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FOREWORD 
 

How do you write a design-based thesis without having the resources to do the 

designing? That has been the trial and tribulation of this thesis project. The statement of intent I 

submitted back in November is hardly reminiscent of the thesis I am submitting today. This is all 

thanks to one key, microscopic annoyance: the coronavirus. I never knew the coronavirus species 

existed until the beginning of this year, and now I think I’ve heard about it long enough to last me 

a lifetime. It certainly has impacted my life, as well as many others, and, surprisingly enough, this 

thesis gave me an outlet to discover what this little thing truly is. It slowly became an inspiration 

for my work. I think of writing about this virus as a spiteful coping mechanism, but it did give me a 

lot to think about and a real-life application of what I’ve been learning about for the past four 

years.  

Before coming to Alfred, I had no understanding of what biomaterials were. Fortunately, 

my tuition money has been put to good use because I now know this is a widely encompassing 

field, including anything that comes into contact with the body. This means contact lenses, tooth 

fillings, artificial joints, stents, surgical devices, bone screws and plates, and even some glasses all 

are considered biomaterials. I have developed a newfound appreciation for all of these things and 

all the engineering constraints that had to be overcome for them to be used as frequently as they 

are today. Mimicking natural tissues is not as simple as it may seem, but different bioglasses have 

worked to do just that. It seems odd to think about placing glass particles into the body, but the 

benefits perfecting this technology could have would improve so many individual’s lifestyles. The 

focus of my thesis work was on these bioglasses, especially looking at their antimicrobial 

properties.  

I was excited to complete my thesis work in the labs at Alfred, gaining valuable 

experience learning lab techniques and preparing myself for the future I want to have post-

graduation. Our bodies are incredible machines, and the more I’ve learned about how we 

function, the more shocked I am that things don’t go wrong for people more often. I love the idea 

that biomaterials can be designed as long-term solutions for people with medical ailments, the 

objective of their design being to limit rejection in the body as much as possible. Alfred is a very 

specialized university, and it has given me the opportunity to explore bioglasses which I would 

not have been able to do at another university. My thesis was originally only going to be focused 

on gallium-infused bioglasses, further testing them against various types of cells to see how 

successful they are in preventing their replication. I was excited to be a part of discovering more 
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about the power that glasses with the potential to work against cancer growth, like these gallium-

infused glasses, could contain. Unfortunately, due to the pandemic, my work on these glasses 

was cut short. I only was given the opportunity to barely scratch the surface on my thesis work 

before the labs became unavailable.  

As an engineer, one thing I’ve learned is how to be adaptable. Using a lab to complete my 

thesis was no longer an option, so I was advised to take a more literature-based approach, finding 

previous studies that support tangential work to what I would have done and writing about their 

potential experimental applications. I took it upon myself to find a way to incorporate the 

coronavirus into my literature work as much as I could. Learning more about the virus helped me 

to think of ways it could be removed and made all the things I was missing out on a lot less sad. 

Lucky for me, there was no shortage of information about this virus out on the web, everyone 

else seeming to have the same ideas as I did. I’ve always wanted to be a part of something that 

could save someone’s life, and researching this virus, that at this point is uncontainable, seemed 

like a good an opportunity as any to begin to do this. 

I started by looking at gallium ions and seeing if its antimicrobial, antifungal, and 

antitumorgenetic properties could also work against viruses. Unfortunately, the research I found 

in these areas showed that gallium was limited to the viruses it was successful in removing, of 

which did not include coronavirus. The tricky thing about viruses is that they aren’t technically 

living. Then the question becomes: how do you kill something that was never alive to begin with? 

Perhaps you can’t kill viruses, but instead just prevent them from making more of themselves. I 

began to wonder what other ions might have properties that could work to prevent viral 

replication, were safe for use in the body, and could be infused into a bioglass. Turns out, there is 

an ion that can do all these things – zinc!  

I was surprised to see how much zinc ions could negatively affect virus replication. Zinc is 

a very important ion in our bodies, as it is required for cells to grow and divide, but too much of 

this ion freely moving about the body can cause damaging effects and lead to cellular death. 

Adding zinc to bioglasses and taking advantage of the controllable release of this ion that 

bioglasses can be designed for, allows this type of technology to be impactful on viruses while still 

being safe for human use. These concepts are still in their early stages and, as promising as they 

might seem, still require lots of research before they are ready to become a marketable product. 

In the thesis work that is to follow, I attempt to outline some of these key experiments. 
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The small bit of experimental data that I did obtain before the virus took over was helpful 

for me to understand how ion release is affected by the way glasses are prepared. The glass was 

characterized using various techniques to ensure it was synthesized as intended. It was then 

prepared for bacterial testing by packing the glass tightly into small disks and placing it in a 

furnace for almost 24 hours to sinter the glass. This way the glass was prepared made it difficult 

for the gallium ions to diffuse into the agar with the growing bacteria. The results of this bacterial 

study did not support literature saying these types of glasses would be effective in inhibiting 

bacterial growth, as our results did not show any inhibition. Further studies would have tried 

different ways of preparing the glass samples and different ways of culturing bacteria. Regardless, 

this experimental research was valuable in my ability to understand how many aspects there are 

to conducting an experiment, and they might not all go as planned.  

I have learned so many invaluable things from doing this project. First, time 

management. I had to keep myself motivated and on track the last six weeks to ensure I was 

producing something that would be presentable despite being on an online schedule. Along these 

same lines, I learned how to be in charge of my own project. I had to be sure I was reaching out 

to my committee throughout the process to hear their thoughts on my work. There was no one 

looking over my shoulder to make sure I was on track. I also learned that I am very quick to 

definitively draw conclusions about a study I’ve only just read about. In science, nothing is ever 

100% definitive. This was one of my biggest critiques through this process, but it helped me learn 

how to write and express ideas more professionally. Lastly, I learned about this (am I allowed to 

say stupid?) virus that has cost me a season of my favorite sport, a proper graduation ceremony, 

and time spent with my dearest friends. This part of my life will be something I will never forget, 

and, as odd as it is to say, this thesis has helped me through it. 

I want to take a moment to thank those involved with my thesis and those who have 

helped me become the budding engineer I am today. First off, Dr. Wren has been a critical piece 

to the Biomaterials Engineering department at Alfred for as long as I have been a part of the 

program. Without his dedication to the program, I’m not sure I’d be walking the (virtual) stage 

this spring. The origination of my thesis idea was based off of the work done by Dr. Keenan as 

part of his PhD thesis, which was a great inspiration for the work I wanted to do with my thesis. 

Having the opportunity to work on a cancer treatment has been a career goal of mine and I am 

grateful to have had the chance to do so. Last, but certainly not least, Dr. Cox. I could not see the 

flaws in what I had written until seeing your feedback which then became a critical piece to my 
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understanding of technical writing. My gratitude is extended for the time and flexibility each of 

these members has exhibited given the circumstances under which this thesis had to be 

modified. There were times I truly did not think I was going to finish this thesis, but I am glad to 

have the support of this group and my family, who had to hear my agonizing over how much I 

thought I was not going to finish, to make this thesis as great as possible. With the conclusion of 

this thesis comes the conclusion of my undergraduate career at Alfred University and the start of 

new opportunities. Fiat Lux! 
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1. ABSTRACT 
 

Over the last several months, the world has drastically changed because of a new 

generation of coronavirus and the pandemic it has caused. Researchers have taken into 

consideration previously studied biomaterial solutions against microbes and have manipulated 

these materials to hypothesize a potential cure against this raging virus. Previous literature 

supported the use of gallium-infused bioglasses as a way to inhibit bacterial and cancerous tumor 

growth, but this glass was restricted in how well it could prevent viral replication. These findings, 

along with other literature supporting the key immunological and antiviral properties of zinc ions, 

lead to the proposal of creating a zinc-infused bioglass to work against coronavirus. The 

effectiveness of a packed and sintered gallium-infused glass was tested against E. coli, the lack of 

success of this experiment, showcasing how ion release is affected by glass preparations and 

influencing how glass preparations for a zinc-infused glass should be done. Experiments regarding 

how to prove the success of this alternative glass composition were discussed and include: 

creating an ideal composition that will not generate an immune response, characterization of the 

glass, and direct testing against the strain of coronavirus directly impacting the world today. The 

success of these future studies would bring the world closer to developing a solution to an urgent 

problem. 
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2. INTRODUCTION 
2.1 Biomaterials  

Biomaterials are any material, natural or synthetic, used in medical conditions to 

enhance, replace, or support biological function1. Biomaterial applications date back to ancient 

Egyptian times, but more recently have been developed to directly interact with and integrate 

into the body1. The most difficult challenge of biomaterials research is how to design these 

materials in a way that is biocompatible, preventing the body from rejecting them.  

In the mid-1960s, it was believed that the best way of achieving this was with materials 

that had the least interaction with the body2. This included primarily metals, and often resulted in 

corrosion and implant failure, as these materials could not withstand the chemical nature of 

bodily fluids2. Because of this, the search for more biochemically compliant materials began, and 

ceramics that closely mimicked bone tissue were the first to show heightened biocompatible 

properties2.  

Professor Larry Hench took this idea and was able to develop a very biocompatible 

material with a silica base2. Mixing this base with other ingredients, such as calcium, allowed the 

mimicking of natural bone, with the implant actually working to integrate, stimulate, and fix 

fractured bone tissue2. This glass was named 45S5 and had the following composition: 45 wt% 

silica (SiO2), 24.5 wt% calcium oxide (CaO), 24.5 wt% sodium oxide (Na2O), and 6 wt% 

phosphorous pentoxide (P2O5)2. This glass undergoes chemical degradation in which it releases 

ions, Na+ and Ca2+, allowing the material to be converted to a carbonate-substituted 

hydroxyapatite-like (HCA) layer3. This layer very closely resembles that of bone, which allows the 

material to directly interact with the body3. Since Professor Hench’s discovery, numerous 

variations of this glass have been studied, creating an entirely new division of biomaterials 

studies. 

2.1.1 Bioactive Glass  

Professor Hench is responsible for naming biologically interactable materials “bioactive 

glasses” after his glass implants resisted removal from their implantation into bone tissue2. 

Bioglass material is generally composed of naturally occurring compounds, including SiO2, CaO, 

Na2O, and P2O5, the proportions of which are similar to that of natural tissue2. Changing these 

compositions can make the material more suitable in other tissues2. Table 1 shows various 

compositions of bioglasses and what properties they can elicit2. 
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Additionally, by varying the proportions of each component, the glass can either be 

bioinert, bioresorbable, or bioactive2. These are different levels of interaction between the 

material and the body, bioinert being the least interactive. Figure 1 shows how these varying 

proportions can create these levels of bioactivity.  

 

Differing bioglass components and therefore the properties of the glass greatly varies the 

applications in which these glasses can function. Bioactive glasses have been seen to act as graft 

Figure 1: Bioglass components and their compositional 
relationship to bioactivity2 

Table 1: Different compositions of bioglasses and their respective properties2 
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materials, as endosseous implants, as remineralizing agents, as antibacterial agents, in drug 

delivery, and in tissue engineering2. 

2.1.2 Importance of Antimicrobial Properties 

 Biomaterials are often surgically implanted into an individual, and their failure often 

happens because of infection rather than the implant not cohabitating with the body4. To combat 

infections in general medicine, some of the antimicrobial agents available include antibiotics, 

quaternary ammonium compounds, metal ions/oxides, and antimicrobial peptides4. However, 

many of these components can be toxic to healthy cells if used in excess, or are too expensive to 

manufacture4. As a result, the addition of antimicrobial agents into biomaterials in order to 

improve their use in bioengineering applications has become widely considered.  

Looking specifically at metal ions as antimicrobial solutions, changing glass compositions 

to include chemical ions has shown bioglasses can exhibit antibacterial, antifungal, and 

antitumorgenesis properties, especially in regards to the addition of gallium ions (Ga3+)5. Gallium 

has very similar chemical properties to iron, the most abundant trace metal found in our bodies. 

Inserting this ion in glass has demonstrated the potential for ionic dissolution products to 

influence cell metabolism, exhibiting statistically significant decreases in cancer and fungal 

viability, which is theorized to occur due to passive disruption of the iron uptake pathway5.  

Gallium, because of its chemical properties, has limited success as an antimicrobial agent 

for viruses. Instead, looking at a second very influential ion, zinc (Zn2+), its chemical properties 

and significant role in cellular growth gives it significant antiviral properties. Incorporating it into 

bioglasses could allow bioglasses to have antiviral properties as well, creating an ionic 

antimicrobial solution for many different types of microbes. Zinc is the second most abundant 

trace metal found in the body6, and is critical for cellular growth and development, especially in 

DNA synthesis and RNA transcription7. Increasing intracellular zinc concentrations can inhibit an 

RNA virus’s ability to replicate, but excess zinc can be harmful to an individual8. Understanding 

how to stop viral replication is critical because viruses are nonliving organisms, making it very 

difficult to stop their infection and replication in humans.  

 

2.2 Coronavirus  

The coronavirus is one of the most prominent pathogenic attackers of the human 

respiratory system9 and has currently infected thousands of individuals across the globe with no 

effective treatment methods. These viruses have a positive RNA genome that is enveloped by a 
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membrane and have at least four structural proteins: spike protein, envelope protein, membrane 

protein, and nucleocapsid protein10. The spike protein is the one in which the virus is able to bind 

and integrate with the host cell10. Some versions of this virus family cause individuals to develop 

severe acute respiratory syndrome (SARS), likely because the spike proteins on SARS-CoV attach 

to angiotensin-converting enzyme 2 (ACE2) found in the lungs10. Since the protein attacks the 

lungs, it can leave patients in critical conditions. The understanding of specifics about this virus’s 

mechanisms are still not very clear as it can be hard to get a good idea of the biochemical aspects 

of its life cycle. However, there are some basic principles about RNA viruses that are understood 

and give clues as to how biomaterials can impact their replication. 

2.2.1 The Impact of RNA Viruses 

Positive strand RNA viruses vary in how they have evolved to evade its host’s immune 

system, but they all rely on the same basic mechanisms to function8 These types of viruses differ 

from eukaryotic pathogens in that they have a specific RNA capping system to help their genetic 

information to enter a host cell without being recognized11. One important thing for the purpose 

of this study is to note how all positive stranded RNA viruses, of which includes the coronavirus, 

have a significant reliance on the RNA-dependent RNA polymerase (RdRp) enzyme8. It is a critical 

enzyme in the RNA synthesis mechanisms of these viruses8. Some antiviral drugs that inhibit RdRp 

can be seen in Table 2 and they show the significance of this protein for the virus’s survival.  

2.2.2 Previous Coronavirus Outbreaks 

There have been two variations of the coronavirus that have presented serious 

outbreaks, the SARS-CoV in 2002-2003 and the Middle East respiratory syndrome (MERS)-CoV in 

Table 2: Drugs affecting RdRp and their pharmacological function10 
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201312. These outbreaks had a fatality rate of 10% and 35% respectively10. Both of these 

epidemics proved coronavirus to be a great public health threat. Since then, the SARS-CoV from 

2003 has evolved into a second generation, SARS-CoV-2, that has proven to be a global threat as 

of 20199.  

 

2.3 Coronavirus Pandemic of 2020 

The genetic sequence of the coronavirus that originated in 2019 (COVID-19) has an 80% 

identity match to the SARS-CoV that came before it and an 88% genetic identity match to two 

bat-derived SARS coronaviruses9. However, it is significantly different enough from its SARS-CoV 

predecessor that it can be classified as a betacoronavirus of its own9.   

In December of 2019, several patients were admitted into hospitals in Wuhan, China9. 

They were diagnosed with pneumonia, but its cause could not be determined9. By January 2, 

2020, 41 patients were tested and diagnosed with COVID-19, less than half of which had previous 

medical conditions such as diabetes or heart disease9. Since then, the virus has grown to impact 

the entire planet, resulting in thousands of deaths. As of February 2020, the COVID-19 pandemic 

had resulted in more deaths than the SARS and MERS coronavirus epidemics combined12.  

It was originally unknown how the virus spread through those infected in China, but it has 

since been determined that the spread was likely not from one person to many others9. Since 

then, it has been thought the virus spreads by person-to-person contact, whether it be through 

direct contact with another individual or through droplets spread by coughing or sneezing from 

an infected individual9. The rate of spreading has grown exponentially, with a doubling period of 

1.8 days12. Either way, controlling the spread of this virus has presented a serious problem as it 

has managed to overwhelm the heath care systems of several countries trying to protect those in 

critical condition. 

2.3.1 Current Treatments 

Currently, there are no effective treatments for COVID-19, especially considering 

vaccines from the SARS-CoV outbreak 18 years ago still show no progress in getting an approved 

product12. This being said, the severity of the 2020 pandemic has greatly encouraged the search 

for a vaccine or cure against this virus. One report showed the use of remdesivir and chloroquine 

to be very effective in controlling SARS-CoV-2, but work for that has only been done in vitro so 

far9. Other compounds used to treat the seasonal influenza virus, including EIDD-2801, are being 

developed against COVID-199. In order to stop this outbreak, it is speculated that we need to 
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develop either an effective cure or a preventative treatment method against the virus. After 

surveying the literature and some experimental data, it seems possible that a bioglass which 

releases (Zn2+) ions may contribute to the solution of this global disaster. The second part of this 

study will look at the literature studies done with zinc pertaining to its antiviral properties, in 

order to evaluate the possibility of somehow utilizing zinc-infused bioglasses to aid in the relief of 

this viral pandemic. 
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3 LITERATURE REVIEW 
 

3.1  Gallium-Infused Bioactive Glass 

Because of the chemical properties of gallium, its use in bioactive glasses has been widely 

studied. Gallium very closely resembles ferric iron (Fe(III)) in both ionic radii and 

electronegativity5. Cells must consume iron in order to metabolize and stay alive, but because of 

how closely related iron is to gallium, cells can consume this pseudo-iron instead5. Because of 

these properties, gallium has been applied as an antibacterial solution, combating the growth of 

drug-resistant strains of bacteria because of a reliance on long term antibiotic treatments13, and 

in certain antiviral applications14. The ease with which this ion can be integrated into biomaterials 

makes it a key antimicrobial agent and a gateway to how these types of antimicrobials have the 

potential to treat against coronaviruses. 

3.1.1 Gallium as an Antibacterial Agent 

Gallium has effectively worked against both Gram (+ve) and Gram (-ve) strains of 

bacteria13. In a study done by Keenan et. al, a control glass, along with two experimental glasses, 

each with varying concentrations of gallium, were tested against different bacteria and fungi to 

evaluate how (Ga3+) affects the growth of these cells5. The compositions of the glasses can be 

seen in Table 3 below.  

 

Although this study did not demonstrate the same levels of efficacy for Ga3+ against 

bacterial strains (E. Coli, S. aureus) as prior studies in the literature, a key finding was its efficacy 

against the fungal strain Candida albicans, and the results of this study can be seen in Figure 213.  

Table 3: Compositions as mol. fractions of control, TGa1, and TGa2 used in Keenan et. 
al. study5 

 
 

 Control TGa1 TGa2 

SiO2 0.42 0.42 0.42 

Ga2O3 0.00 0.08 0.16 

ZnO 0.40 0.32 0.24 

Na2O 0.10 0.10 0.10 

CaO 0.08 0.08 0.08 
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The ability of gallium to work against both bacteria and fungi poses questions to how 

successful it may be to also working against viral infections, one of which is causing drastic 

changes to the world today. Can Ga3+ ions work to fight against COVID-19 strains of RNA viruses? 

3.1.2 Gallium as an Antiviral Agent 

In order to determine the feasibility of Ga3+, evidence to support the use of this ion 

against viruses was gathered. Although it does not encompass viruses as a whole, a study done 

seeing the impacts of gallium against HIV demonstrate that it can be effective against certain 

viruses14. HIV infections rely very strongly on iron for metabolism and growth. This literature 

study did not look at gallium-infused bioglasses, it instead looked at gallium nanoparticles which 

targeted macrophages, cells commonly infected by HIV14. The nanoparticles reduced the growth 

of HIV for up to 15 days following their injection into the macrophage cells. Graphical results of 

the study can be seen in Figure 3.    

Figure 2: Effectiveness of Ga-containing bioactive glasses in creating inhibition zones in vitro cell 
cultures of E. Coli (a), S. aureus (b), and C. albicans (c)13 

Figure 3: Gallium nanoparticles against HIV-mycobacteria co-infection tested by p24 
staining (a) and by reverse transcriptase (b)14 
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These results demonstrate the potential of gallium against viruses, however, the 

mechanisms by which it works requires the virus to have a dependence on DNA14. For the case of 

treating COVID-19, an RNA-dependent virus, other ionic agents - perhaps zinc because of the 

properties it has been shown to have - may prove, with additional research, to work against these 

alternative viral strains. 

 

3.2 Implications of Using Zinc Ions 

Zinc has many key properties that could make it ideal for the treatment against RNA 

viruses. It binds with most viral proteins including: transferases, hydrolases, lyases, isomerases, 

ligases, and transcription factors6. Its impact in transcription is known, as zinc is a structural 

component of over 750 transcription factors7. Zinc is essential for DNA synthesis and RNA 

transcription, two processes vital for the replication of organisms7. However, zinc levels are 

regulated in the body by metallothioneins in order to keep its intracellular levels relatively low8. 

Elevated zinc levels can cause a secondary messenger response to trigger cell death or to 

decrease protein synthesis, harmful responses to the ability of humans to maintain cellular 

validity8.  Because of the negative impacts zinc can have, free zinc ions only represent 0.0001% of 

total cellular zinc7. Regardless, in vitro studies have shown the promising effects of zinc against 

viruses7.  

3.2.1 Immune Benefits of Zinc 

Studies have shown the effects of zinc in supporting the immune system. There are three 

key methods by which zinc impacts the immune system 1) Zinc prevents excessive IFN 

production, which decreases the expression of antiviral genes and the negative impact of viruses 

on the body7. (IFNs are immunostimulatory cytokines that are secreted by infected cells and 

some immune cells that can induce the expression of antiviral genes); 2) Zinc increases 

expression of an enzyme, A20, that inhibits pathogen response. (A deficiency in A20 makes viral 

infection easier, so increasing its expression helps the immune system identify these foreign 

bodies7); 3) Zinc promotes an increase in CD4+ T cell counts in individuals when compared to 

treatment methods lacking zinc ions7. (These are critical immune cells in the body’s ability to 

remove pathogens, so having increased cell numbers of this type reduce the life of a virus inside 

the body.)  
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Even before looking at specific antiviral applications of zinc, the immune benefits it has 

shown suggests that these benefits could aid in those with compromised immune systems trying 

to fight off COVID-19 and can reduce the number of patients who develop critical conditions as a 

result of this viral infection. 

3.2.2 Antiviral Applications of Zinc 

Due to its importance in replication mechanisms, zinc has been proven to combat many 

RNA viral strands. By increasing cellular concentrations of zinc, the replication of influenza and 

poliovirus, both of which are RNA viruses, is impaired8. These mechanisms are interfered with 

because zinc is able to disrupt the breakdown of viral polyproteins8. In human plasma, zinc 

concentrations range from about 10-18 uM, but in viruses, it is not uncommon to find zinc 

concentrations in the mM range7.  Figure 4 shows five different methods by which zinc can inhibit 

viral replication.  

 

In the figure, (1) represents free virus inactivation, (2) represents the inhibition of viral 

uncoating, (3) represents viral genome transcription, (4) represents viral protein translation and 

polyprotein processing, and (5) represents virus assembly/particle release (although studies have 

not shown how zinc works against these processes). A key point to note for the purpose of this 

Figure 4: Methods by which zinc can impact viral 
replication7 
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study is method (3) in which Zn2+ is directly affecting RdRp. This has the most direct effect on 

SARS viruses, making it an important consideration when looking to combat SARS-CoV-2. 

 

3.3 Replication of COVID-19 Viral RNA and Its Implications For Treatment Strategies 

After SARS-CoV-2 enters the body through the ACE2 protein found in the lungs, it must 

find a way to replicate in order to continue passing its genetic information on to other 

generations. One of the most important components of viral replication mechanisms is RdRp15. It 

is the catalytic subunit required for all positive strand RNA viruses to replicate15. Although its 

importance has been discovered, the hydrophobic nature of coronaviruses prevents exact 

biochemical characterization of RdRp and the ability to understand its role in RNA synthesis15. 

Regardless, the importance of this protein in viral replication and the impact zinc has on this area 

makes targeting this protein as a treatment option very plausible. The replication methods used 

by SARS-CoV can be seen in Figure 5 below. 

 

3.3.1 Zinc Treatments against SARS-CoV 

Studies have shown that the coronavirus binds to zinc in three sites: a papain-like 

proteinase and two helicases, and the activity of the virus is strongly dependent on zinc6. Zinc has 

shown to be effective in inhibiting the function of SARS-CoV RdRps8. The activity of this protein is 

Figure 5: Methods of SARS-CoV-2 binding and 
replication16 
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specific to viruses, allowing treatments to be targeted to only viral organisms, protecting healthy 

human cells, and granting an ability for this type of treatment to have low cytotoxicity8. In a study 

done by Velthuis et. al, 2 uM of pyrithione (PT), a zinc ionophore, was combined with 2 uM of 

Zn2+ in cell culture, successfully inhibiting the replication of SARS-CoV8. In vitro, the inhibition of 

SARS-CoV RdRp was even shown during the elongation phase of RNA synthesis when zinc levels 

were elevated8. The study’s findings support the hypothesis that in coronaviruses, increased zinc 

concentrations inhibit protein degradation and RdRp activity although the structural basis for 

how zinc inhibits of RdRp activity was not fully defined8. 

Although the results of this study seem promising, there is still more experimentation 

that must be done to find a failure-proof cure to COVID-19. The study done was on SARS-CoV 

and, in spite of the similarities between this virus and SARS-CoV-2, there is no guarantee that 

these treatments will be equally effective against this new strain. Further work can also be done 

to draw conclusions about the structural reasoning behind how zinc is effective8. All in all, zinc-

infused bioglass has the literature support to be developed and tested as an effective way of 

treating and shortening the COVID-19 virus and the pandemic it has caused. 
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4 EXPERIMENTAL DESIGN 
 

4.1 Previous Experimental Work 

Before the outbreak of COVID-19, the purpose of this study was to experimentally 

determine further effects of TGa1 and TGa2 from Keenan et. al’s study against bacteria, fungi, 

and cancerous cells. However, since the outbreak, the lab equipment for this study has become 

unavailable. We did have an opportunity to characterize the glasses, pack and sinter them, and 

test one round against E. Coli. Because of the drastic and rapid spread of this virus, it is important 

to shift our understanding to something that would be useful in countering it.  

4.1.1 Glass Characterization 

To ensure the intended components of the glass were actually contained within the glass, 

the glasses were examined and imaged using a Quanta 200F Environmental Scanning Electron 

Microscope (SEM). Energy-dispersive x-ray spectroscopy (EDS) was carried out using a FEI EDAX 

system equipped with a silicon-drift detector. The results of which can be seen in Figure 6 for 

Control, TGa1, and TGa2. The peaks are labeled with which chemical element they represent. It is 

important to note that there is no gallium peak in the control glass, as expected. It is also 

important to note the differences in the zinc and gallium relative peaks between TGa1 and TGa2, 

TGa2 having less zinc and more gallium, as expected. This suggests the glasses were synthesized 

as intended and no significant abnormalities were introduced during the synthesis process. 
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A 

B 

C 

Figure 6: EDS results for control (a), TGa1 (b), and TGa2 (c) 
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Looking further at the glasses under a SEM at 1000x magnification, a qualitative 

evaluation of the differences in the particle sizes between the glasses was observed. TGa1 and 

TGa2 were observed to have very similar glass particle sizes to each other, occurring at a lower 

concentration and larger size compared to the control. This similarity in particle size will aid in the 

elimination of variables that could affect the success of one glass or another for reasons other 

than their chemical components. These SEM images can be seen in Figure 7 below for the 

control, TGa1, and TGa2.  

 

4.1.2 Pressing and Sintering 

In order to conduct organized bacterial studies, the powdered glasses were pressed into 

disks and sintered to ensure their solidity. Samples of glass weighing 0.063-0.068 g were pressed 

into 5mm round disks using a hydraulic press with approximately 7 lbs. of pressure. They were 

then sintered in an oven at 572 °F for 22 hours. This allowed the glass to atomically flow and 

compress, strengthening the disks and preventing the glass particles from breaking apart during 

the bacterial testing.  

4.1.3 Effects Against E. Coli 

E. coli was grown, swabbed onto plates filled with agar, (3) glass disks were placed in a 

triangle on each plate, and the bacteria was then left to grow for 24 hours. This same procedure 

was done for the control glass, TGa1 and TGa2. The results after the 24-hour incubation period 

can be seen in Figure 8. 

Figure 7: SEM images of control (a), TGa1 (b), and TGa2 (c). 
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There were no evident inhibition zones around the glass disks, implying the bacterial 

growth was not inhibited at all. The lack of bacterial inhibition could likely be because of how 

little gallium is able to diffuse out of these tightly packed and sintered glass disks and into the 

agar where it could impact the growing E. Coli culture. Nonetheless, this experiment still showed 

valuable information regarding how the processing of the glass impacts the resulting efficacy in 

inhibiting cellular growth. Further studies changing the method of glass preparation and the 

method of culture growth should be considered to figure out if gallium-infused bioglasses possess 

the properties expected from literature. 

 

4.2 Future Experimental Work 

As these results are in-line with prior agar diffusion work conducted with Ga-containing 

glass-hydrogel composites, it would be worthwhile to continue the testing using pressed glass 

disks both against S. aures and C. albicans to determine if those results also matched the prior 

study. Upon completion of that work and evaluation of the results, the most promising methods 

by which to test these glasses against viruses could then be determined. Figure 9 below shows a 

current drug being tested for use against COVID-19. It targets the same RdRp protein that a zinc-

infused bioglass would target, and the way it affects the protein, and ultimately the virus, should 

be considered when designing bioglasses to fulfil a role against viruses.  

 

 

 

Figure 8: Antibacterial testing of control (a), TGa1 (b), and TGa2 (c) against E. Coli  

A B C 
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4.2.1 Recharacterize Glass and Determine Ion Release 

For the same reasons the gallium glasses were characterized, the same should be done 

for zinc glasses. This step validates the composition of the glass and gives a good insight into how 

the glass might behave mechanically and biochemically. An important thing to consider for zinc 

glasses is how much of the ion is being released. The benefits of zinc against viral pathogens has 

previously been discovered, but too much of this ion in our bodies is as bad or worse than viral 

infections. A study should be conducted to measure the amount of zinc released from the glass to 

ensure it is within appropriate limits.  

One study was done involving a quantitative method of determining how strontium ions 

are released from a bone specific bioglass. Although the ion studied here is neither zinc nor 

gallium, it still gives key insights to the methodologies for which to measure ion release, 

specifically in simulated body fluid (SBF), over time18. Understanding these methods allow for 

future experimentation involving similar parameters to be conducted. The methodology of this 

study used a mix of various chemical compounds to create the SBF18. The SBF and 75mg of glass 

powder were combined and agitated for various intervals up to 480 minutes. The resulting 

solution was studied by inductively coupled plasma optical emission spectroscopy18. A similar, if 

not identical, experiment to this should be done to determine the ion released from the zinc 

glasses. It is important to note that in the previous experiment, the ion released was determined 

Figure 9: How remdesivir affects RdRp in preventing 
COVID-19 replication17 
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before characterizing the glass – something to consider when replicating this methodology in the 

future. 

4.2.2 Determine Bioactivity of the Glasses 

As mentioned previously, biomaterials and bioglasses can vary in how much they interact 

with the body depending on the composition of the glass. There is a bioactivity index (IB) that 

measures the time it takes for more than half of the interface to bond2. An IB value greater than 8 

is able to bind to hard and soft tissues; materials with an IB value less than 8 but greater than 0 

will bind only to hard tissues2. The glass being designed for a viral application should consider the 

best bioactivity level.  

Can glasses shown to be successful in bone growth also prove to treat a virus that attacks 

the lungs? If so, the IB index of the zinc glass should be close to that of 45S5 glass, close to a value 

of 8. If not, researchers must design experiments that attempt to discover (1) how best to deliver 

these glasses to an area that has a direct effect on the lungs, (2) how bioactive this glass 

can/should be in this new area to effectively eliminate any immune response against it while also 

stimulating healthy benefits, and (3) how changing the glass to meet bioactivity standards affects 

the release of zinc ions, specifically with how to achieve a level of ion release that is safe but 

effective. These experiments could be done in a multitude of ways, always considering a control 

and changing one variable at a time to see how each variable has an effect on these areas.  

4.2.3 Test against COVID-19 

Once the glass has been perfected to reach its target areas in a healthy and stimulating 

way, testing should begin on how effective the glass is against COVID-19. Similar to how the 

bacterial experiments were run, a control glass and two others, changing one distinct variable in 

respect to the other (e.g. the amount of zinc or the bioactivity level of the glass), should be tested 

in their effectiveness against COVID-19. The results of these trials can validate the composition of 

the glass if they are successful, or they can lead to more compositional changes and re-

experimentation if they show unexpected and unsuccessful results. Based on published results 

from previous SARS virus studies, it is reasonable to test whether the zinc glass should be able to 

counteract COVID-19 as a viral threat because of how closely related their replication 

mechanisms are, both showing a dependence on RdRp.  
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5 CONCLUSION 
 

Biomaterials have existed in some form for almost as long as man. Over time, with an 

increased understanding of biology and material compositions, this field has evolved such that 

materials now can bind and interact with the body in a healthy and beneficial way, bioglasses 

especially. Changing the composition of these materials can greatly alter their mechanical and 

biological properties, changing how they can be applied to combat biological disorders, defects, 

or infections.  

Most interesting to this study is how ions can work as antimicrobials. Gallium-infused 

glasses have shown to be successful in combating both positive and negative strands of bacteria 

as well as combating cancerous cell viability and fungal infection. Using this success, the ability of 

gallium to fight against viruses has also begun to be considered. Gallium-infused glasses did show 

success in literature against viruses, including HIV, but their success was limited to the 

mechanisms that the virus used to replicate. DNA-dependent viruses were successfully 

eliminated with these gallium bioglasses. However, with the state of the world today, gallium 

would not be a successful treatment plan for the current prominent RNA-dependent coronavirus.  

The coronavirus pandemic of 2020 has caused detrimental effects, and with no cure in 

sight, will continue to have adverse effects for an indeterminate amount of time. Fortunately for 

this situation, zinc has been proven through countless experiments to have good immunological 

and antiviral properties. Zinc affects RdRp, inhibiting the ability of RNA dependent viruses to 

replicate. Zinc has proven, as evidence in the literature, to be successful in combatting SARS-CoV, 

but whether it can combat this new SARS-CoV-2 strand is still unknown.  

The next steps for determining how successful a zinc-infused glass can be as an 

intervention against COVID-19 include determining proper concentrations of the glass material to 

achieve the ideal bioactivity level, characterizing the glass and determining exactly how much zinc 

is released over time, and doing experiments to see how effective the glass is in preventing SARS-

CoV-2 replication.  

From Egyptian times to a contemporary global pandemic, biomaterials have solved 

worldly problems, and can continue to solve worldly problems with a unique understanding of 

how they can be manipulated and applied to whatever situation is at hand. Only advanced 

understandings of biomaterials and some experimental research will prove whether materials 

such as bioactive glasses can help in the fight against viral outbreaks.  
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