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Abstract

Prolonged exposure to cadmium is known to have diverse toxic effects on cells of different
organs. We have investigated the effects following administration of CdCl, 5 uM and 20 uM in Huh 7
cells. The results of this study revealed an increase in activities of the critical scavenging free radicals
enzymes, catalase and glutathione peroxidase, indicating an oxidative stress response to cadmium
administration. The impair in glucose-6-phosphate dehydrogenase activity, and its consequence, the
diminution of the cellular NADPH content, had as a result the decrease in glutathione reductase
activity. The alteration in the activity of enzymes involved in oxidative stress observed in our studies is
likely to affect the capacity of Huh 7 cells to defend themselves and respond to cadmium-induced
oxidative stress.
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Introduction

Cadmium (Cd) is an abundant and widely spread toxicant that is continuously
accumulated in the environmental due to industrial activities. The ionic form of Cd (Cd®") is
usually combined with ionic forms of oxygen (cadmium oxide, CdO), chloride (cadmium
chloride, CdCly) or sulfur (cadmium sulfate, CdSO,4). Humans are exposed to Cd** primary
through the ingestion of contaminated food [1] and the inhalation of cigarette smoke [2]. The
exposure to Cd** on a chronic basis can cause adverse effects in the liver, kidney, brain, lung,
pancreas, testis, placenta and bone [3,4,5]. Cadmium bioavailability, persistence and
bioaccumulation make it potentially lethal [6].

The mechanism(s) for Cd toxicity are not well understood. It has been demonstrated that
Cd exposure produces reactive oxygen species (ROS) [7], lipid peroxidation [8], DNA
damage, and apoptosis [9] in various cell types.

ROS, such as hydroperoxyl, superoxide, and hydroxyl radicals, occur naturally under
normal respiration or can be produced by exposure of tissue or cells to different conditions
such as inflammation, hyperoxia, UV, ionizing irradiation, heavy metals, and certain oxidant
chemicals [10]. Abnormal production of ROS can lead to the oxidative stress. Oxidative stress
is a term used to describe an imbalance favoring prooxidants and/or disfavoring antioxidants,
potentially leading to damage [11]. Cells have their own antioxidant defense mechanisms to
neutralize the increased levels of ROS through antioxidant compounds such as vitamins C, E,
reduced glutathione (GSH), ubiquinone [12], and various antioxidant enzymes such as
glutathione peroxidase, superoxide dismutase, and catalase [13,14]. The long term
consequences of oxidative stress have been associated with the pathogenesis of a variety of
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toxicities and diseases, including arteriosclerosis, diabetes, chronic inflammatory diseases,
neurological disorders, and cardiovascular disease [15].

The aim of this study was to determine the magnitude of the oxidative stress generated
by the treatment of Huh 7 cells with two different concentrations of CdCl,. The antioxidant
enzymes activities, including catalase (CAT), gluthatione peroxidase (GPX) and glutathione
reductase (GR) were investigated. In addition, the activity of glucose-6-phosphate
dehydrogenase (G6PD), the enzyme that regenerates the NADPH consumed in the GR-
catalyzed reaction, was examined.

Materials and methods

Cell culture

The human hepatocyte carcinoma cells (Huh 7) were grown in Dulbecco’s Modified
Eagle's Medium (DMEM) containing 10% fetal bovine serum. Cells were plated at a density
of 2x10° viable cells/culture flask (75cm?). Cultures were maintained in a humidified 5% CO,
air atmosphere at 37°C. Huh 7 cells were treated with 5uM and 20pM cadmium chloride
(CdCl,) and they were incubated at 37°C for 4 hours.

Cd treatments and MTT Test

Cells were first harvested from culture flasks, washed and added to a flat-bottom 96-
well plate at a density of 1x10°cells in 200pu] medium/well. The cells were further cultured for
24 hours and then treated with cadmium chloride (CdCl,) to final concentrations of 2.5uM,
5uM, 10uM and 20uM. Triplicates for each concentration were exposed to CdCl; for 3, 4, 5, 6
and 8 hours, respectively.

The MTT test was used to test the viability of the cells. The medium was removed by
aspiration, the cells were washed with 200ul of phosphate buffer solution (PBS)/well and then
50pl (Img ml™) of MTT solution [3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium
bromide] was added on each well. After 2 hours of incubation, MTT was removed, and 50ul
izopropanol were added. The absorbance at 595nm for each well was determined using a
Tecan multireader (GENios)

Enzyme Assay

Huh 7 cells were harvested from culture flasks, washed with phosphate buffer solution
(PBS) and centrifuged at 1,500xg for 10 min at 4°C. Cell pellets were re-suspended in 1.5 ml
of lysis buffer (20mM Tris-HCI, pH 7.5, 0.5mM PMSF, 0.3M NaCl and 0.2% Triton X-100)
and then, ultrasonicated three times, for 30 seconds. The total extract was centrifuged at
3,000xg for 15min at 4 C. Aliquots of the supernatant were used for enzyme assays.

The CAT (EC 1.11.1.6) activity was determined by the Aebi method [16]. The
disappearance of H,O, was followed at 240nm. The catalase activity was calculated in terms
of k/min/mg protein, where k is first order rate constant. The GPX (EC 1.11.1.9) activity was
assayed according to the Beutler method [17]. The oxidation of NADPH was recorded at
340nm and 25°C. The enzyme activity was calculated as U/mg protein, one unit been the
amount of enzyme which oxidizes 1 nmole of NADPH per minute. The GR (EC 1.6.4.2)
activity was recorded by Goldberg and Spooner method [18] and expressed as U/mg protein.
One unit of GR activity was calculated as 1 umol NADPH consummated per minute. The
G6PD (EC 1.1.1.49) activity was assayed by the method of Lohr and Waller [19]. The rate of
NADPH formation is a measure of the enzyme activity and it can be followed by means of the
increase in extinction at 340nm. One unit of G6PD activity was expressed as 1 nmole of
NADP" converted in NADPH per minute.

The protein estimation was done according to the method of Lowry et al. [20] using
bovine serum albumin (BSA) as a standard.

21 PERIODICO di MINERALOGIA, Vol. 90, No. 4, 2021



The Response of Huh 7 Cells Scavenger Enzymes to Cadmium

All the spectrophotometric analyses were done with a Perkin-Elmer Lamda 25 Double
Beam Spectrophotometer at 25°C.

Statistical Analysis

All values were expressed as means + SD. The differences between control and
manganese-treated groups were compared by Student's t-test using standard statistical
packages. The results were considered significant if the P value was less than 0.05.

Results and discussion

The activity of living cells, via mitochondrial dehydrogenases, was evaluated by MTT
test. There were no changes observed in the cell viability after 3 and 4 hours of Cd**
administration in different concentration to the Huh 7 cells (Figure 1). However, in prolonged
treatment, for more than 4 hours, CdCl, induced cytotoxicity in this cells (Figure 1).
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Figure 1. The viability of Huh 7 cells exposure of CdCl,, in different concentrations, for 3, 4, 5, 6 and 8 hours,
respectively.

Figure 2. The effects of CdCl, on Huh 7 cells: control cells (A); cells treated 4 hours with 5uM CdCl, (B); cells
treated 4 hours with 20uM CdCl, (C).

The phenotype of the Huh 7 cells treated with 5uM and 20pM CdCl; is shown in
figure2. As it can be seen, the untreated hepatocytes (Figure 2 - A) present a uniform
polygonal morphology generally being uninucleated, rarely binucleated, adherent to support
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with clearly defined edges, shining uniformly distributed. After the treatment with 5uM CdCl,
(Figure 2 - B) the cells suffered several morphological changes, losing the polygonal aspect
and remaining connected through extensions similar to those of dendrites. The cell nuclei
have a granular aspect and the cytoplasm is intensely vacuolated. The treatment with 20uM
CdCl, (Figure 2 - C) determines the appearance of an important number of apoptotic cells,
the hepatocytes phenotypic normal being rare. In this case, the intercellular connections are
done through extension dendrites like, which are multiple physical connections with
neighboring hepatocytes.

Figure 3-A shows the effect of Cd** administration on the CAT activity. The CAT
activity increased by 42.2 and 34.2 % after 5 and 20 uM CdCl, treatment, respectively. The
activity of GPX was up-regulated by 39.1% after 20 uM CdCl, administration (Figure 3-B).

The inner mitochondrial membrane is permeable to divalent cations, such as Ca®*, Mn?*
and Cd**, due to a carrier for the cation electrical transport. During intoxication, Cd** is
accumulated in the mitochondrial matrix probably generating a higher quantity of ROS, such
as hydroxyl radical. Hydrogen peroxide is decomposed by CAT at high concentration, and by
GPX at low concentration. GPX catalyses the glutathione-dependent reduction of
hydroperoxides and hydrogen peroxide. The increases in CAT and GPX activity would
indicate a higher concentration of hydrogen peroxide generated during the intoxication with
Cd?*. It has been demonstrated that Cd treatment produces ROS that cause cell damage [21].
Our results showed that endogenous antioxidant enzymes, such CAT and GPX, can neutralize
cellular hydrogen peroxide produced after CdCl, intoxication.
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Figure 3. Variations in catalase activity (A) and GPX activity (B) in the Huh 7 cells treated 4 hours with SuM
and 20uM CdCl,, Values are means + SD. * P<0.05 vs. control; ** P<0.01vs. control.

The specific activity of G6PD was decreased by approximately 30%, for both Cd
concentrations, possibly due to the generated oxygen reactive species (Figure 4-A). This
enzyme catalyzes the oxidative branch of the pentose phosphate pathway, generating
NADPH, an electron donor in reductive biosynthesis, which is used for GSH regeneration.
This enzyme is also known as a sensitive target to oxidative stress [22]. G6PD was reported to
be partially inhibited by cadmium in hepatocytes, but this enzyme was less sensitive than GR
to Cd intoxication [23]. As a consequence the cellular NADPH content is diminished and the
GR specific activity is decreased (Figure 4-B). The inhibition of this enzyme was directly
dependent on the cadmium concentrations. At 5 uM CdCl, the GR activity was decreased by
29.5%, while, at 20 uM CdCl; the decrease was by 62%.
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Figure 4. Variations in G6PD activity (A) and GR activity (B) in the Huh 7 cells treated with SuM and 20uM
CdCl, for 4 hours. Values are means = SD. * P<0.05 vs. control; ** P<0.01vs. control.

Cd does not produce ROS through Fenton-type reaction and therefore cannot generate
reactive oxygen species by itself [24]. However, Cd may interact with lipids and cause lipid
peroxidation in tissues [25]. Alternatively, it replaces iron from cellular binding sites to
increase the free iron level and lead to iron-induced oxidations (Fenton-type reaction) [26].
These factors may add synergistically to the elevation of cellular ROS [27]. To prevent Cd-
induced damage, cells respond by turning on diverse signaling pathways and increasing the
expression of genes that encode for stress-response/redox sensitive transcription factors,
proteins such as metalloproteins, and antioxidant enzymes [28].

Conclusions

This study reveals that cadmium exerts an oxidative stress on Huh 7 cells. The treatment
of Huh 7 cells for 4 hours with 5uM and 20uM CdCl; induced the elevation of the glutathione
peroxidase and catalase activities, while, the specific activity of glucose-6-phosphate
dehydrogenase and glutathione reductase was decreased. Our study showed that cadmium is
able to induce oxidative stress in Huh 7 cells which is counteracted by a protective antioxidant
mechanism.
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