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ABSTRACT

Background: Cadmium (Cd) is considered a health hazard due to its industrial use. Lungs and kidneys are the primary organs
affected by its toxicity. Inflammatory response in lung tissue is mediated by Cd exposure until it becomes dysfunctional. Cd
damages DNA indirectly by increasing reactive oxygen species generation, which interacts with DNA defense system leading
to genomic instability. Curcumin (C) has multiple health benefits, as well as its Nano-formulation, Nano-curcumin (NC),
which has potential to increase biological and pharmacological actions of curcumin.
Aim: To focus on Cd-mediated inflammatory response and cell apoptosis in lung tissue of adult male albino rat and use NC as
a potential therapeutic agent.
Methods and methods: Thirty adult albino male rats were split into three groups, each with ten rats: control (group I), Cd
treated (group II), and Cd+NC treated (group III). Rats were sacrificed and lungs were extracted for light microscopic and
ultra-structural examination. IL-6 and TNF-α concentration were estimated and lung cellular survival genes; Bax and Bcl2
expression was evaluated by PCR.
Results: Alveolar damage with loss of normal lung architecture were seen in H&E-stained sections of group II confirmed by
ultrastructural investigation revealing cellular cytoplasmic vacuolations with degenerated mitochondria. In group II, IL-6,
TNF-α and Bax gene were increased, whereas Bcl2 gene was decreased with increased Bax/Bcl-2 genes ratio expression.
NC treated group showed cellular restoration, decreased pro-inflammatory cytokines and decreased Bax/Bcl-2 genes ratio
expression.
Conclusions: NC can be taken as a medicinal supplement to ease Cd poisoning risk in lungs.
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INTRODUCTION

Payne et al. focused on lung cellular apoptotic
degenerative evidence and associated gene
expression of Bax and Bcl-2 proteins, establishing a
link between those genes' expression and the process
of cellular survival or death, and demonstrating that
those genes' expression played a role in regulating
the process of lung cellular survival status. In lung
tissue, Bcl-2 is engaged in preventing cellular
apoptosis, whereas Bax is involved in promoting
cellular death[7]. Furthermore, according to
Lag et al., Cd can cause cellular apoptosis by altering
the expression of certain genes[8]. Based on prior
research on Cd-induced lung damage, Marit et al.
concluded that administration of antioxidant or antiinflammatory medicines is likely to be a significant
defense strategy against Cd[5].

Cadmium (Cd) is a very hazardous industrial
and environmental pollutant. Because of its unusual
qualities, it is frequently used in a variety of industrial
applications[1]. Despite its industrial benefits, it is
considered one among the most poisonous heavy
metals and a health hazard[2]. People who reside
near industrial sites have respiratory problems;
gastrointestinal symptoms, reproductive failure up
to infertility, CNS harm, and even DNA damage or
cancer development[3].
In addition to the production of ROS, tissue
oxidative stress causes Cd-induced cellular lung
damage and even death, as well as driving the
inflammatory response through the production of
pro-inflammatory cytokines including IL-6 and
TNF-α[4 - 5], which are hypothesized to act as an
endogenous pyrogen, generating an increase in ROS
and cell death by apoptosis[6].

Curcumin (C) is a traditional herbal medication
that has numerous health benefits after systemic
ingestion, including antioxidant, anti-inflammatory,
and anticancer properties[9]. Its antioxidant
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properties are owing to its capacity to protect cells
from peroxidative damage[10]. It also has the ability
to reduce the expression of IL-6 and TNF-α, which
suppresses the production of inflammatory cytokine
genes[11]. Due to inadequate absorption in the small
intestine, quick breakdown, poor solubility, and
rapid systemic elimination, curcumin's potential
health effects are limited[12].

evaluate whether there is a possible therapeutic
benefit of a novel supplement, NC, in the treatment
of Cd-induced lung injury.
MATERIALS AND METHODS
Chemicals:
Cadmium: Cadmium chloride (CdCl2) preparation
was bought from Sigma Chemical Company
(St Louis, MO, USA).

In the pharmacological and therapeutic
disciplines, nanotechnology has emerged as a very
promising topic. Because it enhances existing
and well-known therapies by strengthening drug
delivery systems, the medicine's effectiveness, blood
circulation, and stability, as well as its harmful side
effects, are all improved[13].

Nano Curcumin: a yellow-brown powder was
obtained from Nanotech Egypt for the photo
electronics communication centre. The biochemistry
lab at Cairo University's Faculty of Medicine created
an ethanol CI nano-emulsion. A drop of nanocurcumin suspension (10 l; 2 mg/ml) was deposited
on a 3 mm copper grid and allowed to dry. It was
measured using transmission electron microscopy
(TEM). The primed nano-emulsion had a particle
size of 97.5 - 106 nm (Figure 1).

A novel application of the nano-therapeutics field
is applied, to enhance the beneficial effectiveness of
the substance[14]. Curcumin's size may be reduced to
nanocurcumin (NC), which improves its solubility
and permeability, as well as its biological effects[15].
As a result, the major purpose of this study is to

Figure 1: Curcumin nanoparticle size distribution and size characterization were calculated using TEMx100000.
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Animals: Thirty adult male Sprague-Dawley albino
rats weigh up 150 - 200 g, were procured from
the animal house at Cairo University's Faculty of
Medicine. Animal housing and care: Rats were
allowed two weeks to acclimatize to their new
settings before the experiment began. Rats were
housed in metal cages, five per cage, and provided
a daily meal as well as unlimited access to water in
a suitable setting. They were kept at a temperature
of 22° - 25° C and were subjected to a 12-hour dark/
light cycle, good ventilation, and a temperature of
22° - 25° C.

Genomic analysis of Bax and Bcl2 gene mRNA
expression:

Experimental Design:

cDNA synthesis:

Three experimental groups were formed from
the thirty adult male rats utilized in this study (each
with ten rats) at random for 31 days (duration of the
study):

The cDNA 25l master mix was made using
first strand buffer (10x) 5l, 10 mM dNTPs, RNase
inhibitor (40 U/l), MMLV-RT enzyme (50 U/l),
and DEPC-treated water. In a programmed thermal
cycler (Biometra, Germany), the resulting mixtures
was incubated for one hour at 37 °C, followed by
10 minutes of enzyme inactivation at 95 °C, and then
cool at 4°C. The cDNA was then kept at – 20 °C.

It was assessed using the quantitative reverse
transcriptase-polymerase chain reaction (qRT-PCR)
approach[19]:
Extraction of RNA:
Using a Qiagene cells/tissue extraction kit, total
RNA was extracted from tissue according to the
manufacturer's recommendations (Qiagene, USA).

Control group I (group I): The rats were not given
any kind of treatment.
Cd treated group (group II): For three days, the rats
were given 1 mg/kg of Cd diluted in normal saline
solution and supplied by subcutaneous injection[16].

Real-time qPCR using SYBR Green I (Table 1):
Table 1: Primers Used in Real-Time Polymerase Chain Reaction
Gene Expression Analysis:

Cd and NC treated group (group III): Cd was given
to the rats at a rate of 1 mg/kg/day for three days[16].
On the fourth day, rats were given 5 mg/kg/day of
NC emulsion dissolved in ethanol orally for four
weeks[17].
Cd dose in this investigation was chosen based
on an experimental methodology that resulted in
clear lung damage in rats.
Sacrification and sample collection:

Gene

Primer sequence

Product
length

Bcl-2

F: 5'TATATGGCCCCAGCATGCGA3'
R: 5'GGGCAGGTTTGTCGACCTCA3'

136

Bax

F: 5'ATCCAAGACCAGGGTGGCTG3'
R:5'CACAGTCCAAGGCAGTGGGA3'

150

An Applied Biosystem with software version 3.1
(StepOneTM, USA) was used to perform real-time
qPCR amplification and analysis. The annealing
temperature was tuned for the qPCR test with the
primer sets. All cDNA samples were in duplicate,
including previously produced samples (for AFP
gene expression), internal controls (for GAPDH
gene expression as a housekeeping gene), and
non-template controls (water to ensure the lack of
DNA contamination in the reaction mixture). For
sample determination, each 25 litre reaction mixture
contains 12.5 litres of SYBR Green (Ferments), 1
litre of each primer (10 mol/L), and 1 gramme of
cDNA (1 g/mL). Taq polymerase was activated for
5 minutes at 95 °C, then 40 two-step amplification
cycles were performed: 10 s denaturalizing at 95
°C, 50 s annealing at 55 °C. The quantitative results
were expressed in the Cycle threshold (Ct) of the

The rats were sacrificed at the finale of the
experimentation using an intra-peritoneal overdose
of pentobarbital sodium (80 g/g/kg). Blood samples
were taken by a cardiac puncture and allowed to clot
for biochemical analysis. The lungs dissected then
preserved in 10 % neutral-buffered formalin for light
microscopic, ultra-structural and biochemical tissue
investigation in each group.
Biochemical analysis:
Estimation of the pro-inflammatory cytokines IL-6
and TNF-α: Serum IL-6 and TNF- were quantified
by ELISA using Sunlong Biotech kits donated
by IG technology firm in Egypt, agreeing to the
manufacturer's instructions[18].
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RESULTS

examined gene (AFP) and the housekeeping gene
after the RT-PCR run (GAPDH). As a result, using
the previously reported approach RQ = 2 – (Ct), the
relative quantitation (RQ) of target gene expression
was measured and linked to the housekeeping gene.

Histopathological Results:
Light microscopic Results
The alveoli in the control group's H&E-stained
lung sections seemed normal and spongy under
light microscopy. The interalveolar septa were thin
and sometimes thick, and the alveolar sacs were
transparent. Blood capillaries and interstitial cells
were plainly visible in the interalveolar septa. There
were two types of cells at the interalveolar septa:
type I pneumocytes with flattened nuclei and type II
pneumocytes with rounded nuclei. The bronchioles
and alveolar ducts were well-known with normal
respiratory epithelium, and smooth muscle fibers
(Figures 2 A, B and C).
In the Cd-treated animals, severe alveolar damage
was detected in the form of collapsed alveoli and
over-dilation of some alveolar spaces, as well as a
loss of normal lung architecture. In several alveoli,
intra-alveolar exudate was found. Interalveolar septa
were thickened and many interstitial cells were seen.
In addition, there was a substantial infiltration of
inflammatory cells, with macrophages protruding
into the alveolar sac lumen on occasion. With areas
of interstitial hemorrhage, the interstitial blood
vessels were congested and dilated. The bronchiole
was surrounded by fragmented smooth muscles
fibers, and the mucosal lining was shaded with some
cellular debris in the lumen (Figures 3 A, B and C).
In Cd + NC treated group, there was mild alveolar
injury and a relative healing of most of the affected
alveoli. Mildly thickened interalveolar septa were
discovered, along with a few inflammatory cell
infiltrations, indicating a reduced tissue inflammatory
response. The alveolar appearance was quite typical,
with a clear lumen. Almost normal bronchiole with
intact respiratory epithelium and smooth muscle
fibers were seen (Figures 4 A, B and C).

Light Microscopic examination:
For light microscopy, Hematoxylin and eosin
staining of formalin-fixed lung tissues sectioned
5 mm thick (H&E) and the light microscope was
equipped with a digital camera (FUJIX HC-2000;
Fuji Photo Film, Tokyo, Japan) for examination and
photographing (VANOX AHBS3; Olympus, Tokyo,
Japan)[20].
Transmission
examination:

electron

microscopy

(TEM)

Fresh micro-specimens (12-mm) were achieved
immediately after lung dissection and equipped in 3%
glutaraldehyde for ultrastructural examination using
a transmission electron microscope JEM 100 CXII
electron microscope at 80 KV and photographed
with a CCD digital camera Model XR- 41 at Cairo
University[21].
Statistical analysis:
The biochemical data were analysed using the
SPSS version 16.0 statistical tool. The information is
given in the form of a mean standard deviation. The
differences between the groups were determined
using a one-way analysis of variance (ANOVA).
The following P values were generated and
interpreted: p > 0.05 was deemed statistically
insignificant, p 0.05 was considered statistically
significant, and p 0.001 was considered extremely
significant.

Figure 2: Photomicrographs of H & E-stained lung sections; (2a, 2b and 2c): Control group 2a, 2b: showed normal spongy appearance of the lung alveoli,
alveolar sacs (A) separated by thin (thin arrow) and thick portions of interalveolar septa (thick arrow), alveolar ducts (D) and respiratory bronchioles (B).
Blood capillaries and interstitial cells within the thin interalveolar septa (curved arrows), the alveoli lined by both; type-I pneumocytes with flattened nuclei
(thin arrows) and type-II pneumocytes with rounded nuclei (thick arrows) were seen. 2c: Bronchioles (B) with normal respiratory epithelium (arrow), and
smooth muscle fibers (MS). (Figs 2a: H&E X100., Figs 2b H&E X400 and 2c: H&E X1000).
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Figure 3: Photomicrographs of H & E-stained lung sections; (3a, 3b and 3c): Cd group 3a, 3b: showed interalveolar septa thickening (thin arrow) and
collapsing alveoli (thick arrow), some over dilated alveolar spaces (star). Interstitial cells fill the thickened interalveolar septa. Inflammatory cells (M)
with some bulging into the alveolar sac lumen (curved arrows) and congested dilated interstitial blood vessels (V) were also seen. 3c: The bronchiole
(B) surrounded by fragmented smooth muscles fibers (arrow), shedding of mucosal lining (curved arrow), cellular debris in the lumen (arrowhead), and
congested dilated blood vessel (V). (Figures 3a,3b H&E X400 and 3c: H&E X1000).

Figure 4: Photomicrographs of H & E-stained lung sections; (4a, 4b and 4c): Cd + NC group: showed restoration of injured alveoli in the form of
mild thickened interalveolar septa (thin arrows), thick septa still present (thick arrow) with a few infiltrations of inflammatory cells (M), relatively
normal alveolar appearance with clear lumen (A), and relative normal bronchiole with intact respiratory epithelium and smooth muscle fibers were seen
(Figures 4a, 4c: H&E X400 and Figures 4b: H&E X1000).

Ultrastructure Results

irregular nuclei, preserved mitochondria, and still
degenerated lamellar bodies (Figures 7 A and B).

The ultrastructure investigation of the control
group revealed type II pneumocytes with an
irregular euchromatic nucleus, normal lysosomes,
mitochondria, interstitial blood capillaies and
microvilli, in agreement with the light microscopy
study. Blood capillaries in the interstitial space
were also observed (Figures 5 A and B). The
Cd-treated group, on the other hand, had
deteriorated appearances such as hyperchromatic
nuclei and cytoplasm with destructed mitochondria,
degenerated lamellar bodies, and vacuolations
(Figures 6 A and B). However, in the Cd + NC
treated group as there were cells with nearly normal

Biochemical Assays
In this paper, the biochemical analysis of proinflammatory cytokines in animal serum is given
(Table 2). When equaled to the control group, the
Cd group had a significant (p ≤ 0.05) rise in tissue
levels of IL-6 and TNF-α indicating a severe
inflammatory response. Also, when compared to
the Cd treated group, those inflammatory cytokines
were significantly (p ≤ 0.05) lower in the Cd + NC
treated group, but still higher than the control group,
indicating a decrease in the inflammatory response.
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Figure 5: (5 A, 5 B): control group higher magnification showing pneumocyte type II with irregular euchromatic nucleus (N), lysosome (white arrow),
normal mitochondria (M), microvilli (thick arrow) and interstitial blood capillaries (C). (Figure 5 A: TEMX3000, Figure 5 B: TEMX6000).

Figure 6: (6a, 6b): Cd group higher magnification showing pneumocyte type II with hyperchromatic nuclei (N) destructed dilated mitochondria (m)
degenerated lamellar bodies (L) and cytoplasmic vacuoles (V). (Fig. 6a: TEMX12000, Fig. 6b: TEMX12000).

Figure 7: (7a, 7b): Cd + NC group higher magnification showing type II pneumocyte with nearly normal irregular nuclei (N), preserved mitochondria (M)
and slightly degenerated lamellar bodies (L). (Fig. 7a: TEMX6000, Fig. 7b: TEMX6000).
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Table 2: Comparison of the means of TNF-α and IL-6 levels in

current investigation by biochemical, genomic, and
morphological alterations in lung tissue.

all studied groups:
Control group

Cd group

TNF-α

33.43 ± 2.57

124 ± 2.48*

Cd + NC group
65.9 ± 3.36* *

IL-6

15.07 ± 1.23

72.63 ± 4.17*

44.43 ± 8.29**

Excessive production of pro-inflammatory
cytokines damages the lungs, resulting in
apoptotic cell death[6]. The creation of cellular proinflammatory cytokines like IL-6 and TNF- was
measured in this study and found to be significantly
higher in Cd-treated rats. Similarly, cultured alveolar
macrophages using Cd nanoparticles showed a rise
in TNF-α[5, 22]. Also, high TNF-α production was
suspected to cause increased ROS[6]. On the other
hand, there was an increase in IL-6 production
in lung cell cultures when Cd was added, but no
variations in TNF-α production[4]. These biochemical
findings matched the microscopic findings, which
revealed a significant infiltration of inflammatory
cells, particularly macrophages, in the lung alveoli.
Accordingly, cellular exposure to Cd causes the
release of a chemokine, which attracts neutrophils
and macrophages to the site of inflammation[23].

Data are displayed as mean± SE, *statistically significant as compared to
control group; **statistically significant as compared to Cd group.

Genomic Assays
Lung tissue genomic analysis is presented in
(Table 3). The lung cellular death was assessed by
measuring the tissue gene expression of both the antiapoptotic Bcl2 gene and the apoptotic Bax gene. The
Cd group showed a significant (p ≤ 0.05) increase
in lung tissue Bax gene expression compared to
the control group representing cellular apoptosis.
Also, it was significantly (p ≤ 0.05) decreased in the
Cd + NC group compared to the Cd group to levels
relatively similar to the control group. While the Cd
group showed a significant (p ≤ 0.05) decrease in
lung tissue Bcl2 gene expression compared to the
control group demonstrating anti-apoptotic cellular
response. Also, it was significantly (p ≤ 0.05)
increased in the Cd + NC group compared to the Cd
group to levels almost similar to the control group
indicating lung cellular restoration. Furthermore,
Cd exposure increased Bax/Bcl-2 ratio expression,
causing cell death, but NC administration reduced
Bax/Bcl-2 ratio expression, preventing cell
apoptosis.

Along with increased production of proinflammatory cytokines, the current study and similar
previous studies showed cellular deterioration and
damage of normal lung structure in the shape of
modifications to alveolar gaps and walls[24], dilated,
congested blood sinusoids, intercellular edema, and
bleeding regions[25].
According to the current study, we study the
pneumocytes type II ultrastructure, they are very
crucial for the generation and secretion of lung
surfactant, a fatty film aiding in the reduction of
alveolar surface tension. The alveoli would collapse
if they didn't have this covering, taking a lot of
force for re-expansion. Ultrastructural investigation
of Cd-treated groups revealed pneumocyte type II,
with hyperchromatic nuclei, cellular cytoplasmic
vacuolations, degraded mitochondrial cristae, and
hollow lamellar bodies. These findings similarly
were reported in the lungs after heavy metal
exposure, indicating cellular deterioration[26, 27].

Table 3: Comparison of the means of Bax and Bcl-2 genes
expression levels in all studied groups:
Control group

Cd group

Cd + NC group

Bax

1.03 ± 0.01

6.61 ± 0.21*

3.04 ± 0.26**

Bcl-2

1.01 ± 0.01

0.32 ± 0.05*

0.82± 0.04* *

Bax /Bcl2 Ratio

1.01 ± 0.01

20.65 ± 4.2

3.7 ± 1.2

Data are displayed as mean± SE, *statistically significant as compared to
control group; **statistically significant as compared to Cd group.

The Cd lung lesions were thought to be caused
by an increase in the production of pro-inflammatory
cytokines, which then exacerbated the oxidative
stress pathway. Lung oxidative stress induces
oxidative DNA damage and sequentially disables
the DNA repair mechanism[28].

DISCUSSION
We are always seeking for ways to live a healthier
life and attempting to find natural preventive and
therapeutic agents to avoid the harmful effects of
heavy metals like Cd[1]. This work intends to identify
a therapeutic opportunity in employing NC as a
curative agent against Cd-induced lung damage in
order to answer this complex problem. Cd toxicity
and the therapeutic effect of NC are revealed in the

The genetic assessment of Bax and Bcl-2 proteins
was employed in this work and similar earlier
investigations to identify whether the cellular lung
was in a state of life or death. The aforementioned
findings backed up microscopical studies that
demonstrated a significant increase in Bax gene
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www.pjoes.com/Acute-Cadmium-AdministrationInduces-Apoptosis-in-Rat-Thymus-and-Testiclebut-not,87596,0,2.html.

expression and a decrease in Bcl2 gene expression
in Cd-treated lungs, indicating an increase in cellular
death and a reduction in the defensive cellular
response[8].

2. Suzuki Y., Morita I., Yamane Y., Murota S., 1989.
Cadmium stimulates prostaglandin E2 production
and bone resorption in cultured fetal mouse
calvaria. Biochemical and Biophysical Research
Communications 158 (2), 508–513. doi: 10.1016/
s0006291-x(89)800786-.

In accordance with a previous similar study,
the purpose of using NC in this study was to find
a therapeutically accessible supplement that might
alleviate the suffering of patients with pulmonary
lung disorders who had been exposed to Cd. Its antiinflammatory and antioxidant properties, as well
as its potential to control the cell death pathway,
have shown promising results. The NC reduced the
production of pro-inflammatory cytokines such as
TNF and IL-6., C reduces TNF- in blood and lung
tissue after inducing fibrosis in mice[29]. Similarly,
C reduces TNF- in the lungs after radiation exposure.
Furthermore, NC regulated the Bax/Bcl-2 pathway,
which regulates cell death, in this study[27, 30].

3. Geetha M W., Xiuwen S D., Ted M., Elizabeth H.,
Yurong M., 2007. Costs of occupational injuries in
construction in the United States. Accid Anal Prev,
39(6):125866-. doi: 10.1016/j.aap.2007.03.012.
4. Milena Kataranovskia, Ivana Mirkova, Sandra
Belija, Miroslav Nikolicc, Lidija Zolotarevskid,
Danica Cirica, Dragan Kataranovskia, 2009. Lungs:
Remote inflammatory target of systemic cadmium
administration in rats. Environ Toxicol Pharmacol.
doi: 10.1016/j.etap.2009.04.008.

In consistence with these findings, increased
serum TNF- and overexpressed lung mRNA, and
pretreatment with NC greatly decreased these
effects[32].

5. Marit L., Dmitrii R., Johan O., Oddmund B.,
Per E.S., Magne R., 2010. Cadmium-induced
inflammatory responses in cells relevant for lung
toxicity: Expression and release of cytokines in
fibroblasts, epithelial cells and macrophages.
Toxicology Letters, 193 (3): 252260-. doi:
10.1016/j.toxlet.2010.01.015.

Microscopical data demonstrated that rats
given NC after being exposed to Cd had less lung
tissue damage and fewer inflammatory cells than
the control group, corroborating the biochemical
findings. Similarly, NC reduced lung degeneration,
necrosis, and cellular infiltration in hypoxic mice as
it had a high protective antioxidant effect[32].

6. Soccal PM, Gasche Y, Pache JC, et al. 2000.
Matrix metalloproteinases correlate with alveolarcapillary permeability alteration in lung ischemiareperfusion injury. Transplantation.70:998–1005.
doi: 10.109700002-200010150-00007890/.

Curcumin supplementation improved these
ultrastructure changes due to its antioxidant
influence[33], which was proved in the current study,
the NC treated group's ultrastructure shows type II
pneumocytes with nearly normal irregular nuclei,
preserved mitochondria, but still degenerated
lamellar bodies.

7. Payne CM, Bernstein C, Bernstein H. 1995.
Apoptosis overview emphasizing the role of
oxidative stress, DNA damage and signaltransduction pathways. Leuk Lymphoma.19:43^93.
doi: 10.310910428199509059662/.

The NC is considered as an encouraging
supplement used as a therapeutic agent against
the harmful Cd which is considered as one of our
health's pollutants.

8. Lag M, Westly S, Lerstad T, Bjørnsrud C,
Refsnes M, Schwarze P E., 2002. Cadmiuminduced apoptosis of primary epithelial lung cells:
involvement of Bax and p53, but not of oxidative
stress Cell Biol Toxicol;18(1):2942-. DOI:
10.1023/a:1014467112463.
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