
210

Journal of Advanced Biomedical Sciences

https://jabs.fums.ac.ir/
Online ISSN: 2783-1523

Article Type:
Editorial

Ghader Allahverdi1,2 , Majid Naghdi3,4 , Zahra Piran1

1. Journal of Advanced Biomedical Sciences, Fasa University of Medical Sciences, Fasa, Iran
2. Department of Clinical Biochemistry, School of Medicine, Fasa University of Medical Sciences, Fasa, Iran
3. Department of Anatomy, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran
4. Department of Anatomical Sciences, School of Medicine, Fasa University of Medical Sciences, Fasa, Iran

Cite this article: Allahverdi A, Naghdi M, Piran Z. Nano-Embryology: From Observing Development to 
Engineering It at the Nanoscale. J Adv Biomed Sci. 2026; 16(3): 210-211.

Molecular embryology is a powerful tool for studying the fundamental 
events of embryonic growth and development; with the advent of 
nanoscience, however, it appears to have acquired fresh momentum. 
For nearly a century, embryology was largely a “descriptive” science. 
Scientists carefully observed and mapped embryonic development under 
the microscope, yet they remained, in essence, passive observers. A 
major question persisted: could we influence this delicate developmental 
process without causing harm?

Today, thanks to the integration of nanotechnology and biology, the 
answer is “yes.” A new field, nano-embryology, has emerged to address 
three major challenges:
1. Precise Control (Nanocarriers)

In the past, when we wanted to deliver a substance to an embryo,
it would often disperse indiscriminately. Now, we can use “smart 
nanocarriers.” These are tiny containers that carry specific chemicals. 
They can be placed at exact locations within the embryo and triggered 
by light or magnetic fields to release their cargo only at the right place 
and the right time. Engineered from light-sensitive lipids, pH-responsive 
polymers, or superparamagnetic iron oxide nanoparticles, they can 
release cargo such as key morphogens, including Sonic Hedgehog 
or BMP4, not diffusely but at a specific location and moment within 
embryonic tissue. In this way, it becomes possible to influence the 
development of one specific region, such as the brain, without affecting 
the remainder of the embryo.
2. Real-time Monitoring (Nanosensors)

Previously, it was difficult to know what was happening inside an
embryo. Now, microscopic “nanosensors” can enter the embryo and 
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report data, such as oxygen levels, calcium, 
and pH, in real time. This capability helps us 
understand the cause and effect of development 
more clearly. For example, quantum dots and 
functionalized carbon nanotubes, introduced 
at carefully controlled doses into the amniotic 
cavity or mesoderm, can provide real-time 
information on parameters such as local 
oxygen tension, cytosolic calcium levels, pH, 
and reactive oxygen species with surprisingly 
little inflammation or toxicity. Because their 
fluorescence spectra shift linearly in response 
to each variable, they provide not merely striking 
images but quantitative chemical maps of living 
tissue.
3. The Risks (Toxicity)

Every powerful technology has a dark side. 
Nanoparticles used in medicine and cosmetics, 
as well as those present in pollution, can cross 
the placenta and enter the fetus. Research shows 
that materials such as silver or zinc can cause 
serious complications, including nervous system 
defects and impaired cell growth.

In a landmark 2025 review, Acharya and 
colleagues highlighted how these particles 
disrupt key signaling pathways, including 
Wnt and Hedgehog, and trigger oxidative 
stress, inflammation, and genotoxic damage, 
particularly during organogenesis (1). The 
consequences can be severe. Lu et al. (2023) 
showed in zebrafish that silver nanoparticles cause 
striking neurodevelopmental defects, including 
microphthalmia, abnormal neuronal morphology, 
and impaired locomotion (2). Similarly, Huang 
et al. (2022), working with human iPSC-
derived cerebral organoids, found that even low 
concentrations of silver nanoparticles (0.1 µg/
mL) increase cell proliferation while inhibiting 
apoptosis, yet impair cilium assembly and disrupt 
normal growth (3). Higher doses suppressed 
proliferation, triggered apoptosis, and reduced 
critical cytoskeletal proteins, thereby severely 
limiting neurite outgrowth. These findings 
remind us that nano-embryology is a double-

edged sword.

Conclusion
In conclusion, nano-embryology is no 

longer theoretical; it is operational. Leading 
journals now publish studies that integrate 
intelligent nanocarriers, real-time nanosensors, 
and rigorous nanotoxicity assessments. What 
theorists imagined a decade ago is now taking 
place in laboratories around the world. Even 
so, the field remains young and vulnerable. Its 
greatest risk lies in superficiality, namely, the 
assumption that any nanoparticle can be used 
without a deep understanding of embryonic 
biology.

There is no universal formula. Each particle, 
coating, cargo, and delivery method creates its 
own unique interface with the embryo. Real 
progress will require precise, quantitative, 
reproducible, and courageous research. The 
era of the observer has given way to the era of 
the agent. Yet power without rigorous ethics 
and methodology leads to disaster. Nano-
embryology therefore carries a dual imperative: 
the extraordinary ability to engineer development 
and the profound responsibility to protect it. We 
now have both the tools and the obligation. The 
path ahead is clear.
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