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Abstract:	  The aim of the present study was to determine the oxidative stress profiles in the liver and kidneys of 
mice subchronically exposed to lead (Pb) and cadmium (Cd). Four 45-day experiments were conducted 
using laboratory mice. A control group was compared to three groups exposed to 0.00250M Pb(NO3)2 
and 0.00125M Cd(NO3)2 solutions, applied in drinking water separately or in combination. As biomark-
ers of oxidative stress, the levels of malondialdehyde (MDA) and total glutathione were evaluated, 
respectively, by using the thiobarbituric acid reactive substances test (TBARS) and a colorimetric assay 
for total glutathione. The results demonstrated approximately 2-fold higher induction of MDA in the 
liver of Pb-exposed mice in comparison with Cd-exposed mice, combined with a slow but not statis-
tically significant depletion of total glutathione. In the kidneys of the Cd-exposed mice, the highest 
accumulation of MDA was detected, accompanied by 1.5-fold glutathione depletion. Nevertheless, in 
groups exposed to Pb and Pb/Cd intoxication, an inducible increase in total glutathione was observed. 
These findings confirmed that Pb induces higher levels of oxidative stress in the liver while the kidneys 
suffered more oxidative damage due to Cd intoxication, attributable to the bioaccumulation profiles of 
the two toxic metals.

Key words: lead, cadmium, oxidative stress profiles, liver and kidneys, subchronically exposed mice

Introduction
Ecosystem contamination has been assessed as one 
of the most important environmental problems, rais-
ing serious concerns about human health and the 
state of populations. This is the reason for establish-
ing strict legislation on the release and permissible 
levels of certain toxicants in nature. Soil contamina-
tion with heavy metals such as cadmium, lead, chro-
mium, copper, zinc and mercury are worrying (Ka-
bir et al. 2012). These elements are present in the soil 
naturally but their high concentrations are primarily 

due to industry (non-ferrous and ferrous metallurgy, 
energy, chemical industry), agriculture (irrigation 
with polluted water, use of mineral fertilizers), waste 
incineration, fuel burning, road transport, etc. (Eu-
ropean Commission 2013, Tóth et al. 2016). The 
presence of Pb and Cd in increased amounts in or-
ganisms is perceived as toxic. Acute or chronic ex-
posure to them may lead to health issues for animals 
and humans as they are able to accumulate, mainly 
in liver and kidneys (Ozimec et al. 2015). Cadmium 
is already known to cause several types of renal dys-
function as well as cancer (Dokmeci et al. 2009). 
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The problem of environmental pollution with 
heavy metals and toxic elements is global and re-
search questions addressing it are a priority. A 
number of studies have been performed, largely 
elucidating the pathways of bioaccumulation and 
distribution of toxicants in tissues and organs of 
organisms as well as the physiological and bio-
chemical mechanisms of heavy metal elimination 
(Waalkes 2003, Rubino 2015, Puerto-Parejo 
et al. 2017). For this purpose, different species of 
rodents were used as bioindicators and conveni-
ent model organisms. In recent decades, a number 
of monitoring and ecotoxicological studies have 
been conducted in Bulgaria (Topashka-Ancheva 
et al., 2003, Metcheva et al. 2003, Mitkovska et 
al. 2012). Although serious measures have been 
taken in the last decades, there is still the problem 
of removing toxic substances already accumulated 
in the soil and water. Their slow excretion by ani-
mal organisms and high rate of accumulation at the 
higher levels of food chains are reasons to expect 
problems for human, animal and ecosystem health 
in the coming years.

Three main reasons for the toxicity of metals 
have been discussed: (1) the ability to interact di-
rectly with proteins (Jaishankar et al. 2014); (2) 
the displacement of elements necessary for me-
tabolism (Cailliatte et al. 2009, Mao et al. 2018, 
Tandon et al. 2003); (3) enhancing the production 
of chemical  compounds known as reactive oxygen 
species (ROS) (Szlacheta et al. 2020, Winiarska-
Mieczan 2018). Although Pb and Cd are non-redox 
metals, exposure to them can cause disturbances in 
the oxidative status (Buege & Aust 1978). Previous 
studies have shown that cadmium and lead indirectly 
participate in the induction of oxidative stress (Ar-
royo et al. 2012). The possible mechanism of action 
could be increased peroxidation of lipids and a de-
creased glutathione (GSH) levels. Based on this, it 
has been hypothesised that the oxidative stress pro-
files would differ depending on the particular heavy 
metal or the target tissue.

The standard criterion for the normal homeo-
stasis of the organism is the liver index (Wasmuth 
et al. 2010). The liver is not only an energy depot 
but also an organ accumulating proteins, including 
enzymes that detoxify xenobiotics of various ori-
gins. Therefore, the relative weight of the liver can 
be considered as an indicator of pathogenic changes 
in small mammals.

The aim of the present study was to evaluate the 
oxidative stress profiles in the liver and kidneys of 
mice subchronically exposed to lead and cadmium.

Materials and Methods
Experimental animals
Experimental animals were same-sex (male) and 
age-optimised ICR-strain laboratory mice. They 
were bred in a vivarium and housed in individual 
ventilated cages. The physical size of the cages was 
in accordance with European standards. The bed-
ding material was obtained from an ISO 2000-ac-
credited supplier. Mice were acclimatised for a 
7-day period before starting the experiment. During 
the study, a standard temperature between 19°C and 
23°C, humidity of 45–60% and a 12-hour day/night 
cycle were maintained. The food was in the form of 
pellets. All mice were allowed access to food and 
water ad libitum. The water, food and bedding mate-
rial were inspected daily and changed when neces-
sary. The animals were neither medicated nor vac-
cinated. The rearing of animals in a vivarium and 
the conduct of experiments are in accordance with 
Ordinance No. 20/01.11.2013 on the protection and 
welfare of animals and the Animal Protection Act 
(31.01.2008) of the Republic of Bulgaria. In the 
sampling process, a maximum of animal-friendly, 
low-invasive and non-invasive methods, fully com-
pliant with the OECD guidelines of 17.12.2001 and 
29.07.2016 were used.

Four variant toxicological experiments were 
conducted, each of 45 days. The administration of 
toxicants in certain concentrations was performed 
with drinking water in the form of dissolved salts. 
A control group was compared to three groups ex-
posed to 0.00125M Pb(NO3)2, 0.00250M Cd(NO3)2 
and 0.00125M Cd(NO3)2 + 0.00250M Pb(NO3)2 
solutions applied as drinking water. Samples were 
collected on the 15th, 30th and 45th day from each 
experimental group. The body mass of each animal 
was recorded and the kidneys and liver were dis-
sected for further analysis.

Morphophysiological parameters and oxidative 
stress markers 
The assessment of morphophysiological parameters 
was carried out according to the indices of the kid-
neys and liver, which were calculated as the ratio of 
organ weight to body weight, expressed in per mille 
according to the following formula:

Organ mass index = (Organ Mass / Total body 
mass) * 1000,

which gives a standard index expressed in 
mg/g body mass. 

The thiobarbituric acid reactive substances test 
(TBARS) was performed as described in Friberg 
& friberg (1984). Briefly, the mouse liver and kid-
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neys were homogenized and subjected to the de-
scribed procedure. The levels of malondialdehyde 
(MDA) were measured spectrophotometrically and 
expressed as nmol MDA/g fresh weight. Total glu-
tathione was assayed colorimetrically following the 
protocol by Şehirli et al. (2008); glutathione levels 
were presented as mmol GSH/g tissue.

The statistical significance of differences be-
tween tested concentrations and the negative con-
trols was calculated by one-way analysis of vari-
ances (ANOVA) with Bonferroni’s post hoc-test. 
Calculations were done with GraphPad Prism soft-
ware, version 6.04 (San Diego, USA). Asterisks pro-
vide information for the significance of the differ-
ences: P > 0.05 (non-significant); *P < 0.05; **P < 
0.01; ***P < 0.001.

Heavy metal analysis
The determination of Cd and Pb concentrations 
was carried out using a Perkin Elmer SCIEX DRC-
e ICP-MS system with a crossflow nebulizer. The 
spectrometer was optimized (RF, gas flow, lens volt-
age) to provide minimal values of the ratios CeO+/
Ce+ and Ba2+/Ba+ and maximum intensity of the ana-
lytes. Working standard solutions of Cd and Pb in 
the concentration range from 0.01 to 500 µg L-1 were 
prepared from single-element calibration solutions 
(Merck), with initial concentrations of 1000 mg L-1.  
External calibration was performed for 111,112,113,114Cd 
and 204,206,207,208Pb. The calibration coefficients for 
all of the calibration curves were at least 0.99. The 
evaluation of the accuracy was done by the analysis 
of two certified reference materials: Horse Kidney 
IAEA-H-8 and NIES N6 CRM mussel. The experi-
mental results were in very good agreement with the 
certified values.

Results 
The results of the analysis of the heavy metals bio-
accumulation in liver and kidneys of the studied ani-
mals are presented on Table 1. The results showed a 
substantial increase in the levels of bioaccumulation 
in both kidney and liver. The quantities of toxicants 
in the kidneys were up to six times higher than in 
the liver.

The changes of mice body mass (g) during 
each experimental variant are presented in Table 2. 
Significant weight gain was observed in the control 
and Pb-exposed groups (p <0.05) during the entire 
45-day experimental timeframe. The growth perfor-
mance in Cd and Cd+Pb exposed groups was sig-
nificantly reduced in the 45-day experimental period 
(p<0.01) in comparison with the other two groups. Ta
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In the course of the experiment with cadmium, 
the value of the liver index decreased (Table 3). A 
similar trend was reported in the control group and, 
therefore, considered normal. Subchronic intoxica-
tion of mice with cadmium resulted in a consider-
ably higher cadmium concentration in the kidneys 
than in the liver, despite similar absorption levels. 
Statistically significant differences were not obtained 
between Cd and Pb+Cd experiments. It was found 
only at the 45th day between Pb and Pb+Cd variants. 

Results concerning the effect of the heavy met-
als on the oxidative stress in liver tissue demonstrat-
ed c. twofold higher induction of MDA in the liver 
of Pb-exposed mice in comparison with Pb/Cd and 
Cd-exposed mice (Fig. 1). Slow but not statistically 
significant depletion of total glutathione was ob-
served after cadmium treatment (Fig. 2). Exposure 
to lead and cadmium/lead for 30 and 45 days led to 
GSH levels comparable with the control. On the oth-
er hand, in terms of MDA, the kidneys of exposed 
mice were more susceptible. Around 3-fold higher 

levels, in comparison with the control, were meas-
ured after 30- and 45-days exposure (Fig. 3). Cad-
mium was also determined to induce 1.5-fold steady 
glutathione depletion in the kidneys of the exposed 
mice (Fig. 4). Nevertheless, in groups exposed to 
lead and combined lead/cadmium intoxication, an 
inducible increase in total glutathione was observed. 

Discussion
As shown above, the value of the liver index de-
creased during the experiments. Along the body 
growth, the mass of the liver increases relatively 
less than the total weight of the animals. Although 
the liver is a primary target organ for cadmium, it 
responds relatively slowly when exposed to cadmi-
um nitrate concentrations. In the case of Pb(NO3)2, 
significant increase (p<0.05) was obtained in com-
parison with the control group. With oral exposure 
to chronic Cd intoxication, the liver is an organ that 
takes up the greatest quantity of Cd during the initial 
hours after exposure (Andjelkovic et al. 2019). Af-
ter oral uptake, cadmium is transported to the liver 
(where it stimulates the synthesis of metallothionein) 
or is transported directly to the kidneys (Matović et 
al. 2015). This is the most probable reason for the 
statistically significant increase in the liver index in 
the Cd-exposed group in the first two weeks of the 
experiment. Over time, lead is accumulated in both 
liver and kidneys, while the largest amounts of cad-
mium accumulate in the kidneys. 

Table 2. Body mass changes (g) of control and toxicant-
exposed mice during the experimental period.

Day
Experimental groups

Control Cd Pb Pb+Cd
0 25.4±3.4 25.4±3.4 25.4±3.4 25.4±3.4
15 27.1±2.6 23.0±1.2 24.8±2.2 23.4±3.5
30 33.1±2.5 27.3±4.4 30.2±5.9 26.9±2.9
45 35.3±3.6 266 ±2 30.5±1.3 25.8±2.4

Table 3. Liver mass (g) and liver index (mg/g) for control, Pb-exposed, Cd-exposed and Pb+Cd-exposed mice.

Day

Experimental groups
Control Cd Pb Pb+Cd

Liver 
mass

Liver 
index

Liver 
mass

Liver 
index

Liver 
mass

Liver 
index

Liver 
mass

Liver 
index

0 1.53 ± 0.19 60.2 1.53±0.19 60.2 1.53 ± 0.19 60.2 1.53 ± 0.19 60.2
15 1.77 ± 0.24 65.3 1.56±0.38 68.0 1.41 ± 0.18 56.9 1.12 ± 0.10 47.9
30 2.03 ± 0.25 61.4 1.79±0.44 65.9 1.78 ± 0.37 58.8 1.68 ± 0.32 62.4
45 1.98 ± 0.29 56.2 1.4±0.23 53.2 1.95 ± 0.22 64.0 1.50 ± 0.11 58.2

Table 4. Kidneys mass (g) and kidneys index (mg/g) for control, Pb-exposed, Cd-exposed and Pb+Cd-exposed mice.

Day

Experimental groups
Control Cd Pb Pb+Cd

Kidney 
mass

Kid-
ney 

index

Kidney 
mass

Kid-
ney 

index

Kidney 
mass

Kid-
ney 

index

Kidney 
mass

Kid-
ney 

index
0 0.47± 0.23 18.5 0.47± 0.23 18.5 0.47±0.23 18.5 0.47±0.23 18.5
15 0.49±0.05 17.9 0.49 ±0.07 21.6 0.50±0.08 20.2 0.46±0.05 16.6
30 0.55±0.07 16.5 0.47± 0.10 17.2 0.51±0.07 16.9 0.39±0.09 17.1
45 0.50 ±0.08 14.1 0.42±0.04 15.9 0.48±0.07 15.8 0.49±0.08 19.0
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Fig. 1. Levels of MDA measured in liver tissue. If no error bars are visible, they are equal to or lower than the values. 

Fig. 2. Levels of glutathione measured in liver tissue. If no error bars are visible, they are equal to or lower than the values. 

Fig 3. Levels of malondialdehyde measured in kidney tissue. If no error bars are visible, they are equal to or lower than 
the values.

Fig 4. Levels of glutathione measured in kidney tissue. Where no error bars are visible, they are equal to or lower than 
the values.
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Regarding oxidative stress in cells, the stronger 
effect of lead and the combination of lead/cadmium 
could be explained precisely by the presence of es-
sential accumulation of lead in the liver (Patra et al. 
2011). The obtained results are in accordance with 
the statement of Andjelkovic et al. (2019), con-
cluding that the major consequence of lead-induced 
oxidative stress in the liver was the induction of high 
levels of MDA leading to the alteration of membrane 
integrity and fatty acid composition. Interestingly, 
exposure to lead and cadmium/lead for 30 and 45 
days led to GSH levels comparable with the control. 
This may be explained by overexpression of glu-
tathione, thus reducing the oxidative stress (Patra 
et al. 2011). The highest MDA-induction was meas-
ured after cadmium intoxication. This result con-
firms the observation concerning cadmium-induced 
lipid peroxidation in kidneys (Andjelkovic et al. 
2019). The observed inducible increase in total glu-
tathione in groups exposed to lead and combined 
lead/cadmium intoxication could be explained by 
compensatory mechanisms, including overexpres-
sion of glutathione following chronic exposures 
(Patra et al. 2011, Andjelkovic et al. 2019).

Conclusions
The results of the present study indicate an inhibi-
tion of mouse growth performance by cadmium, 
alone as well as after combined lead + cadmium 
subchronic exposure. No significant inhibition of 
growth performance has been induced by lead at the 
tested concentrations. The measurement of oxida-
tive stress via MDA and glutathione indicates differ-
ent toxicities of Pb and Cd in the liver and kidneys. 
The experimental findings confirm that Pb induces 
higher levels of oxidative stress in the liver; in con-
trast, the kidneys suffer more oxidative damage due 
to Cd intoxication, which attributable to the bioac-
cumulation profiles of the two toxic metals.
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