
Page 1/19

Chronic Cadmium Exposure Aggravates the Cardiac
Dysfunction in Type 2 Diabetic Mice by Promoting
In�ammation and Fibrosis
Xiuxiu Liu 

Soochow University https://orcid.org/0000-0003-0106-2847
Shuai Wang 

The Shishan Community Hospital of SND in Suzhou
Mengyang Li 

Soochow University
Jiafu Li 

Soochow University
Zhijie Sheng 

The Fifth People's Hospital of Suzhou
Jie zhang 

Soochow University
zengli zhang  (  zhangzengli@suda.edu.cn )

Soochow University https://orcid.org/0000-0002-0108-0263

Original investigation

Keywords: Cd, Type 2 diabetes, Cardiac function, Fibrosis, In�ammation

Posted Date: June 25th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-639901/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Loading [MathJax]/jax/output/CommonHTML/jax.js

https://doi.org/10.21203/rs.3.rs-639901/v1
https://orcid.org/0000-0003-0106-2847
mailto:zhangzengli@suda.edu.cn
https://orcid.org/0000-0002-0108-0263
https://doi.org/10.21203/rs.3.rs-639901/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/19

Abstract
Background: Diabetic cardiomyopathy (DCM) is a serious diabetic complication with high mortality.
Cadmium (Cd) is a ubiquitous environmental contaminant and plays an important role in cardiac lesions.
However, whether Cd aggravates DCM is debatable. In the present study, the effects of chronic Cd
exposure on cardiomyopathy in normal and type 2 diabetic mice were investigated.

Methods: Sixty male C57BL/6J mice were randomly divided into four groups: blank control (normal mice
without Cd exposure), Cd control (normal mice with Cd exposure, exposure level 1.74-2.45 mg/kg/day),
diabetic mice control (diabetic mice without Cd exposure) and experimental group (diabetic mice with Cd
exposure, exposure level 1.37-3.58 mg/kg/day). After 16 weeks Cd exposure, echocardiography was
performed to determine cardiac structure and function. Other outcomes measures included myocardial
injury, in�ammation and �brosis.

Results: Cd damaged the cardiac function by decreased EF% (ejection fraction) and FS% (fractional
shortening) and increased concentration of cTnT (cardiac troponin T) and the expressions of BNP (brain
natriuretic peptide) and ANP (atrial natriuretic peptide) in normal mice. For experimental group, the
expression of IL-1 (Interleukin-1), TNF-α (tumor necrosis factor-alpha), MCP-1 (monocyte chemotactic
protein 1), FN (�bronectin) and TGF-β1 (transforming growth factor-β1) were signi�cantly increased,
indicating that Cd promoted the accumulations of �brosis and in�ammation in diabetic mice. In terms of
cardiac function, compared with normal mice, the cardiac injury marker of experimental mice was
increased and the myocardial contractility was further attenuate, suggesting diabetic mice were more
sensitive than normal mice when exposed to cadmium.

Conclusion: Cd could damage the heart contractility and aggravate the disruption of cardiac function in
diabetic mice by deteriorating in�ammation and �brosis.

1. Introduction
Diabetes is one of the most prevalent and fasted growing disease worldwide, and is the seventh leading
cause of death, with a mortality rate of 82.4 per 1000,000[1–3]. The chronic diabetes complications are
widely occurred in diabetic patients (macrovascular and microvascular system), which are the leading
causes of mortality in diabetic patients[3]. Diabetic cardiomyopathy (DCM) is one of famous chronic
diabetes complications[4]. Previous studies showed that hyperglycemia plays an important role in DCM
development by aggravating myocardial �brosis and collagen deposition[5]. Fibrosis contributes to
impairment of systolic and diastolic function in heart, which lead to the development of ventricular
dilation and systolic failure[6, 7]. Cardiac hypertrophy or ventricular dilation is compensated to keep
pump strongly, while with the development of cardiopathy, the compensation will gradually turn into
decompensation[8].

Cadmium (Cd) is a naturally occurring rare element, which dispersed into the environment through
various natural and anthropogenic processes. When Cd scattered into the atmosphere, it can travel longLoading [MathJax]/jax/output/CommonHTML/jax.js
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distance and eventually fall to the soil and water, and further enriched in animals and plants, which
makes diet as a primary source of exposure among nonsmoking and nonoccupational population[9, 10].
The daily intake of cadmium through diet is different in various countries which is depending on their
pollution. For general Chinese population, the mean dietary Cd exposure was 15.3 µg/kg/month.
However, in high consumer group (P95), the exposure level of Cd is up to 33.0 µg/kg/month, which is
about 1.3 times of the provisional tolerable month intake[11]. The highest daily exposure of Cd was
occurred in Thailand, in which the Cd exposure level was up to 3 µg/kg/day[12]. Tobacco smoking is
another signi�cant source of human Cd exposure, duo to higher concentration Cd presented in tobacco
(0.28–5.79 µg/g)[13, 14]. During smoking, approximately 10–20% of the Cd will be absorbed in the
lungs[15–17], which will be accumulated in the liver and the kidney, with a very long biological half-time
ranging from 10 to 30 years [11]. Previous toxicological studies proved that the accumulated Cd could
induce severe damage to various organs such as renal dysfunction, osteoporosis, fractures and
cardiovascular disease (CVD)[5, 10, 18, 19]. A large study found that Cd exposure is associated with
increased risk of heart failure[20]. Experimental studies indicated that Cd damages the cardiomyocyte
directly and regulate the mechanism of myocardial contractility[21, 22]. In addition, epidemiological
studies suggested that higher Cd exposure is associated with an increased prevalence of diabetes [23,
24]. Previous studies indicated that Cd exposure increased gluconeogenesis, altered glucose transport
and disruption of pancreatic islet function, which induced diabetes[25–27]. However, few papers reported
that the in�uence of Cd exposure on the DCM, and the pathway and mechanism of Cd aggravated DCM
is not clear. Thus, it is necessary to explore the relationship between Cd exposure and developments of
diabetic cardiopathy.

In this study, the in�uences of Cd on DCM were analyzed using four groups of experiments including
blank control (milli-Q water), Cd control (average exposure level 1.98 mg/kg/day), diabetic mice control
(diabetic mice without Cd exposure) and experimental group (diabetic mice with average Cd exposure
level 2.23 mg/kg/day). Echocardiography was used to calculate EF% and FS% to investigate the
structural alterations in the cardiac. ANP (atrial natriuretic peptide), BNP (brain natriuretic peptide), β-MHC
(beta-myosin heavy chain) and cTnT (cardiac troponin T) were detected to explore the cardiac function.
The expression level of FN (�bronectin) and TGF-β1 (transforming growth factor-β1) in tissues, along
with staining were used to evaluate the extent of cardiac �brosis. PCR (polymerase chain reaction) was
used to measure the in�ammation by the expression IL-1(Interleukin-1), TNF-α(tumor necrosis factor-
alpha) and MCP-1(monocyte chemotactic protein 1). This study aimed help to unravel some associations
with Cd exposure and CVD in diabetics.

2. Materials And Methods

2.1 Animals and experimental design
Sixty male C57BL/6J mice (aged 3–5 weeks) were obtained from the Shanghai SLAC Laboratory Animal
Company Limited. Before the experiment, animals were acclimatized to laboratory condition for a week.
Then the sixty animals were divided into four groups: the blank control group, Cd control group, DMLoading [MathJax]/jax/output/CommonHTML/jax.js
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control group, and experimental group. The daily Cd exposure of normal human being is about 1–3
µg/kg/day, and the safety factor in risk assessment is 100–1000[28]. A middle higher exposure level
(about 2 mg/kg/day) was selected to represent most of situations using 155 ppm Cd drinking water
(cadmium chloride), which represented all exposure pathways of Cd. The exposure was performed for 16
weeks. The type 2 diabetes mellitus was induced by a single intraperitoneal injection of 100mg/kg STZ
(streptozotocin) after 8 weeks high-fat diets (D12492). When the fasting blood glucose concentration of
mice was higher than 16.7 mmol/L after one week of diabetic induction, the mice were considered as
successful diabetic mice. The blank control and Cd control group mice were treated with normal diets,
while the diabetic control and experimental mice were treated with high-fat diets continuously[29]. At the
end of experiment, animals were sacri�ced after overnight fasting. Cardiac tissues and blood were
collected and processed for further experiments.

2.2 Echocardiography
Transthoracic echocardiography was performed with an ultrasound machine (Vevo2100, Visual Sonics,
Canada). Brie�y, mice were anesthetized with inhaled iso�urane (1.5 L/min). Once sedated, the mouse
was secured onto the echocardiography platform with tape. And then, the chest hair of mouse was
removed, and the ultrasound gel was place on the chest. An ultrasound probe was used to image the
mouse heart. During the process, the left ventricular (LV) systolic diameter, LV diastolic diameter, LV
ejection fraction (EF%), and LV fractional shortening (FS%) were measured and calculated. After the
experiment, the mice were return to the cages and monitored until recovered spontaneous body
movements.

2.3 Myocardial cellular injury detection
cTnT was measured by an ELISA kit according to the instructions of the manufacturer (E-EL-M1801c,
Elabscience, Biotechnology Co., Ltd). After sacri�ced, blood samples of mice were collected and
centrifuged at 3000 rpm for 10 minutes, and then the supernatant was transferred to Eppendorf tube and
was stored at -20ºC until measurement. During measurement, 100 µl of serum and reference standard
were added into ELISA plate respectively and incubated at 37°C for 90 min. Then, the ELISA plate was
washed three times by washing buffer. After that, 100 µl of HRP (horseradish peroxidase) conjugate was
incubated for 30 min at 37°C. The mixture was washed for �ve times and 90 µl TMB(3,3',5,5'-
Tetramethylbenzidine) was added. After 15 min incubation, 50 µl stop solution was added and cTnT was
measured at 450 nm.

2.4 Quantitative Real-Time-PCR
Total RNA was extracted from the hearts using Trizol according to the manufacturer’s instructions.
Complementary deoxyribonucleic acid (cDNA) was synthesized from 500 ng total RNA using a reverse
transcription kit (Hifair® II 1st Strand cDNA Synthesis SuperMix, YEASEN, Shanghai, China) according to
the manufacturer’s protocol. PCRs were performed using the Applied Biosystems 7500 Real-time PCR
Systems and Hieff™ qPCR SYBR® GREEN Master Mix kit (YEASEN, Shanghai, China). The PCR was
conditioned was at 95°C for 5 min, followed by 40 cycles of two-step PCR denaturation at 95°C for 10 s,
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and annealed at 60°C for 30s. The melting curve phase followed the default settings of the instrument.
The primers were synthesized by Genscript. The sequences of the primers are shown in Table 1.

 
Table 1

The sequences of the primers.
Gene Forward Reverse

GAPDH 5’-ACTCCACTCACGGCAAATTC-3’ 5’-TCTCCATGGTGGTGAAGACA-3’

TGFβ 5’-ATCCTGTCCAAACTAAGGCTCG-3’ 5’-ACCTCTTTAGCATAGTAGTCCGC-3’

MCP1 5’-TAAAAAACCTGGATCGGAACCAAA-3’ 5’-GCATTAGCTTCAGATTTACGGGT-3’

IL1 5’-CCGTGGACCTTCCAGGATGA-3’ 5’-GGGAACGTCACACACCAGCA-3’

TNFa 5’-TGGAACTGGCAGAAGAGG-3’ 5’-AGACAGAAGAGCGTGGTG-3’

βMHC 5’-CCGAGTCCCAGGTCAACAA-3’ 5’-CTTCACGGGCACCCTTGGA-3’

TGFβ1 5’-ATGGTGGACCGCAACAAC-3’ 5’-CCAAGGTAACGCCAGGAA-3’

FN 5’-CCGGTGGCTGTCAGTCAGA-3’ 5’-CCGTTCCCACTGCTGATTTATC-3’

ANP 5’-CGTGCCCCGACCCACGCCAGCATGG-3’ 5’-GCCTCCGAGGGCCAGCGAGCAGAGC-3’

BNP 5’-GAGGTCACTCCTATCCTCTGG-3’ 5’-GCCATTTCCTCCGACTTTTCTC-3’

2.5 Histopathology
The myocardial tissues were performed with hematoxylin-eosin (HE) staining to examine histopathology.
The heart samples were put in 10% paraformaldehyde solution more than 72h, dehydrated in xylene
gradient, embedded in para�n and cut down into slices. Then the samples were stained with hematoxylin
and eosin after taking off para�n. Finally, the slices were observed under a light microscope (Leica,
Germany).

2.6 Masson staining
Mice cardiac tissues were �xed and embedded in para�n, then sliced into section with a microtome
((Leica, Germany). Masson trichrome (G1340, Solarbio, Beijing, China) to evaluate the �brosis and the
extent of extracellular matrix deposition. Weigert iron hematoxylin solution was used to dye for 7 minutes
and the sections were stained with ponceau-acid fuchsin for 8 min. Then, the slices were washed in weak
acid and differentiated in phosphomolybdic acid for 2 min. The sections were stained with aniline blue
dye solution for 2 min directly and then dehydrated with ethanol series, cleared with xylene. Finally, the
sections were observed under a light microscope.

2.7 Statistical Analysis

Loading [MathJax]/jax/output/CommonHTML/jax.js
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The data analysis and graphs were performed with GraphPad Prism 8.0 software. Data were presented
as mean ± standard deviation. One-way analysis of variance followed by the Bonferroni post-test was
used for analysis. The difference at P 0.05 was considered as statistically signi�cant.

3. Results And Discussion

3.1 Daily drinking water and Cd intake
The daily drinking water ingestion rates of four groups of mice are shown in Fig. 1A. As shown in Fig. 1A,
the water ingestion rates for blank control and Cd control mice (normal mice) looked stable during 25
weeks with a mean of 0.115 mL/g body weight/day, whose water ingestion rates showed a slight
decrease in �rst 12 weeks and kept stable in following time. However, the water ingestion rates for
diabetic control and experimental mice (diabetic mice) were not stable. For diabetic control mice, the
water ingestion rate was slightly decreased in �rst four weeks (from 0.1 mL/g body weight/day to 0.077
mL/g body weight/day), and increased from 0.077 mL/g body weight/day to 0.32 mL/g body weight/day
during 4-12nd weeks, and kept stable in the last 12 weeks. For experimental mice, the regulation is same
to diabetic control mice in the early exposure time, whose water ingestion rate also showed a slight
decrease in the �rst 4 weeks, and had a great increase from 4nd to 12nd weeks. However, unlike diabetic
control mice, water ingestion rate of experimental mice showed an obvious decrease in the last time (12–
24 weeks), indicating Cd exposure decreased the drinking water ingestion of diabetic mice. However, this
phenomenon not occurred in normal mice, meaning diabetic mice might be more sensitive than normal
mice during Cd exposure. In addition, the average water ingestion rate of diabetic mice was higher than
normal mice. There are several reasons for above phenomenon. The Cd exposure level is calculated by
daily water consumption and body weight. Thus, �rst reason is diabetic mice tend to drink more water
than normal mice, and second is that diabetic mice have lower body weight. At the beginning of the study,
the body weight had no signi�cant difference between Cd control and experimental group mice. After
injection of STZ, the weight of diabetic mice gradually decreased. Finally, for the reason of decreased
cadmium exposure in the last time is still unclear, previous study found the similar phenomenon that the
average intake of the cadmium in the early phase of treatment was higher than that in the
subsequent[30].

For daily Cd exposure, blank and diabetic control mice were negligible due to without Cd in drinking water.
For Cd control and experimental mice, the regulation of daily Cd exposure level is same to drinking water
ingestion rate. The daily Cd exposure levels of Cd control and experimental group were 1.74–2.45 and
1.37–3.58 mg/kg body weight/day respectively, the level has been translated from mice to human being.

3.2 Cd aggravated the diabetes-induced injury of cardiac
function
Defective cardiac contractility is one of the characteristic abnormalities of diabetic cardiomyopathy.
Echocardiographic imaging is used to assess the cardiac physiology and architecture. It could effectively

Loading [MathJax]/jax/output/CommonHTML/jax.js
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calculate the EF% and then detected cardiac contractility, which is closely related to cardiac function [31,
32]. Hence, we used echocardiographic imaging to examine the impact of chronic Cd exposure on heart
function. As shown in Fig. 2 and Table 2, the EF% and FS% of mice in experimental, diabetic control and
Cd control group were signi�cantly lower than blank control (P < 0.05), and the lowest value occurred in
experimental group. Due to diabetic cardiomyopathy is consist of two major components: (1)
physiological adaptation to metabolic alterations shortly; (2) the capacity of myocardium for repair is
limited and lead to degenerative changes [33, 34]. In early stage of DCM, overt functional abnormalities
were not happened, and ejection fraction was normal in myocytes. With the development of disease,
myocyte apoptosis and necrosis were increased, resulting in myocyte injury and myocardial �brosis,
which caused a slight decrease of EF%, while the obvious changes in cardiac structure and function will
gradually show after that[33].

 
Table 2

Echocardiographic assessment of left ventricle structural and functional data in mice

  Blank Control Cd Control DM Control Experiment

EF(%)

FS(%)

LVID;d(mm)

LVID;s(mm)

LVAW;d(mm)

LVAW;s(mm)

LVPW;d(mm)

LVPW;s(mm)

LV Vol;d(µL)

LV Vol;s(µL)

LV mass(mg)

LVM/BW

57.39 ± 3.76

29.59 ± 2.46

3.70 ± 0.27

2.61 ± 0.22

0.74 ± 0.09

0.99 ± 0.07

0.74 ± 0.08

0.98 ± 0.14

58.48 ± 10.00

25.00 ± 5.47

75.02 ± 14.08

0.00248

46.84 ± 5.35 **

23.13 ± 3.13 **

3.96 ± 0.39

3.04 ± 0.36 *

0.76 ± 0.15

0.95 ± 0.15

0.74 ± 0.09

0.96 ± 0.11

69.07 ± 15.37

36.97 ± 10.02 *

85.16 ± 21.30

0.00270

50.17 ± 6.17 **

25.19 ± 3.78 **

3.94 ± 0.22

2.95 ± 0.24*

0.68 ± 0.10

0.90 ± 0.11

0.76 ± 0.05

1.02 ± 0.06

67.70 ± 9.38

33.80 ± 6.68*

80.26 ± 9.94

0.00311

44.46 ± 6.27 ***

21.65 ± 3.63 ***

3.73 ± 0.34

2.93 ± 0.32*

0.66 ± 0.09

0.82 ± 0.09 *&

0.61 ± 0.06 ***&&&$$$

0.84 ± 0.05* &$$$

59.97 ± 13.02

33.48 ± 9.08*

62.05 ± 8.32 &&$

0.00276

Data are presented as the mean ± SD. EF: ejection fraction; FS: fractional shortening; LV: left
ventricular; LVIDd: LV internal diastolic diameter; LVIDs: LV internal systolic diameter; LVAW;d: End-
diastole LV anterior wall thickness; LVAWs: End-systolic LV anterior wall thickness; LVPWd: End-
diastole LV posterior wall thickness; LVPWs: End-systolic LV posterior wall thickness; LV Vold: LV end-
diastolic volume; LV Vols: LV end-systolic volume; LVM: LV mass; BW: body weight. “*, ** and ***”
meaning the P value lower than 0.05, 0.01 and 0.001 respectively (compared with blank control). &P < 
0.05, &&P < 0.01, &&&P < 0.001 (compared with Cd control); $P < 0.05, $$P < 0.01, $$$P < 0.001
(compared with group diabetic mice (DM) control).

In addition, echocardiographic data showed that the left ventricular wall thickness had no signi�cant
differences among four groups. However, Cd and diabetes increased LV mass (LVM)/body weight (BW)Loading [MathJax]/jax/output/CommonHTML/jax.js
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ratio of mice. The lower ejection fraction and higher LVM/BW in Cd control and diabetic control group
indicated that the heart was overburdened and the myocardium compensates were enlarged and
hypertrophied to overcome the increased resistance, which ensure the ejection volume and maintain the
normal cardiac output for a long time[35]. Meanwhile, compared with diabetic control group, the LVM/BW
ratio and EF% of mice was decreased in experimental group (p < 0.05) which means the metabolic
alteration is overburdened and Cd aggravates cardiac dysfunction and exceeds stage of DCM in diabetic
mice.

3.3 Cd increased the level of �brosis and cardiac injury in
diabetic mice
To explore the mechanism of Cd-induced cardiac dysfunction, HE staining, the cTnT, BNP, ANP and β-
MHC of mice were measured. In general, for normal mice, Cd increased the mRNA levels of ANP and BNP
and the serum concentrations of cTnT (Fig. 3). As shown in Fig. 3, the cTnT content of experimental
group mice was two times higher than diabetic control group mice, but the mRNA expression level of BNP
and β-MHC were decreased (Fig. 3). cTnT is a speci�c marker for cardiac injury and it is regarded as more
sensitive and speci�c than other cardiac biomarkers[36]. After myocardial injury, cTnT is released from
death cell within 2–4 h and remained in the blood stream probably more than 10 days[37]. In this study,
we found that Cd increased the cTnT concentration in diabetic and normal mice, which suggested that Cd
could damage the myocardium and aggravated the cardiac injury in diabetic mice. HE staining showed
the degree of myocardial tissue impairment in mice models (Fig. 4A), and the myocardial cells were
disordered and destroyed in Cd control and DM control group. For experimental group, the morphology of
cardiomyocytes was further damaged and there was obvious rupture.

β-MHC and BNP are two signi�cant hypertrophy markers. Once cardiomyocytes become stretched in
response to mechanical strain, BNP would be largely synthesized and secreted by ventricular myocytes,
which associated with overloaded pressure and ventricular volume expansion [38]. And in current
guidelines, the increase of plasma BNP level is in proportion to disease severity in patients with heart
failure and cardiac dysfunction which is different with the results in present study[39, 40]. For this, we
supposed two possible reasons. At �rst, �brosis could deposit extra cellular matrix (ECM) and leads to
stiffness of ventricular wall, which blocked the stretching of cardiomyocytes [41]. In this study, the
myocardial sections were dyed with Masson staining and the myocardial collagen �bers were stained
blue, and the myocardial �bers were stained red. As shown in Fig. 4B, Cd and DM deposited amounts of
collagen when compared with blank group. For diabetic mice, cadmium disordered the arrangement of
myocardial �bers and accelerated the �brosis on myocardial �bers. Furthermore, Cd and diabetes
increased the level of TGF-β1, while mRNA level of FN almost unchanged. And the mRNA expressions of
TGF-β and FN in experimental mice were approximately two times higher than that in diabetic control
mice. This phenomenon might be due to that with the development of cardiopathy, accumulated �brosis
inhibited cardiomyocytes stretching, and then blocked the secretion of BNP. Besides this conjecture,
previous study suggested that the mRNA expression levels of ANP, BNP and β-MHC were different in
atrium and ventricle[42]. This is a limitation of this study, we did not distinguish the cardiac structuralLoading [MathJax]/jax/output/CommonHTML/jax.js
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clearly based on the measured mRNA expression of ANP, BNP and β-MHC. Further investigation is
required for elucidating the signi�cant of ANP, BNP and β-MHC mRNA levels in cardiomyopathy.

3.4 Cd increased the level of in�ammatory cytokine in
diabetic mice.
With the development of cardiac disease, the in�ammatory cytokine response would be activated and
result in continuous deleterious effects on the heart and vasculature, �nally lead to the progression of
cardiac dysfunction and heart failure[43]. Thus, the mRNA levels of TNF-α (tumor necrosis factor-alpha),
IL-1 (Interleukin-1) and MCP-1 (monocyte chemotactic protein 1) were detected to investigate the effect of
in�ammatory cytokine on cardiac injury. MCP-1 plays a critical role in heart disease, it can recruit
peripheral leucocytes to tissues and result in the development of chronic in�ammation[43]. TNF-α could
be produced by cardiac cells while they are in the situation of pressure and volume overload, which
contributes to the progressive LV wall thinning and adverse cardiac remodeling[44]. In addition, TNF-α
can increase the production of IL-1 and they exacerbates cardiac myocyte contractile dysfunction[44, 45].
As showed in Fig. 5, for normal mice, the expressions of TNF-α and IL-1 were slightly increased, and the
expression of MCP-1 was increased after Cd exposure. For diabetic mice, the mRNA expressions of TNF-
α, IL-1 and MCP-1 in experimental group were two-three times higher than the diabetic control mice.
In�ammation is one of the earliest events in cardiac stress situations and involved in myocardial
remodeling[46]. Ventricular remodeling contributes to ventricular dilation and dysfunction, which includes
myocyte hypertrophy and extracellular matrix remodeling[47]. The constant remodeling of extracellular
matrix is regulated by matrix metalloproteinases, which controlled by cytokines including TNF-α and IL-
1β[48]. As Fig. 5 showed, the diabetic mice were more sensitive than normal mice when exposed to Cd
and showed severer in�ammation and extracellular matrix remodeling (Fig. 4B). Additional, MCP-1 plays
a causative role in experimental diabetic cardiopathy, and the heart failure was attenuated in MCP-1
de�cient animal models [49–51]. These results suggested that Cd could promote myocardial
in�ammatory processes in diabetic mice, �nally contributes to the adverse ventricular remodeling.

4. Conclusion
In the present study, a comprehensive study implemented to analyze the impact of Cd exposure on
cardiac dysfunction of normal and diabetic mice. For normal mice, Cd could induce their cardiac injury by
decreased the myocardial contractility. For diabetic mice, Cd exposure decreased their EF% and FS% and
promoted �brosis and in�ammation. These results indicated that Cd exacerbates cardiopathy
development of mice especially diabetic mice.

5. Abbreviations
DCM: diabetic cardiomyopathy

Cd: cadmium
Loading [MathJax]/jax/output/CommonHTML/jax.js
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EF: ejection fraction

FS: fractional shortening

cTnT: cardiac troponin T

BNP: brain natriuretic peptide

ANP: atrial natriuretic peptide

IL-1: Interleukin-1

TNF-α: tumor necrosis factor-alpha

MCP-1: monocyte chemotactic protein 1

FN: �bronectin

TGF-β1: transforming growth factor-β1

CVD: cardiovascular disease

PCR: polymerase chain reaction

STZ: streptozotocin

LV left ventricular

HRP: horseradish peroxidase

TMB: 3,3',5,5'-Tetramethylbenzidine

cDNA: Complementary deoxyribonucleic acid

HE hematoxylin‐eosin

LVM left ventricular mass

BW: body weight
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Figures

Figure 1

Drinking water and Cd intake of mice. (A) Drinking water; (B) Oral Cd exposure level Cd control group and
experimental group, the exposure level has been translated from mice to human being. The Cd exposure
level of blank and diabetic control mice were negligible. All the data are presented as mean ± SE; DM:
diabetic mice.
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Figure 2

Left ventricular echocardiographic representative images of mice in blank control, Cd control, diabetic
mice (DM) control, experiment groups. The blue liner represents left ventricular posterior wall thickness at
the end of systolic. The yellow liner represents left ventricular internal systolic diameter at the end of
systolic.
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Figure 3

Cd aggravated the injury of cardiac tissues in diabetic mice. Expression of myocardial hypertrophy and
cardiac injury genes in cardiac tissue. The ANP (A), BNP (B) and β-MHC C levels in heart tissues was
examined with qPCR. cTnT(D) was tested by Elisa kit. Data are presented as the mean ± SD. *P < 0.05,
**P < 0.01, ***P < 0.001 (compared with blank control); &P < 0.05, &&P < 0.01, &&&P < 0.001 (compared
with Cd control); $P < 0.05,

P  <   0.01,

$P < 0.001 (compared with diabetic mice (DM) control).
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Figure 4

Cd increased the level of �brosis in diabetic mice. HE staining was used to examine the damage of
myocardial tissue (A). Masson staining was used to assess the collagen content of myocardial tissue (B,
C). Expression of �brosis genes in cardiac tissue. The FN (D) and TGF-β1 (E) level in heart tissues was
examined with PCR. Data are presented as the mean ± SD. P values were calculated using a one-way
analysis of variance test. *P < 0.05, **P < 0.01, ***P < 0.001 (compared with blank control); &P < 0.05, &&P 
< 0.01, &&&P < 0.001 (compared with Cd control); $P < 0.05,

P  <   0.01,

$P < 0.001 (compared with diabetic mice (DM) control). The orange arrow represents the damaged area
and yellow arrow represents the �brosis area of heart tissues.
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Figure 5

Cd increased the level of in�ammatory cytokine in diabetic mice. Expression of in�ammatory cytokine
genes in cardiac tissue. The IL-1 (A), TNF-α (B) and MCP-1 (C) level in heart tissues was examined with
PCR. Data are presented as the mean ± SD. P values were calculated using a one-way analysis of
variance test. *P < 0.05, **P < 0.01, ***P < 0.001 (compared with Con); &P < 0.05, &&P < 0.01, &&&P < 0.001
(compared with Cd); $P < 0.05,

P  <   0.01,

$P < 0.001 (compared with DM); DM: diabetic mice.

Loading [MathJax]/jax/output/CommonHTML/jax.js


