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Infrared Imaging of Skin Cancer Cell Treated with Copper Oxide and Silver 
Nanoparticles
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Abstract: Copper oxide and silver nanoparticles were used to treat the skin cancer cell with different concentrations, such: 
(5, 10 and 15ml) at a mixing ratio of 1:1. The characterization of skin cancer lesions pics was taken using a super speed 
monochrome CMOS camera (Model: ZWO, ASI 120 MM-S). Also, the effect of exposure time on the IR radiation was 
studied using an IR source connected to this camera. The MTT assay measured cell viability against the control sample 
cell lines. The results show that both copper oxide and silver nanoparticles appear a high activity against the skin cancer 
cell line.
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Introduction
Nanomedicine, which combines nanotechnology and 

medicine, offers several benefits over traditional cancer 
treatments, including adaptability, effective drug transport, 
and controlled chemotherapeutic agent release. Nanopar-
ticles have unique physical and chemical qualities, such 
as small size, chemical composition, huge surface area, 
customized form, and structure, which allow them to pro-
vide these advantages1,3. NPs naturally travel to the spleen 
and lymph organs, making them attractive candidates for 
delivering immunotherapeutic drugs, whether polymeric, 
liposomal, or metallic formulations4. Furthermore, nanoma-
terials can be employed as cytotoxics and/or enhancers of 
traditional chemotherapies, reducing side effects, increa-
sing blood circulation time, and preventing drug degrada-
tion before it reaches the target location5. In nanomedicine, 
silver NPs are a well-studied substance. Biocompatibility, 
huge surface-to-volume ratio, potent antibacterial activity, 
and cytotoxicity against cancer cells are just a few of the 
physicochemical and biological features of Ag NPs6. Copper 
oxide nanoparticles (CONPs) are another nanomaterial with 
biomedical applications7. CuO NPs, specifically, have been 
shown to have pharmacological effects in tumor therapy, 
including triggering apoptosis, boosting ROS production, 
preventing metastasis, and activating autophagic cell dea-
th. (8,12), in colon cancer, esophageal cancer, lung cancer, 
and breast cancer. as well as melanoma13. Through ther-
mal infrared cameras, infrared thermal imaging (IRT) can 
monitor the temperature variations of a specific skin area. 
This imaging technique can be used actively (dynamic ther-
mography) by applying a cold or hot stimulus to disrupt the 
thermal balance or passively (static thermography) by ac-
quiring temperature distribution without temperature chan-
ges14. The amount of heat the skin emits heavily depends 
on peripheral blood flow. This anatomical feature is signifi-
cantly impacted when a physiological change occurs, such 

as the growth of a skin tumor15. Because malignant tumors 
have higher metabolic activity than benign lesions, distinct 
temperature disturbances should be expected for different 
neoplasia, such as hyperthermic patterns for the first and 
hypothermic variations for the second This feature, combi-
ned with the other advantages of IRT, such as non-invasive-
ness, contact lessness, low cost, quickness, and non-ioni-
zation16, has prompted writers to investigate the use of IRT 
for skin cancer diagnosis in recent years17.

Materials and methods 
The Ag and/or CuO NPs (Sigma, Aldrich, 99.9%) were 

used to detect the anticancer activity of these NPs on the 
skin cancer cell line. The NPs were diluted as a suspension 
with three concentrations such:  (5, 10, and 15 ml), fixing 
the mixing ratio of these NPs as (1:1). The characteriza-
tion of skin cancer lesions images was taken using a super 
speed monochrome CMOS camera (Model: ZWO, ASI 120 
MM-S). Also, the effect of exposure time to the IR radiation 
was studied by using an IR source connected to this came-
ra. Human skin cancer cell lines squamous cell carcinoma 
(SCC), SK-MEL-28 (skin melanoma), and MeWo (melano-
ma lymph node metastasis), as well as standard nontumori-
genic skin cell lines [normal immortalized keratinocyte (NIK) 
and human fibroblast cell (HFC)] were cultured in DMEM 
supplemented with 10% fetal bovine serum, 100 units of 
penicillin/ml, and all cells were cultivated at 37°C in a 5% 
CO2 atmosphere. In these cells, there was no cross-con-
tamination. The 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT)-dye test was used to examine 
dose-dependent death of skin cancer and normal cells (17–
18). Before adding the PBS vehicle to the culture medium, 
cells were seeded in 96-well flat-bottom tissue culture pla-
tes (Falcon, Becton Dickson Labware, Franklin Lakes, NJ). 
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A conventional MTT-dye test (Sigma) evaluated live cells 
three days after treatment began. Conditions of the expe-
riment: cells were grown for 24 hours before treatment. At 
least two experiments were carried out.

Results
A benign skin cell's thermal reaction is identical to that 

of healthy skin tissue, as opposed to skin cancer cells. As 
a result, thermographic imaging can identify an increase in 
the metabolic activity of a skin cancer lesion. The images 
were configured in the thermographic cameras for the skin 
cancer cell line, and a measurement range was chosen so 
that the upper temperatures were close to the usual maxi-
mum body temperature, and the wavelengths ranged from 1 
to 3 m. This imaging aims to characterize the demographic 
images of skin cancer cell lines to find a marker for the con-
dition's presence.

The images in the current study have the combination 
of the three components of the cells called the nucleus 
(blue), the endoplasm (the cell under consideration and it is 
red) and the cytoskeleton (green). The nucleus is the cell's 
control center; the endoplasm is the part where the cell acti-
vity occurs and has the nucleus in it. The cytoskeleton is the 
outer frame or the skeleton of the cell. To kill or to eliminate 
the cancerous cells, CuO NPs and/or Ag NPs with different 
concentrations were used, and the images of the cells with 
defective protein were observed using a fluorescence ima-
ge microscope and IR camera. The intensity of the cells in 
the images indicates how the cell's future state will be. In 
the current situation, the greater intensity in the cells indi-
cates that the cell will die. This also means that the NPs 
used successfully kill the cancerous cell. As expected, no 

detectable cancer signal was observed in the control sam-
ple where no red color was observed in this image figure 
(1- a). Conversely, in figures (1- b), (2- a, b) and (3- a, b), 
red field observation indicated that cancer cells were viable 
throughout the imaging study. On the other hand, compara-
tively weak signals could be observed in the infrared images 
when the various concentrations of CuO NP's and Ag NP's 
were added to the cancer cell line.

It is clear from the images shown in Figure 2- a by ad-
ding 5ml of CuO NP's suspension into the cell line, there is 
a weak response, and the cancer cell is still available (the 
red signals), but when mixing CuO NP's with Ag NP's the-
se signal will reducing obviously and also, increasing the 
concentration of CuO NP's leads to a decreasing in cancer 
cell signal as shown in figures (3- a) and (4- a). So, adding 
CuO NP's and/or Because of their tiny size and the poor 
tumor vasculature, Ag NPs can selectively collect on tumor 
tissues, as demonstrated in figures (3 c) and (3 d) (4- c). 
MIR imaging could distinguish cell lines and be a potential 
tool for in vivo tumor image analysis in animal models. This 
would be a critical step toward realizing the ultimate goal 
of using this dye-free approach for intraoperative surgical 
procedures. This indicates that MIR characteristics can be 
used to assess resection margins. Figures 5a, b, c, and d 
demonstrate IR imaging without nanoparticles and with di-
fferent IR exposure durations (2, 4, 6, and 8 minutes, res-
pectively).

Figures  6, 7 and 8 show IR imaging by adding Ag NP's 
suspension with (5, 10 and 15 ml), and figures (6, 7 and 8 
b) show the IR image by adding Ag NP's suspension with 
(5, 10 and 15 ml). In contrast, figures (6, 7 and 8 c) show IR 
imaging by adding CuO: Ag mixing ratio as (1:1) at the con-
centration such (as 5, 10,  and 15 ml) and with IR exposure 
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Figure 1. The IR images of the (a) control cell and (b) cancer cell line.

Figure 2. IR images of cancer cell line treated by (a) 5ml of Ag concentration, (b) 5ml of CuO concentration, and (c) 5ml 
of CuO: Ag concentration with the mixing ratio of 1:1.
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Figure 3. IR imaging of a cancer cell line treated with (a) 10ml Ag, (b) 10ml CuO, and (c) 10ml CuO: Ag with a 1:1 mixing ratio.

Figure 4. IR pictures of a cancer cell line treated with (a) 15ml of Ag, (b) 15ml of CuO, and (c) 15ml of CuO: Ag concen-
tration with a 1:1 mixing ratio.

Figure 5. IR imaging with IR exposure at different exposure times (2, 4, 6 and 8 min.), respectively.
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at fixed exposure time as 8min.
Copper oxide nanoparticles significantly reduced the 

number of skin cancer cells in a dose-dependent manner. 
Figure (9-a) shows the cell viability with adding only CuO 
NP's without IR radiation, while figure (9-b) shows the cell 
viability when adding CuO NP's with IR radiation exposure.

It can be seen that as the concentration of CuO NP 
was increased, the degree of cell death rose. IR radiation's 
effect on skin cancer's viability is also visible. Cell viability 
was less than 50% in both cell lines when treated with 1.6g/
ml, as shown in Figure 9-a without IR radiation, indicating 
the presence of an active CuO NP's agent. However, when 
treated with 1.6 g/ml and exposed to IR radiation, practically 
all these NPs showed more than 50% cell survival in both 
cell lines. As the concentration of CuO NPs increased, the 
percentage of cell viability dropped, resulting in a negative 

association.
Figure 10-a shows the cell viability with adding only Ag 

NPs without IR radiation, while figure (10-b) shows the cell 
viability when adding Ag NPs with IR radiation exposure.

At a 1.6 g/ml concentration, the Ag NPs killed 40 per-
cent of skin cancer cells before being exposed to IR radia-
tion.

Figures 11-a and b show the skin cancer cell line viabi-
lity treated with CuO: Ag NP's with the mixing ratio of (1:1) 
at different concentrations without and with IR radiation ex-
posure, respectively.

Discussion
From Figures (6-a, 7-a, and 8-a) it is clear that the skin 

Figure 6. IR images of skin cancer cells with add (a) 5ml of Ag NP's (b) 5ml of CuO NP's suspension, and (c) 5ml of CuO: 
Ag (1:1) under IR exposure at 8min.

Figure 7. IR images of skin cancer cells with add (a) 10ml of Ag NP's, (b) 10ml of CuO NP's suspension, and (c) 10ml of 
CuO: Ag (1:1) under IR exposure at 8min.

Figure 8. IR images of skin cancer cells with add (a) 15ml of Ag NP's (b) 15ml of CuO NP's suspension, and (c) 15ml of 
CuO: Ag (1:1) under IR exposure at 8min.
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Figure 9. Cell viability of the skin cancer cell treated with CuO NP's (a) without IR radiation (b) with IR radiation.

Figure 10. Cell viability of the skin cancer cell treated with Ag NP's (a) without IR radiation (b) with IR radiation.

Figure 11. Cell viability of the skin cancer cell treated with CuO:Ag NP's (a) without IR radiation (b) with IR radiation.
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cancer cell line significantly decreased as Ag NP's sus-
pension increased with IR exposure. Also, it is clear from 
Figures (6- b, 7- b and 8- b) that the skin cancer cell line 
is eliminated by increasing the concentration of CuO'NPs 
suspension to reach the clear image from any cancer cell 
in Figure (8- a). On the other hand, the skin cancer cell will 
disappear fast in case of adding a mixing of the two types of 
synthesized nanoparticles with a mixing ratio (1:1). CuO: Ag 
NPs are high-efficacy, high-specificity, and low-cost therapy 
solutions. Dose, exposure period, and the size and form of 
the Ag NPs all play a role in effective treatment. CuO: Ag 
NP-mediated apoptosis involves the generation of reactive 
oxygen species (ROS), mitochondrial membrane rupture, 
DNA damage, and signaling cascades that lead to program-
med cell death. The reference agreed upon this outcome18. 
CuO: Ag NPs and skin cancer cells absorbed relatively little 
yet could be detected through intact and injured skin. Howe-
ver, more excellent permeability has been found in cases of 
injured skin. Another study, on the other hand, discovered 
that CuO: Ag NPs could penetrate intact human skin in vivo 
and could be found beyond the stratum corneum at depths 
of the reticular dermis. The size of CuO: Ag NPs affects their 
penetration. AgNPs (20, 50, and 80 nm) were found in the 
cytoplasmic vacuoles of human epidermal keratinocytes, 
while CuO: Ag NPs with a diameter of 100 nm were found. 
Positive controls were utilized to demonstrate that the assay 
works and to account for the effects of vehicle control. The 
MTT assay was used to measure cell viability against both 
cell lines as a positive control. The cancer treatment chosen 
as positive control is already in use.

Apoptosis and Vacuole degeneration were triggered by 
Ag NPs, as well as cell formation and the appearance of 
skin cancer cells. In contrast, the standard cell line (control) 
showed no phenotypic changes. The Ag NPs had a selec-
tive effect in their cytotoxicity, and both induced apoptosis. 
They could be suggested as a potential therapy because 
the treatment with Ag NPs increased the expression of a 
multi-functional tumor suppressor (PTEN) (up to 100-fold 
more than the control), augmenting the tumor suppressor 
effects of the PTEN.

Increased levels of reactive oxygen species (ROS) in-
side cells cause oxidative stress, which leads to cell death 
via programmed cell death. Furthermore, increasing ROS 
levels can disrupt mitochondrial membranes, resulting in 
programmed cell death. Skin cancer cells treated with Ag 
NPs die due to decreasing glutathione levels and a rise in 
lipid peroxide levels, which causes the cells to die due to 
the oxidative stress response. The structure of cellular actin 
is disrupted by Ag NPs, resulting in cell death. Treatment 
with Ag NP's can potentially cause mitochondria-dependent 
apoptosis. Because Ag NPs can dissolve ions, they damage 
mitochondrial membranes, allowing cytochrome to escape 
into the cytoplasm. The physical-chemical interaction of 
biological proteins with the nanoparticles could also cause 
Ag NPs to affect cancer cells. In the case of IR radiation 
exposure, cancer cell viability was significantly reduced do-
se-dependent, as shown in the figure, where viability decli-
ned to 60% when the concentration was increased to 100 
g/ml (10- b).

In comparison to CuO NPs, adding silver NPs results in 
poorer cell viability, as shown in the figure, with a percenta-
ge cell vitality of 0.2 percent in skin cell lines (11-a). Compa-
red to CuO NPs, Ag NPs have the lowest percentage of cell 
viability. This could be due to various causes, as evidenced 
by the fact that Ag NPs do not contain active phytochemi-

cals when mixed with CuO NPs.
When IR radiation was used on these cell lines, the per-

centage of cell viability of CuO: Ag NPs with a mixing ratio of 
(1:1) decreased as the concentration increased. Both of the-
se NPs showed decreased percentage cell viability on skin 
cancer cell lines; however, IR radiation exposure showed 
minor cell vitality on the cell line at 1.6 g/ml concentration, 
as shown in Figure 11-b. The results reveal that the longer 
the skin cell line is exposed to IR radiation in CuO: Ag NPs 
presence, the lower the cell viability. However, lengthier ex-
posure to normal skin cells has minor harmful effects. 

Conclusions
At varying concentrations, copper oxide and silver na-

noparticles strongly influenced a skin cancer cell line. Com-
pared to the control, higher concentrations of CuO and Ag 
NP's resulted in stronger stimulation in cancer cell lines. 
Even at the lowest dose studied, skin cancer cells appear to 
be more susceptible. The IR thermogram produced during 
imaging and IR radiation exposure revealed a link between 
the nanoparticle concentration obtained from the treatment 
and the elevated temperature of the treated area. The fin-
dings appear to support the use of thermal imaging in trea-
ting skin cancer. IR imaging may provide extra insight into a 
patient's therapy response. When IR radiation was used on 
these cell lines, the percentage cell viability of CuO:Ag NPs 
with a mixing ratio of (1:1) decreased as the concentration 
increased. Morover on skin cancer cell lines, both of these 
NPs showed a reduced percentage of cell viability.
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