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Abstract:

Understanding the life cycle of nanoparticles is one of the major concerns that needs to be
addressed. In this study, we have evaluated the bio-transformations of bismuth silicate
nanofibers, considering the potential applications of bismuth and silicon dioxide nanoparticles
in the biomedical field. Our studies have shown that bismuth silicate nanofibers lose their
technologically relevant optical properties very rapidly when introduced into the biological
environment. In the meantime, there was an increase in pH and electrical conductivity was
observed which might be due to the released metal ions by the degradation of the bismuth silicate
nanofibers. SEM images confirm the transformations in the nanofiber's morphology and show
saline-like material attached to the degraded nanofibers, which can be a possible reason for the
loss of optical properties. These results provide initial information about the behavior of the
nanoparticles in the lysosome-like environment.
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1. Introduction
Almost 2000 products containing nanoparticles to some extents are present currently in the

market. Due to the progressive use of both natural and manmade nanoparticles in household,

41
http://jn.wum.edu.pk


mailto:jn@wum.edu.pk
https://jn.wum.edu.pk/

JN - Volume 7, Issue 1, June 2026

commercial, industrial, and medical applications[1], people are facing direct, indirect, intended,
and unintended exposure to nanoparticles. We have been unknowingly using some natural
nanoparticles for years e.g. dust contains particles that lie in the nano-range[2, 3]. Whether it is
through inhalation from the environment, oral intake, or getting injected intravenously for a
medical procedure[4], the transfer of nanoparticles in the human body can cause a great deal of
damage[5, 6]. The frequent use of nanoparticles due to their versatile properties and their likely
uses have led researchers to think about their potential effects on the human body [7, 8].

Nanoparticles are so tiny that that their uptake to different organs i.e. liver, spleen, lungs,
and kidney is very high, and where this field has revealed new aspects of nanomedicine [9], it
also possesses a great deal of biological risk[10]. When nanoparticles interact with blood plasma
cells, it can lead to the adsorption of different macromolecules e.g. proteins, polysaccharides, etc
[11]. This adsorption can take place anywhere and is capable of transforming the entire structure
of nanoparticles [12]. These transformations may be useful for the elimination of the
nanoparticles from the body)[13] and/or detrimental by creating reactive oxygen species or toxic
effects on the human body[14, 15]. Despite the noteworthy progress in nanoscience, knowledge
about the interaction of nanoparticles with biological systems is scarce [16].

On the other hand, nanoparticles also lose their technologically relevant applications due
to the loss of physical characteristics during transformations in the body[17, 18]. This has been
observed in our recent studies where iron oxide multicore nanoparticles lose their contrast agent
properties very rapidly when observed in a model biological medium [19, 20]. The capability to
investigate these transformations would help in analyzing the life cycle of nanoparticles in the
organism[21]. It is very important to have complete knowledge about the interaction of
nanoparticles in living organisms so that their fate can be determined [22, 23].

When nanoparticles enter the body, they get imprisoned by the occupant macrophages
and become a part of lysosomes. Lysosomes can be described as tiny pouches, containing fluid
used for digestion and destruction of cellular fragments and larger molecules. Lysosomes have
a spherical membrane structure, but this membrane is capable of merging with membranes of
other cells[24]. Lytic enzymes present within lysosomes appear to be most efficient in acidic
habitats. The core of lysosomes is acidic at a pH of 4.7 and the fluid (cytosol) that covers
organelles is a bit basic[25]. After intake, the safe discharge of nanoparticles from the body
depends on the functioning of lysosomes. During transfer (endocytosis), constant loss of pH is
observed first due to the extracellular environment then due to the intracellular environment, and

after that due to the acidic nature of lysosomes [26]. So, to get detailed information about the
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transformation, a model environment of lysosomes has been used with its minimum contents i.e.
pH 4.7 and citrate ions as chelates [27]. The idea of this model medium was presented by Arbab
and co-workers [28] and has been validated in our previous studies [19, 29, 30]. In this study,
we have selected nanofibers based on Bismuth silicate, due to the potential applications of
Bismuth and silicon dioxide in different biomedical applications, both being as main material
and as coating on other inorganic materials. Electro-spun nanofibers can be used for tissue
engineering [31], drug delivery[32], and immobilization of enzymes [33]. These studies provide
the first description of results on potential transformations in Bismuth silicate nanofibers.

2. Materials and Methods

2.1. Bismuth Silicate Nanofibers

Bi4(Si04)3 nanofibers have been chosen for these studies considering their regular shape and
technologically relevant properties for biomedical applications[34]. These nanofibers have been
provided by Hussain et al. and prepared by the electrospinning method described in detail in
reference [35].

2.2.  Buffer Solution

The buffer solution (pH 4.7 and citrate ions as chelates) was made to imitate the intercellular
environment. The lysosomes are acidic with a pH of 4.7. So, the model solution was prepared
by adding 4.4 mM citric acid (Cs, Hg 07), Fluka,> 99.5%) and 5.6 mM of sodium citrate tribasic
(CsHsNa307.2H,0, Fluka>99%) in 80 ml of distilled water [28, 30]. The Bi4(Si0O4)3 nanofibers
were dissolved in this buffer solution by mild stirring. 1mg of BiSiO2 was dissolved in 20ml
buffer solution. 5 solutions were prepared so that time-dependent studies could be performed.
The concentration of solutions was kept constant during all the measurements. After making the
solution, change in properties was observed at different time intervals by using UV VIS
Spectroscopy, a highly precise pH meter, an Electric Conductivity meter, and scanning electron

microscopy (Figure 1). All the samples were kept at 37 °C in a temperature-controlled incubator.
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Figure 1: Schematic representation of the experimental Scheme
3. Results
Bismuth and silicon nanoparticle coatings are being widely used. Many materials for medical
applications including drug delivery [36], biosensing, targeted cancer therapy, and destruction
of viruses, etc. contain silica coating[37, 38]. Bismuth is quite famous for its disinfectant,
environmental sensing, and biosensing properties[39, 40]. So, it is very important to have
complete knowledge about the fate of these nanoparticles before injecting them into the human
body. In vitro, experiments are considered more important both economically and ethically when
performed in media mimicking intracellular lysosomal environment. Although this medium is
not an alternative to lysosomes which contain enzymes and other macro-molecules, it allows us
to study the two main effects, i.e. pH and chelates on the bio-transformations of nanomaterials.
3.1. Follow-up of optical properties:
Nanofibers were first probed for their optical properties as this is one of the prominent features
of Bis(Si04); nanomaterials because of potential applications in imaging, biosensing, and
diagnosis. The dynamic effect of degradation in model biological media was observed for 48
hours starting from the 1% hour (first hour) (Figure 2). No significant changes in the spectrum
were observed in the first hour, indicating the intactness and/or resistance offered by the material
to sustain in the environment. After the first hour, the change was abrupt, and the optical peak
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(365 nm) diminished gradually in 13 hours (13 h), indicating the loss of technologically
important optical properties. After 25 hours (25 h), a complete loss of optical properties was
observed. The prepared solution was also examined after 48 hours (48 h) presenting the same
results. So, it was concluded that nanoparticles showed a drastic sign of transformation after 5
hours of immersion in the model intracellular environment, but these transformations slowed
down after 5 hours. This loss in optical properties can be attributed to the interaction of chelating
agents (citrate ions) with the nanomaterials that hamper optical properties and somehow also the
morphology of the nanofibers. These optical properties-based studies provide important

information regarding the behavior of the nanomaterials.

o ®m Tlhr

. .-365 nm ® 2hr

| 2 "::::::,32',_‘“ A Shr

v 13hr

—_ <4 25hr
—1

< » 48hr
N
—]
(=}
.:
=
B
(=}
@»
N =
-

r T o T b | | ol | | - L] = L] = ]
100 200 300 400 500 600 700 800

Wavelength (nm)

Figure 2: Optical follow-up of the degradation of bismuth silicate nanofibers in the lysosome-
like environment.

3.2. pH Variations

pH is a very important parameter when we want to know about the variation in the chemical
nature of an environment/solution. That is why whenever changes due to the addition of a
dopant/ion are analyzed, researchers usually start the analysis by pH measurement. In this
research work, a change in pH was observed keeping in mind the fact that loss of optical
properties may lead to the degradation in the morphology of the nanofibers (Figure 3).

Transformation in shape can be due to the detachment of metal ions from the nanomaterials, and
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it can become part of the solution and affect the pH of the mimicked environment. This similar
effect may arise in the body. After the addition of the Bi4(SiO4); nanoparticles, pH was measured
at different time intervals. It was observed that with time, the lysosome-like environment was
shifted towards a less acidic nature. Change in pH of the environment was observed for 22 days.
This study indicates that although the optical properties of the nanomaterials were lost in almost
the first 25 hours, the transformation kept on going further as observed by the increase in pH
value. The value of the pH, which was 4.7 initially, gradually increased to 5.35 in 7 days. As the
pH scale is logarithmic, this increase in pH indicates that the buffer solution becomes
approximately 6 times less acidic than the initial solution. These variations in pH became non-
significant after one week indicating that the model solution reached its saturation conditions
due to the release of ions. There can be an increase in the pH of the solution over time if we have

more diluted solution initially but that can change the transformation rate as well.
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Figure 3: pH monitoring of the lysosome-like solution with bismuth silicate nanofibers
3.3. Electrical Conductivity
Electrical conductivity is an important factor when it comes to the study of the interaction of
tissues with fluid. This can certainly affect the ability to pump fluid in the body. A graph of
electrical conductivity measurements is shown in Figure 4. A gradual increase in electrical

conductivity was observed with time. Although the increase in conductivity is not that
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significant, even this escalation can affect body functions such as the heating of tissues and
damage to the nervous system. The electrical conductivity of a lysosome-like medium was
measured as 3.80 dS/m and it went up to 4.5 dS/m in one week. This also indicating the increased
numbers of ions in the solution and as a result, can change the overall conductivity of the

environment.
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Figure 4: Electrical conductivity measurement of the medium for different time intervals

3.4. Scanning Electron Microscopy

Finally, transformations of Bi4(S104)3; nanofibers were probed using SEM to observe and validate
the variations that were observed during previous measurements. For this, SEM images of
nanofibers were taken in the beginning and after taking one drop of buffer solution after one
week. Figure 5(a-b) shows original nanofibers images whereas Figure 5(c-g) shows images taken
after one week. SEM images taken after one week show clear deformation of the nanofibers. The
saline attached to the nanofibers can be visualized in high-resolution images indicating the

degradation of nanomaterials.

47
http://jn.wum.edu.pk



JN - Volume 7, Issue 1, June 2026

Original BiSiO2 nanowires

4 %
e

\.. 5
1
{
f

8/ 5 : .
'WD: 5.89 mm SEM HV: 5.0 kV 'WD: 5.89 mm MAIA3 TESCAN

v -
SEMMAG: 10.0kx | Det In-Beam SE SEM MAG: 40.0 kx Det:in-Beam SE | 1pum
Performance in nanospace

\ VY
SEM HV: 5.0 kV 'WD: 5.89 mm MAIA3 TESCAN| SEM HV: 5.0 kV 'WD: 5.89 mm MAIA3 TESCAN
SEM MAG: 50.0 kx Det: In-Beam SE 500 nm SEM MAG: 100.0 kx Det: In-Beam SE ‘ 200 nm

Performance in nanospace Performance in nanospace

Figure 5: SEM image of BiSiO2 in the lysosome model like medium
4. Discussion:
The effect of the biological environment on the relevant properties of nanomaterials is currently
a major concern for materials scientists working on biomedical applications. When
nanomaterials are injected into the body, they may go through several transformations starting

from attachment of blood plasma proteins on the surface of the nanomaterial to the confinement
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in the vesicle-like organelles i.e. lysosomes. Here we reproduced a lysosomal mimic medium
and studied the behavior of biomedically relevant Bis(SiO4)3 nanofibers. There was a rapid loss
of optical properties (Figure 2) indicating the transformation of the nanomaterials. In this
context, when we observed SEM images (Figure 5(f,g)), nanofibers showed rough surfaces and
there was found saline like material attached to the nanofibers. This attached saline might have
overshadowed the optical properties as these properties were emerging from the nanomaterials
not from ions produced during the transformation of the material [41]. Another important
problem that may arise with the release of metal ions from nanomaterials is that it can induce a
reaction with oxygen species [42] which can be very dangerous for the body. On the other hand,
the release of ions can increase the pH and electrical conductivity values which can affect
ultimately the functioning of lysosomes[43]. In conclusion, as long as nanomaterials remain
intact, there is not much risk associated with it but elimination of the nanomaterials from the
body also requires their dissolution, as the rate of elimination of nanomaterial is inversely
proportional to the particle size, which can be possible in the presence of chelating agents.
Although these transformations can annihilate the technologically relevant properties of
nanomaterials, this can also be a possible elimination mechanism of these highly anisotropic
nanomaterials from the organism.

5. Conclusion

Although the complete picture of the degradation process is not elucidated here, we have
witnessed, for the first time, crucial parameters governing the bio-transformations of BiSiO2
nanofibers in the biological environment. The loss of optical properties indicates the corrosion
of nanofibers and the attachment of release saline on the surface of the nanofibers. An increase
in pH and electrical conductivity is indicating the release of metal ions in the solution. Although
BiSiO2 nanofibers lose their optical properties very rapidly, somehow retain their morphology
even after one week. This might be due to the aggregation of nanofibers or saline attachment.
An increase in pH can certainly affect the functionality of lysosomes if this happens in the body.
Further studies are needed to validate these studies in vivo.

Conflict of Interest: The authors declare no competing financial interest.
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