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Abstract

Cadmium exposure can induce acute lethal health related threats in humans since it has
exceptional ability to accumulate in the tissues of living organisms and cause toxicological
effects. Curcumin on the other hand has a wide variety of biological activities and has protective
effects against several ailments and infections. The present study was conducted to determine
the cadmium induced toxicity and protective effects of curcumin on lipid profile of mice. Mice
were divided into four groups. Group 1 mice were kept as control. Group 2 mice were given
1mg/kg bw of cadmium on alternate days. Group 3 mice were given 1mg/kg bw of cadmium on
alternate days and 100mg/kg bw of curcumin daily. Group 4 mice were given 100mg/kg bw of
curcumin daily and were kept as positive control. Autopsies were done at the intervals of 15 and
45 days. Blood was collected, serum was separated and lipid profile was estimated. There was
observed a significant increase in serum cholesterol, LDL-c, VLDL-c, triglycerides and a
significant decrease in HDL-c in cadmium treated groups in comparison to control at both the
intervals. But in curcumin treated groups, there levels were found to attain almost normal
values as found in control. Therefore, the results suggest that curcumin has ameliorating action

as it exhibited the ability to resist the harmful action of cadmium.

Introduction

Toxicity due to heavy metal is one of the major
environmental problems and remains a serious health
concern today. Cadmium is a natural occurring metal with
atomic number 48 and atomic mass 112.41[1].
Contamination of environment by cadmium is mainly
through industries and agricultural fertilizers. Cadmium is
known to enter the food chain and can undergo
bioaccumulation causing serious health problems. It is
absorbed via three different ways: gastrointestinal tract,
skin and respiratory system [2]. Cadmium is also present
in useful products in the form of nickel-cadmium
batteries, dyes, plastics, electrochemistry, paint pigments
[3-4]. Therefore, Cd is a wide-spread environmental
pollutant, characterized by its toxicity to various organs,
including kidney, liver, lung, heart, testis, brain, bone and
blood system [5-6]. Cadmium accumulation has been
shown to affect the cell physiology and growth [7].
Cadmium stimulates the production of reactive oxygen
species which leads to the oxidative damage to lipid
bilayer, proteins, and antioxidant defense system in our
body [8]. Thus oxidative stress damages the biological
membranes of cells and tissues in body.

Cardiovascular disease remains the world’s leading cause
of death [9]. Therefore Serum lipid profile is measured
for cardiovascular risk prediction and has now become
almost a routine test. The test includes four basic

parameters: total cholesterol, HDL cholesterol, LDL
cholesterol and triglycerides [10]. Cadmium exposure can
cause cardiovascular disease mortality [11-12] and may
impair the serum lipid profile.

Medicinal plants play an important role in the
management of different diseases [13]. Plant products are
known to show the protective effects by scavenging free
radicals and modulating antioxidant defense system.
Curcumin, a yellow coloring ingredient of the spice
turmeric obtained from the rhizomes of Curcuma longa
Linn (Zingiberacea). Curcumin has an anti-inflammatory,
antioxidant, anticarcinogenic, antiviral and anti-infective
properties [14-15]. It can inhibit the generation of reactive
oxygen species with its antioxidant properties and prevent
the cells from oxidative damage.

Therefore, the aim of the present study was to investigate
the impaired lipid levels due to cadmium toxicity and
protective role of curcumin at different intervals in albino
mice.

Experimental

Material and method

Animals

Albino mice weighing 20-22 grams were procured from

Central Research Institute, Kasuali. They were
acclimatized for 2 weeks and were given standard mice
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feed and ad /ibitum access to tap water. The animals were
handled with human care in accordance with the
guidelines of the Institutional Animal Ethical Committee
under the approval number (107/99/CPCSEA/2014-32).

Chemicals

Cadmium Chloride (CdCl,) and Curcumin were obtained
from Himedia Laboratories Pvt. Ltd. MUMBAL
Cadmium was dissolved in distilled water and was
administered to mice orally. An aqueous suspension of
curcumin was made [16] and administered orally to mice.

Experimental design

Experiment was performed at two intervals i.e., 15 and 45
days.

Mice were divided into following 4 groups and 5 mice
were kept in each group. Group 1 mice were kept as
control. Group 2 mice were administered an oral dose of
Img/kg body weight of Cd on alternate days. Group 3
mice were given an oral dose of 1mg/kg body weight of
Cd on alternate days and 100mg/kg body weight of
curcumin daily. Group 4 mice were given an oral dose
of 100 mg/kg body weight of curcumin daily and were
kept as positive control. Autopsies were done on 15 and
45 days post treatment.

Biochemical studies

After autopsy, the blood samples were collected in
separate eppendrof tubes from mouse of each group under
cther anesthesia. The blood samples were centrifuged
(3000 rpm at 2°C for 15 minutes) and serum was
collected in fresh clean tubes and was stored at -20°C and
then used for biochemical analysis (lipid profile).

Lipid profile

Quantitative estimation of cholesterol concentration in
serum was done by using commercial kit (Agappe
diagnostics limited). High Density Lipoprotein (HDL)
was determined by using kit (Transasia bio-mediclas
limited). Triglycerides concentration was determined by
using kit from Agappe diagnostics limited. Low density
lipoprotein (LDL) was determined indirectly by
Friedewald’s formula: LDL (mg/dl) = Total cholesterol—
HDL—(0.20 x triglycerides). Very low density lipoprotein
(VLDL) was determined by using the formula: VLDL
(mg/dl) = Triglycerides (mg/dl)/ 5.

Statistical analysis
The data was analyzed using Student’s #test through
graphpad software prism 7.

Results and discussion

Cadmium is a toxic heavy metal and is widely distributed
in the environment. It enters in the body of the organisms

via inhalation or ingestion and affects their health.
Ingestion may be the main route for non occupational
exposure of people while inhalation acts as the major
pathway for occupational exposure of people to cadmium
[17-19]. In this study, animals were administered
cadmium orally, which mimicked real situation of human
exposure to cadmium. Investigating the levels of serum
lipid profile is necessary to avoid the problems related to
cardiovsascular system of body. The serum lipid content
(Cholesterol, HDL, Triglycerides, LDL, VLDL) was
found to be disturbed with cadmium administration.
Cholesterol, triglycerides, LDL, VLDL concentration
were increased and HDL concentration was decreased
with cadmium administration which are discussed below.
This is accordance with the results of other authors [20-
21].

In this study, a significant increase in serum cholesterol
concentration was observed in comparison to control
mice at both the intervals (Figure 1). This gradual rise in
serum cholesterol level could be due to the changes in the
gene expression of some hepatic enzymes such as
hydroxyl-methyl-glutaryl Co A reductase (HMG-CoA)
due to cadmium [22]. HMG CoA reductase is the rate
limiting enzyme in cholesterol biosynthesis. Cadmium
might have stimulated the activity of this enzyme [23].
Decreased activity of cytochrome P450 enzymes could
also be the reason of increased cholesterol concentration
[24]. High serum cholesterol concentration may also be
due to hypatic dysfunction [25, 22].
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Figure 1. Cholesterol level in control and treated groups.

HDL protects against LDL-induced toxicity [26]. It is
atheroprotective, primarily through its role in transporting
cholesterol from macrophages and other cells to the liver
for excretion into the bile, a process termed as reverse
cholesterol transport. HDL concentration was found to be
significantly decreased in comparison to control at both
the intervals in present study (Figure 2). As cigarette
smoke contains cadmium, Neki [27] suggested that
smoking can results in fall in oestrogen level which leads
to decreased HDL cholesterol. So, decreased HDL level
observed in this study can also be attributed to the
decreased oestrogen level in cadmium treated mice.
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Figure 2. HDL level in cadmium and treated groups.
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A triglyceride is an ester of glycerol and other three fatty
acids. It helps in the bidirectional transference of adipose
fat and blood glucose from the liver [28]. There was
significant increase in serum triglycerides content in
cadmium treated group at 15 and 45 days (Figure 3). High
triglyceride  concentration has been linked to
atherosclerosis and the risk of heart disease. The rise in
TG level is possibly due to hypoactivity of lipoprotein
lipase in blood vessels which may explain impaired
triglycerides metabolism and higher triglyceride levels
[29]. The high TG content along with decreased
absorption of fatty acids by adipose tissue is associated
with a low level of HDL, insulin resistance and increased
risk of atherosclerosis [30].
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Figure 3. Triglycerides level in control and treated
groups.

In the present study, the concentration of LDL and VLDL
was significantly increased in cadmium treated group in
comparison to control and curcumin group (Figure 4 and
Figure 5). In rats, similar increase in both has been
reported earlier by Larregle [31]. This increase could
partly be due to a reduced efflux of circulatory VLDL
cholesterol particles as a consequence of a decreased
lipoprotein lipase (LPL) activity or loss of LDL receptor
function, leading to decreased LDL catabolism and
elevated LDL levels [23], LDL is known to have a major
role in atherosclerosis development [32].
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Figure 4. LDL level in control and treated groups.
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Figure 5. VLDL level in control and treated groups.

Conclusion

In the present study, total cholesterol, LDL, VLDL and
triglycerides values were observed to be higher in
cadmium treated groups as compared to control and
curcumin treated groups. But serum level of HDL was
lower in cadmium treated groups as compared to control
and only curcumin treated groups. Increased duration of
cadmium exposure adversely affected the lipid profile. As
it is well known that disturbed lipid profile plays a major
role in development of atherosclerosis and also raises the
risk of cardiovascular disease.

Curcumin treated groups showed almost normal levels of
lipid profile, which proves the protective efficacy of
curcumin against cadmium induced damage to serum
lipid profile. Thus it is suggested that we should include
curcumin in our daily diet to combat the heavy metals
induced toxicity in our body and to keep at bay the risk of
cardiovascular disease.

Acknowledgement

The authors gratefully acknowledge the facilities
provided by Department of Zoology and Environmental
Sciences, Punjabi University, Patiala to persue the
research work. Also, Institutional Ethical committee for
permitting the research work on mice and the financial
aid extended by UGC in the form of Rajiv Gandhi
National Fellowship for minority students is greatly
appreciated.

51



Amrita Kumari et al., JIPBS, Vol 5 (2), 49-52, 2018

References

12.

13.

14.

15.

16.

Haynes W and Lide D.R: CRC handbook of chemistry and physics : a
ready-reference book of chemical and physical data. CRC, Boca Raton,
Fla. London. 2011.

Godt J, Scheidig F, Grosse-Siestrup C, Esche V, Brandenburg P, Reich A
and Groneberg D: The toxicity of cadmium and resulting hazards for
human health. Journal of Occupational Medicine and Toxicology 2006; 1:
22.

Jarup L, Alfven T, Persson B, Toss G and Elinder CG: Cadmium may be
a risk factor for osteoporosis. Occupational and Environmental Medicine
1998; 55:435- 439.

Tkeda M, Zang ZW, Moon CS, Shimbo S, Watanabe T, Nakatsuka H,
Matsuddalnoguchi N and Higashikawa K: Possible effects of
environmental cadmium exposure on kidney function in the Japanese
general population. International Archives of Occupational and
Environmental Health 2000; 73:15-25.

Gunnarsson D, Nordberg G, Lundgren P and Selstam G: Cadmium-
induced decrement of the LH receptor expression and cAMP levels in the
testis of rats. Toxicology 2003; 183:57-63.

WHO Environmental Health Criteria 134: Cadmium 1st ed. World Health
Organization, Geneva, Switzerland. 1992.

Ramirez DC and Gimenez MS: Lipid modifica- tion in mouse peritoneal
macrophages alter chronic cadmium exposure. Toxicology 2002; 172:1—
12.

Manca D, Richard A, Trottier B and Chevallier G: Studies on lipid
peroxidation in rat tissues following administration of cadmium chloride.
Toxicology 1991; 67:303-323.

World Health Organisation figures for 1999. http://www.heartstats. org
(October 2004).

Campose H, Khoo C and Sacks FM: Diurnal and acute pattern of
postprandial apolipoprotein B-48 in VLDL, IDL and LDL from
normolipidemic human. Atherosclerosis 2005; 181:345-51.

Nakagawa H, Nishijo M, Morikawa Y, Miura K, Tawara K and Kuriwaki
J: Uri- nary cadmium and mortality among inhabitants of a cadmium-
polluted area in Japan. Environmental Research 2006; 100:323-9.

Nawrot TS, Van Hecke E, Thijs L, Richart T, Kuznetsova T and Jin Y:
Cadmium- related mortality and long-term secular trends in the cadmium
body burden of an environmentally exposed population. Environmental
Health Perspectives 2008; 116:1620-1628.

Salem NA, Alnahdi HS and Ibrahim GS: Therapeutic effect of curcumin
against nicotine-induced reproductive dysfunction in male rats. Journal of
Innovations in Pharmaceutical and Biological Sciences 2017; 4: 26-31.
Joe B, Vijaykumar M and Lokesh BR: Biological properties of curcumin-
cellular and molecular mechanisms of action. Critical Reviews in Food
Science and Nutrition 2004; 44: 97-111.

Araujo C and Leon L: Biological activities of Curcuma longa L.
Memorias do Instituto Oswaldo Cruz 2001; 96: 723- 8.

Kamel R, Hashim AAA and Ali SAE: Palliative Effect Of Curcumin On
Stz-Induced Diabetes In Rats. International Journal of Pharmacy and
Pharmaceutical Sciences 2014; 6: 558-563

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Agency for Toxic Substances and Disease Registry: Toxicological Profile
for Cadmium. US Department of Human and Health Services. 1999.
Satarug S, Baker JR, Urbenjapol S, Haswell EM, Reilly PE, Williams DJ
and Moore MR: A global perspective on cadmium pollution and toxicity
in non-occupationally exposed population. Toxicology Letters 2003; 137:
65-83.

National Toxicology Program. Report on Carcinogens, Eleventh edition.
Carcinogen profiles: Research Triangle Park, North Carolina: US
Department of Health and Human Services, Public Health Service,
National Toxicology Program. 2004.

Afolabi OK, Oyewo EB, Adekunle AS, Adedosu OT and Adedeji AL:
Impaired Lipid Levels And Inflammatory Response In Rats Exposed To
Cadmium. Experimental and Clinical Sciences 2012; 11:677-687.

Kaur S and Sharma S: Assessment of Biochemical Alterations Induced by
Acute and Chronic Doses of Cadmium in Albino Mice. Asian Journal of
Pharmacology and Toxicology 2015; 03(07): 1-4.

Kojima M, Masui T, Nemoto K and Degawa M: Lead nitrate- induced
development of hypercholesterolemia in rats: sterol independent gene
regulation of hepatic enzymes responsible for cholesterol homeostasis.
Toxicology Letters 2004; 154(1-2):35-44.

Twisk J, Gillian-Daniel DL, Tebon A, Wang L, Barrett PHR and Attie
AD: The role of the LDL receptor in apolipoprotein B secretion. Journal
of Clinical Investigation 2000; 105:521-532.

Witmer C, Faria E, Park, HS, Sadrieh N, Yurkow E and Connell SO: In
vivo effects of chromium. Environmental Health Perspectives 1994; 102:
169-176.

Kantola T, Kivisto KT and Neuvonen PJ: Grapefruit juice greatly
increases serum concentration of lovastatin and lovastatin acid. Clinical
Pharmacology Therapeutics 1998; 63: 397-402.

Hessler JR, Robertson AL and Chisolm GM: LDL-induced cytotoxicity
and its inhibition by HDL in human vascular smooth muscle and
endothelial cells in culture. Atherosclerosis 1979; 32 (3): 213-229

Neki NS. lipid profile in chronic smokers. Journal, Indian Academy of
Clinical Medicine 2002; 3:51-54.

Lampe MA, Burlingame AL, Whitney J, Williams ML, Brown BE,
Roitman E and Elias M: Human stratum corneum lipids: characterization
and regional variations. Journal of Lipid Research 1983; 24 (2): 120-130.
Freeman DJ, Griffin BA, Murray E, Lindsay GM, Gaffney D and Packard
CJ: Smoking and plasma lipoproteins in man: effects on low density
lipoprotein cholesterol levels and high density lipoprotein subfraction
distribution. European Journal of Clinical Investigation 1993; 23
(10):630-40.

Tersawa Y, Ladha Z, Leonard SW, J.D. Morrow JD, Newland D and
Sanan D: Increased atherosclerosis in hyperlipidemic mice deficient in
alpha-tocopherol transfer protein and vitamin E. Proceedings of National
Academic Science, U.S.A. 2000; 28: 830-834.

Larregle EV, Varas SM, Oliveros LB, Mar- tinez LD, Antéon R and
Marchevsky E: Lipid in liver of rat exposed to cadmium. Food and
Chemical Toxicology 2008; 46:1786-92.

Brown G, Albers JJ, Fisher LD, Schaefer SM, Lin JT and Kaplan C:
Regression of the coronary artery disease as a result of intensive lipid-
lowering therapy in men with high levels of apolipoprotein B. The New
England Journal of Medicine 1990; 323:1289-1298.

52



