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Quantum dots (QDs) are an advanced nanomaterial technology deem to be useful in clinical and biomedical

applications. QDs have given a big impact in biomedical application due to their imaging potential which

significantly improved the clinical diagnostics test. Meanwhile, QDs also have the potential to become the

nanocarrier for the drug.

quantum dots  nanotechnology  wound healing

1. Characteristics of Quantum Dots

Quantum Dots (QDs) were first discovered by Ekimov and Onushenko in 1981, and are nanoscale semiconductor

crystals and first nanotechnologies to be applied in biological science made of heavy metals . QDs have shown

great potential in several biomedical types of research including fluorescence imaging, disease detection,

fluorescence assays for single protein track, drug discovery and intracellular reporting due to their mechanical and

physicochemical properties . QDs have five distinct properties that ameliorate tremendous research interest

including (1) the nano size ranges from 4 until 12 nm in diameter, (2) narrow and size-tunable Gaussian emission

spectra which excite to the near-infrared (NIR); lower than 650 nm, (3) self-luminescence due to their absorption

extinction coefficients and high fluorescence quantum yields, (4) QDs are photochemically robust due to its

inorganic composition and the fluorescence intermittency with observation of single dot event, (5) observing a

single protein compound .

The synthesis of QDs results in organic capping ligands that make them biocompatible, and a biological targeting

development which achieved by surface modification and linking with antibodies, peptides or small molecules .

QDs also have been applied in biomedical applications such as delivery of drug, bio-sensing and also tissue

engineering . QDs are ideal nano-carriers for the drug due to their high surface area to interact with other

molecules especially their strong interactions with organic molecules and specific compounds . Application of

QDs in drug delivery has increased drug stability, prolonged in vivo circulation time, improve the distribution and

metabolism process of drugs and enhance absorption . The optical properties of QDs have been used for bio-

imaging applications in various biological research for deep-tissue imaging with reduced light scattering and low

tissue absorption . Researchers worldwide used the QDs as fluorescence labeling for both in vivo cellular

imaging and in vitro assay detection due to photoluminescence properties .

There have been increasing research on QDs in wound healing as these nanoparticles equip the same properties

as their bulk counterparts and more stable due to their large surface area . The unique physicochemical
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characteristics of QDs are highly beneficial in tissue engineering applications especially their antibacterial

properties as these aspects are important in development of biomaterials. QDs also can enhance the mechanical

strength of tissue scaffolds and hydrogels for wound healing, or for regenerative medicine . Due to its nano-

scale size (less than 20 nm), QDs have low toxicity towards the cells and have enzymatic functions such as

oxidase which make it suitable to be incorporated into a bioscaffold . The large surface area of QDs could bind

to the ligands which involved in wound healing process. For example, carbon quantum dots proven to involve in

angiogenesis process as these nanoparticles able to enhance the anti-angiogenic factors expression which is

crucial to avoid overexpression of pro-angiogenic factors expression . QDs also involve in signaling pathway

which enhance the inflammation phase of wound healing as it increases the interleukin-6 expression .

2. Wound Healing Properties of QDs

The outcomes from the review highlighted the advantageous of quantum dots (QDs) in wound healing. There are

various reports on the application of QDs in wound healing and it has been tested in vivo, in vitro and in ovo model.

The overall result of QDs seems to be beneficial towards wound healing as the treatment group obtains better

results compared to the control group. However, the combination of QDs with polymer e.g., carbon quantum dots

with hybrid tannic acid and keratin (CQDs-TA/KA) hydrogel yields a more appealing result compared to QDs itself

.

2.1. Wound Closure

The in vivo studies were used to study the biological effect of QDs in a dynamic and complex biosystem e.g., the

wound closure. Apart from having QDs derived from various types of heavy metals, the papers were primary aim to

assess their biological effect in selected wound model in each study. Most of the studies inflict a cutaneous

incisional wound and there only one study that inflicts burn wound on the animal. The wound healing assessments

were performed by gross morphology of the wound, the size of wounds and the histological evaluation using

hematoxylin and eosin (H & E) staining to determine the condition of the regenerated tissue . The in vivo studies

reporting the effects of QDs on wound healing were simplified in Table 1.

Table 1. In vivo study on wound healing.
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No. Experimental
Model

Type of
Quantum
Dots

Outcome
Measures Results Conclusion

1

Sprague-
Dawley rats
6 weeks old
Weight 200 g
Excision
wound (1.00
cm )

VO NDs

1. Morphology
of wound
2. Histological
evaluation (H &
E stain)

H O / VO NDs have 60%
decrease in wound area
compared to control and rigid
epidermal layer after 6 days
therapy

H O /VO NDs
group have the
greatest wound
healing capacity
among all tested
group2

x

2 2 x
2 2 x
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No. Experimental
Model

Type of
Quantum
Dots

Outcome
Measures Results Conclusion

2

Sprague-
Dawley rats
Weight 250 ±
20 g
Full thickness
wound (1.80
cm )

NCQDs

1. Wound
morphology
2. Histological
evaluation (H &
E stain)
3. White blood
count (blood
slide)

Treatment with NCQDs have
significantly higher healing rate
where the wound area is 0.2%
at the 14th day of treatment
and lower white blood count
which is 1 × 10  L  indicate
decrease of inflammation in
wound area

NCQDs show
effective treatment
towards wound
healing

3

Albino Wistar
rats
Weights 150–
200 g
Excision
wound (3.14
cm )

CND

1. Morphology
evaluation
2. Histological
examination (H
& E stain)

Treatment of OCNDs had more
than 80% of healing compare
to control (65%) and shown to
have intact dermal and
epidermal structure which does
not show signs of inflammation
nor infection

Topical application
of OCNDs
improved the
wound healing
process

4
Wistar rats
Burn wound

GQDs

1. Morphology
study of
recovery
process
2. Histological
assessment (H
& E stain and
Masson’s
trichrome
staining)

Treatment group have higher
healing rate than control group
and formation of fibroblasts are
10% higher than control

GQDs able to
accelerate the
repair of skin lesion
in burn wound
healing model

5

Rats
10–12 weeks
old
Weight 250–
300 g
Full thickness
wound (1.50
cm )

GOQDs

1. Gross
morphology of
wound
2. Histological
assessment (H
& E stain)

Treatment with TA/KA-GOQDs
show 98% of wound are
closure and matured epidermal
layer after 16 days of treatment

TA/KA-GOQDs
proves its ability to
treat wounds within
short period of time
and without side
effects

6
Rats
Incision
wound

CQDs

1. Gross
morphology of
wound
2. Histological
assessment (H
& E stain and
Masson’s
trichrome
staining)

DFT-C/ZnO-hydrogel-treated
group have 95.7% of wound
closure by 10 days of
treatment. H & E staining show
that this treatment group have
complete epidermal structure in
2 days Dense collagen fiber
have been observed in
treatment group after 10th day
of treatment

Treatment with
DFT-C/ZnO-
hydrogel groups
exhibit the best
wound healing
results

2

10 −1

2

2
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Based on the results obtained, the QDs supports the wound healing process in vivo. The histological assessment

shows the regeneration of tissue and formation of blood vessel when treated with QDs. Xiang et al., 2019 show

even disposition of collagen and dense collagen fibers when treated with QDs . Haghshenas et al., 2019 show

that QDs involve the formation or regeneration of tissue at the wound site are faster in treated compare with non-

treated model . In the context of wound healing, progression in the inflammatory stage depends on the suitable

microenvironment at the wound site. Infection is also one of the factors which affect the healing process where it is

important for the removal of micro-organisms before advancing to the next stage of wound healing process .

Microbial infections may prolong the inflammatory stage and causing high expression of pro-inflammatory

cytokines (interleukin 1 alpha, interleukin 1 beta and tumor necrosis factor alpha) that not only harmful towards

infected cells but also healthy cells .

No. Experimental
Model

Type of
Quantum
Dots

Outcome
Measures Results Conclusion

7

Rat
Weights 260
g
Excision
wound (1.00
cm )

CND
1. Morphology
evaluation

The wound heals at ~100% at
16th days in with CDs/chitosan
nanocomposite compared to
40% of control group

The characteristic
of CDs/chitosan
shown to be
beneficial as wound
dressing products

8

BALB/c mice
8 weeks old
Incision
wound

MoS QDs
1. Morphology
evaluation

The infected wounds almost
90% completely healed in
photoexcited MoS QDs group,
compared to control group

The potential
application of the of
MoS2 QDs was
demonstrated great
improvement of
wound healing

9

Female
BALB/c mice
8 weeks old
Weight 18–23
g
Excision
wound (0.78
cm )

MoS NF

1. Gross
morphology of
wound
2. Histological
assessment (H
& E stain and
Masson’s
trichrome stain)

The treatment groups show
formation of epidermal layer for
wound closure at 5th day of
treatment and attachment of
collagen fiber with dermal layer

The MoS NF
shown
improvement of
wound healing in
short period of time

10

Male
Kunming
mice
6–8 weeks
old
Weight 180–
220 g
Excision
wound (0.04
cm )

GQDs
1. Gross
morphology of
wound

Treatment with H O  and GQD
band aid groups shows no
significant results in wound
closure

Treatment with
GQD band aid
groups as wound
dressing shows no
significant result for
wound healing

11

Male mice
6–8 weeks
old
Weight 180–
220 g
Incision
wound (1.6
cm )

CQDs

1. Gross
morphology of
wound
2. Histological
assessment (H
& E stain)

CQDs-treated group show
complete closure of wound and
higher degree of healing within
5 days of treatment

CDQs contribute to
faster wound
healing and great
potential for wound
dressing

12

Male mice
Excision
wound (0.79
cm )

ZnOQDs
1. Morphology
assessment

Treatment of ZnOQDs with
GO-CS hydrogel shown 90% of
wound closure after 14th day of
treatment

ZnOQDs imbedded
in GO-CS hydrogel
show potential to
be used for wound
dressing

2

2
2

2

2

2

2

2 2

2

2

[17]

[18]

[19]

[20]



Quantum Dots | Encyclopedia.pub

https://encyclopedia.pub/entry/7030 5/6

References

1. Zhao, M.X.; Zhu, B.J. The Research and Applications of Quantum Dots as Nano-Carriers for
Targeted Drug Delivery and Cancer Therapy. Nanoscale Res. Lett. 2016, 11, doi:10.1186/s11671-
016-1394-9.

2. Ekimov, A.; Onushchenko, A. Quantum size effect in three-dimensional microscopic
semiconductor crystals. Sov. J. Exp. Theor. Phys. Lett. 1981, 34, 345.

3. Matea, C.T.; Mocan, T.; Tabaran, F.; Pop, T.; Mosteanu, O.; Puia, C.; Iancu, C.; Mocan, L.
Quantum dots in imaging, drug delivery and sensor applications. Int. J. Nanomed. 2017, 12,
5421–5431, doi:10.2147/IJN.S138624.

4. Rosenthal, S.J.; Chang, J.C.; Kovtun, O.; McBride, J.R.; Tomlinson, I.D. Biocompatible quantum
dots for biological applications. Chem. Biol. 2011, 18, 10–24, doi:10.1016/j.chembiol.2010.11.013.

5. Haw, C.; Chiu, W.; Khanis, N.H.; Abdul Rahman, S.; Khiew, P.; Radiman, S.; Abd-Shukor, R.;
Abdul Hamid, M.A. Tin stearate organometallic precursor prepared SnO2 quantum dots
nanopowder for aqueous- and non-aqueous medium photocatalytic hydrogen gas evolution. J.
Energy Chem. 2016, 25, 691–701, doi:10.1016/j.jechem.2016.04.006.

6. Pirsaheb, M.; Asadi, A.; Sillanpää, M.; Farhadian, N. Application of carbon quantum dots to
increase the activity of conventional photocatalysts: A systematic review. J. Mol. Liq. 2018, 271,
857–871, doi:10.1016/j.molliq.2018.09.064.

7. Ramezani, M.; Alibolandi, M.; Nejabat, M.; Charbgoo, F.; Taghdisi, S.M.; Abnous, K. Graphene-
Based Hybrid Nanomaterials for Biomedical Applications. In Biomedical Applications of Graphene
and 2D Nanomaterials; Elsevier: New York, NY, USA, 2019; pp. 119–141, ISBN 9780128158890.

8. Qin, Y.; Zhou, Z.W.; Pan, S.T.; He, Z.X.; Zhang, X.; Qiu, J.X.; Duan, W.; Yang, T.; Zhou, S.F.
Graphene quantum dots induce apoptosis, autophagy, and inflammatory response via p38
mitogen-activated protein kinase and nuclear factor-κB mediated signaling pathways in activated
THP-1 macrophages. Toxicology 2015, 327, 62–76, doi:10.1016/j.tox.2014.10.011.

9. Li, C.; Sun, Y.; Li, X.; Fan, S.; Liu, Y.; Jiang, X.; Boudreau, M.D.; Pan, Y.; Tian, X.; Yin, J.J.
Bactericidal effects and accelerated wound healing using Tb4O7 nanoparticles with intrinsic
oxidase-like activity. J. Nanobiotechnol. 2019, 17, 1–10, doi:10.1186/s12951-019-0487-x.

10. Loomba, L.; Scarabelli, T. Metallic nanoparticles and their medicinal potential. Part II:
Aluminosilicates, nanobiomagnets, quantum dots and cochleates. Ther. Deliv. 2013, 4, 1179–
1196, doi:10.4155/tde.13.74.

11. Omidi, M.; Yadegari, A.; Tayebi, L. Wound dressing application of pH-sensitive carbon
dots/chitosan hydrogel. RSC Adv. 2017, 7, 10638–10649, doi:10.1039/c6ra25340g.



Quantum Dots | Encyclopedia.pub

https://encyclopedia.pub/entry/7030 6/6

12. Rafieerad, A.; Yan, W.; Sequiera, G.L.; Sareen, N.; Abu-El-Rub, E.; Moudgil, M.; Dhingra, S.
Application of Ti3C2 MXene Quantum Dots for Immunomodulation and Regenerative Medicine.
Adv. Healthc. Mater. 2019, 8, 1–7, doi:10.1002/adhm.201900569.

13. Shereema, R.M.; Sruthi, T.V.; Kumar, V.B.S.; Rao, T.P.; Shankar, S.S. Angiogenic Profiling of
Synthesized Carbon Quantum Dots. Biochemistry 2015, 54, 6352–6356,
doi:10.1021/acs.biochem.5b00781.

14. Romoser, A.A.; Chen, P.L.; Berg, J.M.; Seabury, C.; Ivanov, I.; Criscitiello Michael, F., M.F.; Sayes,
C.M. Quantum dots trigger immunomodulation of the NFκB pathway in human skin cells. Mol.
Immunol. 2011, 48, 1349–1359, doi:10.1016/j.molimm.2011.02.009.

15. Ren, Y.; Yu, X.; Li, Z.; Liu, D.; Xue, X. Fabrication of pH-responsive TA-keratin bio-composited
hydrogels encapsulated with photoluminescent GO quantum dots for improved bacterial inhibition
and healing efficacy in wound care management: In vivo wound evaluations. J. Photochem.
Photobiol. B Biol. 2020, 202, 111676, doi:10.1016/j.jphotobiol.2019.111676.

16. Mohamad, N.; Loh, E.Y.X.; Fauzi, M.B.; Ng, M.H.; Mohd Amin, M.C.I. In vivo evaluation of
bacterial cellulose/acrylic acid wound dressing hydrogel containing keratinocytes and fibroblasts
for burn wounds. Drug Deliv. Transl. Res. 2019, 9, 444–452, doi:10.1007/s13346-017-0475-3.

17. Xiang, Y.; Mao, C.; Liu, X.; Cui, Z.; Jing, D.; Yang, X.; Liang, Y.; Li, Z.; Zhu, S.; Zheng, Y.; et al.
Rapid and Superior Bacteria Killing of Carbon Quantum Dots/ZnO Decorated Injectable Folic
Acid-Conjugated PDA Hydrogel through Dual-Light Triggered ROS and Membrane Permeability.
Small 2019, 15, 1–15, doi:10.1002/smll.201900322.

18. Haghshenas, M.; Hoveizi, E.; Mohammadi, T.; Kazemi Nezhad, S.R. Use of embryonic fibroblasts
associated with graphene quantum dots for burn wound healing in Wistar rats. Vitr. Cell. Dev. Biol.
Anim. 2019, 55, 312–322, doi:10.1007/s11626-019-00331-w.

19. Thomas Hess, C. Checklist for Factors Affecting Wound Healing. Adv. Skin Wound Care 2011, 24,
192, doi:10.1097/01.ASW.0000396300.04173.ec.

20. Zhu, G.; Wang, Q.; Lu, S.; Niu, Y. Hydrogen Peroxide: A Potential Wound Therapeutic Target?
Med. Princ. Pract. 2017, 26, 301–308, doi:10.1159/000475501.

Retrieved from https://encyclopedia.pub/entry/history/show/16679


