
Nanomaterial-

based biosensors and

the future of medicine



Introduction
From detecting biomarkers in body fluids to enabling real-time health tracking, 

nanomaterial-based biosensors have the potential to transform patient care for the 

better.  However, despite their potential, there are major material challenges that stand 

in the way of their widespread adoption across medicine. 


The key materials used, such as gold and carbon-based nanomaterials like graphite 

and graphene derivatives, each have their own limitations like fabrication complexity 

and supply chain constraints. Fortunately, there are emerging nanomaterials that 

combine unprecedented sensitivity with cost-effective and scalable fabrication. 

Let’s take a closer look at how these nanomaterials  
could revolutionise the future of medicine. 
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The current limitations of nanobiosensors in medicine
Nanomaterial-based biosensors have the potential to revolutionise medical diagnostics and patient monitoring. 

They have the ability to provide an early diagnosis of diseases and can also facilitate real-time monitoring of 

vital signs such as heart rate and blood pressure, providing critical data for medical decision-making. But 

despite these promising features, their application in medicine has been fairly limited by fundamental issues 

related to the nanomaterials used in their design. Graphene derivatives are difficult to fabricate with high 

batch-to-batch variability that inhibits performance, whilst gold nanoparticles face availability and cost 

fluctuations that make scalability difficult. Additionally, biofouling from proteins and other biological debris 

reduces sensor sensitivity with these materials, adding to the factors that limit widespread adoption.

How emerging nanomaterials are redefining  
biosensors in the medical field

Emerging nanomaterials, like Gii, are playing a critical role in the advancement of biosensor technology due to 

their unique physical, chemical and biological characteristics. This is particularly the case for electrochemical 

biosensors which use an electrochemical transducer to detect specific changes in material characteristics like 

current and voltage. Through features like high surface area, simple and cost-effective fabrication and 

antifouling properties, these new nanomaterials are paving the way for widespread use in medicine. Let’s look at 

these features in detail.

High surface area
These emerging nanomaterials have a large surface-to-volume ratio, increasing active sites for biomolecule 
interactions and enhancing electrochemical biosensor sensitivity. This unprecedented sensitivity is particularly 
valuable in medicine, which can be used in cases like detecting interleukin-10 (IL-10) at ultra-low concentrations 
for the monitoring of immune responses in conditions like cancer and autoimmune diseases.

Exceptional electrical conductivity
Carbon nanomaterials exhibit excellent electrical conductivity, which provides efficient electron transfer 
between the biorecognition element and the transducer for rapid and precise signal generation. Among these, 
Gii stands out due to its superior electrical properties, including a low surface charge resistance and high 
electrochemical active area. These features make Gii highly effective for applications where real-time 
monitoring and fast response times are necessary, particularly in electrochemical biosensors.

Cost-effective manufacturing
Compared to noble metals and other traditional biosensor materials like graphene and graphite, novel 
nanomaterials like Gii offer an affordable and scalable option for mass production. Their ease of synthesis and 
modification reinforces their scalability, making advanced biosensor technologies accessible for widespread use.

Anti-fouling properties
A feature that is unique to the nanomaterial Gii is a resistance to fouling by biological fluids, such as blood, urine 
and milk. This capability ensures that biosensors maintain their sensitivity and accuracy, particularly in clinical 
and diagnostic applications.

https://link.springer.com/article/10.1007/s44371-024-00042-6
https://link.springer.com/article/10.1007/s44371-024-00042-6
https://www.mdpi.com/2072-666X/15/7/874
https://www.mdpi.com/2072-666X/15/7/874
https://www.igii.uk/
https://www.sciencedirect.com/science/article/abs/pii/S0956566322009940


The broader applications of nanomaterial-based 
biosensors in medicine
With the help of these emerging nanomaterials, electrochemical biosensors can move beyond medical 
diagnostics and have the potential to transform multiple facets of healthcare. With their versatility and 
exceptional sensitivity combined with scalable and cost effective fabrication, there is potential for great 
innovations in therapeutic monitoring, remote care and regenerative medicine.

Advancing therapeutic monitoring and chronic disease management
In therapeutic settings, implantable biosensors equipped with nanomaterials provide invaluable feedback on 
drug efficacy and metabolic responses. Moreover, the fabrication simplicity and amenability to miniaturisation 
of electrochemical biosensors can bring a range of benefits to this area of medicine. For chronic conditions like 
diabetes or cardiovascular diseases, these sensors can enable precise monitoring and adjustments to 
treatment regimens. By ensuring optimal therapeutic outcomes and minimising adverse effects, they directly 
can then enhance patient care.

Revolutionising telemedicine and remote patient care
The integration of nanomaterial-based biosensors with telemedicine platforms can greatly benefit remote 
patient monitoring. Patients in remote regions can receive continuous healthcare supervision, with data 
transmitted directly to medical professionals. This reduces the need for in-person visits while ensuring timely 
medical intervention.

Regenerative medicine and tissue engineering
Nanomaterial-based biosensors are also supporting the advancement of regenerative medicine with products 
such as stem-cell assays. These sensors can help evaluate tissue viability and integration in transplantation or 
tissue engineering, providing real-time insights that ensure successful grafts and reduce rejection risks. The high 
sensitivity of electrochemical biosensors in particular can enhance these insights further. Their application in 
monitoring the healing process offers a new dimension to post-surgical care.

The nanomaterial that is leading the charge in sensor scalability
Nanomaterial-based biosensors have faced scalability issues for decades due to the limitations of materials like 
graphene derivatives and noble metals. Fortunately, Gii is actively redefining the potential of nanomaterial-
based biosensors by overcoming traditional limitations in scalability, cost and performance. Its high surface 
area, cost-effective manufacturing and antifouling properties can make it a game-changer in medical 
diagnostics, chronic disease management and many other areas. By enabling real-time, high-sensitivity 
detection in complex biological environments, Gii is driving the next generation of biosensor technology, making 
advanced healthcare more accessible and reliable to all. 

Integrated Graphene Limited trading as iGii Euro House, Wellgreen Place, Stirling, FK8 2DJ, Scotland | 01786 357 090 
A company registered in Scotland with associated company number of SC553315 | GB Vat no.: 268005606 
marketing@integratedgraphene.com accounts@integratedgraphene.com

https://www.sciencedirect.com/science/article/pii/S1090023318304180
https://pmc.ncbi.nlm.nih.gov/articles/PMC11592256/
https://www.sciencedirect.com/science/article/abs/pii/S0026265X24002534#:~:text=These%20biosensors%20could%20help%20to,%2Dbased%20biosensors%20%5B24%5D.


At iGii, we’re passionate about 
transforming your projects with our  
innovative Gii technology. 
Whether you’re looking to enhance product performance or explore 

new applications, our expert team is here to help you navigate the 

possibilities. Don’t hesitate to reach out to discuss your ideas and see 

how we can collaborate to bring your vision to life. 


Let’s work together to make a positive impact—contact us today 

and unlock the full potential of your projects.

Get in touch today
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