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Abstract

The nanotechnological application of quantum dots that has gained prominence in the last two decades
is fluorescence emission bioimaging. However, one of the greatest achievements of nanomedicine is the
innovative design, synthesis, and application of quantum dots, which have enabled the research and
development of innovative antineoplastic drug delivery vehicles. The use of nanomaterials, such as CdS-
dextrin quantum dots loaded with antineoplastic drugs, will not only enable the timely diagnosis of
diseases such as cancer, but also the selective entry into and destruction of cancer cells, causing as little
damage as possible to healthy tissue. This progress and advancement in nanotechnology now allows
targeted detection and therapy to be one of the main objectives. However, the interaction that may occur
between quantum dots and certain blood components following intravenous administration remains a
focus of concern in preclinical evaluations of nanomaterials and drug delivery.
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Resumen

La aplicacion nanotecnoldgica de puntos cuanticos que ha cobrado relevancia en las ultimas dos décadas
es la bioimagen con emision de fluorescencia. No obstante, uno de los mayores logros de la nanomedicina
es el innovador disefio, sintesis y aplicacién de puntos cuanticos, que han permitido la investigacion y
desarrollo de innovadores vehiculos transportadores de farmacos antineoplésicos. ElI uso de
nanomateriales, como los puntos cuanticos de CdS-dextrina cargados con farmacos antineoplasicos, no
solo permitird el diagnostico oportuno de enfermedades como el cancer, sino también la entrada y
destruccion selectiva de células cancerosas, causando el menor dafio posible a los tejidos sanos. Este
progreso y avance nanotecnoldgico permite ahora que la deteccion y terapia dirigida sean uno de los
principales objetivos. No obstante, la interaccion que pueda darse entre puntos cuanticos y algunos
componentes de la sangre tras la administracion via intravenosa, sigue siendo un foco de alerta en las
evaluaciones preclinicas de nanomateriales y la entrega del fa&rmaco.
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Introduction

Nanotechnology is one of the most promising sciences in biomedical applications. Nanomaterials
developed at the nanometric scale have, in addition to their tiny size, extensive optical and molecular
marking properties. However, the most revolutionary idea and the reason why they are ideal candidates
for selective drug delivery is their solubility, spectroscopy, and remarkable attributes that allow
membrane transport (Sevim Unlitirk, S et al., 2024). These properties are essential to avoid or reduce
the adverse and toxic effects that drugs can cause in the body. Nevertheless, quantum dots (QD) have a
promising future, and great advances have been made in the development and implementation of
nanocarrier systems with the aim of improving the bioavailability, efficacy, and safety of drugs, which
has led to successful targeted and selective therapies. However, this research ranges from studies showing
that QD of compounds such as cadmium, oxide, and nickel have caused undesirable effects in some
animal studies (Shinohara et al., 2017), ranging from lung and kidney damage (Jiang et al., 2010). Even
so, the molecular mechanisms of nanotoxicity induced by various nanomaterials have not been fully
explained (Missaoui et al., 2018). These properties are essential for avoiding or reducing adverse effects.

However, QD promise to be an essential tool in nanomedicine. Despite this, one of the main
challenges is their biocompatibility. Some authors point out that the characterization of QD, whether
bioconjugated or not, in vitro and in vivo studies is of great importance, as it will allow the prediction
and/or evaluation of the effects after interaction with the organism. It has been suggested that, due to
their nanometric size, these materials can enter cells, regardless of the route of exposure, and triggering
some effect due to interaction with a biological system.
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1.1 CdS-Dex quantum dots: a nanotool capable of transporting antineoplastic drugs into cells.

Quantum dots (QD) are colloidal nanocrystals with three-dimensional semiconductor properties on scales
of 1-10 nm, which emit luminescence of different colors due to quantum confinement effects
(Ghanbarlou, S. et al., 2025; Kim, T. et al., 2025; Amiri, Z. et al., 2025). It is thanks to these physical,
chemical, and optical properties that QD are ideal candidates for use as nanotools to improve drug
delivery to target sites, while their luminescence allows us to track the nanotransporter-drug complex
within the cell (Henrique, R. B. L. et al., 2024). The bioconjugation of QD appears to be a promising tool
in nanomedicine. However, among the main challenges for the applications of these nanomaterials are
their interaction with biomolecules and their physiological stability once inside the body.

The idea of administering antineoplastic drugs in nanocarriers has gained momentum in recent
decades and has been a challenge in nanotechnology, albeit with very promising results (Cong, X. et al.,
2024, Meng, X. et al., 2024). The main advantages of implementing a system with nanocarriers are
control over administration, which is more specific and bio-targeted, preventing degradation and
interaction of the drug with other molecules within the body that prevent it from reaching the site of
action (Wang, Y. et al., 2025).

In this regard, pharmaceutical research has gone hand in hand with major advances in the
application and formulation using bioconjugated nanotools with drugs to improve diagnosis and
treatment. These nanotools, such as quantum dots, could penetrate cells, causing their death. However,
thanks to decades of our research, we have designed quantum dots bioconjugated with a passivating agent
that not only allows bioconjugation with antineoplastic drugs but also enables efficient drug delivery
without tissue damage.

In our working group, we have characterized the bioavailability, disposition, pharmacokinetic
parameters, biocompatibility, and hemocompatibility of CdS-Dex QD alone and bioconjugates in vitro
and in vivo assays (Rodriguez-Fragoso, P. et al, 2012; Gutiérrez-Sancha, I. et al., 2015; Reyes-Esparza,
J. etal., 2015, Rodriguez-Lopez, A., et al. 2016).

However, the design and construction of a bioconjugated CdS-Dex quantum dot capable of
penetrating a cell or living organism without causing damage requires new in vitro and in vivo studies,
which we will discuss in this chapter. The objective of this work is to show the evaluation of the effects
after exposure to CdS-dextrin quantum dots in vitro assays and the pathophysiological effect due to
interaction with blood biomolecules.

1.3 Quantum dot-cell interaction, physicochemical characteristics based on dose-time and route of
administration-dependent

Cancer therapy allows us to envision a pharmaceutical approach that combines diagnosis, treatment, and
disease monitoring (Peng, L. et al., 2024). In this sense, cancer theragnosis is a medical approach that
combines cancer diagnosis and treatment in a single strategy. In our research with CdS-Dex quantum
dots, we have observed that quantum dots selectively bind to tumor cells to identify them and then
administer the antineoplastic drug to destroy them (Rodriguez-Fragoso, P. et al., 2020). Discussing the
disadvantages of quantum dots does not depend primarily on QD alone or bioconjugated QD, since once
bioconjugated, QD can form clusters that prevent them from entering the cell, thereby increasing their
toxicity in the organic system. In addition, the nuclei of QD, for example those of Cd, are known to be
very toxic in some cells (De la Cruz, G. G., Rodriguez-Fragoso, L., Rodriguez-Fragoso, P., and
Rodriguez-Lopez, A. 2024). Although quantum dots are small enough to enter the cell, this entry is not
dependent on the route of administration.

However, they do depend on their properties, such as size and shape like those of biomolecules,
which allow them to interact easily with an organ system (Rodriguez-Lopez, A. 2016). The boom in the
multiple uses and benefits of these nanomaterials could lead to new biological interactions and
unforeseen toxicity. Different doses and concentrations must be evaluated so that they can be applied in
living systems in the future and their effect can be assessed depending on their size, properties, and
surfaces.
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1.4 Interaction of CdS-Dex quantum dots with platelets and their effect on platelet aggregation and
morphological changes

In our hemostasis system, there are components such as platelets, which play a key role in bleeding and
vascular injuries. When these platelets are affected, their number can decrease considerably and cause a
risk of clot formation or vascular damage leading to thrombosis (Schulman, S. et al., 2024; Tian, Y. et
al., 2025). Platelets circulate in the blood, are approximately 3.6 to 0.7 um in size, and can undergo
morphological changes when they interact with an external agent. When platelets are activated, a
hemostatic platelet plug forms and sometimes damages the vascular endothelial tissue (Yan, M., Wang,
Z.,Qiu, Z., Cui, Y., & Xiang, Q., 2024).

However, platelets have granules (dense, a granules, and lysosomes) that, when active, further
stimulate platelet activity and, therefore, the mechanisms by which they regulate hemostasis (Li, C., L,
J., & Ni, H., 2020). Although these mechanisms have not been entirely clear, they are known to be
involved in innate immunity, fighting external agents and pathogens (Setarehaseman, A., Mohammadi,
A., & Maitta, R. W., 2025; Wong, R. S. Y., & Cheong, S. K., 2024). When platelets are affected by
interaction with quantum dots, it is suggested that this may alter the body's hemostasis. In other words,
platelets may undergo adhesion, activation, and aggregation. For example, there are reports on CdSe
quantum dots increasing platelet aggregation caused by different concentrations of CdSe quantum dots
(Dunpall, R. et al., 2012). These effects on platelets can cause platelet deceleration and prevent platelets
from circulating normally in the bloodstream. In other words, platelets go from their inactive (normal)
state to an active state, which involves significant morphological and physiological changes.

Quantum dots are a tool that promises to deliver antineoplastic drugs selectively and specifically
without adverse effects. However, administering quantum dots systemically could generate effects
caused by interaction with blood components. Our research group at the Facultad de Farmacia UAEM,
in collaboration with the Departamento de fisica del CINVESTAYV, has undertaken the task of designing
nanomaterials for use in disease diagnosis, treatment, and prevention. Our CdS-Dex QD have been shown
to be less cytotoxic than other nanomaterials, as well as bioavailable, biocompatible, and
hemocompatible.

1.5 Evaluate the effect of CdS-Dex quantum dots on platelet interaction.

To evaluate the effect of CdS-Dex quantum dot interaction, blood from healthy male Wistar rats (20)
(100-150 g) (Bioterio CIRCULO ADN S.A. de C.V.) was used, with controlled light and temperature
(22+1°C). They were fed water and rodent diet ad libitum. All our experimental procedures followed the
Institutional Guidelines for Animal Practice and the Welfare Law of the Public Laws of the State of
Morelos (Mexico) and the Guide for the Care and Use of Laboratory Animals. The animals were
euthanized under anesthesia, and blood was then extracted from the heart and collected in tubes
containing 3.2% sodium citrate (Becton Dickinson Co., New Jersey, USA). We then collected platelet-
rich plasma by centrifuging the blood at 1000 rpm for 15 minutes, took the supernatant, and centrifuged
it again at 3000 rpm for 15 minutes to isolate the platelets. To prevent platelet activation, the blood was
placed in a tube with anticoagulant (3.2% sodium citrate, 0.109 M). The CdS-Dex QD uptake test was
then performed. To control platelet aggregation, they were treated with collagen at 0.19 mg/mL and a
control group was left untreated. The platelets were incubated for 30 minutes with CdS-Dex QD at
different concentrations of 0.01, 0.1, 1, 10, 100, and 1000 pg/mL, respectively. After this time, 100 puL
aliquots were taken and analyzed in a 96-well plate in a spectrophotometer at a wavelength of 550 nm.
In addition, aliquots of approximately 10 pL were taken for the analysis of intracellular uptake and
localization of CdS-Dex QD in platelets by confocal fluorescence microscopy. For this procedure, slides
with 15% glycerol were used and fixed. Photographs were taken in three modes: visible, fluorescence,
and superimposition, with a 100X oil immersion objective using an Olympus FVV100 Inverted Confocal
Microscope for high-resolution (3D) image acquisition in live or fixed samples. The slides were also
used for topographic analysis by atomic force microscopy (AFM). For this procedure, an XE-Bio atomic
force microscope (Park Systems Co., Suwan, Korea) was used to obtain topographic images of the
platelets with Park Systems' XEP and XEI software to analyze the data. The cantilevers used were PPP-
NCHR silicon nitride and DNP-S-D silicon nitride with a nominal spring constant of 42 N/m for non-
contact mode nanosensors and a nominal spring constant of 0.06 N/m (Bruker, USA), respectively. The
thermal method incorporated in the XEI software was used.
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In the results obtained in Figure 1, concentration-dependent platelet aggregation was observed.
However, this effect of QD causing platelet aggregation was between 36 and 40% from a concentration
of 0.01 to 100 pg/mL (p<0.05). However, at a concentration of 1000 pg/mL, this effect increased by up
to 57% compared to the untreated group. This is a discovery of great interest since, as previously noted,
platelets are essential for hemostasis and have a major impact on thrombotic and hemorrhagic
phenomena.
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Figure 1

Platelet aggregation effect caused by CdS-Dex QD. Exposure time: 30
minutes. Each bar represents the mean = SD of two independent
experiments. n=5. *p <0.05 compared to the control group

The role of platelets in hemostasis consists of creating the primary hemostatic plug, secreting
substances essential for platelet aggregation, providing a surface for coagulation, releasing factors that
promote endothelial repair, and restoring normal vascular architecture. Platelet dysfunction, which can
be hereditary or acquired through interaction with nanomaterials, may be due to alterations in the
biochemical processes we have analyzed in these evaluations (Yousef, H., Liu, Y., and Zheng, L. 2022).

1.6 Evaluation of the uptake effect of CdS-Dex QD in platelets.

However, the presence of platelet dysfunction can be reliably detected by measuring the platelet function
index (PFI) in a blood sample. In Figure 2, we can see the micrographs obtained with a confocal
fluorescence microscope, which demonstrate the effect of CdS-Dex quantum dots on platelets. In section
a, we observe the control of untreated platelets to show the “normal” appearance of non-aggregated
platelets as seen under visible light and luminescence. In section b, we see the control of platelet
aggregation without luminescence emission, which would be the result of activated platelets aggregating
because of collagen to form a platelet plug.
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a.untreated b. platelet
platelets aggregation

Fluorescence

Figure 2

Micrographs of platelet control and platelet aggregation taken with a
confocal fluorescence microscope. a. Platelet control without visible
treatment/fluorescence. b. Platelet aggregation control
visible/fluorescence. 60X + 3 Z (magnification).

When we incubated the isolated platelets at different concentrations, we found that no
luminescence emission was observed at concentrations ranging from 0.01 to 1 pg/mL. Therefore, we
suggest that there was no uptake of CdS-Dex QD inside or on the surface of the platelets. However, at
concentrations ranging from 10 to 1000 pg/mL, the luminescence emission of platelet aggregation is
concentration dependent. This finding is related to the quantification of platelet aggregation previously
analyzed. These basic techniques provide important information, such as platelet count and platelet
morphology, which is essential for studying various platelet disorders caused by the interaction of
quantum dots with platelets. However, they are not 100% descriptive or qualitative. Therefore, it was
necessary to evaluate this interaction in more detail.
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Figure 3

Micrographs of platelets taken with a confocal fluorescence microscope.
Platelets treated with CdS-Dex QD at concentrations of 0.01, 0.1, 1, 10,
100, and 1000 pg/mL. Visible/fluorescence images. 60X + 3 Z
(magnification).
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1.7 Topographic analysis for the identification of platelet aggregation caused by CdS-Dex QD.

In this three-dimensional reconstruction analysis obtained in AFM. Untreated platelets were observed to
be hexagonal, semi-flat, lacking a nucleus, with normal size (3-4 pum) and defined edges. In the platelet
aggregation control (Figure 4), the platelets are observed to have no morphology or defined edges, with
an irregular size that cannot be quantified. In Figure 5, we observe the analysis of platelets treated with
CdS-Dex QD, taking three representative concentrations of 0.01, 100, and 1000 pg/mL. However, in the
three samples analyzed, we can observe that the platelets lack defined edges and have an irregular
morphology like that of the platelet aggregate. These morphological changes suggest that platelet
activation may have occurred, as thin cytoplasmic projections (short and long) were observed and the
hexagonal definition seen in the untreated platelet group was lost.

Low platelet =% platelet
aggregation

flat surfaceand

undefined edges
lacking a nucleus g

Figure 4

Topographic analysis by AFM of untreated healthy platelets: hexagonal
morphology, semi-flat, lacking a nucleus, approximate size between 3-4
pm, and with defined edges. Control of collagen-induced platelet
aggregation [0.19 mg/mL]: no apparent morphology, irregular size
approximately between 2 and 3 um, and no defined edges. AFM: atomic
force microscopy

0.01 pg/mL

1000 pg/mL

Figure 5

Topographic analysis by AFM. Platelets treated with CdS-Dextrin quantum
dots at concentrations of 0.01, 100, and 1000 pg/mL, respectively. AFM:
atomic force microscopy
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However, although no changes were observed at low concentrations in the platelet aggregation
and luminescence emission quantification analyses, these MFA findings suggest that CdS-Dex QD cause
less than 40% platelet aggregation at low concentrations. The 3D reconstruction observed in AFM of the
platelets showed that the platelets are activated when interacting with CdS-Dex QD and begin to
aggregate in a manner like what would be the “platelet plug or mosaic” as when there is a vascular injury
or alteration by an external agent. Based on the platelet abnormalities observed, we can suggest that
interaction with our CdS-Dextrin quantum dots causes a decrease in platelet function. This can lead to a
pathophysiology such as thrombocytopenia (Jones, C. F., and Grainger, D. W. 2009), which is known to
be a side effect caused by the administration of certain drugs. It may also cause even a transient disorder
like sticky platelet syndrome (Kubisz, P., Stasko, J., and Holly, P. 2013). This is a highly thrombogenic
disorder due to excessive increase in platelet function.

In this context, there are few assessments of the interactions of quantum dots in the blood and
their impact on blood coagulation, analyses that are fundamental and integral to their design and safe and
effective application (Lu, Zhongyou et al., 2025). Several studies evaluating the propensity of
nanoparticles for platelet activation and/or aggregation, their possible effects on plasma clotting time,
and their predisposition to the development of vascular thrombi are very useful for assessing the
thrombogenicity of these quantum dots. Platelets have important roles in regulating the body's hemostatic
balance (Bravaccini, S. et al., 2024). Platelets prevent blood loss from vascular injury, can induce arterial
thrombosis, and have additional functions in immunity (Hu, Y. et al., 2025; Cali, C. et al., 2025). In a
living organism, platelets do not usually interact with internal molecules and blood vessels, but they do
respond to external and physical stimuli and will quickly adhere when there is a disturbance in the vessel
wall. Analyzing the general results, we found alterations in platelet morphology following interaction
with gquantum dots. Therefore, we suggest that this triggers their activation. We can relate this process to
what would happen in the alteration of the body's normal hemostasis. (Shin, E. K. et al., 2017).

1.8 Conclusions

We can suggest that, although our quantum dots are not designed to cause any systemic effects, it is
precisely because of this design that they are able to cross epithelial barriers and reach the systemic
circulation. Although there is no evidence of a significant percentage of platelet aggregation, we do not
rule out the possibility that our quantum dots interfere with the physiological function of platelets and
trigger an effect such as vascular injury and thrombosis. Having a whole list of results showing that our
quantum dots are hemocompatible allows us to envision future systemic applications in areas such as
biomedicine. Still, the challenge remains to design better quantum dots that are not only less cytotoxic
than other nanomaterials but also have organic components.

Also, we have to consider that most cell membranes have negative charges, which allows
interaction with some nanomaterials. Thus, it is necessary to design and develop quantum dots such as
graphene, which, in addition to being organic and apparently compatible, have a neutral charge or are
cationic nanomaterials. So far, we are far from proving that the use of nanomaterials in organic systems
is free of adverse and collateral effects. Nonetheless, we are in the right direction in designing,
synthesizing, and demonstrating that they are excellent carriers of antineoplastic molecules.

Our work on CdS-Dextrin quantum dots has generated important scientific and technological
contributions, mostly focused on molecular diagnostics, targeted, specific, and selective drug delivery,
and advanced therapies with fewer side effects. Our work centers on deeper understanding of the optical
properties of semiconductor materials. Pointwise, we have demonstrated that quantum dots can be
designed in such a manner that their composition and size are not compromised. Though we have
encountered challenges due to their cadmium composition, the unique properties and characteristics of
these dots make them ideally suited for use in biological systems.

The synthesis and design of CdS-dextrin quantum dots place us in a very promising position to
efficiently monitor intracellular labeling and, in turn, facilitates in vitro, in vivo, and ex vivo studies of
biological processes such as neoplasms that require analysis at the molecular level. From a technological
viewpoint, our process design and development are an open door to the advancement of semiconductor
systems that enable more sophisticated biomedical imaging in vivo studies and can be utilized in medical
diagnostics for theranostic purposes.
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Moreover, our research has not only led us to imaging, but also to targeted drug delivery as an
“all-in-one” solution. In this regard, we have suggested and encouraged innovative and efficient
technologies that, through the combination of early diagnosis and targeted treatment by drug delivery at
a single quantum dot, can avoid minor adverse effects while providing timely monitoring of cancer cells.
This is undoubtedly a challenge in nanotechnology that will lead to further advances in biomedicine.
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