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Abstract
Metallothionein-3 (MT3) is an antioxidant protein that alters after exposure to heavy metals. In this study,
we investigated the hepatic and renal expression of MT3 gene following exposure to lead acetate (PbAc)
alone and PbAc plus CoQ10 as an adjuvant antioxidant. Twenty-four rats were allocated into three
groups, including control, PbAc (free access to drinking water contaminated with PbAc at 1g/100ml), and
PbAc plus CoQ10 (10 mg/kg/day Oral). After 28 consecutive days of treatment, the mRNA expression of
MT3 and Cyt-c genes and MT3 protein levels were assessed using real-time PCR and immunosorbent
assay. The serum lipid pro�le was also monitored in the three groups. PbAc exposure signi�cantly
reduced the hepatic and renal MT3 mRNA and protein expression compared to the control group. This
reduction was signi�cantly increased with addition of CoQ10 to levels near those of the control group.
The hepatic and renal expression of Cyt-c mRNA increased after treatment with PbAc, while such effect
was reversed after addition of CoQ10. Alteration in lipid pro�le including increased cholesterol and low-
density lipoprotein levels were observed after PbAc exposure which were counteracted by CoQ10. Our
results con�rm the cytotoxic effects of acute lead exposure manifested as changes in the serum lipid
pro�le and cellular levels of Cyt-c mRNA. These cytotoxic effects may have been caused by decreased
MT3 gene expression and be reduced by the protective role of CoQ10.

Introduction
Lead (Pb) is a heavy metal and environmental contaminant that induces toxicity in various body organs,
including the liver, kidney, brain, and testis (Bokara et al., 2008; Fahim et al., 2013; Togao et al., 2020). Pb-
induced intoxication is mainly caused by contaminated food, occupational conditions, inhalation of
contaminated dust and activity in industries (Ericson et al., 2016). Pb is known as an oxidative stress
factor and Pb exposure increases Reactive Oxygen Species (ROS) levels, decreases cellular antioxidant
levels and consequently damages the proteins, DNA, mitochondria and biological membranes (Hsu and
Guo, 2002; Sabath and Robles-Osorio, 2012). Some studies have investigated the lipid pro�le after lead
exposure. The long-term effects of exposure to low-dose lead acetate on the liver and kidney of rats show
a signi�cant increase in maleic dialdehyde levels, which is  a characteristic of increased lipid peroxidation
(Dai et al., 2013). Furthermore, previous studies have reported a signi�cant increase in liver enzyme
activities and serum cholesterol and triglyceride and a reduction in serum HDL in rats following lead
poisoning (Abdelhamid et al., 2020; Liu et al., 2011).

Metallothioneins (MTs) are a family of cysteine-rich, low-molecular-weight proteins that bind to Pb in the
liver and kidney (Fowler, 1998; Thirumoorthy et al., 2007; Vallee, 1995; Vašák, 2005). MTs are four
isoforms of the murine MT (MT1 to MT4) and a metallothionein-like gene (MTL5) (Binz and Kägi, 1999;
Moleirinho et al., 2011; Rahman et al., 2018). Among the four isoforms of MTs, MT1 and MT2 are largely
expressed in mammalian cell types, with the highest expression being in the liver. MT3 was mainly
expressed in the brain, and also in small amounts in the liver, kidney, heart, pancreas, and intestine
(Hozumi et al., 2008; Juárez-Rebollar et al., 2017; Sabolić et al., 2010; Thirumoorthy et al., 2011). Also,
MT3 was expressed in the liver and kidney (Al-Waeli et al., 2012; Sabolić et al., 2018; Zoidis et al., 2019).
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MT4 is expressed exclusively in the skin and tongue (Sabolić et al., 2010; Thirumoorthy et al., 2011).
Nonetheless, the expression of MT3 in the liver and kidney is not well unclear.

Several studies have investigated the protective role of MTs against heavy metal toxicity (Sandbichler
and Höckner, 2016; Siscar et al., 2014; Thirumoorthy et al., 2007). MT1 and MT2 have a role in the
detoxi�cation of heavy metals (Shen et al., 2019). They are mainly expressed in the liver and kidney of
mice exposed to cadmium and lead (Dai et al., 2013; Shen et al., 2019). The high cysteine content of MT1
and MT2 makes them capable of binding to heavy metal ions (cadmium, silver, and lead) in vivo and in
vitro (Shen et al., 2019). Unlike MT1 and MT2, MT3 isoform has been very little studied. MT3 has been
shown to play a role in the development and cell apoptosis in mammalian cells, protection from DNA
damage, diagnosis of tumorigenesis and cancer, and pathogenesis of some neurodegenerative diseases
(Gumulec et al., 2014; Hozumi et al., 2008; Juárez-Rebollar et al., 2017; Mididoddi et al., 1996; Sabolić et
al., 2010; Thirumoorthy et al., 2011). Previous studies indicated that Pb can bind to the metallothionein
isoform MT3 (Carpenter et al., 2016; Pérez-Zúñiga et al., 2019). The reduction of MT3 expression in
Alzheimer’s disease shows its decreased protective effect (Yu et al., 2001). Furthermore, lithium chloride-
treated mice reported a reduced expression of MT3 in the brain (Chetcuti et al., 2008). However, none of
the other MT isoforms show growth inhibitory activities, which reveals that this activity is a speci�c
functional characteristic of MT3 (Carrasco et al., 2003; Shamsi and Fatima, 2014; Yamada et al., 1996; Yu
et al., 2001).

Lead causes oxidative disturbances through the production of oxidative radicals and reduces cellular
antioxidant defense (Chander et al., 2014). Antioxidant enzymes are one of the targets of lead, which Pb
is capable of electron transport form covalent bonds to the SH-group of antioxidant enzymes (Dewanjee
et al., 2015). Furthermore, lead prevents the cellular balance of some important scarce elements that are
necessary for the catalytic activity of endogenous enzyme antioxidants (Flora et al., 2012); as a result, it
causes the accumulation of ROS within the cells. ROS participates in direct cellular oxidative damage and
causes cellular apoptosis (Khanra et al., 2015). The induction of ROS along with impairments in the
cellular redox defense leads to a reduction in antioxidant defense effects against lead-induced toxicity
(Dua et al., 2016).

Coenzyme Q10 (CoQ10) acts as a fat-soluble antioxidant to fully protect the lipid membranes and
lipoproteins against oxidative stress (Miyamae et al., 2013; Schmelzer and Döring, 2012; Tomasetti et al.,
1999). CoQ10 inhibits adipocyte differentiation and cholesterol, reduces white adipose tissue content,
and regulates fat metabolism (Lee et al., 2012b; Xu et al., 2017). CoQ10 can reduce oxidative stress and
increase antioxidant enzyme activity in the coronary arteries and hemodialysis patients (Lee et al., 2012a;
Rivara et al., 2017). Other studies have shown that CoQ10 protects against cadmium and lead-induced
toxicity by increasing the antioxidant capacity and decreasing cellular oxidative stress (Milošević et al.,
2017; Omar et al., 2016). Due to the association of lead exposure with cellular oxidative damage, the
antioxidant function of CoQ10 and its protective effects against lead-induced damage have become the
focus of much attention. This study was therefore conducted to determine the effect of CoQ10 on serum
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lipid concentrations, MT3 mRNA and protein expression and the Cyt-c gene mRNA expression in the liver
and kidney of rats after lead exposure.

Materials And Methods
 Animals

Twenty-four male adult Wistar rats weighing 200-250 g were procured from Pasteur Institute of Iran. All
the rats were housed in a room with a 12/12-hour dark-light cycle with controlled temperature (22± 3 °C).
The rats had access to fresh water and food and were acclimatized to laboratory conditions for one week
prior to the experiments. All protocols for animal experiments were approved by the institutional animal
Ethical Committee, Parand branch, Islamic Azad University, Parand, Iran (IR.IAU.PIAU.REC.1399.003).

Drugs and experimental groups

Lead acetate (acetate trihydrate, Sigma-Aldrich, Merck, Germany) and CoQ10 (Sigma, St. Louis, MO, USA)
were purchased from Kimia Pars Inc., Tehran, Iran. Lead acetate (PbAc) was dissolved in water and
CoQ10 was dissolved in corn oil.

The rats were randomly divided into three equal groups as follows: Group 1 or control group was fed a
normal diet for 28 consecutive days. Group 2 received (PbAc) (1 g/100 ml) by drinking water for 28
consecutive days. Group 3 received PbAc (1g/100 ml) by drinking water + CoQ10 (10 mg/kg/day) by
gavage for 28 consecutive days. All the groups received oral corn oil as a vehicle of CoQ10. The PbAc
solution was prepared daily. The dose of PbAc and CoQ10 was chosen according to previous research,
respectively (Baranowska-Bosiacka et al., 2013; Rauscher et al., 2001). On the twenty-ninth day, the rats
were rapidly euthanized with a combination of ketamine hydrochloride (100 mg/kg) and xylazine (10
mg/kg), their thoracic was opened, and blood samples were drawn from their left ventricle. Then, their
liver and kidney were collected and washed using saline solution, and sections of the liver and kidney
tissues were used for the enzyme-linked immunosorbent assay (Elisa) assays, and the remainder of the
liver and kidney tissues was stored at −80 °C for mRNA isolation (Amanpour et al., 2020).

 Blood biochemistry

To determine the serum concentrations of total cholesterol (TC), triglyceride (TG), low-density lipoprotein
cholesterol (LDL) and high-density lipoprotein cholesterol (HDL), the blood samples obtained from the
heart were stored in test tubes. Serum TC, TG, LDL and HDL levels were measured using enzymatic kits
(Wako, Osaka, Japan) according to the manufacturer’s instructions.

 Sample preparation for protein expression by Elisa

The level of MT3 protein was measured by a sandwich Elisa kit according to the manufacturer’s protocol
(BioSource, Inc.).  In brief, one ml PBS was added to 0.5 g of the liver and kidney tissues of the rats and
was homogenized and centrifuged at 4 °C, 600 X g, for 10 min. Then, their supernatant was centrifuged at
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1000 X g, 4 °C, for 20 min. The resultant sediment was removed and diluted by 1 ml PBS, and then, 1
mmol Ethylenediaminetetraacetic acid (EDTA), 10 mmol tris at PH=7.4, 200 ml PBS, and 66 ml Sodium
Dodecyle Sulfate (SDS) %16 were also added. This homogenate was centrifuged at 1100 X g for 20 min
at room temperature. The supernatant was removed and stored at -80 °C and then used for the Elisa
assays to determine the derived protein.

RNA extraction and complementary DNA (cDNA) synthesis

Total RNA extraction was performed using the RNX plus™ kit according to the manufacturer’s instructions
(Cinnagen Inc, Tehran, Iran). The quantity of the extracted RNA was evaluated by the optical observation
of sample electrophoresis on agarose gel 2%. The 18S and 28S ribosomal RNA bands were visible in the
intact RNA sample. The quality of the extracted RNA was evaluated by a spectrophotometer (Nanodrop
ND-2000, NanoDrop Technologies, Wilmington, Delaware, US), and only a pure RNA sample with an
A260/A280 ratio, ranging from 1.8 to 2, was used for the cDNA synthesis. The cDNA was synthesized by
100 ng of RNA, using a �rst strand cDNA synthesis kit according to the manufacturer’s instruction
(Fermentas, Thermo Scienti�c, Waltham, MA, USA). The synthesized cDNA was stored at -80 °C to
perform further investigations on it.

Real-time PCR using SYBR Green

The real-time quantitative PCR was performed using an Applied Biosystems 7500 Real-time PCR system
(Applied Biosystems, USA). The relative quanti�cation was performed by measuring the increase in
�uorescence light as a result of SYBR Green bonding. The quantitative real-time PCR reactions were run
in 20 mL, including 1 µl of cDNA, 10 µl of SYBR Green Master Mix, 5 pmol of each complementary primer
at volumes of 0.5 µl and 8 µl of deionized water. The BLAST tool (NCBI, www.ncbi.nlm.nih.gov/blast) was
used to design the primers of MT3, Cyt-c and GAPDH as an internal reference. Table 1 presents the primer
sequences used for real-time PCR.

The ampli�cation conditions for MT, Cyt-c and GAPDH were as follows: Initial denaturation at 94˚C for 20
seconds, followed by 40 cycles at 60 ˚C for 30 seconds and a �nal extension at 72 ˚C for 30 seconds. All
the experiments were repeated at least three times in order to ensure reproducibility. The relative
expression of mRNA was calculated using the ΔΔCT method. The Relative Fold Increase (RFI) was
calculated using the following equation: RFI = 2-ΔΔCT (Alian et al., 2018; Rouhani et al., 2019).

Statistical analysis

Statistical analysis was performed with SPSS 22 for Windows. One-way analysis of variance was used to
compare the difference between groups (Tukey’s test). The results are presented as the mean± SEM. P<
0.05 was considered a signi�cant differences association.

Results
Effect of PbAc and PbAc+CoQ10 on the lipid pro�le of rats’ blood serum

http://www.ncbi.nlm.nih.gov/blast
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Total cholesterol and LDL levels increased in the blood serum of the rats treated with PbAc (1 g/100 mL)
compared to the control group (P<0.01 and P<0.05, respectively). This increase was countered by CoQ10
(10 mg/kg/day) (P<0.05 and P<0.01, respectively). HDL level also increased in the blood serum of the rats
treated with CoQ10+PbAc compared to the control and PbAc groups. No signi�cant differences in the
rat’s blood serum TG and HDL composition between PbAc and control group were found (P<0.05; Figure
1).

The effect of PbAc and PbAc+CoQ10 on MT3 gene mRNA expression in rats’ liver and kidney using real-
time PCR

MT3 gene mRNA expression decreased in the liver and kidney of the rats treated with PbAc (1 g/100 ml)
compared to the control group, (P<0.01 and P<0.001, respectively). MT3 gene mRNA expression
increased in the liver and kidney of rats treated with PbAc+CoQ10 compared to the PbAc-treated group
(P<0.05 and P<0.001, respectively). This level decreased in the PbAc+CoQ10-treated group compared to
the control group (P<0.05; Figure 2).

The effect of PbAc and PbAc+CoQ10 on level of MT3 protein in rats’ liver and kidney using Elisa assays

The level of MT3 protein decreased in the liver and kidney of the rats treated with PbAc compared to the
control group (P<0.001). On the contrary, the level of MT3 protein increased in the rats treated with
PbAc+CoQ10 compared to the rats treated with PbAc (P<0.01; Figure 3).

The effect of PbAc and PbAc+CoQ10 on Cyt c gene mRNA expression in rats’ liver and kidney using real-
time PCR

Cyt c gene mRNA expression increased in the liver and kidney of the rats treated with PbAc compared to
the control group (P<0.001). Cyt c gene mRNA expression decreased in the liver and kidney of rats treated
with PbAc+CoQ10 compared to the PbAc-treated group (P<0.01 and P<0.001, respectively; Figure 4).

Discussion
Several investigators reported that lead-induced hepatotoxicity decreases HDL signi�cantly and increases
their serum cholesterol, triglyceride levels and also serum liver enzyme activities in rats. The increased
liver enzyme is a biomarker of liver damage, the destruction of the liver cell membrane, and the induction
of lipid peroxidation (Abdelhamid et al., 2020; Abdou and Hassan, 2014; Farida et al., 2012; Laamech et
al., 2017). The present �ndings showed that PbAc-induced toxicity elevates serum cholesterol and LDL
levels compared to the controls, but no change was observed in triglycerides and HDL levels in this
treatment group, which may be due to the concentration of PbAc (100 mg/ml) used. Lead exposure
changes cell surface receptors for lipoprotein or inhibits lipoprotein lipase function in liver, which then
reduces removal of lipoproteins (Chajek-Shaul et al., 1989; Kojima et al., 2004; Kojima et al., 2005;
Newairy and Abdou, 2009; Tarugi et al., 1982). Moreover, lead alters lipid metabolism enzymes activity in
liver, this can limit the bile acids biosynthesis, which is the only route for elimination of body cholesterol
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(Kojima et al., 2004; Kojima et al., 2005; Mudipalli, 2007; Newairy and Abdou, 2009). So, the balance
between biosynthesis and catabolism of cholesterol by the liver is a critical determinant of its
concentration in the blood serum. Other studies have also shown that the main mechanism of lead-
induced toxicity is the enhancement of cellular oxidative stress due to increased free radical production or
antioxidant enzyme reduction  (El-Boshy et al., 2019; El-Tantawy, 2016; Laamech et al., 2017; Liu et al.,
2011; Winiarska-Mieczan, 2018), which leads to metabolic abnormalities such as abnormal lipid pro�le
(Ohara et al., 1993).

In this study, to determine if CoQ10 affects PbAc-induced toxicity, CoQ10 (10 mg/kg/day by gavage) was
added to the PbAc (1g/100 ml) regimen of the rats as well. The results demonstrated for the �rst time
that CoQ10 administration in rats fed with PbAc causes a down-regulation of the cholesterol and LDL in
the rats’ blood serum and increases HDL compared to the PbAc-treated and control rats. These results are
consistent with previous �ndings on the antioxidant activity and protective effects of CoQ10 in different
tissues (Paunović et al., 2017; Sharma et al., 2018; Tarry-Adkins et al., 2016; Yousef et al., 2019) and the
reduction in blood cholesterol following CoQ10 treatment (Xu et al., 2017). Several studies reveal that
CoQ10 inhibits lipid peroxidation in mice fed with cadmium and arsenic. The suppression of lipid
peroxidation as a result of CoQ10 treatment may be caused by the ability of CoQ10 to inhibit ROS
(Paunović et al., 2017; Sharma et al., 2018). Also, Yousef et al. (2019) showed that CoQ10 causes a
balance between the oxidants and antioxidants and has bene�cial effects against lead-induced neuronal
damage. Thus, the present study showed that CoQ10 may be reduced hyperlipidemia induced by PbAc
due to its ability to neutralize oxidative damage and inhibiting ROS generation.

Previous studies have demonstrated MT3 protein and mRNA expression in various organs of rats, mainly
in the brain, and in a low amount in the liver, kidney pancreas, prostate, testis, and tongue (Clifford and
MacDonald, 2000; Hozumi et al., 2008; Juárez-Rebollar et al., 2017; Sabolić et al., 2010; Thirumoorthy et
al., 2011; Vašák and Meloni, 2017). Moreover, MT3 mRNA and protein overexpression has been detected
in many cases of human bladder, prostate and breast cancers (Sens et al., 2001). MT3 mRNA and protein
are also expressed in normal human kidneys, renal carcinoma and the nuclei isolated from rat nephrons
(Al-Waeli et al., 2012; Sabolić et al., 2018; Thirumoorthy et al., 2011). Also, MT3 expression was also
identi�ed in Broiler’s liver (Zoidis et al., 2019). In present study, MT3 mRNA and protein were expressed in
rats’ liver and kidney. These localizations are also con�rmed by the studies that showed MT3 protein
expression in different peripheral organs of rats and humans (Garrett et al., 1999; Hozumi et al., 2008;
Sabolić et al., 2018).

MT3 expression was highly increased in the liver after exposure to cadmium (Al-Waeli et al., 2012), which
shows that MT3 mediates the mechanism of cytotoxicity in different mammalian organs. Tsui et al.
(2019) have shown that MT3 is a tumorigenesis factor and increasing invasiveness and cell growth of
bladder carcinoma, which is upregulated by hypoxia and arsenic in vivo. Also, the overexpression of the
mRNA or protein of MT3 has been observed in many human bladder, prostate and breast cancers (Sens
et al., 2001). Moreover, the MT3 gene is involved in cellular growth and heavy metals’ metabolism during
oxidative stress situations in the human brain (Bonaventura et al., 2018), and the MT3 gene expression
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also decreases with oxidative stress (Tahmasbpour et al., 2016). Thus, the present �ndings suggest that
MT3 expression can decrease after acute exposure to PbAc during oxidative stress conditions
(Bonaventura et al., 2018).

The reduction of MT3 levels is indicated in metal-associated neurodegenerative diseases, and this
function is due to the diminution of cellular capacity to neutralize ROS (Tsuji et al., 1992; Uchida et al.,
1991; Vašák and Meloni, 2017; Yu et al., 2001).  Many studies demonstrated that cadmium exposure
increased the cells’ resistance against cell apoptosis with elevated MT3 levels (Garrett et al., 2002; Zoidis
et al., 2019). On the other hand, Somji et al. (2004) showed that when the cells are in
proliferation/regeneration, MT3 expression decreases and occurs cell destruction through cell apoptosis.
In the present study, the expression of MT3 mRNA and protein decreased in the liver and kidney of the
PbAc-treated rats. Thus, the present �ndings suggest that PbAc exposure may decrease the cellular
capacity for the neutralization of ROS and cause cellular apoptosis by inducing oxidative stress (Somji et
al., 2004; Tsuji et al., 1992; Yu et al., 2001). The reduction of MT3 levels may be indicative of PbAc-
induced apoptosis due to toxicity in the liver and kidney of rats.

The mechanism of reduction of MT3 expression by Pb toxicity in the liver and kidney is not known.
Mammalian MT3 is an unusual protein with a puzzling role (Bousleiman et al., 2017). However, the
proposed mechanism may be operative here. The binding A�nity of Pb to MT3 is more compared to its
binding with Zn (Carpenter et al., 2016; Wong et al., 2017) and thus during Pb-induced toxicity, Zn may be
replaced by Pb and affecting liver and kidney function. Furthermore, Bonaventura et al. (2018) has shown
that expression level of MT3 gene is dependent on toxic conditions. However, the mechanisms that show
in the PbAc-induced reduction of MT-3 in the liver and kidney remain to be investigated.

Several studies have shown that the mechanism of toxicity of Pb occurs through the production of free
radicals and generation of ROS, which result in cellar apoptosis generation (HERRERA et al., 2001).
During apoptotic stimuli, Cyt c is released into the cytosol, and mediates the activation of the adaptor
molecule apoptosis-protease activating factor 1 (Apaf-1), which is required for the activation of effector
caspases (caspases  3, 6, and 7) and induces apoptosis (Dua et al., 2016; Garrido et al., 2006). Also, El-
Tantawy et al. (2016) showed a markedly increase of hepatic caspase-3 levels in PbAc-treated rats. Thus,
the upregulation of Cyt-c mRNA expression in the liver and kidney of the PbAc-treated rats may explain
cell apoptosis production in the present study.

Several researches showed that CoQ10 has been implicated in the metabolic pathways that are
associated with protecting organisms against oxidative damage (Lee et al., 2012a; Miyamae et al., 2013;
Paunović et al., 2017; Rivara et al., 2017; Sharma et al., 2018; Tarry-Adkins et al., 2016). CoQ10 is a potent
antioxidant that protects against the production of mitochondrial ROS generated by oxidative stress (La
Guardia et al., 2013; Tian et al., 2014). One study has shown the ability of CoQ10 to protect against PbAc-
induced neurotoxicity in rats by restoring the balance between the antioxidants and oxidants through its
antioxidant and anti-apoptotic activities (Yousef et al., 2019). The present study also showed that CoQ10
can increase MT3 protein and mRNA levels in rats’ liver and kidney after PbAc exposure. CoQ10 also
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reduced the upregulation of Cyt c mRNA levels. This effect of CoQ10 has modulated the upregulation of
anti-apoptotic mitochondrial-related proteins through its antioxidant activity and the inhibition of ROS
generation by CoQ10 by neutralizing ROS through protective effects against free radicals (Yousef et al.,
2019).

Conclusion
It seems that PbAc exposure can generate oxidative stress along with an increase in cholesterol, LDL, and
Cyt c mRNA levels and a reduction in the expression of MT3 in the liver and kidney of rats. The decrement
of MT3 expression can be used as an indicator of PbAc-induced cytotoxicity. COQ10 has protective
effects against PbAc toxicity by reducing cholesterol, LDL and Cyt c mRNA levels and an increase in HDL
and MT3.  These results suggested that CoQ10 plays an important role in PbAc-induced detoxi�cation by
reducing oxidative stress.
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Tables
Table 1. Gene-special primers used for Real- time PCR

Gene Forward Primer Reverse Primer

MT3

GAPDH

Cyt-c

5´AGGGCTGTGTCTGGAAAGGTG 3´

5´AAGTTCAACGGCACAGTCAAGG 3´

5´GTCTGATCCTTTGTGGTGTTGAC 3´

5´AGGAAACTGGGTGGAGGTG 3´

5´CATACTCAGCACCAGCATCACC 3´

5´GGTCCAGTCTTATGCTTGCCT 3´

 

Figures



Page 16/19

Figure 1

The effect of PbAc and PbAc+CoQ10 on the serum lipid pro�le of rats. TC and LDL increased
signi�cantly in the PbAc-treated group compared to the control group but decreased signi�cantly in the
PbAc+CoQ10-treated group compared to the PbAc-treated group. HDL increased signi�cantly in the
PbAc+CoQ10-treated group compared to the PbAc-treated and control groups. Data were expressed as
mean ± SEM (n=8 per group). *Compared to the control group, P<0.05; **Compared to the control group,
P<0.01; #Compared to the PbAc group, P<0.05; ##Compared to the PbAc group, P<0.01. TC: Total
Cholesterol; TG: Triglycerides; LDL: Low-Density Lipoprotein cholesterol; HDL: High-Density Lipoprotein
cholesterol.
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Figure 2

The effect of PbAc and PbAc+CQ10 on MT3 mRNA expression in the rats’ liver and kidney. MT3 mRNA
decreased signi�cantly in the PbAc-treated group compared to the control group, but increased
signi�cantly in the PbAc+CoQ10-treated group compared to the PbAc-treated group in the rats’ liver and
kidney. MT3 mRNA decreased signi�cantly in the PbAc+CoQ10-treated group compared to the PbAc-
treated group in the rats’ kidney. The results were reported as mean ± SEM (n=8 per group). *Compared to
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the control group, P<0.05; **Compared to the control group, P<0.01; ***Compared to the control group,
P<0.001; #Compared to the PbAc group, P<0.05; ###Compared to the PbAc group, P<0.001.

Figure 3

The effect of PbAc and PbAc+CoQ10 on level of MT3 protein in the rats’ liver and kidney. An Elisa assay
was performed and the results were reported as mean ± SEM (n=8 per group). The level of MT3 protein
decreased signi�cantly in the PbAc-treated group compared to the control group in the rats’ liver and
kidney but increased signi�cantly in the PbAc+CoQ10-treated groups compared to the PbAc-treated
group. ***Compared to the control group, P<0.001; ##Compared to the PbAc group, P<0.01.
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Figure 4

The effect of PbAc and PbAc+CQ10 on Cyt-c mRNA expression in the rats’ liver and kidney. Cyt-c mRNA
increased signi�cantly in the PbAc-treated group compared to the control group. Cyt-c mRNA decreased
signi�cantly in the PbAc+CoQ10-treated group compared to the PbAc-treated group. The results were
reported as mean ± SEM (n=8 per group). ***Compared to the control group, P<0.001; ##Compared to the
PbAc group, P<0.01; ###Compared to the PbAc group, P<0.001.


