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Abstract
Background: Exogenous exposure to cadmium is associated with cardiovascular diseases, including atherosclerosis, but experimental evidence
elucidating the molecular events involved is still unclear, hence this study. We investigated whether sub-chronic cadmium exposure alone could
cause a disruption in lipid and glucose metabolisms and whether the combined effect of these dysregulations could progressively lead to
atherosclerosis in ApoE (-/-) mice.
Methods: Experiments were performed in male ApoE (-/-) mice (8 weeks 25 ± 3g; n=60), which were randomly placed into four (4) groups
according to body weight and administered cadmium (CdCl2) 0, 50, 100 and 200 mg/L, respectively in drinking water consecutively for 4
months. After treatment, changes in body weight were evaluated and mice plasma was analyzed for LDL, HDL, TCHO, TG, insulin and glucose
levels. The collected samples were sent for histological examination in the 4th month and two-way ANOVA was used for statistical analysis.
Results Levels of plasma LDL increased in all treatment groups but was statistically significant in the 4th month across all treatment groups
when compared both with the blank control group and the first month mice. Plasma HDL levels were lowered in all treatment groups in the 2nd
and 4th months when compared with the 1st month mice. Statistically significant decreases in plasma HDL levels were also observed in the 2nd
month in the group receiving CdCl2 (100mg/L and 200mg/L) when compared with the blank control. TCHO andTG levels increased but was
statistically significant in the former in the 1st, 2nd and 4th month at CdCl2 (100mg/L and 200mg/L) and in the latter at the same dose only in the
4th month. Moreover, fasting plasma glucose and insulin were elevated and lowered, respectively. Histological examination of aortal root also
showed a dose-dependent increase in plaque formation, being most visible in the treatment group receiving CdCl2 (200mg/L).
Conclusion: In line with our hypothesis, sub-chronic oral exposure of ApoE (-/-) mice to cadmium dysregulated their glucose and lipid profiles and
the combined effect of this may be a contributory molecular event in the development of atherosclerosis.

Background And Gaps
Cadmium (Cd) is apparently ubiquitous (since it is found in plants—vegetables, fruits and grains, and shellfish and organic meats) [1], cytotoxic,
non-essential environmental element and heavy metal which is almost equitably known for its role in the pneumonia and gastrointestinal- based
deaths due to the itai itai disease of the 1960s as well its role as a possible causal agent in the development and progression of atherosclerosis
[1].

However, laboratory evidence for the latter is at best rudimentary. Fransson M.N. et. al., 2014 [2] pointed out the exceptionally long half-life of
cadmium (up to 45 years and over), even though only 1-5% of ingested and 20-25% of inhaled Cd is absorbed, respectively. Park J.D. et al., 2002
[3]

reported an inverse relationship between intestinal absorption of Cd and the levelof iron-stores in tissues—the lower the iron-store, the higher

the level of intestinal absorption of Cd and vice versa. This negative relationship notwithstanding Park and colleagues also reported that
available data from laboratory experimental and clinical studies are still unclear as to the impact of apolipoprotein-E (ApoE) protein or ApoE
protein deficiency in determining the level of iron in animal tissues and ipso facto, Cd intestinal uptake. This relationship between Cd and Fe
intake is critical because several studies have shown that the efficiency of Cd intake by the duodenal enterocytes is via the Fe- regulated, protoncoupled transporter, DMT1 and this, in turn is greatly influenced by iron tissue content [4,5]. Additionally, several studies carried out by a number
of other investigators have since corroborated these findings by Park and colleagues [6-11]. Furthermore, while mechanistic studies are replete on
the possible role of chronic Cd exposure in the pathophysiology of atherosclerosis and on the possible role of Cd in the epidemiology of
atherosclerosis [7-9], laboratory experimental data supporting an association between Cd exposure and atherosclerosis is rather unclear and
controversial, hence the reason for the design of this study.
The two dominant routes of Cd routes for Cd absorption for humans are smoke inhalation (active smoking of tobacco or second-hand smoking)
and diet (water and vegetables contaminated from water or from industrial settings). A critical omissionin these exposure routes is Cd pollution
directly from drinking water sources, which humans, especially rural dwellers are highly prone to. It is crucial to state that water is considered
diet by most people as it constitutes an important fraction of our daily food intake. However, direct intake of heavy- metal polluted water,
especially by Cd is not the commonest route of exposure. He et. al. (2015) stated that over 70% of all Cd that get into the body of humans come
from the consumption of leafy vegetables. Moreover, Huang et al. (2020) [12] reported that each leafy vegetable type has a discrete
accumulation (measured by its bioconcentration factor, BCF) and transport (measured by its translocation factor, TF) capacities [12].
Furthermore, in a cross-sectional study for the dietary assessment of Cd exposure amongst 753 South China rural dwellers, P. Zhu et. al. (2016) [
13]

concluded that i n the polluted areas studied, rice was the most important food category, contributing 77.49% of the total exposure,

appreciably exceeding exposure reported by He et. al. above.
Mechanistic studies have established a causal role for lipids (principally low-density lipoproteins-cholesterol, LDL-C) and hypercholesterolemia
in the atherogenesis of atherosclerotic cardiovascular disease (ASCVD). Peng et. al. [14] defined LDL-C as an independent risk factor for
atherosclerosis. Furthermore, dyslipidemia (aberrant regulation of lipid metabolism) and hyperlipidemia (high level of blood plasma lipids) have
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also been described by Avani and colleagues, as prerequisite risk factors for the development and progression of clinically detectable
atherosclerosis [15]. Additionally, Hayashi et. Al [16] summarized from laboratory experimental research findings that high glucose concentrations
suppress the levels of caveolin-1 expression, reducing the number of caveolae (vesicular invaginations of the plasma membrane that mediate
the intracellular transport of lipids such as cholesterol), and ipso facto, increasing the risk of development and progression of atherosclerosis.
The significance and novelty of the proposed study lies in the fact that, for the first time, an attempt is being made towards providing laboratory
experimental evidence of the possible combinatory effect of glucose and lipid dysregulation in the development of atherosclerosis, especially in
ApoE (-/-) mice.
In addition to the dearth in laboratory experimental data on the combinatory effect of disruption of glucose and lipid metabolism in the
development and progression of atherosclerosis, another thinking that is a strong factor in the design of this study, is the public health concern
of chronic cadmium (and other heavy metal) exposure amongst at-risk, rural populations who are suffering huge socio-economic disparities and
are constantly exposed to heavy-metal pollution of their drinking and cooking water sources by manufacturing industries. We are hopeful that
findings from this study could serve as an effective prevention strategy, especially if supported by government-directed policies that will regulate
the deposition of harmful substances into water-bodies of communities. Thus, the novelty, significance and broader translational potential of
the proposed study is considered high, particularly in the area of providing a practical, lifestyle- based intervention towards stemming the
incidence of atherosclerotic cardiovascular disease which according to the WHO, is the leading cause of death, contributing 29.52% of annual
global deaths over the last decade [17].
Our overall research hypothesis in the design of this study is that when exposed to sub-

chronic Cd treatment in drinking water, ApoE(-/-) mice will show a disruption in glucose and lipid metabolism which may progressively lead to
the development of atherosclerosis. We also set-out the following as the key research objectives for this investigation:
1. To provide laboratory experimental evidence for the first time, of the possible combinatory effect of the disruption in glucose and lipid
metabolism in the pathology of atherosclerosis.
2. To demonstrate the established reliability of ApoE (-/-) mice as a natural experimental model for the development of atherosclerosis.
3. To broaden the frontiers of health promotion and education on the role of diet in the etiology of a number of non-communicable diseases
and encourage positive lifestyle behaviors especially in at-risk populations and in turn, cause an overall improvement in public health.

Methods
2.1: Chemicals:
Cadmium chloride (CdCl2) was purchased from Sigma-Aldrich (St Loius, MO). Mouse ELISA kits were purchased from Crystal Chem and used
for the quantification of fasting plasma insulin. Commercial kits for the determination of blood total cholesterol (TCHO), triglycerides (TG), highdensity lipoproteins (HDL), low-density lipoproteins (LDL), glucose were purchased from Nanjing Jiancheng Bioengineering Institute Co., Ltd,
(Nanjing Jiangsu, China).
2.2: Experimental design:
The mice (n=60) were randomly assigned to four groups of 15 animals each, and would be treated by exposure to Cd in drinking water for 4
consecutive months as follows:
Group 1 (control): Blank control taking standard chow + Cd-free drinking water Group 2 (treatment 1): Standard mice chow + Cd at 50mg/L
Group 3 (treatment 2): Standard mice chow + Cd at 100mg/L Group 4 (treatment 3): Standard mice chow + Cd at 200mg/L
In line with the experiment design, particularly the central hypothesis of this study, the lipid and glucose levels in the treatment groups were
quantified on a monthly basis to check whether lipid and glucose metabolism were normal or dysfunctional.
2.3: Study animals
Male ApoE (-/-) mice (8 weeks 25 ± 3 g; n=60), were bought from the Guangdong medical laboratory animal centre, would be used for this
investigation. The mice would will housed in plastic cages and placed in well-ventilated vivarium, provided standard mice chow and water ad
libitum, and subjected to natural photoperiod of 12h night/day before the commencement of the experiment. This period of acclimatization was
7 days. The experimental protocol was executed after approval and in agreement with the rules and guidelines of the Guangzhou Centre for
Disease Control and Prevention (GZCDC). All the mice received humane care in accordance with the conditions stated in with Chinese
government requirements concerning animal care.
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2.4: Sample Collection
Quantitative experimental data collected from benchtop assays was used for this investigation. Following the expiration of the exposure period
(16 weeks), all experimental animals were killed using chloral hydrate (4% 10ml/kg) anesthesia after the final body weight of the mice were
measured. Blood samples were collected from retro-orbital venous plexus using plain glass tubes (in the 1st and 2nd month of exposure). In the
4th month, source of blood collection was switched to the abdominal aorta. Animals were then killed by cervical dislocation, following 12 hours
fasting after the last treatment. Plasma samples were prepared by centrifuging the clotted blood at 1000 g for 15 min. The plasma samples
were thereafter stored frozen at - 80oC until the lipid and insulin quantifications/analyses were performed using commercially available kits. The
aorta was quickly and carefully removed, weighed and processed for histological examination.
2.5: Experimental protocol
All protocol were followed according to the guide provided by the manufacturer in the commercially available kits purchased for this
investigation.
2.6: Histopathological examination
The carotid arteries were collected from the sacrificed mice at 14 weeks. Vessel were fixed in 4% paraformaldehyde dehydrated to staining and
analysis of atherosclerotic plaques. For each animal, the aortic cross sections were mounted on gelatine-coated slides and stained with Oil Red
O (Sigma-Aldrich, St. Louis, MO, USA) to detect the neutral lipids. Representative images of all groups were captured with an optical microscope
(Zeiss Axioscope A1, Heidelberg, Germany) using a × 4 objective.
2.8: Statistical analysis:
All results were expressed as mean ± Standard Deviation (± SD). Statistical analysis was done using two-way analysis of variance (ANOVA) with
the aid of SPSS (IBM SPSS, Statistics; Version 26). Values of P < 0.05 were considered significant when compared with the
blank control or the 1st month. Kolmogorov-Smirnov test for normality was performed and showed that all data were normally distributed.

Results
3.2 Effects of Cd exposure (drinking water) on body weight (g) of ApoE

(-/-)

mice for 4 months
A number of studies have reported significant decreases in mice body weight following exposure to a toxicant in combination to high-fat diet

(HFD) or when there is co-exposure involving two toxicants [36, 37]. Zhang and colleagues reported a significant decrease in bodyweight in mice
treated with HFD plus Cd when compared with the HFD alone group and the group receiving low doses of Cd alone, intraperitoneally
administered twice a week [36]. Even though our study involved a more frequent administration of Cd, no significant changes in body weight were
observed in the 16 weeks of exposure, suggesting that body weight may in fact only be significantly altered when exposure of mice to a toxicant
is augmented with a secondary intervention such as high-fat diet. We represented observed body weight trends in Fig 3.1 below
3.2 Effects of sub-chronic Cd exposure (drinking water) on plasma HDL levels of ApoE (-/-) mice for 4 months
With respect to plasma HDL concentration, our results showed that plasma levels where generally lowered in the treatment groups when
compared with the blank control group, albeit, in a dose-dependent manner. This reduction in plasma HDL
levels was only statistically significant in the 2nd and 4th month in the treatment group when compared with the 1st month mice. Statistically
significant decreases in plasma HDL levels were also observed in the 2nd month in the group receiving CdCl2 (100mg/L and 200mg/L) when
compared with the blank control. A summary of this result trend is presented in Table 3.1 and Fig 3.2D below.
3.3 Effects of sub-chronic Cd exposure (drinking water) on plasma LDL levels of ApoE (-/-) mice for 4 months
Table 3.1 and Fig 3.2C below shows observed trends in plasma LDL levels in the exposure groups over a period of 4 months. While plasma LDL
levels generally increased in a dose- dependent manner in the 1st and 2nd months of exposure when compared with the blank control group,
statistically significant increases were only seen in the 4th month across all treatment groups at the two levels of comparison made. A closer
look at the plasma LDL data in the 4th month as presented, shows that in all treatment groups, plasma LDL levels significantly increased when
each of the dose groups were compared with the blank control group and also when comparisons were done in plasma LDL levels with the 1st
month mice, stressing perhaps the role of duration of exposure to a toxicant in the potentiation of toxic effects [25, 45]. These increases followed
a dose-dependent manner.
3.4 Effects of sub-chronic Cd exposure (drinking water) on plasma TCHO levels of ApoE (-/-) mice for 4 months
In the 1st month of the exposure, our results showed that when compared with the blank control group, plasma TCHO levels increased in the
treatment groups receiving CdCl2 (100mg/L and 200mg/L). While TCHO levels increased in the group receiving CdCl2 (50mg/L), it was only
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statistically significant in the group receiving CdCl2 (100mg/L) when compared with the blank control group in the 4th month. Further
comparisons of the group receiving CdCl2 (200mg/L), with the blank control group as well as with the 1st month mice, showed statistically
significant increases. We also observed a statistically significant increase in plasma TCHO levels in the 2nd month in mice receiving CdCl2
100mg/L when compared with the 1st month mice, stressing again the role of duration in exacerbating dysregulation in lipid homeostasis.
These results, elucidated in Table 3.1 and Fig 3.2B below, were observed to follow a dose-dependent manner.
3.5 Effects of sub-chronic Cd exposure (drinking water) on plasma TG levels of ApoE (-/-) mice for 4months
Plasma TG levels increased dose-dependently in all treatment groups when compared with the blank control in the 1st and 2nd months of
exposure. Statistically significant increases were first seen in the 4th month in the group receiving CdCl2 100mg/L when compared with the 1st
month mice and also statistically significant in the group receiving CdCl2 200mg/L when compared with both the blank control and the 1st
month mice. Further comparison of plasma TG levels in the dose group receiving CdCl2 (200mg/L) and the first month mice, showed a
statistically significant increase, again stressing the role of duration of exposure in exacerbating toxicities due to a toxicant. Table 3.1 and Fig
3.2 A, give a summary of this result trend.
Table 3.1 Impact of sub-chronic CdCl2 exposure (drinking water) on lipid profiles of ApoE (-/-) mice

Control

50 mg/L CdCl2

100 mg/L CdCl2

200 mg/L CdCl2

1st month

1.19±0.30

1.23±0.16

1.24±0.28

1.50±0.30

2nd month

1.28±0.06

1.30±0.04

1.32±0.29

1.65±0.11

4th month

1.76±0.04

1.83±0.37

2.00±0.55 b

3.04±1.00 ab

TG (mmol/L)

TCHO (mmol/L
1st month

2.68±2.07

4.95±1.10

5.42±0.94 a

5.51±0.68 a

2nd month

5.58±0.70 b

6.79±1.88

8.14±0.57b

8.67±0.64 ab

4th month

6.33±1.29 b

7.32±1.13

10.17±1.78 ab

14.03±2.01 ab

LDL (mmol/L)
1st month

3.00±0.87

3.39±0.59

3.62±0.78

4.17±0.19

2nd month

3.18±0.48

3.92±0.12

4.24±0.50

4.62±1.05

4th month

4.45±0.92

11.39±2.00 ab

11.99±1.55 ab

12.82±1.17 ab

HDL (mmol/L)

a

1st month

3.67±0.26

3.58±0.31

3.35±0.54

3.13±0.15

2nd month

3.21±0.31

2.61±0.57 b

2.43±0.43 ab

2.11±0.19 ab

4th month

1.63±0.24

1.58±0.09 b

1.30±0.12 b

1.13±0.08 b

P < 0.05 vs Control; b P < 0.05 vs 1st month

3.6 Effects of sub-chronic Cd exposure (drinking water) on plasma insulin levels of ApoE (-/-) mice for 4 months
We found, as presented in Table 3.2 and Fig 3.3B below, that while fasting plasma insulin level decreased in all the exposure groups when
compared with the blank control, this decrease was only significant in the 2nd and 4th month. Further comparisons of fasting plasma insulin
levels in the 2nd and 4th months with the 1st month mice, also showed a statistically significant decrease. These decreases, across the two levels
of comparisons, were seen to follow a dose-dependent trend.
3.7 Effects of sub-chronic Cd exposure (drinking water) on fasting plasma glucose levels of ApoE (-/-) mice for 4 months
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Fasting plasma glucose level in the treatment group when compared with the blank control group, was seen to increase steadily during the entire
duration of exposure in a dose-dependent manner and was only statistically significant in the treatment group receiving CdCl2 (200mg/L) in the
1st month. A similar trend was also observed in the 2nd month. In the 4th month, however, comparisons between fasting blood glucose levels
between the blank control groups of the 1st and 4th month mice, showed a curious statistically significant increases in fasting plasma glucose
levels underscoring the point that ApoE (-/-) mice, even in the absence of an inducing toxicant (such as Cd), are able to experience
elevated/dysregulated fasting blood glucose levels, which may result in hyperglycemia if the conditions are maintained for an extended period
of time.
Mice groups receiving CdCl2 (50mg/L and 100mg/L) also showed statistically significant increases in fasting plasma glucose levels when
compared with the 1st month exposure mice. Table 3.2 and Fig 3.3 A below give a summary of observed trends.
Table 3.2 Impact of sub-chronic CdCl2 exposure (drinking water) on glucose and insulin level of ApoE (-/-) mice

Control

50 mg/L CdCl2

100 mg/L CdCl2

200 mg/L CdCl2

1st month

4.80±0.89

5.50±1.11

6.17±0.35

8.70±1.74 a

2nd month

6.17±2.45

7.50±1.72

8.07±2.04

9.47±0.82 a

4th month

8.32±0.66 b

8.69±1.02 b

9.33±2.00 b

10.06±1.08

1st month

290.60±105.47

284.30±35.33

277.50±38.25

236.30±33.45

2nd month

260.20±54.75

152.40±14.21 ab

146.00±12.02 ab

139.20±27.90 ab

GLU (mg/L)

INS (pg/mL)

4th month
a

236.00±38.28

126.40±9.21 ab

113.00±16.61 ab

106.20±22.56 ab

P < 0.05 vs Control; b P < 0.05 vs 1st month

3.8 Effects of sub-chronic Cd exposure (drinking water) on mice histology in the 4th month
Histological examinations from our study showed that in the 4th month, atherosclerotic plaques/lesions (colored: red) developed across all the
treatment groups when compared with the blank control group. The Fig 3.4 below shows that at CdCl2 (50mg/L), the plaques were seen to
nascent and visibly diffused around the periphery of aortal root when compared with the blank control. More visible lesions are however seen at
CdCl2 (100mg/L and 200mg/L), suggesting a dose-dependent progression in plaque visibility.

Discussion
Atherosclerosis is a chronic inflammatory driven by the inter-play between pro and anti- inflammatory factors in the aorta ultimately leading to
the formation of lipid rich plaques or foam cells in the intima areas of coronary arteries [18]. Centrally implicated in this chronic pathological
state are endothelial dysfunction and inflammation, which in turn, allows monocytes to differentiate into macrophages, allowing the latter to
penetrate into the compromised walls of the endothelium resulting in the formation of foam cell atherosclerotic plaques in the intima areas of
the endothelial cells of the coronary arteries [19]. Rupture of these foam cell-laden atherosclerotic plaques or lesions manifests clinically as
ischemic stroke, ischemic heart disease and peripheral artery disease [20,21,22]. The cascade of molecular events driving this inflammatory
disease, including nitric oxide (NO), MicroRNAs, interleukin-6, oxidized LDL (ox-LDL) and a host of other downstream effectors have been
extensively discussed and established by several studies [23-28].
In the present study, 60 mice (8 weeks 25 ± 3g), fed with standard mice chow, were placed into four groups and chronically exposed to CdCl2 in
their drinking water for 4 months. Body weight changes through the course of exposure were evaluated and presented as a body weight curve
because no statistically significant changes were observed. 12-hour fasting blood samples were collected for serum insulin and plasma glucose
determination, shortly after the last treatment dose was administered and the animals and the animals final body weight taken.
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Blood collection was via the retro-orbital artery using a glass cannula and then
directly placed into an EDTAK2 vacuum blood collection tube. Glucose was tested using blood collected from the retroorbital artery and the abdominal aorta. It is however important to mention that we switched blood collection source from the retro-orbital venous
plexus after the 1st and 2nd month to the abdominal aorta in the 4th month due to reasons of mice mortality and the need to increase blood
collection volume per unit collection.
Body weight changes in mice during the course of exposure was presented as a body weight curve. We found no significant differences in
weight changes during the course of the exposure and this was consistent with the work of Rafa S. Ameer ad colleagues [29]. In our study, we
found that there was a steady and dose-dependent increase in plasma blood glucose levels in the treatment groups when compared with the
blank control group, and that while this increase was observed from the 1 to the 4 month, statistically significant increases in the treatment
groups when compared with 1 month exposure animals, were only observed in the 4 months in treatment groups receiving CdCl2 (50mg/L)
and CdCl2 (100mg/L). Additionally, we found a rather curious statistically significant increase in the fasting plasma glucose level of the 4th
month blank control when compared with the 1st month blank control mice, suggesting that these dysregulations can still take place in these
mice types even in the absence of an environmental toxicant such as Cd. The biological plausibility of potentiated hyperglycemia was not only
supported by the work of Hayashi and colleagues cited above, but it also highlights how oxidative stress (in this case from NADPH oxidase) can
work synergistically high plasma glucose level to downregulate the number and size of caveolae in the plasma membrane of macrophages and
ipso facto, impede the efficient intracellular translocation of lipids, especially cholesterol [16].
HDL plays a crucial role in resolving atherosclerosis by mitigating oxidative and inflammatory processes involved in the initiation and
potentiation of the process and has also been found to be an effective driver of reverse cholesterol transport (transport of cholesterol away from
the peripheral tissues) . With respect to plasma HDL concentration, our results show that plasma levels where generally lowered in the treatment
groups when compared with the blank control group, albeit, in a dose-dependent manner. Further comparisons with the control as well as
comparisons with the plasma HDL levels in the 1st month, showed statistically significant decreases plasma HDL levels in all treatment groups.
While mice receiving CdCl2 (50mg/L) showed a statistically significant decrease in plasma HDL in the 2nd month when compared with the 1st
month, additional statistically significant reductions in plasma HDL were seen in exposure groups receiving CdCl2 (100mg/L) and CdCl2
(200mg/L), when compared with the 1st month. In the 4th month, plasma HDL levels were seen to significantly decrease in all treatment groups
when compared with the 1st month mice Comparisons of plasma HDL levels in the treatment groups with the control exposure did not show any
statistically significant decrease. Klaus G. Parhofer in his 2015 seminal publication [32] to explain curious biological plausibility with regards to
plasma HDL levels following exposure to an environmental toxicant, posits that the relationship between atherosclerosis and HDL is more
complex than the relationship between LDL and atherosclerosis and that the functionality of the HDL system is more important in reducing
plasma cholesterol levels (and in turn, atherosclerosis) than increase in HDL concentration [32]. However, in our study, we did not observe any
trends in plasma HDL levels inconsistent or complicated to warrant a justification of Parhofer’s findings. The treatment mice all showed
decreased HDL levels when compared both with the control group and when the 4th month mice were compared with the 1st month treatment
mice.
While plasma LDL levels generally increased in a dose-dependent manner in the 1st and 2nd months of exposure when compared with the blank
control group, statistically significant increases were only seen in the 4th month across all treatment groups at the two levels of comparison
made. A closer look at the plasma LDL data as presented, shows that in all treatment groups, plasma LDL levels significantly increased when
each of the dose groups were compared with the blank control group and also when comparisons are done in plasma LDL levels between the 1st
month and other months, stressing perhaps the role of duration of exposure to a toxicant in the potentiation of toxic effects [25, 45]. While this
trend followed a dose-dependent fashion, this was consistent with previous research work done in this area by Lu and Daugherty, 2015 [33].
A statistically significant increase in plasma TCHO level was observed in the exposure group receiving CdCl2 (200mg/L) when compared with
the blank control group in the 4th month. TCHO also increased steadily from the 1 to 4

month in the treatment groups when compared with

the blank control and also with the 1st month treatment mice, which is indicative of both low HDL- cholesterol plasma concentration and a less
than functional HDL-cholesterol system, crucial for the effective reverse transport of cholesterol away from peripheral tissues as reported by
Ouimet and colleagues in their paper cited above . Plasma TG also followed a similar trend but was especially statistically significant in the
treatment groups receiving CdCl2 (100 mg/L and 200mg/L). This increase is not only indicative of an increase in TG-rich lipoproteins [TRLs,
which include chylomicrons, very low-density lipoproteins (VLDLs)and their remnants formed during the metabolism of lipoproteins], it also
highlights findings from the investigations of Jia Peng and colleagues who indicated an integral role for hypertriglyceridemia and TG- rich
lipoproteins in the etiology atherosclerosis . These researchers opined that once in circulation, chylomicrons and VLDL can be hydrolyzed by
lipoprotein lipase (LPL) along the luminal surface of capillaries, generating the production of free fatty acids and chylomicron remnants, and in
succession progressively smaller VLDLs and intermediate density lipoproteins (IDLs), respectively all of which significantly contributes to the
lipid content of the foam cells or plagues that eventually results asan end-product of atherosclerosis
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. Pen-ultimately, fasting plasma insulin

levels were observed to decrease in the 2

and 4 months of exposure in across all treatment groups when compared with the blank control as

well as with the 1st month treatment mice and were all found to be statistically significant (P<0.05).
Evidently, results from this study suggests that sub-chronic exposure to Cd triggers an aberrant regulation of lipids, glucose and insulin in
ApoE(-/-) mice which together may play a mechanistic role in the development of atherosclerotic plaques and ipso facto, atherosclerosis, in (-/-)
the aorta of ApoE mice. The latter is given credence by the development of atherosclerotic plaques seen in the aortal roots/lumen of the exposed
mice when the histological examination was done in the 4th month.

Strengths and Limitations of Study
A key strength of the present study is its huge translational potential. Since experimental results were supportive of a major role for sub-chronic
Cd exposure in drinking water of experimental animals, public health practitioners could influence policy and the lifestyle of target populations
in endemic areas to not only guard against personal exposure to this toxic
heavy metal (Cd), but to also significantly mitigate industrial exposure from the activities of surrounding industries. Next, is in the use of ApoE(-/-)
mice which has been overtime demonstrated as being an excellent experimental model for the study of atherosclerosis. Finally, the present
study was so finely organized allowing different groups to work on different aspects of sub-chronic Cd exposure, particularly organ-specific
effects.
The first obvious weakness of the present study is the lack of comparison of the rate of development of atherosclerosis in both ApoE(-/-) and
wild-type mice simultaneously subjected to sub-chronic CdCl2 exposure in their drinking water. This would not only have increased the both the
sample size and validity of research outcome, but would have also allowed for a more fluid extrapolation to human populations—since the
typical person has not had the gene for the ApoE knocked-out.Another limitation of our study was the lack of a baseline data before the
exposure period began which may have limited and adversely impacted on the outcome of our investigations. Further investigations in this area,
should give this a priority. Next was the lack of an intervention or ameliorating agent once it has been established that sub-chronic Cd exposure
interfered with both lipid and glucose metabolism and ipso facto cause atherosclerosis. A final limitation/weakness of this study is the
inadvertent exclusion of sdLDL, oxLDL and oxLDL- antibodies as one of the parameters assayed for in plasma of mice exposed to cadmium.
This would have increased the reliability of this investigation as Pozynak et. al reported that these biomarkers play a more direct role in the
molecular etiology of atherosclerosis.

Conclusion
Results from this study demonstrate that sub-chronic Cd exposure in the drinking water of ApoE(-/-) mice interfered with TCHO, TG, LDL, HDL,
glucose and insulin levels, all of which may be associated with the development of advanced atherosclerotic plaques/lesions in the aortal roots
of these mice as seen in the histological examination. Taken together, results from this investigation affirmatively answers our central research
question as to whether Cd exposure alone could directly (-/-) cause a disruption in lipid and glucose metabolism in ApoE mice and also
supports the overall (-/-) research hypothesis that ApoE mice will show a disruption in glucose and lipid metabolism and then progressively
develop atherosclerosis when exposed to sub-chronic Cd treatment, especially at 100 and 200mg/L (drinking water).
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Figures

Figure 1
Body weight curve of ApoE (-/-) mice sub-chronically exposed to CdCl2 (drinking water) for 16 consecutive weeks (4 months)
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Figure 2
Impact of sub-chronic CdCl2 exposure (drinking water) on lipid profiles of ApoE (-/-) mice (A) TG; (B) TCHO; (C) LDL; (D)HDL a P < 0.05 vs
Control; b P < 0.05 vs 1st month

Figure 3
Impact of sub-chronic CdCl2 exposure (drinking water) on blood glucose and plasma insulin of ApoE (-/-) mice (A) Fasting blood glucose (GLU);
(B) Plasma insulin (INS) a P < 0.05 vs Control; b P < 0.05 vs 1st month
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Figure 4
Histological examination of aortal root in CdCl2-exposed ApoE (-/-) mice at the 4th month (Oil red O, 40×)
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