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ABSTRACT

Widely used chemotherapy and radiation therapy have produced increased 5-year survival rate for most of the
cancer. However, acute toxicity during treatment and enhanced risk of late adverse effects such as neoplastic and
non-neoplastic diseases exist. To improve survival rate further and reduce acute and late adverse effects of these
therapies a novel a novel radiation delivery technology called FLASH radiation therapy (FLASH-RT) which can
irradiate tumor and normal tissues in vivo at an ultra-dose rate of 40 Gy/s or more compared to conventional
radiation therapy dose rate of 0.01 Gy/s or more was developed. Although FLASH-RT protected normal tissue, but
the tumor response was like conventional radiation therapy. Tumors irrespective of their type or sensitivity to
chemotherapy and radiation therapy require the uptake and metabolism of glucose and glutamine for survival and
growth. To improve tumor response rate and reduce both acute and late adverse effects of chemotherapy and
radiation therapy, we propose that supplementation with a micronutrient mixture containing high doses of multiple
antioxidants which would kill cancer cells but not normal cells by inhibiting the uptake and metabolism of glucose
and glutamine. This micronutrient mixture would also enhance the growth-inhibitory effects of chemotherapy and
radiation therapy on cancer cells, while protecting acute and late adverse effects of these therapies. Intestinal
dyshiosis promotes the development of cancers and reduces the effectiveness of chemotherapy and radiation
therapy and enhances their acute toxicities. Therefore, we also propose that supplementation with probiotics with
prebiotics which would reverse the effects of intestinal dysbiosis and improve the effectiveness of chemotherapy
and radiation therapy.
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1. INTRODUCTION
Although widely used chemotherapy and radiation

rate compared to conventional radiation therapy. This
review describes evidence which show that

therapy have increased 5-year survival rate for most
tumors, serious limitations of these therapies exist.
Damage to the normal tissue during and after treatment
remains the major concerns of oncologists. The acute
side-effects during cancer treatment such as diarrhea,
vomiting, and fatigue occur. The late adverse effects of
treatment among cancer survivors include neoplastic and
non-neoplastic diseases. In addition, increased annual
death from this disease occurs among cancer patients. To
improve the efficacy of chemotherapy and radiation
therapy, a new approach which can increase 5-year
survival rate for all tumors and reduce their acute and
late adverse effects is needed.

This review briefly presents a novel radiation delivery
technology called FLASH-radiation therapy (FLASH-
RT) which delivers dose at an ultra-dose rate, which
protects normal tissue, but no change in tumor response

supplementation with a micronutrient mixture containing
high doses of multiple antioxidants which would Kill
cancer cells but not normal cells and enhances the
growth-inhibitory effects of radiation and chemotherapy
on cancer cells while protecting normal cells. This
review describes evidence to show that supplementation
with probiotics with prebiotics would reverse harmful
effects of intestinal dysbiosis during chemotherapy and
radiation therapy, and thereby improve the effectiveness
of these therapies.

2. Development of FLASH Radiation Therapy

In 2014, a novel radiation delivery technology called
FLASH radiation therapy (FLASH-RT) which can
irradiate tumor and normal tissues in vivo at an ultra-dose
rate of 40 Gy/s or more compared to conventional
radiation therapy dose rate of 0.01 Gy/s or more was
developed. FLASH-RT produces transient hypoxia in

www.wipls.org | Vol 10, Issue 10, 2024.

ISO 9001:2015 Certified Journal | 26




Prasad.

World Journal of Pharmaceutical and Life Science

both tumor and normal cells. Using lung cancer
transplanted athymic mice as an experimental model, it
was demonstrated that both FLASH-RT and conventional
radiation therapy reduced the growth of tumor to the
same extent, but conventional radiation therapy caused
lung fibrosis and acute apoptotic cell death of muscle and
epithelial cells, whereas FLASH-RT did not.™! Pre-
clinical studies on mice, mini pig, and cat further
confirmed the advantage of FLASH-RT over
conventional radiation therapy in protecting normal
tissues including the brain,*® the skin,® and the
blood.! The first clinical study with FLASH-RT was
conducted on 75-year-old patients with multi-resistance
CD30+ T cell cutaneous lymphoma metastasized
throughout the whole skin surface. Results showed that
FLASH-RT reduced tumor growth to the same extent as
conventional radiation therapy while protecting the
skin.®! FLASH-RT protects normal tissue during therapy,
while conventional radiation therapy did not. Since
FLASH-RT produces tumor response rate like
conventional radiation therapy, additional new approach
which enhance radiation therapy-induced tumor response
rate and reduce acute and late adverse effects of radiation
therapy is needed.

3. Proposed use of high doses of individual
antioxidant which inhibits the growth of cancer
cells but not of normal cells

3.1. Vitamin C (As sodium ascorbate: In 1976, Dr.
Linus Pauling and his colleagues were first to
demonstrate that vitamin C at high doses inhibited
the growth of cancer cells without affecting the
growth of normal cells in cancer patients.*®! This
observation became controversial because others
could not confirm their observation. However, we
confirmed their work by showing that vitamin C at
high doses killed all murine neuroblastoma (NB)
cells in culture; however, the growth of normal
fibroblasts in culture was only slightly reduced. This
study also demonstrated that glioma cells in culture
were relatively less sensitive to vitamin C than
neuroblastoma cell.™ Vitamin C at high doses
inhibited the growth of human tumorigenic parotid
acinar cells in culture but had no effect on the
growth of non-tumorigenic parotid acinar cells.?
This study also showed that vitamin C at low doses
stimulated the growth of tumorigenic parotid acinar
cells in culture.

3.2. D-alpha-tocopheryl  succinate (Vitamin E
succinate): In 1982, we discovered that vitamin E
succinate at high doses induced differentiation and
growth inhibition in murine melanoma cells in
culture™ (Figure 1). Vitamin E succinate at a
growth-inhibitory dose reduced the expression of
oncogenes c-myc and H-ras in melanoma cells in
culture.™ Several studies using other cancer cell
lines in culture and in animal models of cancer
confirmed growth-inhibitory effects of vitamin E
succinate.™®*! A recent review has further

documented the role of vitamin E succinate in
inhibiting the growth of tumor cells.*

3.3. Beta-carotene and Retinol: Beta-carotene and
retinol  treatment at high doses induced
differentiation in murine NB cells and B-16 murine
melanoma cells in culture, respectively, and
inhibited their growth.!?!

3.4. Quercetin:  Overexpression of cyclooxygenase
(COX-2) plays a significant role in the development
and progression of cancer. Treatment with high
doses of quercetin induced apoptosis and inhibited
the growth of human colon cancer cells (HT29 cells)
over-expressing Cox-2 enzyme, but it was less
effective in human colon cancer (HCT 15 cell line)
expressing reduced level of COX-2 enzyme and had
a n[12i2r]1imal effect on normal epithelial cell line (IEC-
6).

3.5. Resveratrol: Treatment with high doses of
resveratrol reduced the growth of human leiomyoma
cells in culture and in rat-derived uterine leiomyoma
transplanted in athymic mice./®!

3.6. Coenzyme Q10: The effectiveness of coenzyme
Q10 on human cancer remains controversial. A few
clinical studies showed that daily supplementation of
coenzyme Q10 at high doses of 390 mg or more may
increase the survival of breast cancer patients
receiving standard cancer therapy.?*?®! On the other
hand, another clinical study on breast cancer
revealed that supplementation with 300 mg
coenzyme Q10 did not improve the extent of fatigue
or the quality of life.[?”

3.7. Curcumin: A few reviews and studies have shown
that treatment with high doses of curcumin inhibits
the growth and induces apoptosis in various cancer
cells in culture.”®? Curcumin treatment markedly
reduced the growth of gastric carcinoma and
suppressed  gastric-mediated  secretion, which
inhibited the progression of gastric cancer cells!®*”
Curcumin treatment also reduced proliferation of
human colon cancer cells in culture.”

4. Multiple antioxidants inhibited the growth of
cancer cells but not of normal cells

A micronutrient mixture containing quercetin, curcumin,
resveratrol, green tea extract, and cruciferex inhibited the
growth of human Faconi anemia head and neck
squamous cell carcinoma in culture (OHSU-974 cell
line), in athymic mice, and in fibrosarcoma (HT-180 cell
line) and melanoma (A2058 cell line) in culture.F? A
mixture of antioxidants containing vitamin C, vitamin E,
and beta-carotene enhanced the cytotoxic effects of
combined treatment with paclitaxel and carboplatin on
human lung squamous cell carcinoma cell line H520.5*!
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5. High doses of individual antioxidants in
combination with Radiation and
Chemotherapeutic agents

5.1. Vitamin C: As early as in 1979, it was demonstrated
that high doses of vitamin C as sodium ascorbate
enhanced the growth-inhibitory effects of x-radiation
and certain  chemotherapeutic ~ agents  on
neuroblastoma cells in culture.™ For example,
vitamin C enhanced the growth-inhibitory-effect of
5-FU (5-Fluorouracil) in neuroblastoma cells in
culture (Figure 2). Since then, several studies using
other antioxidants and their analogs and different
cancer cells have established the general relevance
of the above observation.

Intravenous administration of high doses of vitamin C in
combination with gemcitabine and radiation therapy
increased overall survival time in patients with
pancreatic cancer compared to individual agent. This
study also demonstrated that high doses of vitamin C
sensitize the effect of radiation on pancreatic cancer cells
but inhibited radiation-induced damage to normal
cells.[339]

5.2. Vitamin E: Administration of d-alpha-tocopheryl
succinate (vitamin E succinate) at high doses before
irradiation enhanced the cytotoxic effects of gamma-
irradiation on murine neuroblastoma cells in
culture.B® (Figure 3). Vitamin E succinate induced
chromosomal damage in human cervical cancer cells
and ovarian cancer cells, but not in human normal
fibroblasts in culture. In addition, vitamin E
succinate enhanced the levels of radiation-induced
chromosomal damage in cancer cells, but it reduced
damage to normal cells.®*"*® (Figure 4). Vitamin E
succinate at high doses enhanced the cytotoxic
effects of Adriamycin on human prostate cancer
cells in culture.® Vitamin E succinate also
enhanced the toxicity of Adriamycin on human
cervical cancer cells (HeLa cells) but not on human
normal fibroblasts'“” (Table 1).

5.3. Vitamin A and Beta-carotene: Administration of
vitamin A and beta-carotene produced one-year
survival in x-irradiated mice with transplanted
adenocarcinoma compared to no survival in Xx-
irradiated  controls.*! Beta carotene reduced
radiation-induced oral mucositis without interfering
with the efficacy of radiation therapy in patients
with head and neck cancer."*

5.4. Resveratrol: In breast cancer cells in culture (MCF-
7), treatment with high doses of resveratrol before
irradiation increased apoptosis. Thus, resveratrol
acts as a radio- sensitizing agent in breast cancer
cells.”®¥ In NK/T cell lymphoma (NKTCL) derived
from a highly aggressive non-Hodgkin lymphoma
with poor diagnosis, resveratrol treatment reduced
cell proliferation and cell cycle arrest in S phase in a
dose-dependent manner."Y This study also showed

that high doses of resveratrol enhanced radiation
induced apoptosis in cancer cells. Resveratrol at
high doses inhibited the growth of androgen-
sensitive (22RV1) and androgen insensitive prostate
cancer cells but not of normal prostate epithelial
cells. This treatment also enhanced radiation-
induced apoptosis, -cell cycle arrest at G1-S phase
of the cell cycle, and -double-strand DNA breaks on
prostate cancer cells.””)

5.5. Curcumin: Pre-treatment with curcumin enhanced
the levels of radiation-induced apoptosis in
radioresistant cervical cancer cells.*®! Curcumin
treatment enhanced the cell killing effect of arsenic
oxide in on multiple myeloma cells in culture (U266
cell line).*! High doses of curcumin enhanced
lonidamine-induced apoptosis in cancer cells."®
Curcumin  increases the  effectiveness  of
chemotherapy and radiation therapy on cancer cells
while reducing damage to the normal tissues leading
to increased survival time."%)

A mixture of retinoic acid, vitamin C, vitamin E
succinate, and polar carotenoids reduced the growth of
human melanoma cells (SK-30) in culture, and enhanced
the cytotoxic effects of tamoxifen, cisplatin, and
DTIC.P

During last 40 years, several articles and reviews have
been published to show that high doses of individual
antioxidants inhibited the growth of tumor cells and
enhanced the growth-inhibitory of chemotherapy and
radiation therapy on cancer cells without significantly
affecting the growth of normal cells in experimental
models such as cell culture models and in athymic mice
carrying transplanted tumor cells. However, these
exciting observations to improve the current treatment of
tumor have not drawn any attention from the oncologists.
One of the main reasons could be that oncologists fear
that antioxidants may block the growth-inhibitory effect
of chemotherapy and radiation therapy on cancer cells
which is mediated by free radicals. Since antioxidants are
known to scavenge free radicals, the fear of oncologists
was justified. Furthermore, vitamin C at preventive doses
(low doses) stimulated the growth of cancer cells (6)
which further discouraged the use of antioxidants in the
management of cancer. The difference between the
mechanisms of action between low and high doses of
antioxidant was not available at that time.

While searching for the mechanisms of action of high
doses of antioxidants, the question arose, do cancer cells
require specific nutrients for survival and growth?. The
search for studies on this issue revealed that all cancer
cells irrespective of type and sensitivity to tumor
therapeutic agents require glucose and glutamine for
their survival and growth.
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6. Cancer cells require Glucose and Glutamine for
the Survival and Growth

Several studies and reviews have suggested that glucose
and glutamine metabolism are required for the survival
and growth of cancer cells.®** Glucose and glutamine
are most abundant nutrients in the plasma. Glucose is
primarily needed to activate bioenergetic pathways,
while glutamine is utilized to activate biosynthetic
pathways to maintain survival and growth of neoplastic
cells. The studies supporting the requirements of these
nutrients for the survival and growth of cancer cells are
described here.

6.1. Glucose: Glucose is required to generate energy
which is needed for the survival and growth of
normal and cancer cells. However, glucose
metabolism to generate energy in cancer cells is
different from that in normal cells. For example,
cancer cells utilize an inefficient energy-producing
system, glycolysis, which converts one molecule of
glucose to 2 molecules of ATP (adenosine
triphosphate). This amount of energy is not enough
for maintaining the survival and growth of cancer
cells; therefore, they consume glucose at a much
higher rate to generate sufficient energy for their
survival and growth. This is in contrast to normal
cells which utilize oxidative phosphorylation
pathways, which generate 36 ATP from one
molecule of glucose. Thus, normal cells do not
require as much glucose as cancer cells to meet their
energy requirements. Cancer cells exhibit
upregulation of glucose transporters GLUT-1 and
GLUT-3 that increase the uptake of glucose.
Inhibition of glucose transporters may increase the
death of cancer cell by inhibiting the uptake of
glucose.”

6.2. Glutamine: Glutamine metabolism is essential for
the survival and growth of neoplastic cells.” A few
reviews have described the function of glutamine in
cancer cells."! It provides source of energy and
nitrogen for protein and nucleic acid synthesis.
Glutamine is converted to glutamate by glutaminase
1(GLS1) and then glutamate is converted to alpha-
ketoglutarate, which enters the TCA (tricarboxylic
acid) cycle for generating energy. Glutamine is also
used for synthesizing several vital molecules that are
essential for the survival and proliferation of tumor
cells.*® Deprivation of glutamine may cause death
of cancer cells.®"*® |n addition, glutamine promotes
synthesis of glutathione which can protect cancer
cells from oxidative damage, and thereby,
participates in their resistance to standard tumor
therapy and their progression.®® In addition,
increased expression of glutamine synthetase which
enhances the levels of glutamine in cancer cells
causes them to become resistance to radiation
therapy because of enhanced DNA repair ability.!*”
Conversely, inhibition of glutamine synthetase in
cancer cells can lead to death of cancer cells.[®”

Reducing the availability of glutamine promotes
radiosensitivity.®? Therefore, inhibition of uptake or
metabolism of glutamine would cause death of
tumor cells. it has been shown that inhibition of
glutamine metabolism enhances the sensitivity of
Kras positive pancreatic ductal adenocarcinoma to
radiation therapy.’*!

7. High Doses of Individual Antioxidants Inhibit
Uptake and Metabolism of Glucose in Cancer
Cells

We propose that high doses of antioxidants may block
the uptake and metabolism of glucose and glutamine in
cancer cells leading to their death without affecting the
growth of normal cells. High doses of individual
antioxidant enhance the growth-inhibitory effects of
chemotherapeutic agents on cancer cells, but not on
normal cells by the same mechanism. Effects of high
doses of individual antioxidant showing the inhibition of
glucose uptake and metabolism are described here.

7.1. High doses of vitamin C: Administration of high
doses of vitamin C Kkilled selectively human
colorectal cancer (CRC cell line) carrying Kras
mutation or Braf mutation which make them
resistant to standard therapies by inhibiting
glycolysis.® In human colorectal cancer cells,
which had become resistance to standard cancer
therapies, treatment with high doses of vitamin C
inhibited glycolysis, creating an energy crisis in the
tumor cells leading to their death.>%5¢]

7.2. High doses of alpha-lipoic acid: Administration of
alpha-lipoic acid at high doses reduced glucose
uptake and inhibited the growth of neuroblastoma
cells and breast cancer cells (SKBr3 cell line) in
culture and transplanted in a thymic mouse.®”

7.3. High Doses of quercetin and epigallocatechin
gallate (EGCG): Administration of quercetin
blocked the uptake of glucose leading to inhibition
of glycolysis causing growth inhibition of tumor
cells in culture and reduced growth and metastasis in
animal model by decreasing the levels of its marker
matrix metalloproteinase 2 (MMP-2), MMP-9, and
vascular endothelial growth factor (VEGF). This
study also showed that quercetin also inhibited
tumor growth and metastasis by inhibiting glycolysis
in vivo.[% Quercetin treatment also reduced glucose
uptake in estrogen receptor-positive (MCF-7) and
estrogen receptor-negative (MDA-MB-231) breast
cancer cells in culture.®™ Both quercetin and
EGCG inhibited the uptake of glucose and reduced
the growth of estrogen receptor (ER)-positive
(MCF7) and ER-negative MDA-MB-231 breast
cancer cells in culture.l’™

7.4. High doses of resveratrol: Administration of
resveratrol-loaded polymeric nanoparticles reduced
glucose metabolism and inhibited the growth of
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colon cancer cells in culture (CT26 cell line) and in
CT26 transplanted mice.'’? Resveratrol induced
apoptosis in ovarian cancer cells in culture by
inhibiting the uptake of glucose.™" Treatment with
resveratrol reduced glucose uptake and glycolysis in
breast cancer cells in culture and reduced the growth
of tumor in mice carrying Lewis Lung carcinoma,
HT-colon cancer, and breast cancer cells (T47D).1"!

7.5. High doses of curcumin: Treatment with high doses
of curcumin inhibited glucose uptake and lactate
production in varieties of cancer cells and reduced
their growth.’® It also prevented high glucose-
induced chemoresistance by blocking the uptake of
glucose.l’”

8. High Doses of Antioxidants Inhibit Uptake and
Metabolism of Glutamine in Cancer Cells

8.1. High doses of resveratrol: Resveratrol and cisplatin
treatment individually enhanced the levels of
phosphorylated H2AX (yH2AX), a marker of DNA
double-strand breaks (DSBs), in hepatoma cells in
culture, and the combination of two produced more
pronounced increase in DNA (DSBs). Resveratrol
treatment inhibited glutamine metabolism, which
may account for the enhancement of growth
inhibitory effects of cisplatin on hepatoma cells.[”®!

8.2. High doses of Omega-3 in combination with
rapamycin: Treatment of breast cancer cells in
culture or in transplanted mice carrying tumor cells
with omega 3 inhibited glutamine metabolism and
reduced their growth. The combination of omega-3
and rapamycin produced synergistic effects on cell
cycle arrest, apoptosis, and more pronounced
inhibition in glutamine metabolism.["!

8.3. High doses of Curcumin in combination with
cisplatin Curcumin treatment in combination with
cisplatin suppressed proliferation of colon cancer
cells in a synergistic manner. In addition, curcumin
treatment overcame cisplatin resistance colon cancer
cells by inhibiting the uptake of glutamine.®

8.4. High doses of Vitamin D3: Treatment of H-ras
transformed human breast epithelial cells with
vitamin D3 inhibited glutamine uptake and reduced
their growth. Vitamin D3 treatment inhibited
glutamine uptake and reduced the growth of human
breast cancer in culture.®"

9. Tumor response to increased production of
Reactive oxygen species (ROS)
The production of ROS is elevated in cancer cells
because of high metabolic rate, gene mutation, and
partial hypoxia.®? To meet this challenge, tumor cells
acquire antioxidant activity to protect themselves from
oxidative damage.® This is further evidenced by the
observation that when tumor cells become resistant to
chemotherapy and radiation therapy, they increase the

levels of glutathione which allows cancer cells to grow
rapidly and metastasis in the presence of high levels of
ROS.

10. High Doses of Antioxidants kill Cancer Cells by
bypassing the Protective Antioxidants

Nrf2, a nuclear transcriptional factor, is constitutively
expressed in cancer cells.®! Activation of Nrf2 increases
the level of antioxidant enzymes, which protect cancer
cells from oxidative damage, allowing rapid progression
and metastasis, and making them resistant to current
therapeutic agents. In addition, Glutathione peroxidase -
2, which is highly expressed in cancer cells,® produces
enhanced level of glutathione that protects cancer cells
from oxidative damage and make them resistant to
chemotherapy and radiation therapy. High doses of
antioxidants kill cancer cells by bypassing the above
protective mechanisms by blocking glucose uptake and
inhibiting glutamine metabolism.

11. Proposed Micronutrient Mixture Containing
High Doses of Multiple Antioxidants Alone or in
Combination with Chemotherapy and Radiation
Therapy in the Treatment of Cancer

Based on the studies presented in this manuscript, we
propose that a micronutrient mixture containing high
doses of multiple antioxidants may reduce tumor growth
by blocking uptake and metabolism of glucose and
glutamine without affecting the growth of normal cells.
This mixture contains high doses of vitamin A as retinal
palmitate, vitamin C as sodium ascorbate, vitamin D3,
vitamin E succinate, R-a-lipoic acid, N-acetylcysteine,
coenzyme Q10, curcumin, resveratrol, and natural beta-
carotene. In addition, this mixture contains all B-
vitamins, and minerals selenium and zinc at the
preventive doses. The proposed micronutrient mixture in
combination with chemotherapy and radiation therapy
may enhance their effectiveness in reducing tumor
growth more than produced by either agent alone, while
causing no significant damage to normal cells. This
micronutrient mixture has been patented (patent number
11,938,152). Clinical studies with the proposed
micronutrient mixture containing high doses of
antioxidants should be performed to test the validity of
suggested hypothesis for improving the effectiveness of
chemotherapy and radiation therapy and reducing their
acute and late adverse effects.

12. Intestinal dysbiosis in Initiation and Progression
of cancer cells
Recent studies suggest that intestinal dysbiosis in which
the composition of bacterial population changes in favor
of toxic bacteria plays an important role in the initiation
and progression of cancer, and the effectiveness
chemotherapy and radiation therapy. In addition, it
enhances chemotherapy- and radiation therapy-induced
acute adverse effects during treatment and reduces
effectiveness of these therapies. Intestinal dysbiosis is
closely associated with the increased incidence of several
types of cancer including, colorectal cancer, lung cancer,
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esophageal cancer, gastric cancer, hepatobiliary cancer,

and pancreatic cancer.’®® The growth of harmful bacteria 12.4. Intestinal dysbiosis in progression of leukemia:
generates several harmful chemicals including The composition of gut microbiota influences
proinflammatory cytokines which are toxic to the cells. initiation and progression of acute leukemia, as
The intestinal dysbiosis decreases the production of well as treatment outcome, side-effects, and
short-chain fatty acids such as butyric acid, propionic prognosis of the disease. Intestinal dysbiosis in
acid, and acetic acid. Butyric acid has diverse biological leukemia causes damage to the intestinal epithelial
functions which include improving intestinal barrier barrier which allows migration of harmful bacteria
integrity.® and acting as an anti-cancer agent.l®® to the blood stream or lymph node that leads to
Intestinal dyshiosis also causes inflammation and inflammatory immune response which may
enhances the intestinal permeability. contribute to the development of cancer.”*!
Intestinal dyshiosis is also associated with the
12.1. Intestinal dysbiosis in progression of colorectal development acute lymphocytic leukemia.l*
cancer (CRC): Despite current treatments, Several studies have suggested that intestinal
approximately 50% of the patients develop dyshiosis occurs during the onset and treatment of
incurable recurring CRC."*¥ The exact reasons are leukemia, and this may reduce the effectiveness of
not known; however, growing evidence suggest treatment and may predict poor prognosis.®®!
that chemotherapy and radiation therapy can
enhance the levels of already existing intestinal 12.5. Intestinal dysbiosis in progression of prostate
dysbiosis that can interfere with the effectiveness cancer: It has been suggested that antibiotic
of their treatment and eventually making cancer treatment activates the inflammatory signaling
resistant to therapy. The presence of toxic bacteria pathway which contributes to progression of
Fusobacterium nucleatum has been demonstrated prostate cancer. This was confirmed by
in CRC (90-91). These pathogenic bacteria experiments which showed that antibiotic-induced
promote progression of CRC and is associated intestinal dysbiosis promoted the growth of
with poor prognosis and drug resistance.®® prostate cancer in a murine model by activating
Another toxic bacterium Bacteroides fragilis NF-kB-STAT3-IL-6  pathway. In  addition,
which is present in the gut secretes toxins that can antibiotic treatment markedly increased the
destroy epithelial barrier in the gut, induce number of Proteobacteria which is a marker of
inflammation and precancerous lesions, and intestinal dysbiosis.'! The number of toxic
promote initiation and progression of CRC.*" bacteria such as Bacteriodes, Streptococcus,
Rikenellaceae, Alistepes, and Lachomospira cause
12.2. Intestinal dysbiosis in progression of lung growth of prostate cancer cells, and play a role in
cancer: The levels of beneficial bacteria the development of castration-resistance prostate
Actinobacteria  species and  Bifidobacterium cancer.[10:-103]
species were lowered, while the level of harmful
bacteria Enterococcus species was enhanced in 12.6. Intestinal dysbiosis in progression of brain
patients with lung cancer.®* Intestinal dysbiosis is cancer: Intestinal dysbiosis inhibits the brain
associated with the progression of lung cancer.! immune function which can affect all stages of
brain cancer development and helps tumor cells to
12.3. Intestinal dysbiosis in progression of breast evade immune surveillance.'™ Oral dysbiosis is
cancer: There are different subtypes of breast associated with the malignant brain tumor.!*%!
cancer It has been reported that a distinct Oral dysbiosis can also influence the activity of
microbial pattern was associated with each intestinal dysbiosis.'® and together they can
subtype of breast cancer. For example, the further help in the development and progression of
invasive ductal carcinoma had abundance of brain tumor. The intestinal dysbiosis contains
harmful  bacteria such as  Tepidiphilus, abundance of Enterobacteria ceae in meningioma
Alkanindiges, Stenotrophomonas, while invasive which suppresses short-chain fatty acid (SCFA)
lobular  carcinoma  had  abundance  of producing bacteria and causes immune
peptostreptococcus, Micromonospora, dysfunction and unhealthy intestinal
Faecalibacterium, and Stenotrophomonas. The environment."] The genus Escherichia/Shigella
levels of toxic bacteria Porphyromonas, were present in large amounts in the brain tumor
Lacibacter, Ezakiella, and Fusobacterium were that can promote chronic inflammation in the
abundant at more advanced stage of the disease brain. The genus Fusobacterium and Akkermansia
compared to lower stage® suggesting the role of are present in in the intestinal dysbiosis that
intestinal dysbiosis in the progression of breast participates in the development and progression of
cancer.. Another study reported that the presence glioma, [104108]
of toxic Bacteroides fragilis in the gut or breast
tissue may increase the aggressiveness of breast 12.7. Intestinal  dysbiosis in  progression  of
tumor leading to metastasis to distant organ.® melanoma: Skin dysbiosis and intestinal
WwWw.wjpls.org | Vol 10, Issue 10, 2024. ISO 9001:2015 Certified Journal | 31




Prasad.

World Journal of Pharmaceutical and Life Science

dysbiosis may play a role in the development and
progression of skin melanoma in animal
model.1%

13. Radiation therapy enhances the levels of existing
intestinal dysbiosis

It has been reported that radiation therapy enhances the
levels of existing intestinal dysbiosis as evidenced by
increased number of harmful bacteria such as
proteobacteria and Fusobacteria and decreased number
of beneficial bacteria such as Biofedobacterium and
Faecalibacterium.®™ |n addition, chemotherapy and
radiation therapy also enhance the levels of intestinal
dysbiosis in cancer patients.[*#1!

14. Chemotherapy Enhances the Levels of Existing
intestinal dysbiosis.

Chemotherapeutic drugs can directly increase the levels

of existing intestinal dysbiosis which damages intestinal

epithelial cells, reduce absorption and metabolism of

drugs, increase the toxicity of drugs, and reduce their

efficacy.*

15. Impact of intestinal dysbiosis During and After
Chemotherapy and Radiation therapy

Since intestinal dysbiosis is already present in patients
with cancer, chemotherapy and radiation therapy further
aggravate the levels intestinal dysbiosis which is
associated with acute gastrointestinal discomforts that
include diarrhea, mucositis, and late adverse effects such
as psychoneurological changes, cancer cachexia, and
fatigue.™  Intestinal  dysbiosis may enhance
development and progression of acute and late adverse
effects which impact quality of life during and after
treatment as well as survival of patients."51
Therefore, reversing the intestinal dysbiosis by
supplementation with probiotics with prebiotics would
decrease the risk of development and rate of progression
of cancer, and improve the effectiveness of
chemotherapy and radiation therapy, and reduce their
acute and late adverse effects during treatment.

16. Reversing Intestinal Dysbiosis with
Probiotics/Prebiotics That Reduces Acute Side-
Effects during Treatment

The main function of probiotics is to restore the balance
of bacterial population in favor of beneficial bacteria in
the intestine. Prebiotics are soluble and insoluble fibers
which provide substrate for fermentation by the
beneficial bacteria to produce short-chain fatty acids
such as butyric acid which exhibits diverse biological
function including anti-cancer.[®1%]

Supplementation with probiotics with prebiotics may be
useful in reducing the side effects of chemotherapy and
radiation therapy which include decreased risk of
infections and improved in recovery of gut damage
induced by drugs and its proper function.*! In addition,
probiotics can bind with mutagens and degrades them,

molecules.” In a clinical study, supplementation with
probiotics containing strains of lactobacillus and
Bifedobacterium alone before chemotherapy and
radiation therapy prevented gastrointestinal mucositis.
Administration of prebiotics alone before radiation
therapy had no impact on the diarrhea in patients with
pelvic cancer."?"! A randomized controlled trial involving
60 children with acute leukemia revealed that patients
who took probiotics during chemotherapy had significant
reduction in most gastrointestinal side-effects including
vomiting, nausea, abdominal distension, constipation,
and abdominal pain.[*??

Therefore, it is essential that probiotics with prebiotics
should be utilized for reducing acute adverse side-effects
of cancer treatment. In addition, 60-70% of certain
beneficial bacteria such as strains of Lactobacillus and
Bifedo when administered orally is destroyed in the acid
pH of the stomach, and more are inactivated in the bile
acid of the intestine. This necessitates to add acid
resistance probiotics such as Bacillus coagulans. The use
of such probiotics with prebiotics may reverse intestinal
dysbiosis, and thereby, reduce some of the acute and late
adverse effects of chemotherapy and radiation therapy.

17. Propose new approaches for improving the
effectiveness of Chemotherapy and Radiation
therapy and Reducing their toxicity

We propose two approaches to improved effectiveness of
chemotherapy and radiation therapy. First approach
involves use of a micronutrient mixture containing high
doses of multiple antioxidants which would selectively
killing of cancer cells by blocking the uptake and
metabolism of glucose and glutamine, while producing
no such effect on normal cells. This micronutrient
mixture would also enhance the growth-inhibitory effects
of chemotherapy and radiation therapy on cancer cells by
inhibition their uptake and metabolism of glucose and
glutamine, while protecting normal cells from their
adverse effects. Second approach involves use of
probiotics with prebiotics which would reverse the
effects of intestinal dysbiosis which play an important
role in the progression of cancer, inhibiting the
effectiveness of chemotherapy and radiation therapy, and
enhancing acute toxicity of these therapies. Clinical
studies should be performed using these two approaches
at the same time.

18. CONCLUSIONS

Chemotherapy and radiation therapy have produced
increased 5-year survival rate in majority of cancers, but
they caused acute toxicity during treatment and enhance
the risk of neoplastic and non-neoplastic diseases.
Although FLASH radiation therapy protects normal
cells, but the tumor response rate is like conventional
radiation therapy. The late adverse effects of FLASH
radiation therapy remain unknown. To increase tumor
response rate of chemotherapy and radiation therapy and
reduce their acute and late adverse effects, a novel plan is

lowers intestinal pH, and secrets anti-inflammatory proposed. This plan suggests two independent
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approaches which must be simultaneously implemented. radiation therapy have levels of glutathione. Excessive
First approach recommends the supplementation with a amounts of free radicals are required for the rapid growth
micronutrient mixture containing high doses of multiple and metastasis of cancer cells; therefore, they have
antioxidants which would inhibit the growth of cancer acquired high levels of glutathione to protect themselves
cells by blocking the uptake and metabolism of glucose from oxidative damage. The propsed micronutrient
and glutamine which re required for their survival and mixture conaining High doses of multiple antioxidants
growth without affecting the growth of normal cells. This bypass the protective mechanisms of glutathione by

micronutrient mixture also enhances the growth- preventing the uptake and metabolism of glucose and
inhibitory effects of chemotherapy and radiation therapy glutamine. The validity of the proposed hypothesis for
on cancer cells but not on normal cells by the same improving treatment of cancer should be tested in pre-

mechanisms. Tumor cells resistant to chemotherapy and clinical and clinical studies.

cells without any treatments (1A); Melanoma cell cultures treated with solvent (ethanol 1% and sodium
succinate 5-6 pg/ml also exhibited fibroblastic morphology with fewer round cells (1B); alpha-tocopheryl
succin:[:xt(]a -treated cultures at 6 pg/ml (1C), and 8 pg/ml (1D) showed differentiation and growth inhibition, Mag.
X 300.1

ElTects on Growith of F, Mowse Neareblastoma Cells
by SodinmiMNa-L) Ascorbate YWith or Withont S-FLI

T MNa-L-Ascorbate
_E 100 1 Z!
= I
2
- B0
=
o]
£ o]
=
=
B 40
=
E 20 Pl ~Ascorbalel ST
& . =

B 20 40 &0 80 100
Concemiration of Ma-L-Ascorbate (padml) |

Figure 2: Neuroblastoma cells were plated in tissue culture dishes (60 mm), and 5-fluorouracil (5-FU, 0.08 pg/ml
together with various concentration of sodium ascorbate were added 24 hours after plating. Fresh medium, 5-
FU, and sodium ascorbate changed 2 days after treatment and cells were counted 3 days after treatment. The
number of cells in treated groups was expressed as % of untreated controls). Each value is the average of 6-9
samples + Standard deviation.™!
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Figure 3: Neuroblastoma cells (NBP2) were gamma-irradiated 24 after plating in tissue culture dishes. Vitamin
E succinate or solvent was added immediately before irradiation. Fresh growth medium, vitamin E succinct, and
solvent were changed 2 days after irradiation. Cells were counted 3 days later. The number of cells in treated
groups was expressed as % of untreated controls. Each experiment was repeated at least twice involving 3
samples per experiment. The bar at each point is SEM.E®
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Figure 4: Effect of alpha-tocopheryl succinate on the level of gamma- radiation-induced chromosomal damage in
human cervical cancer (HeLa cells), ovarian carcinoma cell line (OVG1 and SKOV3) and human normal
fibroblasts (GM2149), HF19, and AG1522). Alpha-tocopheryl succinate treatment increased chromosomal

damage as well enhanced radiation-induced chromosomal damage in all 3 cancer cell lines but not in normal cell
line. "%

Table 1: Modification of Adriamycin Effect on Human Cervical Cancer Cells (HeLa) and Human Normal Skin
Fibroblasts in Culture by d-a-Tocopheryl Succinate.

Treatment Hel a Cells Normal fibroblasts
Solvent Control 99 + 2.6* 104 +3.4
Adriamycin (0.1 pg/ml) 57+6.2 77+24
a-TS (10 pg/ml) 99+1.6 101 +3.7
Adriamycin (0.1 pg/ml)

PIUSG-TS 20+7.9 77+1.7
Adriamycin (0.25 pg/ml) 14+2.9 68+ 1.0
Adriamycin (0.25 pg/ml) 5408 62418

Plus a-TS

Cells (20,000) were plated in 24-well chamber and REFERENCES
Adriamycin and a-tocopheryl succinate (a-TS) were 1. Favaudon V, Caplier L, Monceau V, Pouzoulet F,

added one after another at the same time. Drug, o-TS, Sayarath M, Fouillade C, et al. Ultrahigh dose-rate
and fresh growth medium were changed at 2 days after FLASH irradiation increases the differential
treatment and the viability of cells was determined by response between normal and tumor tissue in mice.
MTT assay. Growth in experimental groups was Sci Transl Med, 2014; 6(245): 245ra93.

expressed % of untreated control. Each experiment was 2. Montay-Gruel P, Petersson K, Jaccard M, Boivin G,
repeated at least twice, and each value represents an Germond JF, Petit B, et al. Irradiation in a flash:
average of 6-9 samples + SE Unique sparing of memory in mice after whole brain
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