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ABSTRACT
To demonstrate the significance of NutraNanoSphere (NNS) technology, we have selected three medical applications 
that highlight the profound impact of our medical research on cognitive development, malaria prevention, and cancer 
treatment. As examples, we show three applications: one using a single molecule, Choline, that affects cognitive brain 
development by allowing it to cross the blood-brain barrier, another using four NNS in the same preparation to cure 
malaria in babies, and final two examples to show the importance of the NNS for bioavailability and accessibility 
where NNS Vitamin C or NNS Curcumin enters the cancer stem cell intact show a dramatic ability to kill the cancer 
stem cells after their penetration. Our early discovery of what is now called the Natural Killer Cell (NKC) and the 
Cancer Stem Cells (CSCs) is presented. The importance of plant botanicals, specifically Curcumin and Vitamin C, will 
be demonstrated to highlight their role in targeting CSCs unaffected by current classical cancer treatment methods. 
Finally, a review of the essential neutraceuticals involved in killing CSCs is presented.
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Introduction
A significant proportion of pharmaceutical drugs have poor water 
solubility. It is commonly cited in pharmaceutical sciences that 
approximately 40–90% of new chemical entities discovered 
through new drug discovery programs are poorly water-soluble, 
with about 90% of the drugs in the development pipeline are 
poorly water-soluble [1]. Poor water solubility can limit a drug's 
absorption in the body, reducing its bioavailability and therapeutic 
effectiveness. Developing formulations that improve solubility is a 
major challenge in pharmaceutical development.

Aging, neurological disorders (like stroke or Parkinson's), dry 
mouth, and certain medical conditions can make swallowing more 
difficult. Many elderly patients must take 20+ pills, resulting in 
appetite loss and wasting. The swallowing issues lead to patients 
skipping dosages, resulting in a reduction in the effectiveness of 
treatment. Therefore, difficulty swallowing pills is a significant 
issue, particularly for elderly patients, and is an essential 
consideration in drug formulation and patient care.

The pharmaceutical industry uses advanced formulation 
techniques, chemical modifications, alternative dosage forms, and 
absorption enhancers to improve the bioavailability of drugs with 
poor water solubility or absorption. These innovations help ensure 
patients receive effective therapy even with challenging drug 
molecules. Alternative injections, oral dosage forms, such as liquid 
formulations, orally disintegrating tablets that reduce particle size, 
pill size modification, chewable tablets, and transdermal patches, 
are all designed to minimize the difficulty taking pills [2-5].

Importantly, pills and capsules can sometimes pass through 
the digestive system intact and expelled in the stool. The 
pharmaceutical industry calls these "ghost pills or capsules." 
They claim these occur because of extended-release formulations, 
where many pills and capsules are designed with special coatings 
or shells that control the release of the medication over time. The 
outer shell may not dissolve completely and can pass through the 
gastrointestinal tract, appearing whole in the stool. The general 
claim is that the active drug was released as intended for most 
extended-release medications, and only an empty shell is expelled 
[6,7]. However, no uniform proof exists that the pills or capsules 
dissolve properly and rapidly transit through the gut.
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Low stomach acidity and certain medical conditions may also 
prevent them from breaking down as planned. Furthermore, not 
taking a pill with adequate water or food may affect dissolution.

All of the above issues can be addressed by utilizing the 
NutraNanoSphere (NNS) technology, which is described in this 
paper with examples of its application.

To demonstrate the importance of NNS technology, we have 
selected three medical applications that highlight its profound 
impact in medical research, including cognitive development, 
malaria treatment, and cancer treatment. We show that NNS 
Choline may significantly affect cognitive brain development 
by allowing it to cross the blood-brain barrier. A second medical 
application of NNS is using four water-soluble NNS molecules to 
cure malaria in babies. Finally, our early discovery of what is now 
known as the Natural Killer Cell (NKC) and our early discovery 
of what are called Cancer Stem Cells (CSCs) demonstrate the 
importance of the NNS for bioavailability and accessibility. NNS 
Vitamin C or NNS Curcumin can enter the cancer stem cells intact 
and dramatically kill the cancer stem cells after their penetration. 
Finally, the importance of plant botanicals will be demonstrated 
to highlight their role in targeting CSCs that are not affected by 
current classical cancer treatment methods.

Materials and Methods
NutraNanoSpheres (NNS). The micellar solutions offer enhanced 
bioavailability and stability of active substances, enabling efficient 
product delivery and formulation without compromising sensory 
or physiological properties. The organic or biological substances 
are encapsulated in the NNS using proprietary reagents and 
procedures. The NNS is typically produced in 3-25 nm diameter 
spheres of uniform size with polydispersity in the 0.01-0.20 range, 
depending on the inclusion of multiple substances in the same 
NNS. Stability was measured in years at room temperature.

Cell Line and Media Production: Experiments were performed 
using a Chronic Myelogenous Leukemia K-652 stem cell line 
purchased from the American Type Culture Collection (ATCC).

The tissue culture media were made by adding 5 mL of 100X 
penicillin-streptomycin (10,000 units penicillin with 10 mg 
of streptomycin/mL—Sigma- Aldrich), 5 mL of 200 mM 
sterile-filtered L- Glutamine (Sigma-Aldrich), 5 mL of sodium 
100X bicarbonate solution (Cellgro), and 50 mL of fetal calf 
serum (Atlanta Biologics) to 500 mL of Minimum Essential 
Media, Alpha 1X, withEarle's salts without ribonucleotides, 
deoxyribonucleotides, and L-glutamine (Cellgro).

Viability Stain: The viability stain used for analysis with the flow 
cytometerwas developed by Dr. Jerry Thornthwaite. The viability 
stain, which utilizes a special medium and dye exclusion with 
Propidium Iodide (Sigma-Aldrich), was effective in measuring 
cell viability by showing a linear decrease in viability as the K562 
cells are progressively subjected to a 56°C water bath over time 
(data not shown). Additionally, K562 cell viability was measured 

directly from cell cultures, where 100 µL samples from the cell 
culture were added to 100 µL of the viability stain. After incubation 
for five minutes at room temperature, the samples were suspended 
and analyzed on the Accuri Flow Cytometer (BD Biosciences). 
Forward Light scatter is used to gate on the K562cells and analyze 
the number of viable cells within the established control viability 
gate in the 585 ± 20 nm PI emission red channel. Typical control 
cultures with 95% to 99% viability were used to establish the 
boundary of the live cells, which allowed the isotonic PI viability 
stain to bind the outer cell membranes of the target K562 cancer 
cells in an isotonic medium, resulting in weak background staining. 
When the nutraceuticals kill the cancer cells, the compromised 
cancer cell membranes allow the PI to penetrate the dying or dead 
cells with significant PI binding nucleic acids, causing a dramatic 
fluorescence increase as seen in higher fluorescent channel 
numbers.

Reagents: The highest chemical grades (97%-99%) of Curcumin 
and Vitamin C, as well as Choline, were used in these studies 
(Sigma-Aldrich). The "free" Curcumin without being in the NNS 
was prepared in 100X concentrations of pure Dimethyl Sulfoxide 
[DMSO] (Sigma-Aldrich) and diluted by a factor of 100 to 
maintain Curcumin solubility in the cell culture media without 
DMSO affecting the cancer cell viability.

Encapsulated Reagents: All NNS preparations were manufactured 
by MiVital, St. Galen, Switzerland.

Average Diameter Measurements of the NNS: The NNS 
neutraceutical reagents were diluted by volume in a 1:6 ratio with 
DI Water and filtered through a 0.45 µm Nylon membrane to remove 
dust contaminants. The Zetasizer ZSP (Malvern Instruments) 
was used with a backscattering angle of 173 degrees to measure 
particle size by dynamic light scattering. A non-negative least 
squares algorithm was used to generate the size distribution by 
intensity, which indicates the diameter of the significant population 
for the NNS nutraceuticals. The intensity data was then converted 
to a mass or volume distribution to compare relative amounts 
of each size population, which indicated the percentage of the 
samplerepresented in the respective population. All samples were 
analyzed at the standards laboratory, Dr. William Brent, Particle 
Characterization Laboratories, Novota CA.

Sample Preparation and Cell Counting: In all assays, viable cell 
counts are obtained by mixing 100 µL of cell culture with 100 
µL of viability stain and placing the mixture in an ice bucket. All 
samples were analyzed immediately after ice bath incubation for 
atleast 5 min. The samples were stable on the ice for at least two 
hours after preparation. Approximately 50 µL of samples were run 
through the Flow Cytometer at a medium flow setting (200 cells/
sec). The percentage of viable cells was calculated from the gates 
set for total viable cells/mL, dead cells/mL, and the total cells 
analyzed. The percentage viability was determined by the number 
of viable cells divided by the total number of viable and nonviable 
cells, then expressed as a percentage (100%).
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Procedures for Sterilization: All reagent samples were sterile-
filtered through 0.22 µm filters and diluted with media in a sterile 
biological safety cabinet.

Cell Growth Plate Preparation: The cells counted were diluted 
in media to a concentration of 1 × 105 viable cells/mL. A 500 µL 
portion of the cells was added to each well of the 48-well plate. 
The plates were incubated in a Forma Scientific CO2 water-
jacketed incubator at 37.2°C for 48 h to allow the cells to enter the 
exponential growth phase.

Addition of Compounds: After incubation for 48 h, the stock 
neutraceutical compounds in the same tissue culture media used to 
propagate the K562 cells were diluted accordingly by a factor of 
two for up to eight dilutions. A50 µL sample is added to each well, 
and up to six replicates of each dilution are prepared inthe wells. 
50 µL of cell culture media was added to each controlwell. Once 
finished, every well contained 550 µL. The plates were typically 
incubated for up to 48 h.

Cell Processing, Staining, and Analysis: Up to six replicates 
at each concentration, starting with the controls used to set the 
viability gates, were suspended in 500 µL of a 1:1 mixture of PBS 
and DMSO, and 100 µL portions were added to 2 mL 96-well 
analysis tubes. After all samples were added to the tubes, 100 µL 
of the viability stain was added using an 8-channel multipipette, 
and the tray wasshaken slightly and incubated for at least 5 min. 
All samples are analyzed within one hour after storage on crushed 
ice, following room temperature incubation for at least 5 minutes. 
The viability-stained cells were stable for at least two h at ice 
temperature. A 10 µL portionof each sample was run through 
the Accuri C6 Flow Cytometer (BD Biosciences) using the 
fluorescence red channel (585 ± 20 nm) at a medium flow setting 
(200 cells/sec), and the percentage of viable cells was determined 
by the number of viable cells/mL.

Percentage Cell Viability: Control cells were used to set the 
forward angle light scatter gate for the entire cell population, 
allowing cells with less debris to be gated to theleft of the scatter 
peak. The background fluorescent peak population consisted of 
viable cells (95% to 97% viable). Any fluorescent cells to the right 
of the proper baseline of the viable cell population comprised the 
dead cell population. The percentage of viable cells was determined 
by dividing the number of cells in the viable fluorescent cell 
population by the total number of viable and nonviable cells and 
multiplying by 100%.

Mice: Male, 6- to 8-week-old DBA/2J mice (Jackson Laboratories, 
Farmington CT) were utilized in primary sarcoma-lung metastasis 
experiments.

Tumor System
Murine sarcoma tumors were induced by distal leg subcutaneous (sc) 
injection of 0.1 ml or a 1% (w/v) solution of 3-methylcholanthrene 
(MCA) suspended in sesame oil.

Tumors appeared 40 to 120 days after the preshaved flank injection 

site. The tumors characterized for this study were either analyzed 
directly from the original MCA-induced mice or after being 
transferred into syngeneic mice.

Transplanted Tumors
Enzymatically dissociated, 90% viable by Trypan Blue, sarcoma 
cells (5×104/0.1 ml saline) were intramuscularly (IM) injected 
into the distal leg of each mouse. On various days, the tumor-
bearing legs were amputated while the animals were Nembutal 
anesthetized. For amputation, a clamp was placed across the 
extremity above the tumor, and the limb was severed with a cautery 
unit. The skin was then closed with autoclips. Seven days later, the 
animals were rechallenged with increasing dosages of dispersed, 
viable sarcoma cells. These mice were termed the preimmunized 
group because they could delay tumor growth for a significantly 
longer time after rechallenge compared to nonimmunized mice 
(data not shown).

The tumor volumes of these preimmunized groups were measured 
on various days after rechallenge with 5×104 sarcoma cells. 
Nonimmunized mice were used in which a single dose of 5×104 
sarcoma cells was injected IM into the distal leg. The animals were 
analyzed on various days after the injection. Additionally, a saline-
injected control group was utilized as a control.

Enzymatic Dissociation of Tumor Tissues
Tumors are aseptically removed and minced with scissors and 
mixed (20 ml/g tumor with 0.25% trypsin (GIBCO) in Dulbecco's 
phosphate- buffered saline (PBS). With gentle magnetic stirring, 
a trypsinizing flask was used for 20 minutes at room temperature. 
Supernatants, containing single cells, were collected through a 
70µm rayon filter into a 50-ml centrifuge tube containing 10 ml 
of fetal calf serum. The cells were washed once in an IEC PR 2 
centrifuge (10 min, 200g, 4°C), and the pellet was resuspended in 
RPMI 1640 (GIBCO) with 25 mM HEPES buffer and 10% fetal 
calf serum (RPMI).

The cells were counted and diluted to 2×106 cells/mL for DNA 
flow cytometry. A DNA fluorochrome (8) 4', 6-diamidino-2-
phenylindole-2HCl (DAPI) (10µg/ml) was combined with a 
special Nuclear Isolation Medium (9-11) as a DNA-specific stain 
for all DNA analyses presented. Cell suspensions were stained by 
adding 1 mL of NIM-DAPI to 1 mL of a sarcoma or lymphoid cell 
suspension and incubating on ice for at least 10 minutes before 
analysis. Sarcoma tissues or mouse liver samples (0.1-0.3 g) were 
teased directly in DAPI-NIM, filtered, and run after a 10-minute 
incubation on ice.

DNA Flow Cytometric Analysis
Lymphoid cells were stained at a concentration of 1×106 cells/
ml. Single fluorescent parameter DNA distribution analysis was 
accomplished using an ICP-22 flow cytometer (Ortho Instruments). 
The DAPI fluorochrome was excited at 365 nm using a UG1 filter, 
with resulting fluorescence measured at 450 nm using a LP410 nm 
filter. Approximately 2-5×106 DAPI-stained nuclei were measured 
for each experimental determination.
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Data Analysis
The data collected were then graphed using PSI-Plot. The data 
were graphed as percentage inhibition vs. concentration of each 
component. To calculate percentage inhibition, the values for the 
viable cells/mL were incorporated into the equation, % Inhibition 
= (1-X/Y) * 100%, where Xis equal to the cells/mL in a particular 
well, and Y is the average number ofcells/mL in the control. The 
mean of multiple replicates (4-6) ± the Standard Deviation (SD) is 
then determined.LD50 is the concentration, either in nmol or µmol 
per well, of the supplement of interest that causes 50% cell death. 
For DNA analysis, the peak channel and coefficient of Variation 
were determined.

Malaria Treatments
We have developed a cure for malaria, which has been approved 
by the Ministers of Health in Nigeria and Haiti. To treat malaria 
in adults and children, we used a combination of Curcumin, 
Artemisinin, and Citrus Bioflavonoids in gel caps, administered 
over 16 days [27-39]. To treat babies, we had to use the NNS oral 
dose [30,31]. Therefore, each component was formulated into the 
NNS form (28.1 nm diameter and 0.111 polydispersity) with a 
combination of Curcumin, Artemisinin, Bilberry, and Vitamin D3. 
The daily dosage of the NNS malaria treatment, TriAntiVPTM, 
consisted of 0.5 mL of each dosage containing 25 mg of Curcumin, 
25 mg of Artemisinin, 25 mg of Bilberry, and 900 IU of Vitamin D3. 
0.5 mL of TriAntiVP was added to 30 mL of milk and administered 
to the baby using a baby bottle. The malaria dosage and malaria 
counts were done every day for 16 days. The Mean Parasite Load 
(MPL) was measured from Day 0 through Day 16 and again at 
Days 30 and 60 after treatment.

Results
Micelle Structure
The structure of a micelle and the resulting sphere products are 
shown in figure 1.

Figure 1: NutraNanoSpheres with the hydrophilic head (water-soluble) 

and internalized hydrophobic tail, making a perfect sphere housing the 
nutraceutical of choice.

For example, the micellation of 6% curcumin results in a 
bioavailability of the Curcumin in the bloodstream many times 
better than the so-called "free form" of Curcumin in tablet form. 
The concentration of the Curcumin NNS is over 4.5×1018 micelles/
mL. The average diameter is 7 nm. A natural fatty acid, an energy 
metabolite, encapsulates molecules in nanosized "micelles" in 
which over 1000 of them would stretch across a human red cell. 
The small size is critical for the NNS's increased bioavailability 
and long-term stability. The Hydrophilic (water-loving) and the 
Hydrophobic ("water-fearing") hydrocarbon parts of the fatty 
acid spontaneously form the micelle. No organic solvents or 
elevated temperatures were used in our natural "entrapping" our 
nutraceuticals in the micelles. This process enables us to achieve 
high bioavailability and potency of our nutraceuticals. The NNS 
are stable up to 98°C and can be stored at room temperature for 
years.

The importance of the size of the micelle versus stability is shown 
in Figure 2. The lower right quadrant shows the range of diameters 
we experience for most of the NNS preparations, yield years of 
stable NNS. Compare the micelles on the market, which range 
from being stable for months to seconds.

Figure 2: (Diagram from Malvern Instruments). Scatter diagram 
illustrating the comparison between the stability of micelles and their 
size. Therefore, it is important to make the NNS within the stable range 
of 3-50 nm.

The following figures illustrate the high-resolution nature of 
the NNS. For example, Figure 3 compares the NIST (National 
Institute of Standards and Technology) standard tracer, a finely 
prepared carbon particle, and the Zeta Sizer dynamic light scatter 
sizing instrument (Brookhaven Instruments). Figure 3 shows the 
dynamic backscatter data for the 101 nm NIST standard versus 
the biologic sample of NNS Vitamin D3, which shows a decent 
comparison in polydispersity.
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Figure 4 presents the quality of the NNS samples as shown by 
the comparison of the 31nm NIST Standard and what is called 
Triple Curcumin. The Triple Curcumin contains the three 
naturally occurring Curcuminoids with their relative distributions. 
These natural distributions contain Curcumin (70-80%), 
Demethoxycurcumin (15-20%), and Bisdemethoxycurcumin 
(1-3%), thus the name Triple Curcumin. The polydispersity 
distribution of the Triple Curcumin is about four times better than 
the NIST standard.

Figure 5 shows the precision of the dynamic light scattering 
measurement for Triple Curcumin. The average diameter of pure 
Curcumin (97%) is 7.4 nm.

There are numerous examples of how NNS can encapsulate a 
wide range of molecules. Briefly, we can combine different NNS 
to create, for example, Heart, Brain, Antidepressant, and Energy 
formulations, to name a few. For example, the Energy Formulation 
consists of Curcumin, Vitamin C, Ginger, and Siberian Ginseng 
(27.8nm diameter with a 0.058 polydispersity) for the Asian 
market. The NNS products can withstand 178°C for 30 sec., the 
sterilization process in the energy drink business, thus enabling 
them to fit seamlessly into production. Virtually any NNS product 
can be converted into a time-release formulation, allowing for 

single, double, or triple coating. Combining these different-sized 
coatings makes for a time-release formulation that lasts for hours. 
For example, a single-coated Vitamin C has an average diameter of 
5.25 nm, while the triple-coated version is 43.0 nm, which enables 
an eight-hour time-release formulation.

To demonstrate the significance of the NNS technology, we have 
selected three medical applications that highlight the profound 
impact of our medical research on cognitive development, malaria 
prevention, and cancer treatment. As examples, we show three 
applications: one using a single molecule, Choline, that affects 
cognitive brain development by allowing it to cross the blood-
brain barrier, another using four NNS in the same preparation 
to cure malaria in babies, and final two examples to show the 
importance of the NNS for bioavailability and accessibility where 
NNS Vitamin C or Curcumin enters the cancer stem cell intact and 
show a dramatic ability to kill the cancer stem cells. A presentation 
of our early discovery of what is now called the Natural Killer Cell 
(NKC) and the Cancer Stem Cells (CSCs). Finally, the importance 
of plant botanicals, illustrated by Curcumin and Vitamin C, is 
presented to demonstrate their potential in killing CSCs that are 
not affected by the current, classical cancer treatment methods.

Figure 3: Comparisons between the NIST 101nm Standard and NNS Vitamin D3.

Figure 4: Comparisons between the 31nm NIST Standard and NNS Triple Curcumin.

Figure 5: Precision of a duplicate measurement of Triple Curcumin.
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Application of NNS Choline in Cognitive Treatments

Figure 6: NutraNanoSphere encapsulates Choline, enabling its passage 
across the blood- brain barrier. The NNS Choline has an average diameter 
of 8.3nm with 0.256 polydispersity.

Choline (2-hyroxy-N,N,N-trimethylethanamium) is an essential 
nutrient for humans and many other animals [12]. The cholines 
are a family of water-soluble quaternary ammonium compounds 
[13,14]. Choline is the parent compound of the choline class, 
consisting of ethanolamine having three methyl substituents 
attached to the amino function [15].

Choline uptake into the brain is controlled by a low-affinity 
transporter at the blood-brain interface[16]. Transport occurs when 
arterial plasma choline concentrations increase above 14 μmol/l, 
which can occur during a spike in choline concentration after 
consuming choline-rich foods. A standard 1.0 ml dosage of 10.0% 
NutraNanoSphere™ Choline is determined (see below) to be 320 
µmol, at least 23 times greater than the initial transport of Choline 
across the blood-brain barrier.

Neurons acquire Choline from both high- and low-
affinity transporters. Choline is stored as membrane-bound 
phosphatidylcholine, which can later be used for acetylcholine 
neurotransmitter synthesis. Acetylcholine is formed as needed, 
travels across the synapse, and transmits the signal to the neurons. 
Afterward, acetylcholinesterase degrades it, and the free Choline 
is taken up by a high-affinity transporter into the neuron again [17].

Current scientific studies suggest that Choline may improve 
memory and cognition and reduce the risk of ischemic stroke. 
Choline supports brain development and growth in newborn 
babies, significantly decreasing the risk of neural tube defects 
(NTDs) [18]. Both pregnancy and lactation increase the demand 
for Choline dramatically. This demand was met by the upregulation 
of phosphatidylethanolamine-N-methyltransferase (PEMT) via 
increasing estrogen , which also suggests that Choline may reduce 
the risk of preeclampsia and congenital irregularities. Choline 
is required to produce acetylcholine ,a neurotransmitter, and 
S- adenosylmethionine (SAM), a universal methyl donor. Upon 
methylation, SAM is transformed into homocysteine [19].

Choline is in high demand during pregnancy as a substrate 
for building cellular membranes (rapid fetal and mother tissue 
expansion), increasing the need for one- carbon moieties (a 

substrate for methylation of DNA and other functions), raising 
choline stores in fetal and placental tissues, and for increased 
production of lipoproteins (proteins containing "fat" portions) 
[20-23]. In particular, there is interest in the impact of choline 
consumption on the brain. This stems from Choline's use as a 
material for making cellular membranes (particularly in making 
phosphatidylcholine). Human brain growth is rapid during the third 
trimester of pregnancy and continues to be fast for approximately 
five years [24]. The demand for sphingomyelin, made from 
phosphatidylcholine derived from Choline, is high during this 
time. Because this material is used to myelinate (insulate) nerve 
fibers [25], Choline is also in demand for the production of the 
neurotransmitter acetylcholine, which can influence the structure 
and organization of brain regions, neurogenesis, myelination, and 
synapse formation. Acetylcholine is present in the placenta and may 
help control cell proliferation, differentiation, and parturition [26].
When Choline concentrations in the plasma increase above 14 
µmol/liter, transport into the brain occurs. A 1.0 ml dosage of 10% 
Choline. Therefore, our current Choline is 10.0% or 100 g/liter or 
100g/1000 ml = 0.1 g per 1ml dosage or 100mg. 100mg/1.0 ml 
of 10% Choline, assuming 100% bioavailability, would yield 100 
g Choline/10^4.17 g/mole of Choline = 0.96 mol/liter of plasma, 
assuming 100% bioavailability. There are 3 liters of plasma in the 
human body. Therefore, a 1.0 ml dosage of 10% Choline could be 
theoretically diluted in an average of 3.0 liters of adult plasma as 
the worst-case scenario for dilution. This value is probably much 
less because of the NNS's ability to deliver on a nanoscale. Using 
the 3.0-liter dilution, the concentration of Choline in the plasma 
would be (0.96 mol/liter divided by 3.0 liters = 0.32 mol/liter). To 
get the number of moles in one ml of a dosage of 10% Choline, one 
would divide 0.32 mol/liter x 1 liter/1000ml = 3.2 x 10-4 moles per 
liter dosage or 320 µM. Divide 320µM/14µM = 22.9 times higher 
than needed to initiate transport across the blood-brain barrier by 
Choline. Therefore, a 1ml dose of 10% Choline could easily be 
transported across the blood- brain barrier.

Application of NNS antimalaria treatments in Babies
We have developed a cure for malaria, which has been approved 
by the Ministers of Health in Nigeria and Haiti for curing malaria 
in adults and children. A combination of Curcumin, Artemisinin, 
and Citrus Bioflavonoids in gel caps has been administered over 
16 days with success in 90% of children and 100% of adults [27-
30]. To treat babies [31,32], we had to use the NNS water-soluble 
oral dose. Therefore, each component is made into the NNS form 
for Curcumin, Artemisinin, Bilberry, and Vitamin D3. The NNS 
malaria treatment was called TriAntiVP™, which denotes its use as 
an antiviral and antiparasitic nutraceutical formulation. It consists 
of 0.5 mL containing 25 mg of Curcumin, 25 mg of Artemisinin, 
25 mg of Bilberry, and 900 IU of Vitamin D3. The NNS average 
diameter was 28.1nm with an excellent polydispersity of 0.111. 
0.5ml of TriAntiVP™ was added to approximately 30ml of milk 
and administered to the baby using a baby bottle every day for 16 
days. The Mean Parasite Load (MPL) was measured from Day 0 
through Day 16 and again at Days 30 and 60 after treatment. Table 
1 shows the success of eradicating malaria, where 93% (60 days, n 
= 15) of the babies were cured [31].
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In TABLE 1, the MPL decreased to zero for all 15 babies by day 
7, while the lone positive reoccurred at Day 30. The resulting cure 
rate was 93.3% for babies with an average age of 19.9 months.

Application of NNS treatments for destroying Cancer Stem 
Cells (CSC)
During the early 1970s, we made two specific discoveries that 
helped shape our cancer therapeutic approaches.

Our First Discovery was understanding the fundamental process 
of metastatic disease. We used a chemically induced cancer model 
by painting the shaved distal thigh musculature of DBA/6J mice 
with 1.0% 3-methylcholanthrene in sesame oil. About 90% of 
the mice would develop an intramuscular tumor on site within 
six months. The original chemically induced cancer cells were 
enzymatically dissociated into single cells, and 5 × 104 sarcoma 
cells in 0.1 ml were injected intramuscularly into new mice. Using 
our DAPI-Nuclear Isolation Medium (9) and our high-resolution 
DNA flow cytometry (10,11), we produced DNA histograms of the 
tumor cell populations.

When the primary tumors reached 2.0 cm in diameter, we could see 
the metastatic nodes develop in the lungs using an India ink contrast 
stain. This enabled us to dissect about 10 small 1.0 mm metastatic 
nodules and enymatically dissociate the metastatic cancer cells 
into viable populations, as described above. The metastatic tumors 
were almost exclusively diploid, showing a normal total DNA 
content. The diploid metastatic tumors were transplanted (5 x 
104 cells) intramuscularly. As the diploid tumors were allowed 
to grow significantly, a population of both diploid cancer stem 
cells (CSCs) and aneuploid or so-called heteroploid cancer cells 
would develop. Therefore, the metastatic lung cancers would be all 
diploid CSCs with a small S-phase population undergoing division. 
Also interestingly, if these metastatic diploid cells are injected 
intradermally, they grow as an aneuploid population containing 

both diploid cancer stem cells and aneuploid daughter cancer 
cells with the same DNA Index (mean DNA channel of aneuploid 
peak divided by the mean channel of the diploid channel by DNA 
flow cytometry), which was a fingerprint for each unique tumor. 
We could repeat this process many times. Our early observations 
revealed the diploid population of an aneuploid cancer was the 
most virulent to metastasis. The diploid metastatic CSCs would 
have a good chance of escaping the immune system, as their cell 
surfaces would appear normal. They would be less affected by 
chemotherapy or radiation therapy because of their low S-phase. 
The standard modalities of treatment have focused on destroying 
daughter cancer cells while having minimal effect on the CSCs. 
The details of the underlying cause of metastases in our sarcoma 
model will now be presented.

Figure 7: Experimental Design for the Characterization of Primary and 
Metastatic Tumors.

Figure 7 shows the general scheme of our study of metastasis in 
a chemically induced sarcoma model. The basic finding was that 
chemically induced aneuploid (also termed heteroploid) sarcomas 
metastasize as diploid metastatic tumors.

From ref [31].
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Figure 8: Diploid Metastases from a Heteroploid (Aneuploid) Primary 
Tumor.

In the mouse model shown in Figure 8, the resulting lung metastatic 
disease was identified as diploid. This makes sense because the 
cancer stem cells (CSC) want to present themselves as being as 
normal as possible. A diploid CSC would appear more normal 
without significant DNA alterations of cell surface proteins. 
Furthermore, the low S-phase of these cells would show minimal if 
any susceptibility by DNA targeted chemotherapeutic or radiation 
treatments. Our discovery that aneuploid tumors metastasize as 
diploid tumors has profound significance in understanding how 
CSCs function to establish themselves as distant metastases.

As the primary tumor grew, metastases developed in the lungs. 
The growth of metastases is enhanced by the surgical removal 
of the primary tumor, as shown in Figure 8. The reason for this 
was not apparent, but it could be that the primary was sending a 
signal to the metastatic lung metastases, controlling their growth. 
In a way, it may make sense that the primary cancer did not want 
to destroy its host. A similar human example can be seen when 
a primary tumor is removed, and a phenomenon called "Tumor 
Flare" results, where metastatic disease spreads rapidly after the 
primary tumor is removed. Perhaps the whole concept of trying to 
remove the primary tumor as the first step in cancer therapy should 
be reevaluated. Natural Killer Cell (NKC)/ CSCs protocols using 
NNS nutraceuticals could possibly be implemented immediately 
before surgery occurs. Frequently surgery is delayed for weeks 
to allow for scheduling. The immediate treatments would allow 
the in situ NKC and CSCs NNS reagents to start destroying the 
primary and any micro-metastatic disease, which are not treatable 
by current medical protocols.

Figure 9 shows the diploid nature of the metastatic nodules. 
Metastatic nodules as large as 9mm in diameter maintain their 
metastases' diploid nature.

Diploid metastatic lung nodules will result in the same DNA Index 
(ratio of the mean DNA peak channel of the aneuploid population 
over the mean DNA peak channel of the diploid population) whether 
transplanted in vivo or passed in culture. Multiple passages [5-10] 

of the cancer cells will result in the loss of the diploid population 
(Figure 10). Interestingly, the DNA Index remains constant for 
each chemically induced tumor. Each chemically induced tumor 
also develops its unique DNA Index, which remains the same 
throughout many passages. We have seen this happen many times. 
REF.

Figure 9: DAPI-NIM DNA Histogram showing that the metastatic 
nodules are diploid compared to normal lung and thymus tissues.

Figure 10: Transient Changes in Ploidy of Metastases. Diploid Metastases 
are enzymatically dissociated and put in culture or Trocar-implanted under 
the flank skin as a whole nodule in a new mouse.

When a metastatic lung lesion reaches a significant size, one can 
observe the beginning of its aneuploid population developing, 
even though only a very small percentage of aneuploidy (less than 
5%) is initially detected. In Figure 11, the DNA Index equals the 



Volume 9 | Issue 4 | 9 of 17Microbiol Infect Dis, 2025

channel 387aneuploid peak divided by the channel 219 diploid 
peak, which equals 1.77. The DNA Index is like a fingerprint for 
each chemically induced sarcoma. The DNA Index was constant 
for each tumor regardless of the number of passages in vitro or in 
vivo.

Figure 11: A 7mm lung metastasis DNA histogram shows a low 
percentage of aneuploid cells.

Table 2 shows the high degree of aneuploidy that results when a 
sacrcoma develops on each flank of mice after painting the skin 
with a carcinogen. The Primary sarcomas even at 2 mm in diameter 
contained aneuploid cells. All excised lung metastases between 
2 to 8mm in diameter maintained their diploid DNA histogram 
pattern where aneuploidy was only 1%. The diploid metastases, 
after enzymatic single cell preparations, were either transplanted 
into the flank of a new mouse or placed in cell culture. Aneuploid 
cells started growing out of the diploid cell populations resulting in 
the same DNA Index as the original chemically induced sarcoma. 
These data show the cancer stem cells (CSCs) originate in the 
diploid portion of primary aneuploid sarcoma because only these 
diploid cells have the ability to evade the immune system and 
establish themselves as diploid lung metastases. The diploid CSCs 
still had the capacity to transform into daughter aneuploid cells as 
we showed [32] in 1979.

Our Second Discovery earlier in 1972 was observing that sheep 
erythrocytes [33-35] and, later, CSCs [36] are spontaneously 
destroyed by circulating lymphocytes without prior immunization. 

These lymphocytes, subsequently called Natural Killer Cells 
(NKC), are the first line of defense in the blood against viruses and 
cancer stem cells. Much of our research has utilized neutraceuticals 
to enhance the NKC activity against cancer cells.

Figure 12: Transmission (left panel) and Scanning (right panel) showing 
Natural Killer Cell (NKC) releasing its toxins to destroy (blebbing of the 
cancer cell membranes) the target K562 leukemic stem cell [36].

Normal stem cells are primitive cells that can produce any tissue. 
During the process of carcinogenesis, normal stem cells can 
undergo metabolic alteration and become CSCs. The Natural Killer 
Cells (NKC) can recognize the cell surface alterations and kill the 
transformed CSCs. Furthermore, natural plant products such as 
Curcumin, Artemisinin, Genistein, Resveratrol, and Vitamin C 
can destroy cancer stem cells [37]. However, most conventional 
cancer treatments do not destroy CSCs. Instead, they kill some of 
the daughter cells, causing a decrease in tumor size. The drug and 
radiation-resistant CSCs may lie dormant for years, only to become 
even more aggressive and resistant to conventional treatment.

The Importance of Bioavailability and, even more importantly, 
Accessibility
In Figure 13, the percentage of inhibition of in vitro cancer stem cell 
is shown in duplicate for Vitamin C and Curcumin. No Inhibition 
in tumor growth was observed with the addition of highly soluble 
Vitamin C to the tumor cell culture, even at a high concentration of 
10,000 µM/104 K562 stem cells per well. However, when the NNS 
Vitamin C was used in culture, the Lethal Dose where 50% of the 
K562 cancer stem cells were inhibited from growing (LD50) was 
observed at 125 and 140 µm.

If so-called "free" Curcumin was solubilized in DMSO (Dimethyl 
sulfoxide) to make it soluble in the cell culture media, a measurable 
LD50 at 11,000 nm was seen. However, if the NNS Curcumin 
was used, the average LD50 was 34 nmol, showing an LD50 324 
times more potent than the "free" Curcumin without NNS. We 
use the term "Accessibility" to describe the importance of the 
NNS nutraceuticals in their penetration of the target CSCs. While 
bioavailability is critical to allow survival through the stomach 
into the bloodstream, more important is the accessibility that 
enables the NNS to penetrate the target CSC cell membrane and 
probably even the mitochondria to initiate the killing process more 
effectively.

Figure 14 shows how quickly the killing of K562 cells occurs. CSC 
death by exposure to NNS Curcumin is probably instantaneous, as 
mixing and running on the flow cytometer can delay the analysis 
by up to 30 seconds. NNS Curcumin does not harm normal cells 
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and adds to the nutritional nature of curcumin and all of the anti-
CSCs nutraceuticals report herein.

Figure 13: The Percentage of Inhibition of CSC growth of K562 cancer 
stem cells by NNS Vitamin C and NNS Curcumin [37].

Figure 14: NutraNanoSphere Curcumin initiates killing within 30 
Seconds [37].

Natural Products that Kill CSCs
Curcumin and CSCs
Curcumin, a bioactive compound found in turmeric, has been 
studied for its potential anticancer properties, including its effects 
on cancer stem cells (CSCs). Cancer stem cells are a subpopulation 
of cells within tumors that can self-renew and drive tumor growth, 
and they are often resistant to conventional therapies.

Research has indicated that Curcumin may exert several effects 
that could be beneficial in targeting cancer stem cells. Curcumin 
can inhibit the self-renewal and proliferation of cancer stem cells, 
reducing their ability to contribute to tumor growth and metastasis 
in human breast [38] and colon [39] cancers. Curcumin can kill 
CSCs by inducing apoptosis, modulating signaling pathways 
to maintain CSCs, enhancing chemosensitivity to treatment by 
overcoming resistance, and providing anti-inflammatory and 
antioxidant effects. Therefore, targeting CSCs is a significant area 
of research in cancer therapy, as these cells are often responsible 
for tumor recurrence and resistance to conventional treatments.

Natural products have been a rich source of potential anticancer 
agents, including those that may target CSCs. Research into the 
effects of various natural compounds on CSCs is ongoing, and 

while many studies are still in preclinical stages, some natural 
products have shown promise in this area [38-41]. Indeed, from 
our research, we have seen the ability of NNS Curcumin and 
Vitamin C to kill CSCs in vitro [37] effectively. Here are several 
natural products that being investigated for their potential to kill or 
inhibit CSCs [39]:

Curcumin
1.	 Induction of Apoptosis: Curcumin is shown to induce 

apoptosis (programmed cell death) in various cancer cell types, 
including CSCs. It can activate intrinsic apoptotic pathways by 
increasing the expression of pro-apoptotic proteins (like Bax) 
and decreasing anti-apoptotic proteins (like Bcl-2). [42-45]

2.	 Inhibiting Angiogenesis: Curcumin can alter the tumor 
microenvironment by inhibiting angiogenesis (formation 
of new blood vessels) and reducing the recruitment of 
inflammatory cells. A less supportive microenvironment can 
hinder the growth and maintenance of CSCs [46-49].

3.	 Inhibition of Drug Resistance: CSCs are often associated with 
resistance to conventional chemotherapy and radiotherapy. 
Curcumin has been reported to downregulate the expression 
of drug efflux pumps (like ABC transporters) and enhance the 
sensitivity of CSCs to chemotherapeutic agents [50,51].

4.	 Inflammation Elimination: Cancer progression is associated 
with chronic inflammation and the maintenance of CSCs. 
Curcumin has anti-inflammatory properties and can inhibit the 
expression of pro-inflammatory cytokines and enzymes (like 
COX-2 and NF-κB), which may contribute to the survival and 
proliferation of CSCs [52-54].

5.	 Reactive Oxygen Species (ROS) Generation: CSCs often 
have enhanced antioxidant defenses. Curcumin can induce 
oxidative stress in cancer cells, leading to cellular damage and 
death [55-58].

6.	 Inhibition of CSCs Signaling Pathways: Curcumin can 
inhibit key signaling pathways that secure the continual 
function of CSCs. These pathways include the Hedgehog, 
Wnt/β-catenin, and Notch pathways. The disruption of these 
pathways with Curcumin reduces the tumorigenicity and self-
renewal capacity of CSCs [59-63].

7.	 Epigenetic Mechanisms to Silence Oncogenes: Curcumin 
can modify epigenetic mechanisms, such as DNA methylation 
and histone modification. These changes can lead to the re-
expression of tumor suppressor genes and the silencing of 
oncogenes, thereby inhibiting the behavior of CSCs [64-68].

8.	 Cell Cycle Regulation Interference: Curcumin can affect 
cell cycle progression by modulating the expression of cyclins 
and cyclin-dependent kinases (CDKs), leading to cell cycle 
arrest in CSCs and preventing their proliferation [69-72].

9.	 Metabolic Pathway Alteration: Curcumin can target the 
metabolic pathways of CSCs, shifting CSCs' metabolism 
from oxidative phosphorylation to glycolysis, affecting their 
survival and proliferation [73-76].

Vitamin C
Cancer Stem Cells (CSCs) are self-renewing, multi-potent cells 
responsible for tumor recurrence, metastasis, chemoresistance, 
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and heightened mortality. Vitamin C can selectively target CSCs 
via epigenetic and metabolic pathways in various cancers [77]. 
Vitamin C selectively targets multiple cancer cell types at high 
doses (10-20 mM in human plasma) through its prooxidant action, 
while at low doses (40-80 µM), it enhances antitumor immunity 
by acting as an antioxidant. This versatility makes Vitamin C 
a promising antitumor agent for standalone and combination 
therapies [78,79]. Specific doses of vitamin C can stop cancer cell 
glycolysis and block nitroso synthesis, indicating the potential of 
vitamin C in cancer treatment. The Program Death Ligand (PD-L1) 
is often expressed on the surface of cancer cells, inhibiting T cell 
activation, thus allowing cancer cells to evade the immune system 
[80]. Recent studies have revealed that Vitamin C enhances the 
cancer's immune response to anti-PD-L1 therapy through multiple 
indirect approaches [81]. Vitamin C is essential in generating and 
maintaining normal stem cells [82].

Resveratrol
This polyphenolic compound, derived from grapes and berries, 
has been shown to inhibit the proliferation of cancer stem cells in 
various cancers, including breast and colon cancer, by inducing 
apoptosis and inhibiting key signaling pathways. Resveratrol is 
a potent reducing agent and can prevent carcinogenesis due to 
its antioxidant abilities [83]. A significant challenge in treating 
cancer is the development of drug resistance, which can result 
in treatment failure and tumor recurrence. Targeting CSCs and 
non-coding RNAs (ncRNAs) with Resveratrol can combat this 
problem by lowering cancer drug resistance and opening up new 
therapeutic options.

Resveratrol alters the expression of genes related to self-renewal, 
modulating essential signaling pathways involved in cancer 
initiation and CSC control. Additionally, Resveratrol affects non- 
coding RNAs (ncRNAs) [84]. Wnt/β-catenin signaling is a crucial 
pathway in various cellular processes, including cell proliferation, 
differentiation, and migration. Lithium chloride (LiCl) is known 
to activate this pathway by inhibiting glycogen synthase kinase 3 
beta (GSK-3β), an enzyme that typically promotes the degradation 
of β-catenin. When GSK-3β inhibited, β-catenin accumulated 
in the cytoplasm and translocated to the nucleus, where it can 
activate Wnt target genes. Resveratrol treatment attenuated the 
activation of Wnt/β-catenin signaling by LiCl (GSK3β agonist) 
[85]. Resveratrol also reversed IL-6-promoted lung CSCs 
properties and Wnt/β-catenin signaling. Therefore, Resveratrol 
inhibits lung cancer by targeting Lung CSCs and IL-6 in the 
tumor microenvironment. The novel findings from this study 
provided evidence that RES exhibited multi-target effects on the 
suppression of lung cancer and could be a novel potent cancer-
preventive compound [86]. Since current cancer therapies fail to 
eradicate CSCs, leading to cancer recurrence and progression, 
targeting of CSCs with phytochemicals such as Curcumin, EGCG, 
sulforaphane, Resveratrol and Genistein, combined and/or in 
combination with conventional cytotoxic drugs and novel cancer 
therapeutics, may offer a novel therapeutic strategy against cancer 
[87].

ECGC
Green tea is among the most popular beverages globally, especially 
in Asian countries. Consumption of green tea is demonstrated 
to possess many health benefits, which are mainly attributed to 
the main bioactive compound epigallocatechin gallate (EGCG), 
a flavone-3-ol polyphenol, in green tea. EGCG is primarily 
absorbed in the intestine and gut microbiota, and plays a critical 
role in its metabolism before absorption. EGCG exhibits versatile 
bioactivities, with its anticancer effect being most attractive due to 
the cancer preventive effect [88].

Cancer preventive activities of green tea and its main constituent, 
(-)-epigallocatechin gallate (EGCG) are reported in a recent review 
to delay cancer onset as shown by a 10-year prospective cohort 
study, prevent of colorectal adenoma recurrence in a double-blind 
randomized clinical phase II trial, and show inhibition of metastasis 
of B16 melanoma cells in the lungs of mice [89]. Furthermore, 
Food-derived polyphenols, such as ECGC and Curcumin, can 
attenuate the formation and virulence of breast CSCs, implying 
that these compounds and their analogs might be promising agents 
for preventing breast cancer [90]. EGCG-induced sensitization 
to 5FU through targeting of CSCs may serve as an adjunctive 
treatment to conventional chemotherapeutic drugs in colorectal 
cancer patients [91]. Recurrence following chemotherapy is 
observed in the majority of patients with pancreatic ductal 
adenocarcinoma (PDA) due to the CSCs. Phosphodiesterase-3 
(PDE3) inhibitors are a class of drugs that inhibit the activity of 
the phosphodiesterase 3 enzyme, which is responsible for the 
breakdown of cyclic adenosine monophosphate (cAMP) and 
cyclic guanosine monophosphate (cGMP). By inhibiting PDE3, 
these drugs increase the levels of cAMP and cGMP in cells, 
leading to various physiological effects. An EGCG analog capable 
of inducing strong cGMP production drastically suppressed the 
CSC properties of PDA and extended the survival period in vivo. 
The combination treatment of EGCG and a PDE3 inhibitor as a 
potent cGMP inducer could be a potential treatment candidate for 
eradicating CSCs of pancreatic ductal adenocarcinoma [92].

Genistein
Genistein, a soy-derived isoflavanoid compound, exerts anticancer 
effects in various cancers. Nasopharyngeal cancer stem cells 
(NCSCs) are a small subpopulation of cancer cells responsible 
for the initiation, progression, metastasis, and recurrence of 
nasopharyngeal cancer. The present study aimed to investigate 
the suppressive effects of Genistein on NCSCs and its underlying 
mechanism [93]. Genistein effectively inhibits tumor growth and 
dissemination by modulating key cellular mechanisms. These 
include the inhibition of epithelial-mesenchymal transition, the 
suppression of angiogenesis, and the regulation of cancer stem cell 
proliferation. These effects are mediated through pivotal signaling 
pathways such as JAK/STAT, PI3K/Akt/mTOR, MAPK/ERK, 
NF-κB, and Wnt/β-catenin. Moreover, Genistein interferes with 
the function of specific cyclin/CDK complexes and modulates 
the activation of Bcl-2/Bax and caspases, playing a critical role 
in halting tumor cell division and promoting apoptosis. These 
mechanisms directly affect the survival of the CSCs [94]. Genistein 
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inhibits Gli1 gene expression, resulting in the attenuation of cancer 
stem-like properties in gastric cancer cells. In addition, Genistein 
suppresses the cell invasive capacity required for tumor growth 
and metastasis. Therefore, Genistein can be an effective agent for 
gastric cancer therapy by targeting cancer stem-like characteristics 
[95]. Granulocyte colony-stimulating factor (G-CSF) treats 
neutropenia in various clinical settings. Although beneficial, there 
are concerns that the chronic use of G-CSF in certain conditions 
increases the risk of myelodysplastic syndrome (MDS) and/or 
acute myeloid leukemia (AML). Hematopoietic progenitors from 
G-CSF-treated mice show evidence of DNA damage, which was 
demonstrated by increased double-strand breaks and recurrent 
chromosomal deletions. Concurrent treatment with genistein 
limits DNA damage in this population [96].

Quercetin
Quercetin (QC), a plant-derived bioflavonoid, is known for 
its ROS scavenging properties and has various antitumor 
properties in different solid tumors. The large amounts of ROS 
make cancer cells extremely susceptible to quercetin, one of the 
most available dietary flavonoids [97]. Quercetin could reverse 
docetaxel resistance in prostate cancer in proliferation, colony 
formation, migration, invasion, and apoptosis [98]. Targeting 
breast cancer stem cells with the CD44+/CD24- phenotype is 
critical for completely eradicating cancer cells due to their self- 
renewal, differentiation, and therapeutic resistance ability. Adding 
Quercetin to Doxorubicin is a practical approach for treating CSCs 
and bulk tumor cells [99].

Ginger (6-Gingerol)
6-Gingerol is the major pharmacologically active component of 
ginger (Zingiber officinale). Cisplatin and 6-gingerol combination 
is more effective in inducing apoptosis and suppressing the 
angiogenesis of ovarian cancer cells than using each drug alone 
[100]. The cytotoxic effects of 6-gingerol on Breast CSCs (BCSCs) 
from MCF-7 breast cancer cells and BCSCs showed selective 
killing of BCSCs that expressed the surface antigen CD44(+)/
CD24(-), which is a marker combination for stem cells in general. 
6-gingerol decreased the expression of the surface antigen CD44 
on BCSCs and promoted β-catenin phosphorylation through the 
inhibition of hedgehog/Akt/GSK3β signaling, which are essential 
in cell proliferation during development but are activated during 
carcinogenesis. The inhibition decreases the cancer-related protein 
expression of downstream c-Myc (an oncogene) and cyclin D1(cell 
cycle activator protein) and reduces the native stem cell nature 
of BCSCs [101]. 6-Gingerol induced reactive oxygen species 
generation, the DNA damage response, cell cycle arrest, and the 
intrinsic pathway of apoptosis in embryonic CSCs. Furthermore, 
6-gingerol inhibited iron metabolism and induced the Phosphatase 
and Tensin Homolog (PTEN), a vital tumor suppressor, which 
plays a crucial role in the induction of cell death [102].

Berberine
Berberine, an isoquinoline alkaloid present in various trees' stems, 
roots, and bark and extracted from the Chinese herbal medicine 
Coptis chinensis, was found to have antitumor activities against 

colorectal cancer [103]. Berberine could exert anticancer activities 
by regulating tumor cell proliferation, apoptosis, autophagy, 
metastasis, angiogenesis, and immune responses via modulating 
several signaling pathways within the tumor microenvironment 
[104]. Berberine suppresses cancer cell proliferation through 
inhibiting the synthesis of fatty acids and decreasing biogenesis 
and secretion of extracellular vesicles at 5-10 μmol/L, which 
exhibits a substantial anti-proliferative effect against the human 
colon cancer cell line HCT116 [105]. The use of berberine against 
neuroblastoma is through inhibition of fundamental characteristics 
of cancer stem cells, such as tumorigenicity, failure to differentiate, 
and reversal in the Epithelial- Mesenchymal Transition (EMT) 
with a decrease in tumor aggressiveness, metastasis, and resistance 
to therapy [106]. Berberine suppresses lipid metabolism by 
downregulating lipid uptake and alleviates the aging of adipose 
tissue and adipose-derived stem cells. These ultimately lead to the 
improvement of tumor-infiltrating immune cells, such as cytotoxic 
T-lymphocytes, to destroy advanced ovarian cancer in peritoneal 
metastasis and malignant ascites [107].

Sulforaphane
Sulforaphane is found in cruciferous vegetables like broccoli and 
Brussels sprouts. Sulforaphane is shown to inhibit the growth of 
cancer stem cells and induce apoptosis by activating detoxifying 
enzymes and modulating signaling pathways. It has been widely 
studied for its potential as a neuroprotective and anticancer agent 
[108]. Expression levels of gastric CSC markers significantly 
decreased after Sulforaphane treatment, which exerted inhibitory 
effects by suppressing proliferation and inducing apoptosis in 
gastric CSCs. It inhibited the activation of Sonic Hedgehog, a key 
signaling molecule in embryonic development, and maintained the 
stem cell nature of gastric CSCs [109].

Other CSCs inhibitors
We believe the main CSC inhibitors are presented above. Others 
include dietary constituents such as vitamins A and D, sulforaphane, 
piperine, Artemisinin, theanine, Thymoquinone (black seed oil), 
Lycopene (tomatoes and red fruits), Silymarin (milk thistle) and 
Choline have been shown to modify self-renewal properties of 
cancer stem cells and may be reviewed separately [110-115]. Asia is 
the most populous continent in the world, and some Asian countries 
do not have the resources to implement cancer screening programs 
for early detection or treatment. In addition, despite the excellent 
cancer preventive screening strategies in some Asian countries, 
well-designed clinical trials for cancer prevention are somewhat 
delayed compared to Western countries. Several neutraceuticals 
produced include Korean red ginseng, Curcumin, black or green 
tea (popular in Japan/Sri Lanka), Genistein from tofu (famous 
Chinese food), diallylsulfide or S-allylcysteine (garlic, popularly 
consumed as a food ingredient in many Asian countries), capsaicin, 
6-gingerol, flavopiridol, and silymarin (abundant in various Asian 
foods). In Western countries, cancer chemotherapeutics involve 
strategies not only to block the growth of the primary tumor but 
also to inhibit its progression to metastatic disease. The endless 
pursuit of effective agents for cancer prevention may be a unique 
strategy in Asia. More active efforts for clinical application of 
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these principles should be supported [114, 115]. Hopefully, we 
will devote equal time to understanding why half of us never get 
cancer, while trying to stop cancer once it is detected. A better 
understanding of how we can use Natural Killer Cells (NKCs) and 
the rest of the immune system to prevent and fight cancer will be 
a significant component in conquering this dreaded disease. Our 
discovery of the NKC and developing nutraceuticals to boost NKC 
activity is synergestic with most nutraceuticals used to kill CSCs.

NKCs KILL CSCs
Natural Killer (NK) cells are a type of lymphocyte (a white 
blood cell) that play a crucial role in the innate immune response, 
particularly in recognizing and destroying infected or malignant 
cells. There is ongoing research into the ability of NKCs and CSCs 
to target and kill CSCs, a subpopulation of cancer cells believed 
to be responsible for tumor initiation, metastasis, and recurrence. 
NKC can recognize and destroy any cell type that exhibits non-self 
surface markers or stress-induced ligands, including some cancer 
cells and potentially CSCs. NKC can directly bind and destroy 
foreign cells, whether cancer cells or virus-infected cells, using 
cytotoxicity, apoptosis, and cytokine production to recruit other 
immune reactions against the foreign cell [33- 36].

Conclusions
Over 90% of pharmaceutical drugs are not water-soluble and 
require an oral dosage in most treatments. Over 60% of people 
struggle to swallow pills. This is especially true for older adults 
who may require over 20 pills per day. The consumption of such 
a large number of pills gives older adults the feeling of being 
"full," and nutritional wasting can occur. The pharmaceutical drug 
industry suffers from a lack of bioavailability, which requires higher 
dosages of a drug, with its inherent pitfalls of drugs being broken 
down in the stomach into potentially dangerous metabolites. One 
only has to watch the next television advertisement for a new drug 
to see this problem. The inability to minimize side effects makes 
FDA approval a lengthy process that can expose pharmaceutical 
companies to expensive class action lawsuits due to the irreparable 
harm experienced by patients. Drugs produced in pill form are 
difficult to modify the dosage without remanufacturing them. 
Biologic drugs require intravenous injections, which present issues 
related to proper bioavailability to the targeted cells.

The NutraNanoSphere (NNS) pharmacology will help address the 
above problems based on the features illustrated in Figure 15.

Figure 15: Characteristics of the NutraNanoSpheresTM.

In Figure 15, the NNS can micellize various compounds in a 
proprietary produced sphere, which only requires a slightly 
elevated temperature and no organic solvents that may degrade 
the nutraceutical, peptide, or protein of interest. The result is 
the production of very stable NNS that can stay intact for years. 
Shipment can accomplished at room temperature or occasionally 
elevated temperatures. The NNS spheres are stable up to 98 °C 
and can be used for the online hot fill sterilization requirements 
[180-205 °F (82-95 °C) for 30 seconds] for nutritional drinks. 
We recommend shipping all our products at room temperature, 
accompanied by an indicator to show temperature exposure above 
90°F (32°C). The NNS Products should be stored at 4 °C (do not 
freeze) and shipped at room temperature. If an NNS product is 
being used within 30 days, it can be stored at room temperature in 
the dark. An antibacterial agent, such as 0.1% sodium benzoate, 
works well with the NNS.

Most NNS are in the 3-10 nm diameter range, with larger 
diameters found when multiple NNS types are prepared, as in the 
case of the antimalarial TriAntiVP (28.1 nm). The NNS have low 
polydispersity (uniform size), usually ranging from 0.01 to around 
0.20.

Figure 16 shows the difference between bioavailability and our 
new concept, accessibility. We have found that the NNS must 
function fully if it passes into the cell as an intact NNS. We are still 
discovering the reason for this, as seen by Curcumin and Vitamin 
C. Bioavailability is important, while Accessibility is much more 
important. NNS can penetrate all cells, whether normal or cancerous 
that can be many thousands. The contents and the NNS micelles can 
be a nutrient for normal cells, while being a poison for cancer or 
viral-infected cells. The NNS components also act to stimulate the 
production of normal stem cells, which will be presented in a future 
article.

Figure 16: The NutraNanoSphere™ (NNS) has two primary functions: 
Bioavailability and Accessibility.
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