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potential in Alzheimer’s disease?
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The potential of fullerenes to interact with Aβ and to exert an 
effect on the diseased AD brain in experimental animals is par-
ticularly important considering that extracellular irregular pro-
tein aggregates are also present in the specific age-related form of 
neurodegeneration defined as mild cognitive impairment (MCI). 
The potential of 3HFWC to slow down protein aggregation and 
decrease the speed of subsequent neurodegeneration is intrigu-
ing. These findings substantially broaden the potential thera-
peutic value of 3HFWC, particularly as a general prophylactic in 
aging population.
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Alzheimer’s disease - is it an epidemic?
Alzheimer’s disease (AD) is a debilitat-
ing disease. It is characterized with the 
irreversible and progressive brain deteri-
oration, slow destruction of memory and 
thinking skills and, finally, the ability to 
carry out the simplest life tasks. It is cur-
rently affecting about 50 million people 
worldwide and this number is estimated 
to increase 62% by 2030. Nowadays, with 
the substantial advances in modern med-
icine, our life-span has been significantly 
increased (Figure 1). The United Nations 
estimates a global average life expectan-
cy of 72.6 years for 2019 – the global av-
erage today is higher than in any country 
back in 1950. Paradoxically, advanced age 
is the single most major risk for AD with 
the prevalence doubling every 5 years be-
tween the ages of 65 and 95 years and in-
creasing from 2% at 65 years of age to 40% 
at over 85 years of age. The elderly experi-
ence minor changes in memory and think-
ing capacities but these changes are not 
severe enough to affect daily living and 
functioning. Most importantly, the ability 
to live independently is not affected.

and other caregivers. The typical first signs 
of AD are memory problems, although initial 
symptoms may vary from person to person. 
A decline in other aspects of thinking, such 
as finding the right words, vision/spatial is-
sues, and impaired reasoning or judgment, 
may also signal the very early stages of Alz-
heimer’s disease. These results in inability to 
perform everyday things like driving a car, 
cooking a meal, or paying bills. People with 
Alzheimer’s disease often ask the same ques-
tions over and over, they get lost easily, lose 
things or put them in odd places, and find 
even simple things confusing. As the disease 
progresses, some people become worried, 
angry, or violent. Although memory loss 
and dementia, in general, are progressive 
and irreversible, the rate of progression of 
these symptoms is highly variable and im-
possible to predict.

The complete helplessness of often other-
wise healthy AD patients is devastating and 
heartbreaking. On the other hand, as the 
aging population progressively increases in 
modern society, the high incidence of AD 
among the elderly poses a substantial so-
cio-economic burden to patients, caregivers, 
and the healthcare system. The estimated to-
tal healthcare costs for the treatment of Alz-
heimer's disease in 2020 in the USA is $305 
billion, with the cost expected to increase to 
more than $1 trillion as the population ages. 
Most of the direct costs of care for Alzhei-
mer's disease are attributed to skilled nurs-
ing care, home healthcare, and hospice care. 
Indirect costs of care, including quality of life 
and informal caregiving, are likely underes-
timated and are associated with significant 
negative societal and personal burdens.

Alzheimer’s disease was discovered in 1906
The disease was discovered in 1906 by Dr. 
Alois Alzheimer, a German psychiatrist 
and neuropathologist. Dr. Alzheimer per-
formed a postmortem examination of the 
brain from a woman who had died of at that 
time/then unfamiliar mental illness. She had 
symptoms that included memory loss and 
language problems, accompanied with the 
unpredictable behavior. He described many 

However, AD patients are being gradually 
stripped of their ability to make decisions 
and participate in everyday life and as the 
illness progresses they become completely 
dependent on help from family members 

Figure 1.
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abnormal clumps (now called amyloid 
plaques) and tangled bundles of fibers (now 
called neurofibrillary, or tau, tangles) in the 
patient’s brain. These unique pathologi-
cal features in the brain are still considered 
some of the main hallmarks of Alzheimer’s 
disease, although other features, such as the 
loss of connections between nerve cells (neu-
rons) in the brain are considered as some of 
the AD pathological changes (Figure 2). This 
general malfunction of neuronal communi-
cation is responsible for the subsequent be-
havioral changes.

Although AD was discovered more than 
one hundred years ago, the full clarification 
of its pathogenesis is not yet achieved. Nev-
ertheless, specific anatomical markers of AD 
are known and are helpful in understand-
ing the disease pathogenesis and for the de-
velopment of possible therapies. These are 
macroscopic damages such as the atrophy 
of specific brain regions, and microscopic 
changes, such as accumulation of irregular 

protein deposits (plaques), and the forma-
tion of specific structures - neurofibrillary 
tangles. 

Although the brain atrophy most often 
starts in the hippocampus, a brain region 
responsible for the control of memory, it is 
now known that this process begins decades 
before the first symptoms. At the late stage 
of the disease there is a significant shrink-
age of the brain. The formation of plaques 
and neurofibrillary tangles is the result of 
the abnormal production and processing of 
two brain proteins, Amyloid beta and Tau, 
that are the focus of the worldwide research 
efforts executed in the dozens of laborato-
ries. Amyloid-beta (Aβ) is a fragment of a 
larger protein – amyloid precursor protein 
(APP). Irregular processing of this protein 
at the surfaces of neurons leads to the ab-
normal production of extracellular amy-
loid-beta fragments. When these fragments 
cluster together, they form larger deposits 
called amyloid plaques which appear to 

Figure 2. The brain of Alzheimer’s patients is characterized with macro and micro changes. Macro changes 
include atrophy of specific brain regions and micro changes are the formation of amyloid plaques. (Image Credit: 
Designua/Shutterstock)
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have a toxic effect on neurons and disrupt 
cell-to-cell communication. Tau proteins 
play a part in neuron's internal support and 
transport system. In Alzheimer's disease, 
due to hyper-phosphorylation tau proteins 
change shape and organize themselves into 
structures called neurofibrillary tangles. 
These tangles disrupt the transport system 
and are toxic to neuronal cells. How these 
changes occur and why they are present in 
some people and not in others remains still 
unsolved.

What causes Alzheimer’s disease? 
There are several different types of AD that 
are classified based on the time when symp-
toms start to appear - late onset (LOAD) and 
sporadic (SAD), or early onset (EOAD) and 
familial AD (FAD). FAD and EOAD is man-
ly associated with genetic mutations in the 
amyloid beta precursor protein (APP), pre-
senilin genes (PSEN1 and PSEN2), and apo-
lipoprotein E gene (APOE). Although one 
variation of the APOE gene, APOE e4, in-
creases the risk of Alzheimer's disease, and 
approximately 25% to 30% of the population 
carries this particular mutation, not every-
one with this variation of the gene develops 
the disease. Nevertheless, although there are 
other genetic mutations that virtually guar-
antee that person who inherits them will de-
velop AD, these mutations are responsible 
for less than 1% of people with AD. Thus, 
there are other factors that are necessary for 
AD to develop and they can be environmen-
tal, metabolic, viral etc. Nevertheless, aging 
remains the greatest risk for developing AD. 
Among health conditions, one of the signif-
icant risks for developing AD is mild cogni-
tive impairment (MCI), characterized by a 
decline in thinking skills and memory that is 
greater than normal for a person’s age, but 
MCI is not  preventing normal social and 
work functioning. In addition, people who 
suffered a severe head trauma classified as 
traumatic brain injury (TBI) also have a great-
er risk for AD. Interestingly, this risk is the 
highest within the first six months to two 
years after the TBI suggesting a window of 
opportunity for the development of preven-
tive therapeutic strategies. 

Environmental factors can influence or 
cause AD as well, and the important one is 
air pollution. Studies in animals have indi-
cated that air pollution can augment the de-
generation of the nervous system. Human 
studies have also found that air pollution 
exposure - particularly from traffic exhaust 
and burning wood - is associated with a 
greater dementia risk. Researchers have also 
shown that consummation of large quanti-
ties of alcohol can be linked to the increased 
risk of dementia, particularly the early-onset 
dementia. Poor sleep patterns such as hav-
ing difficulties falling or staying asleep are 
also associated with the higher risk of AD.

Finally, the large group of life style factors 
such as lack of exercise, obesity, smoking or 
exposure to secondhand smoke, high blood 
pressure, high cholesterol, and poorly con-
trolled type 2 diabetes are also strongly as-
sociated with the increased risk of AD. The 
good news is that at least in case of these 
life style factors we have the power to alter 
the odds in our favor. For example, regu-
lar exercise and a healthy low-fat diet rich 
in fruits and vegetables are associated with 
a decreased risk of developing AD. Lastly, 
scientific studies have established a sound 
association between lifelong involvement in 
mentally and socially stimulating activities 
and a reduced risk of AD. 

Diagnosis of Alzheimer’s disease
The time from diagnosis to death varies 
depending on the age of the person. If the 
person is older than 80 when diagnosed the 
prognosis is 3 or 4 years, but if the person is 
younger than the prognosis can be as long as 
10 or more years. Alzheimer’s disease is cur-
rently ranked as the sixth leading cause of 
death in the United States. However, it can 
be ranked as third, according to the recent 
estimates, as a cause of death in elderly, just 
behind heart disease and cancer. The import-
ant part of diagnosing AD includes the abili-
ty of the patient to explain the symptoms, as 
well as the information obtained from fam-
ily members, friends, and caregivers about 
symptoms and how are they affecting the 
everyday life. Finally, a diagnosis is based 
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on tests that doctor administers. These tests 
are designed to assess memory and thinking 
skills. The additional laboratory and imag-
ing (PET scans) tests can also rule out oth-
er potential causes and/or help the doctor 
to identify more precisely particular symp-
toms important for diagnosing AD and to 
distinguish among similar symptoms that 
characterize other types of dementias such 
as vascular, senile and others.

Nonetheless, AD is only diagnosed with 
complete certainty after death when the 
postmortem microscopic examination con-
firms the presence of specific plaques and 
tangles in the patient’s brain.

Treatment of Alzheimer’s disease
Although treatment can help manage AD 
symptoms in some people, currently there is 
no cure for this devastating disease.

Current medications prescribed for the treat-
ment of AD can initially help with memo-
ry symptoms and other cognitive changes. 
There are two types of drugs in use for the 
treatment of AD - cholinesterase inhibitors 
and memantine (Namenda). Cholinesterase 
inhibitors work by increasing levels of cell 
communication through the preservation of 
a specific messenger molecule (acetyl cho-
line) that is depleted in the AD brain. Most 
people see modest improvements with this 
treatment. However, these drugs have se-
rious side-effects such as diarrhea, nausea, 
loss of appetite and sleep disturbances, and 
in some cases cardiac arrhythmia. Meman-
tine (a NMDA receptor antagonist) works 
on another line of communication in the 
brain and this treatment is able to slow the 
progression of symptoms in moderate to se-
vere cases of AD. Relatively rare side effects 
include dizziness and confusion. Sometimes 
these two treatments can be combined. 

Therefore, the choice of treatments that AD 
patients face after diagnosis is very limited 
and the outcome is not very prospective - 
they decelerate, but not cure the disease. Be-
cause of that, the development of new treat-
ments has been an urgent focus of research 

labs and clinics in the last decades. A num-
ber of governmentally and privately funded 
grants exist with a sole mission of finding 
the cure for AD. They invest in all the stud-
ies that carry the hope of finding a solution 
for this debilitating disease that is more than 
a century present in human population.

Nano-technology applications – Fullerenes
Nowadays, the nano-technology is omni-
present in our everyday life. Therefore, with 
the urge of discovering new treatments for 
AD, it does not come as a surprise that at-
tempts are made to harness the potential of 
this powerful methodology if not to cure, 
than to diminish/curtail/contract the devas-
tating effects of this disease. One such study 
examined the effects of a patented fullerene 
derivative, hyper-harmonized-hydroxylat-
ed fullerene water complex - 3HFWC (de-
veloped in TFT Nano Center, Belgrade as a 
part of ZEPTER GROUP International) (Fig-
ure 3). Fullerene is the third pure crystal car-
bon form, besides graphite and diamond. It 
is an allotrope (a structurally different form 
of the same element) of carbon whose mol-
ecule consists of carbon atoms connected by 
single and double bonds forming a closed or 
partially closed mesh, that consist of fused 
rings that contain five to seven atoms. The 
molecule may be a hollow sphere, ellipsoid, 
tube, or many other shapes and sizes. The 
fullerene family is named after buckmin-
sterfullerene (C₆₀), the most famous mem-
ber, which in turn is named as an homage to 
Buckminster Fuller, an American architect, 
systems theorist, author, designer, inventor, 
and futurist (who used the similar structur-
al principles for architectural objects that he 
designed). The closed fullerenes, especially 
C₆₀, are also informally called buckyballs 
for their resemblance to the standard soccer 
ball. 

Fullerenes had been predicted for some 
time, but only after their accidental labora-
tory synthesis in 1985 were they detected in 
the nature and outer space. Sir Harold Kro-
to, Robert Curl and Richard Smiley were 
awarded the 1996 Nobel Prize in Chemistry 
for the discovery of this class of molecules. 
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Since then fullerenes have been the subject 
of intense research, both for their chemistry 
and for their technological applications, es-
pecially in materials science, electronics, and 
nanotechnology.

C₆₀ is able to produce a large number of de-
rivatives. Considering that fullerenes have 
pour water solubility, the focus was put on 
developing chemical modifications such as 
the addition of hydroxyl groups creating 
fullerenols, compounds soluble in water. 

Therapeutic properties of fullerene and its 
derivatives were first shown in 1993, when 
Friedman and colleagues, demonstrated 
their ability to inhibit the activity of HIV 
protease, the key enzyme responsible for the 
formation of infectious HIV virus. The oth-
er important property of these compounds 
is the ability to inhibit bacterial binding to 
the host cells through the interaction with 
the adhesive molecules on the membrane. 
These compounds can interact with the im-
mune system and cancer cells. It was shown 
that they can inhibit the growth of specific 
cancers in experimental conditions but to 
also modulate the activity of some cytotoxic 
drugs. One of the most important character-
istics of fullerenes is that they have anti-ox-
idative properties absorbing free radicals 
and protecting cells from their toxic effects. 

However, fullerenes can be activated with 
different wavelengths of light generating 
free radicals and damaging membranous 
lipids and proteins. This ability of fullerenes 
and its derivatives is used as the base for 
photo-dynamic therapy where fullerenes 
act as sensitizing substances and exert bene-
ficial effects in different systems.

In order to understand the ability of 3HFWC 
to interact with amyloid-beta (Aβ), the cul-
prit protein of AD, numerous studies were 
done, mostly in solution and in the cell cul-
ture conditions (i.e. in vitro). These studies 
showed that water-soluble fullerenes are able 
to interact with Aβ protein’s 3D structure in-
hibiting their aggregation, the same process 
that initiates the formation of plaques.

Fullerenes’ potential in AD: the results 
from animal studies
The potentially beneficial actions of 3HFWC 
fullerene on the development and progres-
sion of AD was analyzed in the brains of 
experimental animals, rodents, in in vivo 
conditions. Considering that rodents do not 
develop AD, scientists have designed spe-
cific genetic modifications in mice in order 
to mimic the development and progression 
of familial Alzheimer’s disease (FAD). One 
such model is 5xFAD mouse that bears 5 mu-
tations in 2 genes whose altered functions 
are implicated in the development of AD. 
These genes are amyloid precursor protein 
(APP) and presenilin 1 (PSEN1). Previous 
studies have established that 3HFWC given 
orally, dissolved in drinking water, did not 
have any overall harmful effects on mice. 
However, fMRI scans of the CNS in treated 
wild-type mice showed increased activity of 
specific brain regions when compared to the 
control mice. The next step was to determine 
the effects of 3HFWC in an animal model of 
AD, the 5xFAD transgenic mice. The import-
ant fact to take into account when looking 
for the potential treatment for AD is that in 
humans, this disease can start many years 
before visible symptoms.

This period when the disease has already 
started but the patient is asymptomatic is 

Figure 3. 3HFWC, Hyper harmonized hydoxylated 
fullerene water complex C60(OH)x @ [(H2O)l]Փ/ɸⁿ
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called prodromal phase. Mice have shorter life 
span and in AD transgenic models the pro-
dromal phase lasts several months, facilitat-
ing the evaluation of putative new therapies. 
With that in mind, the specific study was de-
signed aiming to evaluate and compare the 
effects of 3HFWC when it is administered 
in prodromal phase (before the appearance 
of amyloid plaques), or when animals were 
already sick. Both groups were treated for 
3 months. Interestingly, this study showed 
that although 3HFWC had beneficial ef-
fects on specific aspects of AD pathology in 
both experimental paradigms, these effects 
strongly depend on the time when the treat-
ment was given (before the symptoms of a 
disease were visible or when the disease is 
fully developed). When approaching such 
a complex disease as AD, several aspects of 
brain pathology are taken into account and 
the effects of the new treatment are evaluat-
ed on each of them.

Firstly, the main structural parameter ana-
lyzed is the formation of amyloid plaques, 
an irregular accumulation of missfolded 
protein aggregates that is the hallmark of 
AD. A decrease in plaque accumulation or 
in the presence of its main constituent, the 
toxic form of amyloid-beta peptide (Aβ₄₂) 
is considered beneficial for the treatment of 
AD. Secondly, the pathological changes in 
AD brain such as the formation of plaques 
and tangles are accompanied with the in-
creased inflammation that can induce fur-
ther damage to the nervous tissue. There-
fore, diminishing the neuroinflammation is 
always beneficial. Lastly, the proper nerve 
cells communication is necessary in order to 
successfully respond to everyday tasks, to 
solve problems, and to think. This commu-
nication is achievable through specific struc-
tures called synapses. They are adaptable, 
dynamic and responsive structures repre-
senting the foundation of brain’s plasticity, a 

Figure 4. The effect of 3HFWC nano-substance, administered as a prophylaxis or therapy, on amyloid plaque 
burden, neuroinflammation and synaptic plasticity in 5xFAD transgenic animal AD model. 
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unique feature responsible for our adaptive 
responses to various intrinsic or extrinsic 
stimuli. The dynamic nature of synapses, i.e. 
their plasticity, can be measured and used 
to evaluate the level of pathology or the ef-
ficacy of the potential therapy. Importantly, 
synaptic plasticity is weakened in neurode-
generative disorders, including AD and the 
treatment is considered beneficial if it induc-
es the increase in synaptic plasticity. The ef-
fects of 3HFWC were analyzed in two brain 
regions that are regularly affected in AD, the 
cortex and hippocampus, and are respon-
sible for thinking and for the formation of 
memories. 

The effects of 3HFWC in the brain of an an-
imal model of Alzheimer’s disease
The analyses of experimental animals (40 
mice) after the 3-month-long 3HFWC treat-
ment showed clear and significant differ-
ences when compared to control transgenic 
animals and importantly, showed quali-
tatively different effects whether 3HFWC 
was given as a prophylaxis or as a therapy. 
When 3HFWC was given as prophylaxis, i.e. 
during the prodromal phase, to the animals 
that are in the early stages of the disease, the 
number of plaques in the brain was reduced 
while the neuroinflammation and synaptic 
plasticity were unaltered. In contrast, when 
3HFWC was given as a therapy to the already 
sick animals the effect on amyloid plaques 
was missing, but neuroinflammation was 
significantly reduced and synaptic plasticity 
increased (Figure 4). 

The prophylactic effect of 3HFWC on the 
level of plaque formation is most probably 
the result of the conformational changes of 
amyloid-beta affecting its irregular aggre-
gation. The anti-inflammatory effect of the 
treatment with 3HFWC when the disease 
is already developed in full and when the 
plaque growth is in its exponential phase 
may act as an indirect support of the syn-
aptic health, increase its plasticity, and as 
a result improving the cognitive functions 
in general. In this case, the possibility that 
3HFWC can be used as an adjuvant to con-
ventional therapies in order to improve pa-

tient’s mental health or to slow down the 
progression of disease is exciting. As in the 
case of prophylactic use the therapeutic po-
tential of 3HFWC warrants more in-depth 
studies. 

Conclusion
AD belongs to the class of diseases that 
have extracellular protein aggregates as a 
common denominator. Specific proteins 
become structurally abnormal and conse-
quently impair the function of cells, tis-
sues and organs in the body. Such irregu-
lar proteins can become toxic or they can 
lose their normal function. In medicine, 
these diseases are called proteinopathies and 
they include besides AD, such diseases as 
Creutzfeldt-Jakob disease and other prion 
diseases, Parkinson disease, amyloidosis, 
multiple system atrophy and a wide range 
of other disorders. The development of ef-
fective treatments for many proteinopathies 
has been difficult as they not only involve 
different proteins but they arise often from 
different sources. 

The potential of fullerenes to interact with 
Aβ and to exert an effect on the diseased AD 
brain in experimental animals is particular-
ly important considering that extracellular 
irregular protein aggregates are also pres-
ent in the specific age-related form of neu-
rodegeneration defined as mild cognitive 
impairment (MCI). The potential of 3HFWC 
to slow down protein aggregation and de-
crease the speed of subsequent neurodegen-
eration is intriguing. These findings sub-
stantially broaden the potential therapeutic 
value of 3HFWC, particularly as a general 
prophylactic in aging population. However, 
further studies are necessary to fully under-
stand the effects of this nano particle in ame-
liorating the consequences of aging. Some of 
the exciting questions that need answers are 
- what will be the effect of fullerenes on oth-
er proteinopathies in experimental animals; 
what, if any, are the effects of fullerenes on 
other organs not primarily affected with the 
specific disease; can fullerenes be consid-
ered as potential adjuvants for the already 
existing therapies? 
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We revealed that the factors that significantly enhance the analgesic 
result of PL therapy are the polarization of light and the presence 
of the long-wavelength part of visible light. Clinical observations of 
human pain before and after the application of PL revealed dynamics 
similar to those obtained in animals. Analgesia after 3-day applica-
tion of red light to AP He-Gu in a patient with post-traumatic pain 
reached 48.2%. We emphasize the efficacy, simplicity and safety of 
the PL color clinical application.

White (polychromatic) light and its individ-
ual color (monochromatic) components in 
the wavelength range from 400 to 780 nm 
have been received by humans for medical 
purposes for many centuries. This physio-
therapy direction has the general name ac-
tinotherapy with variations of light therapy, 
phototherapy, low-intensity laser therapy, 
color therapy, photobiomodulation.

There are no objections to the empirically es-
tablished approaches to the treatment of psy-
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choemotional disorders, insomnia, neonatal 
jaundice, prophylactic and pain-relieving 
light procedures, etc. [1-6]. The possibilities 
of light therapy have expanded since the ad-
vent of LASERs, which has drawn particular 
attention to a new kind of light. Laser creates 
coherent polarized light (monochromatic), 
the quanta of which propagated in a parallel 
stream. High-intensity laser light is used for 
the surgical destruction of pathological foci 
[7]. Low-intensity laser radiation is success-
fully used for therapeutic purposes in der-


