-me”signals

B Recognition and Phagocytosis
via displayed “Eat-me”-signals and
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Regulation of cell death is indispensable for the normal
development and maintenance of tissue homeostasis in
multicellular organisms [31]. Metazoans cells die through
different stereotypical modes, including apoptosis,
Necrosis, autophagy, and oncosis, but apoptosis is the most
notable among all. Misregulation or failure of apoptosis
may result in cancer development [32] when apoptotic
cells lose responsiveness to death-inducing and become
viable aberrant cells that can then switch to tumor cell
characteristics [33].

Apoptosis pathways: Apoptosis is characterized by an
executioner program including a family of highly conserved
proteases known as caspases which occupy a critical position
in signal transduction cascades associated with immune
reactions. Furthermore, they are in particular responsible for
dismantling cells by cleaving cellular substrates. Aberrant
caspase regulation seems unequivocal to be implicated
considerably in the pathogenesis of various diseases such as
cancers and neurological disorders [34]. All caspases exist
as inactive precursor enzymes (proenzyme) [3,35] and exist
as latent zymogenes (procaspases); they are expressed as
a single-chain composed of three domains: an N-terminal
propeptide (or prodomain) followed by the region of two-
subunit effector domain, one small and one large subunit
[34,35,38]. Members of the caspases family can be classified
based on their physiological roles, which are significantly
different. However, all family members are similar in amino
acid sequences, structure, and substrate specificity [35].
Two main groups can be distinguished: caspases related to
caspase 1 (caspase-1, -4, -5, -13, and 14 as well as caspase
-11, and -12) and caspases that are implicated in apoptosis
(caspase-2, -3, -6, -7, -8, -9, -10) which can be further

C Production of anti-inflammatory
Cytokines

lacking Don't-eat-me"-signals

Apoptotic
Cell

Migration ','eb
Signals \/_“'

Figure 2 The three steps of apoptotic cell removal (a) soluble find-me signals released by dying cells to attract professional phagocytes. (b) Phagocyte cells can
internalize the apoptotic cell corpse during this action of encountering phagocyte cells with its prey, phagocyte particles that display eats-me, and the lack of don't-
eat-me signals on its surface. (c) To prevent inflammation after ingestion of apoptotic remains, the phagocyte starts producing anti-inflammatory cytokines, like

IL-10 and TGF- around the site of the apoptotic cell death [29].
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divided into initiator and effector subgroups. The initiator
caspases (caspase-2, -8, -9, and -10) are responsible for
activating the effector caspases cascades (caspase-3, -6,
and -7), which are involved in cellular substrate cleavages
[7] (Figure 3).

Caspases are intimately involved in both the intrinsic or
extrinsic pathways of apoptosis (Figure 4) [31]. The extrinsic
Pathway involves activating initiator caspases like pro-
caspase-8 by extracellular binding ligands such as FasL
to their cognate receptors FAS to form cytosolic adaptor
protein called FADD. This FADD, in turn, activates pro-
caspase-8 and subsequently activates the effector caspases
for dismantling cellular substrates [38]. The activation of
effector caspases is achieved during transmission of the
emanating proapoptotic signals from internal stressors
such as DNA damage via the intrinsic Pathway. The extrinsic
and intrinsic pathways converge on mitochondria, leading
to permeabilization of the outer membrane of mitochondria.
Accordingly, cytochrome c subsequently releases other

proapoptotic molecules into the cytosol [39,40]. Caspase-8
can cleave and activate the proapoptotic Bcl-2 family
member Bid (into Bax and Bak) to promote mitochondrial
cytochrome c release [41] or impede the releasing by Bcl-
2 and Bcl-XL [42]. The released cytosolic cytochrome c is
essential for activating caspases because it binds with Apaf-
1 protein and forms a large complex called the apoptosome,
which activates the initiator caspases such as caspase-9
induce apoptosis [43-45].

The physiological defects in apoptosis pathways may lead
to many disorders and diseases such as AIDS, Alzheimer’s,
Cancer, Parkinson’s disease, infectious diseases [46],
and autoimmunity such as Addison’s disease [47]. These
apoptotic defects are attributed to the deregulation in cell
death processes meaning that either too much or too little
cell death occurs. Such examples include self-renewing skin
tissues where cell death occurs physiologically, but when
normal cells fail toundergo apoptosis for some reason related
to defect in apoptosis mechanisms, cell accumulation and

{"Effector domains |

CARD Inflammatory

CARD/DED

Initiator

Apoptotic

Figure 3 Caspases are divided into two main groups: those implicated in apoptosis (caspase-2, -3, -6, -7, -8, -9, and -10) and those related to caspase-1 (caspase-1,
-4,-5,-13, and -14, as well as murine caspase-11 and -12) which their role appears to be proinflammatory and cytokine processing cell death. The caspases involved
in apoptosis can be further divided into initiator and effector subgroups: Initiator caspases (caspase-2, -8, -9, and -10) which are used to activate the effector
caspases (caspase-3, -6, and -7) to cleave cellular substrates DED = Death Effector Domain; CARD = Caspase Recruitment Domain [3].
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Figure 4 The pathways of apoptosis encompasses the extrinsic pathway, which includes caspase activation, while the intrinsic pathway involves the cytosolic

cytochrome c release from mitochondria into the cytosol [31].
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cancers can arise [48]. To maintain the regulated apoptosis
pathways which eventually prevent disease, the components
of cellular regulation of apoptosis such as Bcl-2 proteins are
using as integral regulators of the mitochondria apoptotic
Pathway, death receptors that trigger apoptosis from the
cell surface, endogenous caspases inhibitors, and caspases
as the executioner enzymes as targets [49].

tert-Butyl Hydroperoxide (t-BHP)

Oxidative stress reflects an imbalance between the
systemic manifestation of ROS and a biological system’s
ability to detoxify the reactive intermediates readily or
repair the resulting injury, both causes leading eventually to
potential damage [50,51]). When ROS production is enhanced
by oxidants, like those derived from nitrogen and oxygen, to
such an extent to overwhelm the protection system, this may
cause oxidative modification and contribute to abnormal
pathological processes and biochemical functions [8,50,52).
Reports refer that t-BHP participates or implicated an
overproduction of intracellular ROS resulting in oxidative
stress and cell injury [53] t-BHP is an organic short-chain
analog of hydrogen peroxide [53,54]. It can produce free
radicals through decomposition and participate in most
oxidative stress situations. For example, the formation of
covalent bonds with cellular molecules, peroxidation of
cellular lipids, and affecting cell integrity, which leads to
cell injury [54,55] rapid oxidation of reduced glutathione,
and loss of cell viability [55]. The potential cellular toxicity
mechanism of t-BHP can involve three pathways:

(A) Glutathione Peroxidase (GPx) rapidly metabolizes
t-BHP to tert-butyl alcohol. It forms Glutathione
Disulfide (GSSG), which subsequently reoxidize
by Glutathione Reductase (GR), resulting in the
regeneration of GSH. When GPx is available in a
high amount, it may cause oxidation of pyridine
nucleotides and GSH depletion. The Oxidation and
depletion process is associated with the altered Ca+2
homeostasis, which considers the critical event of
plasma membrane blebbing, an early sign of toxicity
induced by t-BHP [55-57].

(B) The free radicals intermediate arise through the
decomposition of t-BHP, which subsequently
contributes to the peroxidation of membrane lipids
(55,58].

(C) t-BHP free radicals may cause cell injury through
the covalent bond formation with cellular molecules
[55,591.

Reactive Oxygen Species (ROS)

Reactive Oxygen Species (ROS) generates continually
within a cell as a result of mitochondrial electron transfer.
The amounts of ROS are checked permanently by the
endogenous antioxidant defense system to prevent their

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES 1ssn: m

accumulation in the body [60]. If this balance is disturbed
because of overproduction of ROS quantities or weakness of
the endogenous antioxidant system defenses [61], diseases
such as malignant neoplasm [62], cardiac dysfunction [63],
and Alzheimer disease [64] may ensue. Moreover, the most
important biological processes, in particular ATP synthesis
and oxidative phosphorylation, are continually achieved by
mitochondria which used 90% of the consumed 02 for this
purpose. In these processes, the mitochondrial proteins
probably implicate in superoxide O2.- production, leading
to ROS generation (Figure 2) [65]. Therefore, mitochondria
are considered the intracellular sources for normal and
abnormal ROS quantities generation during average and
impaired mitochondrial oxygen reduction. Besides their
harmful effects, ROS are important in many physiological
processes as they involve removing dead cells [61]. Now, they
recognize as regulators of cell function and modulators of cell
signaling pathways. They are considered part of the signaling
process responsible for apoptosis induction and elimination
of cancer cells [28]. Different mechanisms and pathways
suggestion for ROS generation and their participation in
dead cell elimination. Regarding the mitochondria pathway,
the achievement of the rapid and transient ROS initiations
via Fas activation and the induction of apoptosis occurs by
the potent carcinogen such as cadmium Cd [66,67].

Lipid peroxidation

Lipid Peroxidations (LPO) generates in mitochondria
when the free radicals attack the double bonds of carbon-
carbon of unsaturated fatty acid [68,69]. During the process
of lipid peroxidation, toxic by-products, known as ‘second
messengers,’ are formed and cause damage to the functions
of the cell [69].

Polyunsaturated Fatty Acids (PUFAs) are considered the
basis on which the fluidity of phospholipids of the bilayer
of biological membranes is maintained. When peroxidative
attacks by free radicals on PUFAs of a biological membrane
cause extensive damage and lose their essential function
as a barrier, therefore, large molecules such as cytosolic
enzymes can leak out considerably [70]. Moreover, LPO can
cause other disorders to the membrane by cross-linking
of membrane components which lead to restriction of the
mobility of membrane proteins, decreasing the fluidity and
electrical resistance of the membrane, as well as changing
the phase properties of the membranes [68,70]. So, LPO has
been implicated in decreasing enzyme activities associated
with the membrane, such as cytochrome P450 and glucose-
6-phosphatase. LPO also contributes to the inactivation of
membrane pumps responsible for cellular ion homeostasis
maintenance [69].

Endogenous antioxidant system: Glutathione (GSH)

Thefirstlineofdefenseagainstbiologicalmacromolecules
that are highly active comes from the reaction between ROS,
and compounds like nucleic acids, proteins, carbohydrates,
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and lipids are insufficient for defense. This line includes
antioxidant enzymes such as SOD, GPx, catalase, and
thioredoxin reductase [71]. Therefore, another sequence
of enzymes such as Glutathione S-Transferase (GST),
Glutathione Peroxidase (GPx), aldehyde dehydrogenase,
and aldo-keto reductase protects against ROS-mediated
damages.

GSH, gamma-glutamyl-cysteinyl glycine, is a cysteine-
containing tripeptide [72]. It synthesizes in various
organisms from glycine and y-glutamylcysteine by GSH
synthetase enzyme, the active sulfur provided by methionine
through the cystathionine pathway [73]. Moreover, it is
present in all living cell types. It exists as oxidized forms
(GSSG), known as glutathione disulfide, which are converted
to the reduced form by Glutathione Reductase enzyme (GR)
[74,75]. Under normal cellular redox conditions, the bulk of
cellular GSH is in the endoplasmic reticulum, nucleus, and
mitochondria [76]. GSH has multiple cellular functions as
nucleophile and reductant and involves in many biological
reactions such as redox reactions to detoxify ROS and
electrophilic xenobiotics due to its thiol function [77].
Recently, changes in antioxidant enzyme activity have been
regarded as a sensitive biomarker to measure the cellular
response to oxidative stress [50]. This study measured
Glutathione (GSH) depletion and considered it a biomarker
for oxidative stress-induced in HepG2 cells by tert-Butyl
Hydroperoxide (t-BHP).

Effect of antioxidants

Antioxidants are compounds known for scavenging free
radicals and other oxidative species [78]. They are considered
defenders to cells from ROS-mediated DNA damage,
which can otherwise lead to mutation and successive
carcinogenesis [28]. They recommend cancer prevention
according to the inverse dissociation of high antioxidant
intake with a low risk of lung cancer [78]. These protections
are either direct (free radical scavenging) or indirect (up-
regulation of cytoprotection proteins). Therefore and in
different pathological situations, antioxidant therapy has
been introduced as a new therapeutic approach to directly
scavenge the free radicals through a series of reactions or
remove them indirectly to minimize ROS accumulation
[79]. Concerning HepG2 cells derive from hepatocellular
carcinoma, they are common cancers globally [80] and
represent a model system of the human liver [18]. Although
HepG2 cells can differentiate and divide, they are still a valid
model for applying drug testing [19], such as the protective
effects of phytochemicals against pro-oxidant effects [20].
The drug testing application is accomplishing by culturing
high-density cells to behave closely to those in vivo
regarding functionality, metabolism, and morphology [21].

Moreover, scientists consider them a reliable model for
studying the mechanism of toxicity of the oxidant agents
such as t-BHP [24] and proposed cell death pathways. For
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example, HepG2 cells treated with t-BHP induced oxidative
stress in HepG2 cells by causing apoptotic cell death with
reduced glutathione content and glutathione reductase
activity [25]. Moreover, the type of cell death, Necrosis, or
apoptosis in response to hypoxia can elucidate in HepG2
cells where calpains are involved in hypoxia-induced cell
death that is likely to be necrotic [81]. Furthermore, HepG2
cells can metabolize chemical compounds like in vivo other
than cell lines which do not express chemicals metabolism
capability [18,82,83]. Therefore, using the HepG2 cells
culture system to study the effect of the providing actions by
antioxidants or oxidants to reflect the exposure conditions in
vivo exposed chemicals in the blood following the first-pass
metabolismin theliver. In our study, we cultured HepG2 cells
in high density to be confluent and non-dividing to allow
the identification of antioxidant behavior and establish the
possible mechanism of toxicity of t-BHP.

MATERIALS AND METHODS

HepG2 cells culture

HepG2 cells were cultured in 175 cm? Nunclon culture
flasks in 5% CO,-in-air atmosphere using 50 ml of
minimum Essential Eagles MEM medium supplemented
with 10% (v/v) fetal calf serum, 2 pg/ml fungizone, 0.05 mg/
ml gentamicin, 1% (v/v) non-essential amino acid solution,
2 mM L-glutamine at 37°C. The culture medium was changed
every 72 hours, and cells were confluent after 7 days of sub-
culturing. For experiments including treatments, cells were
sub-cultured at high density in wells of a 24-well plate in
1 ml medium; under these conditions, the confluence was
achieved within 24 hours.

Treatment of cells

Toxicity effects of tert-Butyl Hydroperoxide (t-BHP)
on HepGz2 cells by phytochemicals in serum-free medium:
HepG2 cells were cultured and seeding as shown in sections
2.1and then treated with different phytochemicals (Q, EGCG,
I3C, and SFN) for 20 hours before incubation with different
concentrations (0.05, 0.1, 0.2, 0.4, and 0.8 mM) of t-BHP for
5 hours in serum-free medium.

In related experiments, we studied the toxicity effect of
t-BHP on the viability of HepG2 cells to determine whether
t-BHP can induce apoptosis in these cells or not. HepG2 cells
were distributed into a 24-well plate and exposed to t-BHP
(0.4 or 0.8 mM) for 5 hours in serum-free medium and
medium containing 2% serum.

Apoptosis: Programmed cell death detection

Preparation of Cell lysate samples: After exposure of the
cells to the various test incubations, the plate was placed
on ice, medium removed, and 150 pl of lysis buffer pH 7.6
(was prepared from dissolving 12.1 g of Tris (20 mM), 1.9 g
of EGTA (1 mM), 500 nl of Triton X-100 (0.1%), 0.021g of
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NaF (1mM), 1.08g of b-glycerophosphate (10 mM) in 500 ml
distilled water) was added. The pellet was re-suspended and
homogenized using a pestle to ensure that all protein was
released from the cell. The lysate (20 pl) was placed into one
Eppendorf tube to estimate protein by Lowry assay, while
another 100 nl was placed into another tube for western gel.

Determination of protein level: The total level of protein
was determined by using the Lowry method [84]. A 1mg/
ml of Bovine Serum Albumin (BSA) stock solution was
prepared in water. A series of dilutions were made to produce
a standard curve (see table below). Lowry solution AB was
prepared by mixing 20 ml of Lowry solution A (a solution
prepared by dissolving 2 gm of sodium hydroxide NaOH,
1 gm of sodium dodecyl sulfate SDS, and 10 gm of sodium
carbonate Na,CO, in 500 ml of distilled water) with a solution
B (100 pl of 2% of sodium-potassium tartrate and 100 ul of
1% of Copper Sulfate CuSO,), and then 1 ml of Lowry solution
was added to all samples and BSA standards. All examples
and BSA standard solutions were incubated for 10 minutes at
room temperature, and then 100 pl of Folin reagent dilution
1:1 (1 ml of Folin reagent added to 1 ml of distilled water) was
added to all samples and standards solutions. Solutions were
transferred after mixing on the vortex to a 96-well plate and
incubated at room temperature for at least 45 min, and no
more than 3 hours. The resulting absorbance was determined
on spectra MAX 340pc plate reader at 750 nm.

(D) (D) (mg/ml)
0 200 0 0

1 190 10 0.05
2 180 20 0.10
3 170 30 0.15
4 160 40 0.20
5 150 50 0.25
6 140 60 0.30
7 130 70 0.35
8 120 80 0.40
9 110 90 0.45

Detection of caspase activation

(a) By western blotting: The effect of t-BHP on treated
HepG2 cells with I3C and Q was studied using western
blotting and viability test.

HepG2 cells were incubated with I3C (25 pg/ml) using
medium 10% serum for 20 hours prior exposure to 0.4 and
0.8 mM of t-BHP for different periods (0, 15, 30, 60, 90, 120,
150 minutes) for viability test while cells were exposed for 60
and 120 minutes for western blot using medium containing
2% serum. In addition, HepG2 cells were incubated with Q
(100 pg/ml) and 0.4 and 0.8 mM of t-BHP simultaneously for
different periods of time (0, 15, 30, 60, 90, 120, 150 minutes)
in medium containing 2% serum. For western blot, HepG2
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cells were incubated with Q (100 ng/ml) and 0.4 and 0.8 mM
of t-BHP simultaneously for 60 and 120 minutes using a
medium containing 2% serum.

(b) In-cell western for determination of caspase-3
activity: Following exposure of HepG2 cells to t-BHP for
up to 120 minutes, the cells were washed with PBS, and
then fixed by adding 150 pl of (4% w/v) paraformaldehyde
(20 g paraformaldehyde solid dissolved in 500 ml PBS
containing 7 drops 10 M NaOH) to each well and incubating
for 30 minutes at room temperature. Fixative was aspirated.
Cells were re-washed with PBS before 150 ul of (0.1% v/v)
Triton solution (0.1 ml Triton X-100 dissolved in 100ml PBS
solution) was added to each well, and then incubated for
15 minutes at room temperature then aspirate. Cells were
re-washed with PBS, and then 150 ul of (5% w/v) milk, the
blocking agent (5 g milk powder dissolved in 100 ml PBS),
was added to each well then left on a plate shaker for an hour
atroom temperature, and then aspirate. Following this, 50 ul
of primary antibodies, (2:1000) caspase-3 (2 ul of caspase-3
antibody diluted in 1 ml of 5% milk) and (0.25:1000) GAPDH
(0.25 pl of GAPDH antibody diluted in 1 ml of 5% of milk),
were added to each test well. The plate was incubated
overnight on a plate shaker in a cold room (4-6°C). The next
day, primary antibodies solution was aspirated before each
well was washed three times with PBS every 5 minutes and
then aspirated. Following aspiration of the plate, 100 pl
of secondary antibodies solution (8 pl of goat anti-rabbit
IR800 and 6 pl of goat anti-mouse IR680 were diluted in 30
ml of 5% of milk) was added to each well and incubated on
a closed plate shaker for 60 minutes at 37°C. The secondary
antibody was light-sensitive, so the assay plate was
carried out quickly, and the assay plate was covered during
incubation. When incubation was finished, solutions were
aspirated, and each test well was washed three times with
PBS, aspirating after each wash. After aspirating the third
wash, the assay plate was scanned by an Odyssey infrared
fluorescent imaging system (LI-COR) and analyzed using
Odyssey V3 software.

(c) Immunocytochemistry: HepG2 cells were cultured on
coverslipspresentina24-well platefor24hours; thenextday,
cells were treated with 0.4 and 08 mM t-BHP using medium
2% serum for 0, 60, and 120 minutes. After treatment, HepG2
cells were fixed by paraformaldehyde (4%) in Phosphate-
Buffered Saline (PBS) for 30 min at room temperature. After
then cells were washed by PBS and permeabilized using 0.1%
Triton-X100 in PBS for 30 minutes. Non-specific binding
sites were blocked by incubating cells with PBS containing
1% Bovine Serum Albumin (BSA) for 60 minutes at room
temperature. Following this, 50 pl of primary antibodies
(1:200) caspase-3 (from Cell Signaling Technology) (2 pl of
caspase-3 antibody was diluted in 200 ml of 5% milk) were
added to each well and incubated overnight at 4°C. The next
day, the primary antibody was aspirated, and the wells were
washed with PBS. After PBS washing, FITC-conjugated goat
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anti-rabbit IgG (1:800) (from Jackson Immuno Research)
was added, and the plate was incubated for 1 hour at 37°C. Cell
nuclei were stained with 4, 6-diamidino-2-phenylindole
(DAPI, Molecular Probes) dye (1 ul:1000 pl PBS) for 5 minutes
at room temperature to visualize all cells on coverslips. After
extensive washing with PBS, coverslips were mounted with
a mounting medium without DAPI (Vectashield) and viewed
through a 63 x glycerine immersion lens objective with a
Leica DMRA2 fluorescent microscope. Images were cropped,
and brightness and contrast were adjusted equally using
the Image] Software. Negative controls without primary
antibodies were included to ensure minimal non-specific
staining.

Determination of caspase activity

Activation of specific proteases called caspases is
considered to be one of the initial biochemical events of
apoptosis[85]. AHomogenous Caspases Assay kit from Roche
was used for the determination of caspase-3 activity. After
treatment, the medium was aspirated. 175 pl of the working
substrate was added; the working substrate was immediately
prepared by mixing 200 pl of 500 utM of DEVD-R110 stock
solution in DMSO with 2.8 ml of incubation buffer (already
prepared in bottle). While 87.5 pl of the working substrate
was added to 87.5 ul of working positive control, which was
prepared by mixing 10 pl of positive stock control (lysate
from apoptotic U937 cells treated with camptothecin) with
90 ul of incubation buffer. For the standard curve, 87.5 ul
of the working substrate was added to 87.5 pl of series of
dilution 5, 2, 1, 0.5, 0.25, and 0.125 pM that was prepared
from 10 pM of working standard solution; it was prepared
by mixing 10 pl of 1 mM of stock R110 standard with 990 pl
of media. For blank, 175 ul of medium containing 2% serum
was added. After substrate addition, the plate was covered
with a lid and incubated for not less than an hour at 37°C.
A fluorescent plate reader was used to measure caspase-3
activity at 470-500 nm excitation and emission of 499 nm.

Determination of intracellular ROS production

The intracellular ROS level was measured
using the oxidation-sensitive fluorescent dye 2/,
7'-dichlorodihydrofluorescein diacetate DCFH-DA [86].
This dye is a stable nonpolar compound and cell-permeable
indicator of ROS because it can get readily into the cell as a
non-fluorescent compound DCFH which ROS oxidizes to the
highly fluorescent DCF [66,67] DCFH-DA was dissolved in
DMSO to a final concentration of 5 mM and then diluted to
10 pM in complete PBS containing Ca*2 and Mg+2 before
use. For ROS measurement, HepG2 cells were washed with
full PBS after pre-incubation with the probe DCFH-DA
for 30 minutes. The washed cells, including DCFH-DA as
DCFH, were then treated with t-BHP for different periods.
Following the treatment, ROS was measured immediately in
fluorescence spectrophotometry using 485 nm and 520 nm
wavelengths for excitation and emission, respectively. The
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amount of ROS that are produced by the cells is proportional
to the intensity of fluorescence generated [66].

Determination of cellular Glutathione (GSH) content

GSH in its reduced form (gamma-glutamyl cysteinyl
glycine) is a major intracellular antioxidant in most
eukaryotic and prokaryotic cells. It is considered an essential
monitor for human diseases related to detoxification
processes and oxidative stress [87]. GSH was determined by
the method of [88]. Following treatment, cells were washed
with PBS, and then 1 ml of 10% Trichloroacetic Acid (TCA) (10
g of TCA was dissolved in 100 ml distilled water) was added
to each well. The plate was covered and placed on a shaker
for 30 minutes to mix and extract glutathione into TCA. The
supernatant was collected in plastic tubes. Into 96 well-
plates, 50 pl of cell/TCA supernatant, glutathione standard,
and TCA blank was distributed before adding 200 pl of
K2HPO4/OPT mixture; this mixture was prepared before use
shortly by adding 2.5 ml of O-Phthalaldehyde (OPT) (10 mg
of OPT dissolved in 10 ml of methanol and stored in the dark
in the fridge, this reagent was prepared weekly ) to 7.5 ml of
0.4 M of K2HPO/ buffer (pH 8.2) (35 g of K2HPO4 dissolved
in 500 ml distilled water). The plate was left for 15 minutes
to stand, and then the fluorescence was read on a fluorescent
plate reader by using 360 nm and 460 nm wavelengths for
excitation and emission, respectively. The concentration of
glutathione in samples was determined by reference to the
standard solutions of GSH. For glutathione standard curve,
a series dilution of 100 M, 50 pM, 25 puM, 12.5 uM, and 6.25
uM were freshly prepared from 1 mM of glutathione (3.07
mg of the reduced form of glutathione was dissolved in 10 ml
of 10% TCA) by using TCA. TCA was used as blank.

Determination of Lipid Peroxidation (LPO)

After treatment, cells were collected in plastic tubes by
adding 150 pl of 20% TCA (20 g of TCA dissolved in 100 ml
distilled water) to each well and mixing. The tubes were left
to stand for 10 minutes and then centrifuged, the precipitate
being discarded. To 100 pl of supernatant (or standard), 100
ul of 0.67% TBA (2-thiobarbituric acid) (0.67 g of TBA was
dissolved in 100 ml distilled water) were added, and then
tubes were heated at 95°C for 20 minutes. The tubes were
placed on ice to cool for 10 minutes; the pink color appeared
gradually. Finally, 1.5 ml of butanol was added to each tube
and mixed before being left to stand for 5 minutes. The
fluorescence of the butanol layer was read on a fluorescent
plate reader using 530 nm and 590 nm wavelengths for
excitation and emission, respectively. For standard curve,
from 100 mM of 1,1,3,3-Tetramethoxypropane (178.7 nl was
added to 10 ml of 20% TCA) a series dilution of 10, 5, 2.5,
0.625, 0.1, 0.05, 0.025, and 0.0125 mM was prepared.

RESULTS

Toxicity effects of tert-Butyl Hydroperoxide (t-BHP)
on treated HepG2 cells by phytochemicals in serum-free
medium (Table 1).
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Table 1: TC,, values for untreated and treated HepG2 cells with four chemicals
Q, EGCG, 13C, and SFN for 20 hours prior exposure to different concentrations
of +-BHP (0, 0.05, 0.1, 0.2, 0.4, and 0.8 mM) for 5 hours using serum-free
medium. Values are Mean + SEM of 3 independent experiments.

Phyt:;?;Tlcal Absence of Phytochemical | Presence of phytochemical

Q 0.29 £ 0.05 20.8
EGCG 0.27 £0.07 20.8

I13C 0.21 +0.08 0.54 +0.098
SFN 0.17 £0.07 0.62 +0.063

Time dependence of t-BHP toxicity on HepG2 cells

Although 0.4 and 0.8 mM t-BHP elicited a similar
level of toxicity (See figure 5), it was apparent that I3C
and SFN provided good cytoprotection only at the 0.4
mM concentration of t-BHP. Accordingly, 0.4 and 0.8
concentrations of t-BHP were employed in further studies
into the possible mechanism (s) underlying the toxicity
of t-BHP to HepG2 cells and protection gained by the
phytochemicals.

(a) In the presence of 2% serum-containing medium:
When serum concentration in the culture medium was set at
2%, results showed that HepG2 cells retained their viability
during an incubation time of 5 hours in the absence of

‘(@ Q
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Viability of cells %
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t-BHP. On the other hand, the viability of cells was affected
by 0.4 mM of t-BHP when they were incubated for similar
periods. Notably, with this concentration of t-BHP, cell
viability dropped gradually from 100% at zero time to reach
about 10% after 5 hours of incubation. It seems that about
20% of cells died after one hour of incubation. Similarly,
HepG2 cells recorded a decline in their viability when 0.8
mM of t-BHP was used. Cell death was notable with a higher
concentration of t-BHP, and about 90 % of cells were dead
after two hours (cell viability reached nearly 10% after two
hours of incubation (Figure 6).

b) In the presence of serum-free medium: Results
displayed that HepGz2 cells were still alive during incubation
with serum-free medium for different periods (0-5 hours).
The omission of serum from the culture medium for this
did not affect the viability of cells. The number of dead cells
started to increase when cells were incubated with 0.4 mM
t-BHP after one hour, and total cell death occurred after
four hours of incubation where non-viable cells were 100%.
Similarly, extreme cell death was notable with 0.8 mM
t-BHP during the incubation time course. More than 50% of
cells were dead after two hours of incubation, and all cells
were dead after three hours when cell viability was recorded
to be 0% (Figure 7).
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Figure 5 Effect of different concentrations of t-BHP (0.05,0.1,0.2,0.4, and 0.8 mM) on Viability of HepG2 cells in the presence (®) and absence (#) of phytochemicals
for up to 5 hours using serum-free medium values are Mean * SEM of 3 independent experiments.
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Figure 6 Viability of HepG2 cells incubated in the absence (®) and presence
of t-BHP at 0.4 mM (4) or 0.8 mM (@) for up to 5 hours in medium containing
2% serum. Values are Mean + SEM of 3 independent experiments.
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Figure 7 Viability of HepG2 cells incubated in the absence (™) and presence
of t-BHP at 0.4 mM (#) or 0.8 mM (®) for different periods of time in serum-
free medium. Values are Mean + SEM of 3 independent experiments.

Detection of caspase-3 activation

(a) With western blotting: The viability of untreated
HepG2 cells was unaffected, and cells retained 100% viability
during incubation up to 150 minutes. A notable decline in
the viability of HepG2 cells was recorded after 60 minutes
of incubation with 0.4 and 0.8 mM. Cell death was increased
as the incubation time increased to reach the maximum at
150 minutes of incubation, where the viability of treated
HepG2 cells with 0.4 mM was dropped to about 60% while
it dropped to about 25% with 0.8 mM (Figure 8). Therefore,
HepG2 cells were incubated with t-BHP using 0.4 and 0.8
mM for a specific incubation time (60, 90, and 120 minutes)
in a 2% serum medium to detect caspase-3 activation under
these conditions.

Equivalent amounts of protein from all HepG2 cell studies
were loaded onto the electrophoresis gel after determination
of protein content by Lowry assay by interpretation from a
standard linear curve (Figure 9). The positive control of
Jurkat cells and the positive control of HepG2 cells treated
with 50 mM of glucose for 72 hours were showed strong
bands of procaspase-3 and active caspase-3 at 35 and 17 KDa,
respectively. Moreover, the procaspase-3 band of negative
control of Jurkat cells at 35 KDa was also marked, while no
activation for caspase-3 could be seen at 17 KDa (Figure 10).
This evidence shows that caspase cleavage can be detected
in HepG2 cells undergoing apoptosis. Procaspase-3 for
untreated and treated HepG2 cells with t-BHP at 60, 90, and
120 min has been shown with strong bands at 35 KDa except
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samples treated with 0.8 mM of t-BHP at 90 and 120 minutes
where bands were lighter than others. On the other hand,
no strong evidence for caspase activation could be reported
where all samples displayed faint bands of active caspase-3
at 17 kDa. Still, the fewer light bands from all of them were
the untreated HepG2 cells at 60 and the treated cells with 0.8
mM of t-BHP at 90 and 120 minutes (Figures 10,11a,b).

(b) In-cell western: Results showed no noticeable
variation between untreated and treated HepG2 with 0.4
and 0.8 mM t-BHP for 60 and 120 minutes (Figure 12). For
60 minutes incubation, no differences between incubated
cells with 0.4 and 0.8 mM t-BHP and control. Similarly, for
120 minutes of incubation, no variations between untreated
HepG2 cells treated with 0.4 and 0.8 mM. Results showed
that there was no evidence for activation of caspase-3
(Figure 13a,b)

(c¢) Immunocytochemistry: Although the number of
dead cells increased with the increase of incubation time of
HepG2 cells with 0.4 and 0.8 mM of t-BHP using medium 2%
serum (Figure 6), the immunocytochemistry results showed
that incubation of HepG2 cells in the absence or presence
of 0.4 and 0.8 mM t-BHP at zero, 60, and 120 minutes had
a small effect on the activation of caspase-3 where a little
variation can be seen during incubation with 0.4 and 0.8 mM
t-BHP at 60 and 120 minutes (Figure 14).

=
=1
=1

Viability of cells (%)
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Figure 8 Viability of HepG2 cells incubated in the absence (™) and presence
of t-BHP at 0.4 mM (4) or 0.8 mM (®) for different periods of time (0, 30, 60,
90, 120, and 150 minutes) in medium containing 2% serum. Values are Mean
+ SEM of 3 independent experiments.
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Figure 9 Standard curve for protein.
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Jurkat treated cell
Control 60 min
Control 120 min

i 3
|

0.4 mM t-BHP, 60 min
0.4 mM t-BHP, 90 min
0.4 mM t-BHP, 120 min
0.8 mM t-BHP, 60 min
0.8 mM t-BHP, 90 min
0.8 mM t-BHP, 120 min

HepG2 cells treated with 50 mM of glucose, 72 hours

Figure 10 Western blot of caspase-3 activation in HepG2 cells. Blot showed the bands of procaspase-3 and its cleavage product at 35 and 17 KDa respectively for
untreated and treated Jurkat cells, and HepG2 cells treated with 50 mM of glucose for 72 hours and untreated and treated HepG2 cells with 0.4, 0.8 mM of t-BHP
for 60, 90, 120 minutes using medium 2% serum.
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Figure 11 Quantitative procaspase-3 (a) and active caspase-3 (b) of untreated and treated Jurkat cells and untreated and treated HepG2 cells with 50 mM of
glucose for 72 hours and with 0.4 and 0.8 mM of t-BHP for 60, 90, and 120 minutes using medium 2% serum. Values are Mean + SEM of 3 independent experiments.
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Figure 13 Caspase-3 activity production (a) untreated and treated HepG2 with 0.4 and 0.8 mM of t-BHP for 60 (b) untreated and treated HepG2 with 0.4 and 0.8
mM of t-BHP for 120 minutes. Values are Mean + SEM of 3 independent experiments.
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Figure 14 Immunocytochemistry for HepG2 cells (a) Incubation of untreated HepG2 cells for zero minutes (b) Incubation of untreated HepG2 cells for 60 minutes
(c) Incubation of untreated HepG2 cells for 120 minutes (d) Incubation of treated HepG2 cells with 0.4 mM of t-BHP for 60 minutes (e) Incubation of treated HepG2
cells with 0.4 mM t-BHP for 120 (f) Incubation of treated HepG2 cells with 0.8 mM t-BHP for 60 minutes (g) Incubation of treated HepG2 cells with 0.8 mM t-BHP
for 120 minutes (h) Incubation of HepG2 cells with medium containing 2% for 120 minutes(negative control). The red arrow points to the green spots of caspase-3.
This is single experiment.
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Caspase activity

The standard curve for caspase-3 activity was displayed
a linear response (Figure 15). Cell viability was recorded that
untreated HepG2 cells remained alive through incubation
time for up to 150 minutes. Still, it was not the same for
treated cells with 0.4 and 0.8 mM t-BHP, where it was
declined from 90% to about 60% and 30%, respectively
(Figure 16a). Results of caspase enzyme activity showed
that the activity of an enzyme in untreated HepG2 cells was
unchanged during the incubation time up to 150 minutes.
Cells treated with 0.4 and 0.8 mM t-BHP displayed similar
behaviors as their caspase enzyme activity declined after 30
minutes of incubation from 400 to reach about 300 and 200
for cells treated with 0.4 and 0.8 Mm t-BHP, respectively
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(Figure 16b). When caspase activity was adjusted for viability,
some variations were observed at 150 minutes for HepG2
cells treated with 0.8 mM t-BHP. Results obtained from
Friedman test for untreated and treated HepG2 cells with
0.4 and 0.8 mM t-BHP at 150 minutes showed significance
and p-value was 0.0278 (p < 0.05) and resulted obtained by
Dunn’s Multiple Comparison Test indicated a significant
increase in caspase activity at 0.8 mM t-BHP but not at 0.4
mM t-BHP (Figures 16¢,d).

In summary, results of the western bolt, in-cell western,
and immunocytochemistry indicate no much evidence for
apoptosis when HepG2 cells were incubated with 0.4 and 0.8
mM for 60, 90, and 120 minutes using a medium containing
2% serum. Still, there was a significantly increase in
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Figure 16 Caspase activity of HepG2 cells (a) Viability of untreated (™) and treated HepG2 cells with 0.4 (¢) and 0.8 mM of t-BHP 0.8 mM (®) for different periods
of time (b) caspase-3 activity production by untreated (®) and treated HepG2 cells with 0.4 (¢) and 0.8 mM t-BHP (@) for 30, 90, and 150 minutes (C) caspase-3
activity production by untreated (™) and treated HepG2 cells with 0.4 (¢) and 0.8 mM t-BHP (®) and adjusted for viability (d) caspase-3 activity production by
untreated (green bar) and treated HepG2 cells with 0.4 (blue bar) and 0.8 (red bar) mM t-BHP at 150 minutes. *Significant where p < 0.05 and equal 0.0278
according to Friedman test and Dunn’s Multiple Comparison Test. Values are Mean + SEM of 3 independent experiments.
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caspase-3 activity at 0.8 mM t-BHP. On the other hand, cell
death was increased under the same applied conditions.

Effect of phytochemicals on t-BHP: western blot data

Although there was the only modest indication
for apoptosis in western blot, in-cell western, and
immunocytochemistry during incubation of HepG2 cells
with t-BHP for up to 2 hours, there was obvious evidence
for cell death and decline in the viability of cells under
these conditions. Therefore, the purpose of this experiment
was to show the cytoprotective effect of direct and indirect
antioxidants against the toxicity effect of t-BHP to induce
apoptosis even the induction was slight. We chose 60 and
120 minutes specifically because, at these times, caspase-3
was activated slightly, and faint bands appeared at 17 KDa
(Figure 10). Moreover, Q was selected as an example of a
direct antioxidant and I3C as an indirect antioxidant to attain
the cytoprotection effect against t-BHP. To achieve the
best cytoprotection by an antioxidant, we relied on specific
conditions from previous cytoprotection experiments,
including the non-toxic concentration of antioxidant,
cytoprotection pattern, and serum concentration.

(a) Direct cytoprotection: The best cytoprotection by
Q against the t-BHP effect was displayed by using a direct
cytoprotection pattern where HepG2 cells were incubated
with Q (100 pg/ml) and 0.8 mM of t-BHP simultaneously
for 5 hours using a medium containing 2% serum [23].
Therefore, incubation of treated HepG2 cells with Q (100
pg/ml) and 0.4 and 0.8 mM t-BHP simultaneously for up
to 150 minutes using a medium containing 2% serum was
studied. Under these conditions, cell viability was unaffected
throughout the incubation with Q, which means that Q was
not toxic to the cells at that selected concentration, and cell
viability was retained at 100%. Moreover, Q protected cells
from the toxic effect of t-BHP, and no decline in the viability
of cells was recorded at any time of incubation (Figure 17).
Furthermore, caspase-3 for all the treated samples at 60,
90, and 120 min has been shown at 37 KDa with no evidence
for caspase-3 cleavage at 17 KDa being identified at any time
during the incubation (Figures 18,19).

Viability of cells %

0 20 40 60 80 100 120 140 160
Time (min)

Figure 17 Viability of HepG2 cells incubated in the absence () and presence
of Q (*) and (Q + 0.4) (#) or (Q + 0.8) mM of t-BHP (®) simultaneously for up
to 150 minutes in medium containing 2% serum. Values are Mean + SEM of
3 independent experiments.
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(b) Indirect cytoprotection: The best cytoprotection by
I3C against the toxicity effect of t-BHP was shown by using
an indirect cytoprotection pattern where HepG2 cells were
incubated with I3C (25 pg/ml) for 20 hours in a medium
containing 10% serum prior exposed to 0.8 mM t-BHP for 5
hours using medium containing 2% serum [23]. Incubation
of treated HepG2 cells with I3C (25 pg/ml) using 10% serum
for 20 hours prior exposure to 0.4 and 0.8 mM t-BHP for up to
150 minutes displayed good results. Under these conditions,
cell viability results indicated that I3C was not toxic to the
cells at that selected concentration and cells remained alive
by 100% during all the time. Moreover, it could protect cells
from the toxic effect of t-BHP till 90 min and recorded 100%
cell viability. Still, after that time, a decline in viability was
recorded at 120 and 150 minutes, which decreased to 75 and
50 %, respectively (Figure 20). Moreover, caspase-3 for all
the treated samples at 60, 90, and 120 min was visible at 37
KDa, whereas the cleaved caspase-3 was not apparent at 17
KDa min compared with the positive control (Figures 21,22).

Reactive Oxygen Species (ROS)

Results showed that cell viability of untreated HepG2
cells was not affected during all incubation time and viability
of cells was 100% during the incubation while the viability of
the treated cells with 0.4 and 0.8 mM t-BHP decreased from
80% to about 60% and from % 75 to 25% after 2.5 hours of
incubation with 0.4 and 0.8 mM t-BHP respectively (Figure
23a). ROS production increased gradually with an incubation
time of HepG2 cells with or without t-BHP, using medium
2% serum. HepG2 produced ROS during incubation with 0.4
and 0.8 mM t-BHP for up to 150 minutes (Figure 23b). No
significant variation could be detected between untreated
HepG2 and HepG2 cells treated with 0.4 mM of t-BHP. When
ROS production by HepG2 cells was adjusted for the viability
of HepG2 cells incubated with 0.4 and 0.8 mM t-BHP for up
to 150 minutes, results showed that no differences between
untreated and treated HepG2 cells with 0.4 and 0.8 mM
of t-BHP during incubations for up to 120 minutes but
statistical differences were observed between untreated and
treated cells with 0.8 mM t-BHP at 150 minutes (Figure 23c).
Statistical analysis results from the Friedman test followed
by Dunn’s Multiple Comparison Test showed significance
between control and treated cell with 0.8 mM t-BHP at 150
minutes, and p-value equals 0.0278 (p < 0.05) (Figure 23d).

Glutathione (GSH)

Results of the standard curve for GSH demonstrated
linear response (Figure 24). The viability of untreated HepG2
cells remained unaffected during incubation for different
periods (0, 30, 60, 90, 120, and 150 minutes). In contrast, the
number of dead cells treated with 0.4 and 0.8 mM of t-BHP
was increased when incubation time increased, and viability
of cells was declined after 2.5 hours of incubation from
80% to about 60% and 25% for cells treated with 0.4 and
0.8 mM t-BHP respectively (Figure 25a). Glutathione (GSH)
content for untreated HepGz2 cells remained approximately
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Figure 18 Western blot of caspase-3 in HepG2 cells. Blot showed the bands of procaspase-3 at 35 KDa for untreated and treated Jurkat cells and untreated and
treated HepG2 cells with Q, and (Q + 0.4 and Q + 0.8) mM t-BHP for 60, 120 minutes using medium 2% serum. This blot was also showing caspase-3 activation of

treated Jurkat cells and their cleavage at 17 KDa.
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Figure 19 Quantitative analysis of active caspase-3 of treated Jurkat cells
and the procaspase-3 of untreated and treated Jurkat cells and untreated
and treated HepG2 cells with Q, (Q + 0.4) and ) Q + 0.8) mM t-BHP for 60
and 120 minutes using medium 2% serum. Values are Mean + SEM of 3
independent experiments.

constant when cells were incubated for up to 150 minutes in
the absence of t-BHP, while the amount of GSH for treated
HepG2 cellswith 0.4 and 0.8 mM of t-BHP was decreased after
2.5 hours of incubation from 70 fluorescence units to reach
about 25-30 fluorescence units for both treatments (Figure
25b). When GSH production by HepG2 cells was adjusted for
the viability of HepG2 cells that incubated with 0.4 and 0.8
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Figure 20 Viability of untreated HepG2 cells (®) and incubated cells with I3C
for 20 hours (*) using medium containing 10% serum prior exposure to 0.4
mM (4) or 0.8 mM (@) t-BHP for up to 150 mintes in medium containing 2%
serum. Values are Mean + SEM of 3 independent experiments.

mM of t-BHP for 15, 30, 60, 90, 120, and 150 minutes, results
showed that no differences between untreated and treated
HepG2 cells with 0.4 and 0.8 mM t-BHP during incubations
for up to 150 minutes (Figure 25c). The results from the
Friedman test and Dunn’s Multiple Comparison Test showed
no significance at 150 minutes, where the p-value equals
0.0608 (p 2 0.05) (Figure 25d).

Lipid Peroxidation (LPO)

The viability of untreated and treated HepG2 cells with
0.4 and 0.8 mM of t-BHP for different periods 15, 30, 60, 90,
120, and150 minutes showed that the untreated cells were
alive during all the incubation time. In contrast, the viability
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Figure 21 Western blot of caspase-3 in HepG2 cells. Blot showed the bands of procaspase-3 at 35 KDa for untreated and treated Jurkat cells and untreated and
treated HepG2 cells with I13C for 20 hours using medium containing 10% serum before exposure to medium containing 2% serum for 60 and 120 minutes, and with
13C for 20 hours using medium containing 10% serum before exposure to 0.4 and 0.8 mM t-BHP for 60, 120 minutes using medium 2% serum. This blot was also
showing caspase-3 activation of treated Jurkat cells and their cleavage at 17 KDa.
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Figure 22 Quantitative analysis of active caspase-3 of treated Jurkat cells
and the procaspase-3 of untreated and treated Jurkat cells and untreated
and treated HepG2 cells with I3C for 20 hours using medium containing
10% serum before exposure to medium containing 2% serum for 60 and 120
minutes, and with I3C for 20 hours using medium containing 10% serum
before exposure to 0.4 and 0.8 mM of t-BHP for 60, 120 minutes using
medium 2% serum. Values are Mean + SEM of 3 independent experiments.

of both treated cells with 0.4 and 0.8 mM of t-BHP was
declined after 2.5 hours of incubation from 80% to about
60% and 30% for 0.4 and 0.8 mM of t-BHP, respectively
(Figure 26a).

Lipid Peroxidation (LPO) increased gradually for
untreated HepG2 cells and HepG2 cells treated with 0.4

and 0.8 mM t-BHP for up to 150 minutes. LPO produced
by untreated cells increased from 150 fluorescence units to
about 180 fluorescence units. In comparison, LPO produced
by HepG2 cells treated with 0.4 mM of t-BHP was increased
from 200 fluorescence units to about 220 fluorescence
units at 120 and declined to 210 fluorescence units again.
Similarly, with 0.8 mM of t-BHP treated cells, it produced
LPO, which increased from 220 fluorescence units to about
260 fluorescence units at 120 minutes and declined again to
about 250 fluorescence units at 150 minutes (Figure 26b).
When LPO production was adjusted for viability, it displayed
different results. Results showed that no differences
between all untreated and treated cells during incubation
time from 15 to 90 minutes, and a minimal variation could
be noticed between them at 120 minutes of incubation. Still,
a big difference and significant variation were observed at
150 minutes of incubation between untreated and treated
cells with 0.8 mM t-BHP where p equals 0.0046 (p < 0.05)
(Figure 26c¢,d).

DISCUSSION

Toxicity effect of t-BHP

We chose t-BHP as a model to study oxidative stress in
cell systems and cell death pathways. Because it considers
one of the most common pro-oxidant agents used in cell
lines such as HepG2 cells [22,89], it can decompose to free
radicals [90], a primary factor for hepatotoxicity [54].

Regarding t-BHP, it induced cell death at concentrations
higher than 0.2 mM with the different time course of toxicity
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Figure 23 ROS production by HepG2 cells (a) Viability of untreated (M) and treated HepG2 cells with 0.4 (#) and 0.8 mM t-BHP (@) for different periods of time (b)
ROS production by untreated (®) and treated HepG2 cells with 0.4 (¢) and 0.8 mM t-BHP (®) for different periods of time (15, 30, 60, 90, 120, and 150 minutes)
(C) ROS production by untreated (M) and treated HepG2 cells with 0.4 (#) and 0.8 mM t-BHP (®) and adjusted for viability. (d) ROS production by untreated (green
bar) and treated HepG2 cells with 0.4 (blue bar) and 0.8 (red bar) mM t-BHP at 150 minutes. *Significant value could be obtained where p < 0.05 and equal 0.0278
according Friedman test and Dunn’s Multiple Comparison Test. Values are Mean + SEM of 3 independent experiments.
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Figure 24 Standard curve of GSH.

and effectiveness of phytochemicals at concentrations of 0.4
and 0.8 mM t-BHP. However, the total toxic effect of the
two concentrations of t-BHP was similar after 5 hours of
exposure. These findings led us to explore the mechanism
(s) of toxicity of t-BHP at these two concentrations. The
initial thoughts suggest that cell viability and damage occurs
by t-BHP by using 0.4 is less than 0.8 [24,89].

Effect of phytochemicals

Under identical conditions, Q and EGCG significantly
protected cells against oxidative damage initiated by
t-BHP. This cellular defense is attributed to the scavenging
properties of these two compounds because they possess

direct antioxidants properties [91]. They can scavenge free
radicals initiated by t-BHP, which increases protection and
prevents injuries. In contrast, the indirect antioxidants I13C
and SFN [91] failed to provide complete protection against
cellular damages at concentrations higher than 0.2 mM
t-BHP. It visualizes as the only partial protection from I3C at
0.4 mM t-BHP. This failing may rely on indirect antioxidants
and cannot scavenge free radicals like Qand EGCG. Moreover,
the toxicity concentrations of I3C and SFN may significantly
interact with t-BHP in cell death in the absence of serum and
increased free radicals amounts. The omission of albumin
represents the absence of its antioxidant properties (Kanno,
et al. [23]) which probably increased oxidative damages
induced by t-BHP, high concentration of I3C, and SFN.

Time dependence and effect of serum

Regarding incubation time with t-BHP, the cellular
oxidative damage caused by 0.8 mM t-BHP was higher
than 0.4 mM t-BHP at the extended incubation time in
the presence or absence of serum albumin. The generated
amounts of free radicals by the t-BHP increase as the
concentration of the t-BHP increase, which means the
amounts of free radicals produced by 0.8 mM are more
than in 0.4 mM. Therefore, cells are considerably damaged
when exposed to 0.8 mM t-BHP comparing with 0.4 mM.
These damages were significantly proportional to the time
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Figure 25 GSH production by HepG2 cells (a) Viability of untreated (™) and treated HepG2 cells with 0.4 (¢) and 0.8 mM of t-BHP (®) for different periods of time
(15, 30, 60, 90, 120, and 150 minutes) (b) GSH production by untreated () and treated HepG2 cells with 0.4 (¢) and 0.8 mM t-BHP (®) for up to 150 minutes (C)
GSH production by untreated (™) and treated HepG2 cells with 0.4 (¢) and 0.8 mM t-BHP (®) and adjusted for viability (d) GSH production by untreated (green bar)
and treated HepG2 cells with 0.4 (blue bar) and 0.8 (red bar) mM t-BHP at 150 minutes where no significance results could be obtained according to Friedman test
where p equals 0.0608 (p = 0.05) and Dunn’s Multiple Comparison Test. Values are Mean + SEM of 3 independent experiments.
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Figure 26 Production of LPO by HepG2 cells (a) Production of LPO by untreated (™) and treated HepG2 cells with 0.4 (#) and 0.8 (®) mM t-BHP for different periods
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of incubation. Moreover, the effect of serum to reduce the
number of dead cells either in 0.4 or 0.8 mM with the time
was obvious where it decreases cell death according to its
antioxidant protective effects [23,92].

Detection of caspase-3 activation

When cells undergo apoptosis, proteases (caspases)
are cleaved [93]. Participation of this caspase family, in
particular caspase-3, in signaling and apoptosis represents
the crucial importance of these enzymes in this form of
cell death [93]. This study analyzed caspase-3 cleavage by
westernblotting and detected itsactivity toascertain if t-BHP
initiated apoptosis in HepG2 cells. Approximately 40 to 70%
of cell death occurred after 150 minutes of incubation with
0.4 and 0.8 mM t-BHP, respectively (Figure 7). Accordingly,
and relying on the fact that apoptosis and activation of
caspase-3 occur during the early stages of the cell death
cascade. We selected the best time for incubation (60, 90,
and 120 minutes) to analyze caspase-3 and determine
apoptosis of treated and untreated HepG2 cells with t-BHP.
Apoptosis and Caspase-3 activation are confirmed in HepG2
cells treated and untreated with glucose and Jurkat cells as a
positive and negative control.

Regarding HepG2 cells treated with glucose, the high
amount of glucose and prolonged exposure to the oxidant
allow for caspase-3 activation and apoptosis. We cannot
rely on the same explanation for treated HepG2 cells with
t-BHP. We have cell death without apoptosis where bands of
activated caspase-3 were not markedly elevated or remained
low compared with positive and negative control. Moreover,
in cell-western and immunocytochemistry results, we could
not find evidence of caspase-3 activation in untreated or
treated HepG2 cells with t-BHP for 60 and 120 minutes.
The possible suggestion is that calpains may play a role in
the down-regulation of caspase-3 activation during the
cell death pathway due to chronic mitochondrial defects
[95]. The predominance of Calpain over caspase-3 despite a
transient activation of caspase-9 has remained a speculative
assumption [96]. On the other side, scientists have
discovered a cross-talk between caspases and calpains [97-
100]. The mechanism of this cross-talk includes abnormal
activation of Calpain due to an increase in the intracellular
Ca+2, and the caspase-9/-3 apoptotic Pathway then may be
partially blocked by Calpain, which leads to the cell death as
well as inactivation of caspase-3[95].

Caspase activity

Caspase-3 activity increased significantly in treated
HepG2 cells with 0.8 mM at 150 minutes (Figure 16). No
proof for apoptosis and activation of caspase-3 with little
bands western blotting (Figure 10) and no visual signal
in immunocytochemistry (Figure 14 )and in-cell western
(Figure 12), but this may be due to the role of Calpain, which
may prevent apoptosis due to direct or partial blocked for
caspase-3 activation [95].
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Effect of Q and I3C on caspase-3 activation

Stop apoptosis and inactivation of caspases does not
mean there is no cellular death. Cell death occurs but blocked
through the cross-talk between Calpain and caspases [95].
So, we decided to involve two compounds Q and I3C, that
possess cytoprotection properties [91] in this event to
provide protection against cellular damage induced by t-BHP
and completely prevent that weak activation of caspase-3
in western blotting. Choosing Q and I3C is based on their
cytoprotective properties by using the optimum conditions
of concentration, cytoprotection pattern, and presence of
serum [23]. Q directly contributed to the defense of HepG2
cells against t-BHP, where cells retained 100% viable during
all the time (Figure 17). Hydroxyl groups belonging to Q
contribute to protection by attacking free radicals produced
by t-BHP and inactivated them [91]. Western blot results
come identical to the viability test, with no visual evidence
for the thin bands (Figure 18) because of the action of Q in
providing defense and preventing the cleavage of caspase-3
and apoptosis in treated HepG2 cells with 0.4 mM t-BHP at
60, 90, and 120 minutes and 0.8 mM t-BHP at 60 minutes.
Choosing the suitable antioxidant to participate in the
cytoprotection process requires attention.

Regarding I3C, it displayed a toxic effect on HepG2 cells
during incubation for prolonged [23]. Accordingly, the right
concentration for I3C is 25 mg, the amount required for
achieving protection without any toxicity effect, and the
extended incubation time is also essential for up-regulation
proteins because I3C is an indirect antioxidant [23]. We
also gave the serum albumin great attention to achieve the
optimum conditions for completing cytoprotection by I13C
against oxidative damage provoked by t-BHP in HepGz2 cells.
Therefore, we incubate 13C with HepG2 cells for 20 hours
in 10% medium before exposure to t-BHP using medium
2% serum. The high amount of albumin protects the cells
against the toxicity effects of I3C [23,101] and allows the
up-regulation proteins mechanism to by I3C tp proceed
ideally. Western blot results were identical with viability.
There was no evidence for activated caspase-3 bands,
which means that I3C was not toxic at that concentration.
It even protected cells from 0.4 mM t-BHP probably by
up-regulating proteins, prevented caspases activation, and
stopped apoptosis induction.

On the other hand, although I3C partially protects the
treated HepG2 cells with 0.8 mM t-BHP at 120 and 150
minutes, there was no evidence for apoptosis in western
blot accompanying cell death. The reason for this, the low
concentration of I3C was unable to protect cells against 0.8
mM t-BHP for a long time which caused low activation of
caspase-3. This imperceptible activation did not display as
bands in blot, maybe because of the role of Calpain, which
blocked even that slight activation and stopped apoptosis.
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Reactive oxygen species

Although ROS generated in small amounts in treated
HepG2 cells with 0.4 and 0.8 mM t-BHP for up to 120
minutes, increased the apparent cell death was observed
at 150 minutes in HepG2 cells treated with 0.8 mM t-BHP
where ROS amounts increased significantly. ROS initiate in
the early stages of apoptosis. Before the complete death of
cells, they are just signals. Secondly, when there is impaired
mitochondrial oxygen reduction, this causes alterations in
mitochondrial permeability, leading to ROS production.
Finally, the produced ROS induce the depolarization of the
mitochondrial membrane and lead to further mitochondrial
dysfunction [66,67]. Moreover, because the total cell
death occurred after 2.5 hours, ROS probably generates
after 90 minutes of incubation, which then impaired and,
consequently, is low or observed later than the exact time.
This impairing attributes to NAC, the scavenger of ROS,
which may abolish the increased amounts of ROS [102].

Glutathione (GSH)

GSH plays a fundamental role in protecting cells from
oxidative stress by scavenging ROS [10], and therefore, GSH
decreases when ROS increases [102]. Our findings indicated
no significant depletion in GSH amounts. The reasonable
explanation for this is that ROS is not enough to cause GSH
content depletion. Our previous finding represented that
t-BHP induced apoptosis because caspase-3 activity and
ROS were increased significantly in treated HepG2 cells
with 0.8 mM t-BHP at 150 minutes. Moreover, relying
on our suggestion about ROS, the remaining ROS after
NAC involvement was not too much to consume a large
amount of GSH, which led to a slightly decreased GSH.
This imperceptible decrease in GSH was accompanied by
increased cell death.

Lipid peroxidation

The free radicals and the peroxidation of the lipids-
containing lipoprotein system of cells implicate oxidative
stress and damaging cell components (Wallin, et al. [103]).
Participation Lipid Peroxidation (LPO) in damaging the
treated HepG2 cells with 0.4 and 0.8 mM t-BHP could
provoke cell death comparing with the control. According to
this, besides statistical results of LPO, ROS, and caspase-3
activity, we suggest that lipid peroxidation initiation can
induce apoptosis in HeG2 cells and cause cellular damage.

CONCLUSION

In conclusion, apoptosis induces in treated HepG2 cells
treated with t-BHP. Still, we could not determine the exact
time for induction successfully because many confusing
factors may contribute to apoptosis signaling disorder,
such as Calpain in caspase-3 activation and NAC in ROS,
which delays apoptosis. We recognize the prominent role of
phytochemicals involves in cytoprotection to reduce toxicity.
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This participation should consider the concentration of
phytochemicals, the pattern of incubation, and the presence
or absence of serum albumin.
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