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Abstract

The main aim of this work is to focus on requirement of knowledge and research
work in metabolism by health care workers in restoration of a patient’s health.
Metabolism, a process drives physiological functions of a cell and
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reprogramming.This diseased condition can modulate metabolic flux, and it is
necessary to understand the process behind.

Research works are essentialto bring clarityabout the effect of nutritional
sources, as well as nutrient ingredients in metabolism and metabolic
flux,involved cellular signaling, dosage effects in signalling, apart from
diagnostic measures to understand flux changes. ldentifying the very right
reversal mechanism under such condition is difficult, but empowered with
research and knowledge of metabolic pathways and functioning, healthcare
workers can put their efforts for a role reversal back. Physical activity and social
interactions are essential for health restoration, demanding dependence on
nursing and other professionals for a patient health restoration. It is highly
essential to establish a feedback system amongst patients, physicians, health
care workers and home or family members for patient health recovery.
Knowledge of nutrition, nursing and care will restore back health of a patient
from a metabolically reprogrammed state.Understandings herein will highlight
the development of appropriate therapeutic strategies.

Key Words: Metabolic Reprogramming, Metabolism, Metabolic activity,
Nutrition, Healthcare, Nursing

Introduction

Human health as defined by the World Health Organization (WHO) is a state of complete physical, mental
and social well-being of a person. This does not take in count mere absence of a disease in a person (Institute of
Medicine US, 2001). The parameters to measure one’s health is by evaluation of the functioning ability in terms of
physical, mental, social and spiritual activity within one’s own defined environment(Oregon State University, 2024).

Health in other words reflects the metabolic efficiency of an organism(Chatterjee and Dinda, 2016).
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Deterioration of the nature’s health and ecosystem affects health of an individual(WHO, 2021). Bad health
can also be due to genes and heredity, lifestyle behavior, exposure to toxic substancesor other reasons(Healthtalk,
2016).A few of the identified reasons for health issues are: lack of physical activity, dietary habits, improper sleep,
alcohol consumption, and environment(Patidar, 2022). Health deterioration can also due to ageing that is linked to
metabolic reprogramming. Adoption of a healthy lifestyle and diet can act as a therapeutic strategy along with the

first line of therapy to correct the diseased state of an individual.

Metabolic activities, essential for life of a living organism leads to either production or consumption of
energy. Any kind of disturbances in this activity can lead to the development of a diseased state, wherein cells
undergo an enhanced survival with an altered metabolism, like in cancer. This altered metabolism is called as
metabolic reprogramming (Bhattacharya, 2023a, 2023b; Chiellini, 2020).Metabolic reprogramming in a cell is a
rewiring mechanism to promote proliferation and cell growth(Bhattacharya, 2023a). This altered metabolism is also
understood to be a link between ageing and tumourigenesis(Drapela et al., 2022). Metabolic changes also effects
upon immune system functionality. Survival of a cell and performing its physiological functions under such

condition is called as metabolic reprogramming.

First line of therapy refers to the administration of physician prescribed medicines. However, it is of
simultaneous importance to support the patient with a well-balanced diet, or nutrition for health recovery. Apart
from nutrient sources, there can be other sources also like imbalanced physical and social activities, etc. that
modulates the metabolic flux, and these needs to be identified. Research studieshere can be taken up in people with

nutritional imbalances, undernourished, and economically weaker population.

More research at the molecular level to understand totally the effect of nutritional sources, and or
ingredients in metabolism and metabolic flux is essential, apart from measures to understand metabolic flux changes
by radiology techniques. Food habits, lifestyle, physical activity and social interactions are essential for health
restoration. Patients here depends on nursing and other corresponding and associated professionals for health

improvement.

Physician patient meetgenerates a lot of question about health problems, wherein many of those questions remain
unanswered by the physicians. This leads to the generation of a knowledge gap(Brassil et al., 2017; Son et al., 2023),
wherein clinicians many a times may find difficult to work on these gaps. Though community nurses deliver
comprehensive care to patients living outside hospital settings, there are yet a lot of questions that need to be
answered as a priority in nursing and patient care matters. One of the unanswered questions is that can humans
regenerate their every tissue and organs by themselves? A positive possibility can solve many medical
problems(Lemley, 2003). This demands on innovation apart from research, engagement, collaboration, and funding
for quality patient careservices not only from nursing, but also from physicians and clinical information
systems(Henshall et al., 2022; John et al., 2007). Thus, it is essential to look at metabolic reprogramming, epithelial

mesenchymal transition, and how these processes influence human health care.
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Healthcare, provided by professional health care workers refers to the improvement of health by methods
of prevention, diagnosis and treatment for cure of a diseased state. A robust healthcare system is essential to support
a healthy society(Adegoke and Wright, 2013). Delivery of healthcare services needs the timely use of personal
health services to achieve the best possible health outcomes (Institute of Medicine US, 1993). There are many
factors, like finance that can limit access to healthcare services. This demands on the acquirement of adequate
knowledge like effect of dietary factors on health and well-being of a person that leads to health deterioration as well
as restoration, so that home people of a patient can also take the role of a caregiver. Provision of primary healthcare
is essential to provide social justice, equity, solidarity and participation. Thus, the present work is aimed to
understand metabolic reprogramming, its causes and effects and advocation of an appropriate diet,nursing and

patient care that can act as a therapeutic strategy along with the standard healthcare practices.

Metabolic reprogramming and disease

Metabolic reprogramming leads to cellular oxidative stress and ROS production. The identified hallmarks
of metabolic reprogramming at cellular level are: enhanced level of glycolysis, lactic acid production and pentose
phosphate pathway, more of glutaminolysis, mitochondrial changes and enhanced lipid metabolism, altered amino
acid metabolism, biosynthetic and bioenergetic pathways. Metabolic reprogramming not only enhances viral
pathogenesis, but also is linked to generation of cancer, neural problems and epithelial mesenchymal transition
(EMT). (Bhattacharya, 2023a, 2023b; Allen et al., 2022).Metabolic reprogramming influences cellular organization
through biomass and energy supply. Metabolic sensors regulate supply of nutrient availability and environmental
changes according to the cellular condition. This altered metabolic pathway also effects immune cell metabolism
leading to the progression of infectious diseases(de Salles et al., 2022).In immune cells, metabolic reprogramming
leads to epigenetic reprogramming including upregulated histone acetylation and suppressed DNA methylation. The
resultant effects are observed in artherosclerosis, characterized by chronic inflammation and enhanced infiltration of
adaptive and innate immune cells in the arterial wall(Sun et al., 2020). Innate immune cells reprogram their
metabolism upon microbial infection, and benefits pathogenesis(Escoll and Buchrieser, 2019). Metabolic
reprogramming also can affect on the organs, for example kidney. Kidney cell undergoes metabolic reprogramming
after injury, as well in different kinds of diseases, that leads to the progression and prognosis of kidney diseases (Li
et al., 2021).Upon pathogen infection, host proteinogenic amino acid metabolism is altered leading to an inhibition
of the host immune mechanism. Administration of amino acids along with regular drugs like antibiotics acts as a
therapeutic mechanism here (Li et al.,, 2023). Alteration of the metabolic pathways upon bacterial infection
simulates *Warburg effect” seen in cancer cells(Escoll and Buchrieser, 2018). Immune suppressed environment
leads to a fast intestinal and systemic reprogramming. Continuous drug effects gut microbial ecosystem and host
metabolism. Early changes in altered metabolism can act as antecedent biomarkers of a changed or a normal
immune system functioning, leading to an activation or quiescent stage(Ma et al., 2023).Gut microbiota along with
their metabolites and signaling are associated with systemic and local metabolic reprogramming. Systemic
reprogramming is associated with diabetes, inflammation, obesity, cancer, and liver diseases, whereas local
metabolic reprogramming is associated with intestinal pathobiology, like colon cancer, and inflammatory bowel

diseases. Furthermore, type 2 diabetes results due to dysbiosis in gut microbiota(Savkovic, 2020). Additionally,
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microbial sepsis is also associated with metabolic reprogramming(Wyngene et al., 2018). Apart from humans,
animals like fish also faces metabolic reprogramming during bacterial infection, wherein temperature acts as an
inducer(Sun et al., 2022). Thus, addressal of metabolic disturbances along with the conventional chemotherapy will

enhance therapeutic results.

Metabolic reprogramming mediated epigenetic regulation by miR-155 has been reported to enrich
mitochondrial fitness and affinity maturation(Nakagawa et al., 2023). Metabolic reprogramming also plays an
important role in skin wound healing(Wang et al., 2024). Region-specific toxicity in astrocytes arises from
metabolic  reprogramming, and metabolic reprogramming also induces therapeutic resistance in
glioblastoma(Polyzos et al., 2019; Tsung-I1H, 2023). Novel cancer therapeutics can develop with understandings of
how metabolic reprogramming and epigenetic modifications help in tumour proliferation(Xu et al., 2023).
Understandings of metabolic reprogramming will be of help to develop cancer precision medicine(Zhang and Tang,
2021). Cancer cells showing chemo- and radio-resistance has been observed to adapt glucose metabolic
reprogramming(Lin et al., 2019). Strategies has been developed to cure diabetes associated breast cancer based on
metabolic reprogramming(Hao et al., 2022).Furthermore, in organ transplantation and cancer, intrinsic relationship
amongst gut microbiome, metabolic activities and immune cells shapes the immune metabolism associated with

immune suppression and tolerance settings(Ma et al., 2023).

Proliferating cells increases their biomass and replicates genome material. This demands upon an enhanced
ATP production and increased demand on nutritional raw materials, and directs proliferating cells to reprogram their
intracellular metabolism. Metabolic reprogramming is not only observed in cancer but also in T-cells in
inflammatory disorders during their activation, differentiation and trafficking mechanisms(Marelli-Berg et al.,
2012).

Metabolic reprogramming in microorganisms and in human health, like gut metabolism are interlinked
processes. Nutrient limitation in bacterial growth phase forces bacteria to undergo metabolic reprogramming to
increase their life longevity(Dworkin and Harwood, 2022). For introduction and establishment of bacteria into
complex system needs understanding of the adaptive responses of bacterium for microbiome engineering
approaches(Hadadi et al.,, 2020). Metabolic engineering can improve the production and yield of different
metabolites in microorganisms (Wang et al., 2012). Thus, metabolic reprogramming in gut microbiota can be
remodeled by drugs and or food intake apart from other inducers that can be controlled by care givers. Bacterial
metabolic environment influences antibiotic killing efficiency. Thus, an explained understanding of the metabolic

resistance mechanisms is necessary to fight against antibiotic resistant bacteria(Xiang et al., 2023).

Metabolic reprogramming and epithelial mesenchymal transition

Different metabolism of tumour cells from normal cells results in metabolic disorders in metastatic
tumours. (Li et al., 2019). Change of state between epithelial and mesenchymal phenotypes in cancer cells via EMT
(epithelial mesenchymal transition) and MET (mesenchymal epithelial transition) are essential for cancer invasion

and metastasis and the process depends on metabolic reprogramming(Sun and Yang, 2020). The presence of
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mutation in metabolic genes, FH, IDH, and SDH evidences that EMT and metabolic reprogramming are intertwined
processes(Sciacovelli and Frezza, 2017). In cells undergoing EMT, co-factors and substrates stems out metabolic
intermediates(Wang et al., 2019). Metabolic alterations control EMT progression and induces tumour
aggressiveness. Thus, regulations of metabolic shifts by gene-basis or pharmacological inhibitions can down
regulate EMT and tumour progression and can work as therapeutic effective measure(Kang et al., 2019). Research
reports have shown that TGF-B (Transforming growth factor -f) initiates reprogramming of intracellular amino acid
metabolism in NSCLC. (NSCLC = non-small cell lung cancer cells)(Nakasuka et al., 2021). Inspite of the fact that
question arises to identify cause-effect relationship between metabolic shifts and EMT, predicted metabolic targets
involved in EMT initiation and progressiveness has been identified, wherein drugs can be used, and food or
nutrition-based therapy can be investigated upon as an alongside therapeutic measure(Morandi et al., 2017). With
the difficulty in direct targeting of EMT effectors, and existence of identified metabolic circuits in EMT, FDA
approved or under clinical trial metabolic inhibitors can be used as drugs, and that can be additionally clubbed with
the standard therapeutic practices in cancer. (Ramesh et al., 2020). Identification of metabolic enzymes and
metabolites as key molecules in thyroid cancer progression suggests the use of those molecules as biomarkers in
radio-therapy to identify the effectiveness of the therapy effectiveness, as well as use of those molecules as possible

targets in precision medicine(Fedele et al., 2021).

Diet and nutrition

Reversal of metabolic reprogramming might be an attractive strategy to increase susceptibility of cells to
apoptosis. The prime tool to do this work is through food bioactive components and cofactors, like folic acid(Keijar
et al., 2011). Dietary restriction without essential nutrient deficiency is the other vital way to intervene upon
metabolic reprogramming(Anderson and Weindruch, 2007). Metabolic syndrome in the immediate postnatal life
results out due to altered nutritional experiences, like undernutrition, overnutrition, and modified milk formula.
Furthermore, altered metabolism during pregnancy results out in an adverse intrauterine environment effecting
spontaneous transfer of maternal phenotype to the progeny, called as generational effect. Changed feeding practices
for babies, and babies born to obese/hyperinsulinemic mothers might be a contributing factor to obesity at third
world countries(Patel and Srinivasan, 2010). Thus, nutritional problems, and early life environmental signals might
act as a major factor for long term health disease and risk spanning through generations. Nutritional problems can be
of different types including calories restriction, macronutrient excess, and micronutrient insufficiencies(Brasiel and
Luquetti, 2020). Efficacy of cancer treatment can be increased by dietary interventions thateffects nutrient
availability in cancer cells. However, diet based therapeutic strategies needs to be researched upon more for an
effective disease management strategy(Xiao et al., 2024; Bhattacharya, 2021). Additionally, novel therapeutic

strategies on metabolic reprogramming can be reinforced with drug repositioning methods(Yoshida, 2015).

Research reports have shown the link between high glycaemic index (GI) and diabetes. People consuming
diet with a higher Gl are easy prone to diabetes, and chances of diabetes is also high in individuals with a higher
body mass index (BMI). Thus, consuming a low GI based food is preventive to type 2 diabetes attack(Kannan,

2024). Furthermore, gut microbiota in prediabetics has been seen to change with diet(Chang et al., 2024). Variations
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in microbial profiles has been reported to result in infant neurodevelopment dysbiosis(Sizemore et al., 2024).
Differential microbial flora has been also reported to be associated cellular and molecular features of tumour
immunity(Battaglia et al., 2024). Infact, commensalism between bacterial flora helps to fight infections, and

commensals can change based on diet(Maier et al., 2024; Sizemore et al., 2024).

Calories restriction is observed as a dietary intervention that reduces energy intake by approximately 15-30
% while maintain a balanced proportion of macronutrients and preventing malnutrition. This is an effective strategy
in management of cancer(Lean et al., 2018; Li et al., 2021). However, intake choice of the right food composition

over calorie intake acts also as a therapeutic strategy for the impairment of metabolic health(Adams et al., 2023).

Nursing and healthcare

Health systems science looks at the mechanism of healthcare delivery and ways to improve patient care and
healthcare delivery through the healthcare system. Additionally, pediatric healthcare professionals need to
understand pediatric-relevant health economics, health policy and social determinants of health to improve health of
children. (Bartolettaand Starr, 2021). In summary, health systems science is also to understand how health care

professionals work together to restore back normal health of a patient(American Medical Association, 2023).

Nursing includes the promotion of health, prevention of illness, care of ill, disabled and dying people. A
nurse is also often the one to detect health emergencies and work on the front line of disease prevention along with
professional care givers(World Health Organization, 2024). True healing of health comes through caring and self-
realization by the patient. Nurses can help patients to attain knowledge about own health, and adapt healthy changes
in their lives(University of Tulsa, 2023). Nurses help people and communities lead a healthy and better life(King,
2021). A good nursing practice also helps to overcome health problem caused by environmental hazards(Institute of
Medicine US, 1995).

The healthcare industry is depended on different sectors, and exemplarily an overall 5.76 million health
care worker are working at India as of 2018 amidst prevalent different kinds of diseases (Figure 1, Figure 2, Figure
3)(Karan et al., 2021). Healthcare industry at India was valued at 280 billion USD, with an expectation to reach 372
billion USD by 2022(Minhas, 2023).The industry also depends on the usefulness of medicinal value of foods(St.
Luke’s Health, 2023; Dixit et al., 2023). Professional health care workers here needs knowledge from nurses, and
physicians on ways to care for an ill-health person. Additionally, such workers also need to understand and value a
patient for their choices, like in food habits, cleanliness, etc. in consultation with the patient as well as home

members of the patient (Figure 4a and b).

Prognosis

Metabolomic profiling is a technically sound method to monitor changes in tumour metabolism. Biofluids
can help to identify early biomarkers of tumour development. Metabolomics also helps to understand metabolic

differences in response to tumour drugs, assess drug efficacy and monitor drug resistance(Han et al., 2021).
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Metabolism based therapeutics with the cross-talk between metastatic signaling and cellular metabolism is a
suggested way to impair metastasis(Hipo’Lito, 2021). Understanding of the metabolic heterogeneity within and
across cancer types helps to identify pathway cross-talk, directing to novel prognostic, therapeutic and predictive
utility(Peng et al., 2018). Furthermore, the question that arises is that does metabolically reprogrammed cancer or
diseased cells, including cells undergoing epithelial mesenchymal transition (EMT) adapt a radically different gene
expression or undergo structural modifications to undergo an altered metabolism(JacquetandStéphanou, 2021).
Understandings from metabolic reprogramming has been used to develop molecules that target altered pathways,
like mTOR and PI3K (Phosphoinositol-3 Kinase) pathway and kill the cancer cells. Exemplarily used molecules
here are, mTOR (mammalian target of rapamycin) inhibitors, glutaminase inhibitors, ion channel
inhibitors(Navarroet al., 2022). Metabolic reprogramming in tumour and immune cells also reshapes epigenetic
alterations and that helps cancer cells to undergo immune escape mechanisms(Sun et al., 2022). Metabolic
reprogramming in Kidney cells induces alterations in energy metabolism playing important role in the

pathophysiology of acute and chronic kidney diseases. (Singh, 2023).

Many translational medicines with examples of metabolic substrates, precursors, and other analogs have
been developed based on biochemical metabolism. These analogs can be used also for imaging and therapeutic
purposes apart from their role as competitors in metabolism. For example, with isotope labeling, these compounds
helps to visualize tumour cells after uptake(Yang et al., 2022). Metabolic reprogramming and metabolic imaging has
been linked also to observe breast cancer therapeutic responses. Metabolic imaging is also used to guide precise
usage of anticancer drugs in cancer treatment(Liu et al., 2021). This imaging is also used for treatment strategies in
Triple negative breast cancer (TNBC) wherein spatial and temporal dynamics of metabolic landscape are highly
unstable, and metabolites states vary extremely(Sunasseeet al., 2023). Cancer cells undergoing cisplatin treatment
also faces treatment resistance due to metabolic reprogramming. However, findings suggested development of rapid
detection methods of cisplatin resistance at single cell level, and a treatment strategy for curing cells from cisplatin
resistance(Tan et al., 2022). Tumour-spheroids has been developed to understand targeted metabolic strategies for
inhibiting tumour growth(Roy and Finley, 2019). Screening for early cancer is one of the unanswered questions in
medical imaging, and knowledge in metabolic reprogramming will provide guidance and will help to develop
biomarkers. Biomarkers can help in adoption of the right therapeutic practice(Vannier and Evans, 1984).Critical
challenges are involved with analysis of data in medical imaging, including reproducibility, and effects fields like
genomics(Parmar et al., 2018). Understanding of metabolic reprogramming will help to solve the problem of timely
diagnosis and treatment services which affects patient health status and health care service delivery(Nigatu et al.,
2023).

Nursing and nutrition

A healthy diet is essential for a healthy life and living. Most of the people resort to a diet management
program with for weight loss program. However, herein intake of the right food components or dietary component in
a balanced way is essential compared to a mere management of calorie intake. However, it is also essential to look

into calorie intake and follow the appropriate food guidance.Calorie burning is essential to maintain physiological



Page 9404 of 9413
SusinjanBhattacharya/ Afr.J.Bio.Sc. 6(5) (2024). 9397-9413

system ongoing. Furthermore, a pound of body fat stores roughly 3500 calories, and extent of daily calorie burning
for a sedentary woman is 1600 calorie, whereas the same for an active male is 2800 calorie. However, ideal calorie
intake depends on age and activity level of a person(Bumgardner, 2021; Ajmera and Gunnars, 2023). Even though,
exercising on empty stomach also leads to calorie burn and weight loss, it is not a suggested activity. Fueling of the
body before exercise provides adequate and steady energy for a rigorous training. The dietary reference of protein
intake for adults is 0.8 grams protein per kilogram body weight. In summary, it is of utmost importance for a person
to balance calories for managing weight, and calories consumed when equals calories expended helps a person to
maintain same body weight(Murphy, 2017). However, inadequate, excess or an imbalanced nutrition intake leads to
a state called as malnutrition. Malnutrition also leads a person to a state of underweight, overweight, or deficiency of

specific nutrients.

Conclusion

Excess or less food intake can lead to a state of ill-health. Consumption of a right food calorie diet is highly
essential to maintain a good health; however, it is more important to analyze the food composition before intake.
Optimum nutrition refers to intake of adequate vitamins and nutrients to support body physiological processes. Any
food in-taken will be metabolized for body physiological purpose, and provides body with energy out of the
biochemical reactions that the food undergoes(de Nava, 2024).Altered metabolism in dysfunctional kidney tubules
leads to the development of kidney diseases (Singh, 2023). Any kind of injury, heredity, environmental or health
problem can direct the body to adapt an altered metabolism, prime characteristic of a diseased state. Understanding
of metabolic reprogramming in diseases, like cancer and of neuron dysfunctioning will help to understand main
features and discover potentials for precise targeted anti-cancer therapies and metabolic treatments. (Bhattacharya,
2023a, 2023b; Nong et al., 2023; Phan et al., 2014). Reports cite targeting of metabolic reprogramming in
hepatocellular carcinoma to overcome therapeutic resistance(Wang et al., 2024). Thus, it is essential to understand
not only the metabolism but also metabolic reprogramming to restore back the health of a patient apart from
administering the first line of therapy. Additionally, it will be also essential for the patient to undergo under
supervision physical activity and social activity, demanding the need for professional care givers. Furthermore, it is
a necessity for a feedback system amongst patients, physicians, health care workers and home or family members

for the health recovery of a patient.

Statements and Declarations:
Competing Interests: The author declares no competing interest.

Funding: This work received no specific grant from any funding agency in the public, commercial or

not-for-profit sectors.



Page 9405 of 9413
SusinjanBhattacharya/ Afr.J.Bio.Sc. 6(5) (2024). 9397-9413

Author Contributions: S.B. prepared, performed literature search, drafted, analyzed and scrutinized
the work. SB also presented excerpts from this work at the 2™ International Conference on Nursing
care and patient safety under the theme: analyzing the latest, organized by ScientexConferences on
May 23-24, 2024.

Ethical approval: The article does not contain any studies involving human participants oranimals.
Data Availability: Available upon request.

Consent to participate: Not applicable.

Consent to publish: Not applicable.

Conflict of interest: The author declares no competing interests.

References:

1. Institute of Medicine (US) (2001). Rebuilding the Unity of Health and the Environment: A New Vision of
Environmental Health for the 21st Century. Washington (DC): National Academies Press (US). 3. Human
Health and the Natural Environment. Retrieved fromhttps://www.ncbi.nlm.nih.gov/books/NBK 99584/

2. Oregon State University (2024). Forage Information System. Retrieved from
Human Health | Forage Information System | Oregon State University.

3. Chatterjee, T. andDinda, S. (2016). Chapter in Health Status and Convergence in Developing Open
Economies: Is Health Status Converging in Developing Economies?
In: Handbook of Research on Global Indicators of Economic and Political Convergence.
pp. 18. https:://doi.org/10.4018/978-1-5225-0215-9.ch016

4. WHO (2021). Nature and biodiversity play a vital role in protecting human health. Retrieved from
Nature and biodiversity play a vital role in protecting human health (who.int). 2021.

5. Healthtalk (2016). Causes of health problems: certain and uncertain. Retrieved fromHealthtalk.org

6. Patidar, K. (2022). Some major reasons for increasing health issues. Timesoflndia. Retrieved from
Some major reasons for increasing health issues (indiatimes.com).

7. Bhattacharya, S. (2023a). Metabolic Reprogramming and Cancer: 2022. Am J Biomed Sci & Res. 18(3).
AJBSR. MS.I1D.002465, https:://doi.org/10.34297/AJBSR.2023.18.002465

8. Bhattacharya, S. (2023b). Metabolic Reprogramming in Nerve Cells. Am J Biomed Sci & Res. 18(1).
AJBSR.MS.1D.002444, https:://doi.org/10.34297/AJBSR.2023.18.002444

9. Chiellini, G. (2020). Metabolic reprogramming in health and disease. International Journal Of Molecular
Sciences. 21, 2768. https:://doi.org/10.3390/ijms21082768.


https://www.ncbi.nlm.nih.gov/books/NBK99584/
https://www.igi-global.com/book/handbook-research-global-indicators-economic/142209

Page 9406 of 9413

SusinjanBhattacharya/ Afr.J.Bio.Sc. 6(5) (2024). 9397-9413

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Drapela, S., llter, D. and Gomes, A.P. (2022). Metabolic reprogramming: a bridge between aging and
tumorigenesis. Molecular Oncology. 16, 3295-3318. https:://doi.org/10.1002/1878-0261.13261.

Brassil, E., Gunn, B., Shenoy, A.M. and Blanchard, R. (2017). Unanswered clinical questions: a survey of
specialists and primary care providers. J Med Libr Assoc. 105(1), 4-11.
https:://doi.org/10.5195/jmla.2017.101. PMID: 28096740; PMCID: PMC5234458.

Son, D., Inoue, K., Kamimoto, M., Taniguchi, S.1. (2023). Keep thinking about unanswered questions in
primary care: Cultivating negative capability. J Gen Fam Med. 24(3), 205-206.
https:://doi.org/10.1002/jgf2.615. PMID: 37261042; PMCID: PMC10227733.

Lemley, B. (2003). The greatest unanswered questions of medical science. Retrieved from
The Greatest Unanswered Questions of Medical Science | Discover Magazine.

Henshall, C., Jones, L., Armitage, C. and Tomlinson, L. (2022). Identifying the top ten unanswered
questions in community nursing: a James Lind alliance priority setting partnership in community nursing.
Advances in Public Health. Article ID 2213945. https:://doi.org/10.1155/2022/2213945

John, W.E., Jerome, A.O., Saverio, M.M. and Marcy, E.R. (2007). Patient-Care Questions that Physicians
Are Unable to Answer. Journal of the American Medical Informatics Association.14(4), 407—
414 https:://doi.org/10.1197/jamia.M2398

Adegoke, J. and Wright, C.Y. (2013). Preface - Vulnerability of Human Health to Climate. In: Pielke RA,
editor. Climate Vulnerability. Academic Press. pp.1-2. ISBN 9780123847041.
https:://doi.org/10.1016/B978-0-12-384703-4.00101-5.

Institute of Medicine (US) (1993). Committee on Monitoring Access to Personal Health Care Services,
Millman M (1993). Access to Health Care in America. The National Academies Press, US National
Academies of Science, Engineering and Medicine. https:://doi.org/10.17226/2009. ISBN 978-0-309-04742-
5. PMID 25144064. Archived from the original on 11 February 2021. Retrieved 14 June 2019.

Allen, C.N.S., Arjona, S.P., Santerre, M., Sawaya, B.E. (2022). Hallmarks of Metabolic Reprogramming
and Their Role in Viral Pathogenesis. Viruses. 14(3), 602.
https:://doi.org/10.3390/v14030602. PMID: 35337009; PMCID: PMC8955778.

de Salles, E.M., Pizzolante, B.C., da Fonseca, D.M. (2022). Metabolic Reprogramming and Infectious
Diseases. In: Camara NOS, Alves-Filho JC, Moraes-Vieira PMMd, Andrade-Oliveira V, editors. Essential
Aspects of Immunometabolism in Health and Disease. Springer, Cham. https:://doi.org/10.1007/978-3-030-
86684-6_8

Sun, L., Yang, X., Yuan, Z. and Wang, H. (2020). Metabolic reprogramming in immune response and
tissue inflammation. Arteriosclerosis, Thrombosis, and Vascular Biology. 40, 1990-2001.
https:://doi.org/10.1161/ATVBAHA.120.314037

Escoll, P. andBuchrieser, C. (2019). Metabolic reprogramming: an innate cellular defence mechanism
against intracellular bacteria? CurrOpin Immunol. 60, 117-123.
https:://doi.org/10.1016/j.c0i.2019.05.009. Epub 2019 Jun 24. PMID: 31247377.

Li, Y., Sha, Z. and Peng, H. (2021). Metabolic reprogramming in kidney diseases: Evidence and
therapeutic oppurtunities. International Journal of Nephrology. Volume 2021. Article ID 5497346


https://www.discovermagazine.com/health/the-greatest-unanswered-questions-of-medical-science
https://doi.org/10.1155/2022/2213945
https://doi.org/10.1197/jamia.M2398
https://doi.org/10.1016/B978-0-12-384703-4.00101-5
https://www.nap.edu/read/2009/chapter/2
https://doi.org/10.17226%2F2009
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-309-04742-5
https://en.wikipedia.org/wiki/Special:BookSources/978-0-309-04742-5
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/25144064
https://web.archive.org/web/20210211044453/https:/www.nap.edu/read/2009/chapter/2
https://doi.org/10.1007/978-3-030-86684-6_8
https://doi.org/10.1007/978-3-030-86684-6_8
https://doi.org/10.1161/ATVBAHA.120.314037

Page 9407 of 9413

SusinjanBhattacharya/ Afr.J.Bio.Sc. 6(5) (2024). 9397-9413

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

https::/doi.org/10.1155/2021/5497346

Li, X.Y., Zeng, Z.X., Cheng, Z.X., Wang, Y.L., Yuan, L.J., Zhai, Z.Y. and Gong, W. (2023). Common
pathogenic bacteria-induced reprogramming of the host proteinogenic amino acids metabolism. Amino
Acids. 55(11), 1487-1499. https:://doi.org/10.1007/s00726-023-03334-w. Epub 2023 Oct 9. PMID:
37814028; PMCID: PMC10689525.

Escoll, P. andBuchrieser, C. (2018). Metabolic reprogramming of host cells upon bacterial infection: Why
shift to a Warburg like metabolism? FEBS. 285(12), 2146-2160. https:://doi.org/10.1111/febs.14446

Ma, B., Gavzy, S.J. and France, M. et al.(2023). Rapid intestinal and systemic metabolic reprogramming in
an immunosuppressed environment. BMC Microbiol. 23, 394. https:://doi.org/10.1186/512866-023-03141-z

Savkovic, S.D. (2020). Gut microbes effects on host metabolic alterations in health and disease. Gut
Microbes. 11(3), 249-252, https:://doi.org/10.1080/19490976.2020.1754097

Wyngene, L.V., Vandewalle, J. andLibert, C. (2018). Reprogramming of basic metabolic pathways in
microbial sepsis: therapeutic targets at last. EMBO Mol Med. 10, e8712.
https:://doi.org/10.15252/emmm.201708712

Sun, B., Sun, B., Zhang, B. and Sun, L. (2022). Temperature induces metabolic reprogramming in fish
during bacterial infection. Front. Immunol. 13, 1010948. https:://doi.org/10.3389/fimmu.2022.1010948

Nakagawa, R., Llorian, M., Varsani-Brown, S., Chakravarty, P., Camarillo, J.M., Barry, D., George, R.,
Blackledge, N.P., Duddy, G., Kelleher, N.L., Klose, R.J., Turner, M. andCalado, D.P (2023). Epi-
microRNA mediated metabolic reprogramming ensures affinity maturation. bioRxiv 2023.07.31.551250.
https:://doi.org/10.1101/2023.07.31.551250

Wang, Z., Zhao, F., Xu, C., Zhang, Q., Ren, H., Huang, X., He, C., Ma, J. and Wang, Z. (2024). Metabolic
reprogramming in skin wound healing. Burns & Trauma. 12, 2024, tkad047.
https:://doi.org/10.1093/burnst/tkad047

Polyzos, A.A., Lee, D.Y., Datta, R., Hauser, M., Budworth, H., Holt, A., Mihalik, S., Goldschimdt, P.,
Frankel, K., Treggo, K., Bennett, M.J., Vockley, J., Xu, K., Gratton, E. and McMurray, C.T. (2019).
Metabolic reprogramming in astrocytes distinguishes region-specific neuronal susceptibility in Huntington
mice. Cell Metabolism. 29, 1258-1273.

Tsung-l.H. (2023). Editorial: Metabolic reprogramming for acquiring therapeutic resistance in
glioblastoma. Frontiers in Oncology. 13: 1220063.
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2023.1220063
https:://doi.org/10.3389/fonc.2023.1220063. ISSN=2234-943X

Xu, X., Peng, Q. and Jiang, X. et al. (2023). Metabolic reprogramming and epigenetic modifications in
cancer: from the impacts and mechanisms to the treatment potential. Exp Mol Med. 55, 1357-1370.
https:://doi.org/10.1038/s12276-023-01020-1

Zhang, H. and Tang, S. (2021). Metabolic reprogramming and cancer precision medicine: a narrative
review. Precision Cancer Medicine. 4. https:://doi.org/10.21037/pcm-21-27

Lin, J., Xia, L. and Liang, J. et al. (2019). The roles of glucose metabolic reprogramming in chemo- and
radio-resistance. J. Exp. Clin. Cancer Res. 38, 218. https:://doi.org/10.1186/s13046-019-1214-z


https://doi.org/10.1111/febs.14446
https://doi.org/10.1186/s12866-023-03141-z
https://doi.org/10.1080/19490976.2020.1754097
https://doi.org/10.15252/emmm.201708712
https://doi.org/10.1093/burnst/tkad047
https://doi.org/10.1038/s12276-023-01020-1
https://doi.org/10.1186/s13046-019-1214-z

Page 9408 of 9413

SusinjanBhattacharya/ Afr.J.Bio.Sc. 6(5) (2024). 9397-9413

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

Hao, Q., Huang, Z., Li, Q., Liu, D., Wang, P., Wang, K., Li, J., Cao, W., Deng, W., Wu, K., Su, R., Liu, Z.,
Vadgama, J. and Wu, Y. (2022). A novel metabolic reprogramming strategy for the treatment of diabetes-
associated breast cancer. Advanced Science. 9(6), 2102303. https:://doi.org/10.1002/advs.202102303

Ma, B., Gavzy, S.J., France, M., Song, Y., Lwin, H.W., Kensiski, A., Saxena, V., Piao, W., Lakhan, R.,
lyyathurai, J., Li, L., Paluskievicz, C., Wu, L., WillsonShirkey, M., Mongadin, E.F., Mas, V.R. and
Bromberg, J.S. (2023). Rapid intestinal and systemic metabolic reprogramming in an immunosuppressed
environment. BMC Microbiol. 23(1), 394. https:://doi.org/10.1186/s12866-023-03141-z. PMID: 38066426;
PMCID: PMC10709923.

Marelli-Berg, F.M., Fu, H. and Mauro, C. (2012). Molecular mechanisms of metabolic reprogramming in
proliferating cells: implications for T-cell mediated immunity. Immunology. 136(4), 363-369.
https:://doi.org/10.1111/j.1365-2567.2012.03583.x

Dworkin, J. and Harwood, C.S. (2022). Metabolic reprogramming and longevity in quiescence. Annual
Review of Microbiology. 76, 91-111. https:://doi.org/10.1146/annurev-micro-041320-111014

Hadadi, N., Pandey, V., Chiappino-Pepe, A., Morales, M., Gallart-Ayala, H., Mehl, F., Ivanisevic, J.,
Sentchilo, V. and Meer, J.R.V. (2020). Mechanistic insights into bacterial metabolic reprogramming from
omics-integrated genome-scale models. NPJ Syst. Biol. Appl. 6(1), 1.
https:://doi.org/10.1038/s41540-019-0121-4. Erratum in: NPJ Syst Biol Appl. 2020 Jan 30;6(1):4. PMID:
32001719; PMCID: PMC6946695.

Wang, X., Chen, J. and Quinn, P.J. (2012). Reprogramming microbial metabolic pathways. Sub-cellular
Biochemistry. Springer Dordrecht. ISBN: 978-94-007-5054-8. https:://doi.org/ 10.1007/978-94-007-5055-5

Xiang, J., Wang, SW., Tao, Y., Ye, J.Z,, Liang, Y., Peng, X.X., Yang, L.F. and Li, H.(2023). A glucose-
mediated antibiotic resistance metabolic flux from glycolysis, the pyruvate cycle, and glutamate
metabolism to purine metabolism. Front Microbiol. 14, 1267729.
https:://doi.org/10.3389/fmicb.2023.1267729. PMID: 37915850; PMCID: PMC10616527.

Li, M., Bu, X,, Cai, B., Liang, P., Li, K., Qu, X. and Shen, L. (2019). Biological role of metabolic
reprogramming of cancer cells during epithelial-mesenchymal transition (Review). Oncol Rep. 41(2), 727-
741. https:://doi.org/10.3892/0r.2018.6882. Epub 2018 Nov 23. PMID: 30483813.

Sun, N.Y. and Yang, M.H. (2020). Metabolic Reprogramming and Epithelial-Mesenchymal Plasticity:
Opportunities and Challenges for Cancer Therapy. Front Oncol. 10, 792.
https:://doi.org/10.3389/fonc.2020.00792. PMID: 32509584; PMCID: PMC7252305.

Sciacovelli, M. andFrezza, C. (2017). Metabolic reprogramming and epithelial-to-mesenchymal transition
in cancer. FEBS J.284(19), 3132-3144.
https:://doi.org/10.1111/febs.14090. Epub 2017 May 21. PMID: 28444969; PMCID: PMC6049610.

Wang, Y., Dong, C. and Zhou, B.P. (2019). Metabolic reprogram associated with epithelial-mesenchymal
transition in tumor progression and metastasis. Genes Dis. 7(2), 172-184.
https:://doi.org/10.1016/j.gendis.2019.09.012. PMID: 32215287; PMCID: PMC7083713.

Kang, H., Kim, H,, Lee, S., Youn, H. andYoun, B. (2019).Role of Metabolic Reprogramming in
Epithelial~ Mesenchymal Transition (EMT). Int J Mol Sci.20(8), 2042.


https://doi.org/10.1002/advs.202102303
https://doi.org/10.1111/j.1365-2567.2012.03583.x
https://doi.org/10.1146/annurev-micro-041320-111014

Page 9409 of 9413

SusinjanBhattacharya/ Afr.J.Bio.Sc. 6(5) (2024). 9397-9413

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

https:://doi.org/10.3390/ijms20082042. PMID: 31027222; PMCID: PMC6514888.

Nakasuka, F., Tabata, S., Sakamoto, T., Hirayama, A., Ebi, H., Yamada, T., Umetsu, K., Ohishi, M., Ueno,
A., Goto, H., Sugimoto, M., Nishioka, Y., Yamada, Y., Tomita, M., Sasaki, A.T., Yano, S. and Soga, T.
(2021). TGF-B-dependent reprogramming of amino acid metabolism induces epithelial-mesenchymal
transition in non-small cell lung cancers. Commun. Biol. 4(1), 782.
https:://doi.org/10.1038/s42003-021-02323-7. PMID: 34168290; PMCID: PMC8225889.

Morandi., A., Taddei, M.L., Chiarugi, P., Giannoni, E. (2017) Targeting the Metabolic Reprogramming
That Controls Epithelial-to-Mesenchymal Transition in Aggressive Tumors. Front. Oncol. 7, 40.
https:://doi.org/10.3389/fonc.2017.00040

Ramesh, V., Brabletz, T. andCeppi, P. (2020). Targeting EMT in Cancer with Repurposed Metabolic
Inhibitors. Trends Cancer. 6(11), 942-950. https:://doi.org/10.1016/j.trecan.2020.06.005. Epub 2020 Jul 15.
PMID: 32680650.

Fedele, M., Battista, S. andCerchia, L. (2021). Metabolic Reprogramming in Thyroid Cancer: Role of the
Epithelial-Mesenchymal Transition. Endocrines. 2, 427-438. https:://doi.org/10.3390/endocrines2040038

Keijar, J., Bekkenkamp-Grovenstein, M., Venema, D. andDommels, Y.E.M. (2011). Bioactive food
components, cancer cell growth limitation and reversal of glycolytic metabolism. Biochimica et Biophysica
Acta. 1807, 697-706. https:://doi.org/10.1016/j.bbabio.2010.08.007

Anderson, R.M. andWeindruch, R.(2007). Metabolic reprogramming in dietary restriction. Interdiscip. Top
Gerontol.35,18-38. https:://doi.org/10.1159/000096554. PMID: 17063031; PMCID: PMC5842671.

Patel, M.S., Srinivasan, M. (2010). Metabolic programming due to alterations in nutrition in the immediate
postnatal period. J. Nutr. 140(3), 658-61. https:://doi.org/10.3945/jn.109.110155. Epub 2010 Jan 27. PMID:
20107149; PMCID: PMC2821890.

Brasiel, P.G. de A. andLuquetti, S.C.P.D. (2020). Metabolic Programming and Nutrition [Internet]. New
Insights Into Metabolic Syndrome. IntechOpen.Retreived from: https:://doi.org/10.5772/intechopen.92201

Xiao, Y.L., Gong, Y.and Qi, Y.J. et al. (2024). Effects of dietary intervention on human diseases:
molecular mechanisms and therapeutic potential. SigTransduct Target Ther.9, 59.
https:://doi.org/10.1038/s41392-024-01771-x

Bhattacharya, S. (2021). Diet and cancer metabolic reprogramming. Cancer Rep Rev. 5, 1-4.
https:://doi.org/10.15761/CRR.1000233

Yoshida, G.J. (2015). Metabolic reprogramming: the emerging concept and associated therapeutic
strategies. J Exp Clin Cancer Res.34, 111. https:://doi.org/10.1186/s13046-015-0221-y

Kannan, R. (2024). Lancet paper provides proof for undeniable link between high glycaemic index and
diabetes.Retrieved from
Lancet paper provides proof for undeniable link between high glycaemic index and diabetes - The Hindu.

Chang, W.-L., Chen, Y.-E., Tseng, H.-T., Cheng, C.-F., Wu, J.-H. and Hou, Y .-C. (2024). Gut microbiota
in patients with prediabetes. Nutrients. 16, 1105. https:://doi.org/10.3390/nu16081105


http://dx.doi.org/10.5772/intechopen.92201
https://doi.org/10.1038/s41392-024-01771-x
https://doi.org/10.1186/s13046-015-0221-y
https://www.thehindu.com/sci-tech/health/lancet-paper-provides-proof-for-undeniable-link-between-high-glycaemic-index-and-diabetes/article68043423.ece
https://doi.org/10.3390/nu16081105

Page 9410 of 9413

SusinjanBhattacharya/ Afr.J.Bio.Sc. 6(5) (2024). 9397-9413

61.

62.

63.

64.

65.

66.

67.

68.

69.

Sizemore, N., Oliphant, K., Zheng, R., Martin, C.R., Claud, E.C. and Chattopadhyay, I. (2024).A digital
twin of the infant microbiome to predict neurodevelopmental deficits. Sci Adv. 10: eadj0400(2024).
https:://doi.org/10.1126/sciadv.adj0400

Battaglia, T.W., Mimpen, I.L., Traets, J.J.H., Hoeck, Av., Zeverijn, L.J., Geurts, B.S., deWit, G.F., Noe,
M., Hofland, I., Vos, J.L., Cornelissen, S., Alkemade, M., Broeks, A., Zuur, C.L., Cuppen, E., Wessels, L.,
Haar,Jvd. andVoest, E. (2024). A pan cancer analysis of the microbiome in metastatic cancer. Cell. 187, 1-
12. https:://doi.org/10.1016/j.cell.2024.03.021

Maier, L., Stein-Thoeringer, C., Ley, R.E., Brotz-Oesterhelt, H., Link, H., Ziemart, N., Wagner, S. and
Peschel, A.(2024). Integrating research on bacterial pathogens and commensals to fight infections-an
ecological perspective. The Lancet Microbe. Pages 1-8. https:://doi.org/10.1016/S2666-5247(24)00049-1

Sizemore, N., Oliphant, K., Zheng, R., Martin, C.R., Claud, E.C. and Chattopadhyay, I. (2024). A digital
twin of the infant microbiome to predict neurodevelopmental deficits. Sci Adv.10, eadj0400(2024).
https:://doi.org/10.1126/sciadv.adj0400

Lean, M.E.J., Astrup, A. andRoberts, S.B. (2018). Making progress on the global crisis of obesity and
weight management. Bmj. 361, k2538.

Li, Z. et al. (2021). Aging and age-related diseases: from mechanisms to therapeutic
strategies. Biogerontology. 22, 165-187.

Adams, M.S., Enichen, E. andDemmig-Adams, B. (2023). Reframing Diabetes Prevention: From Body
Shaming to Metabolic Reprogramming. American Journal of Lifestyle Medicine. 0(0).
https:://doi.org/10.1177/15598276231182655

Bartoletta, K.M. and Starr, S.R. (2021). Health Systems Science. Adv Pediatr. 68, 1-19.
https:://doi.org/10.1016/j.yapd.2021.05.001. Epub 2021 Jun 10. PMID: 34243847; PMCID: PMC9188469.

American Medical Association. (2023). Teaching Health Systems Science. Retrieved from

Teaching health systems science | American Medical Association (ama-assn.org)

70.

71.

72.

73.

74.

World Health Organization. (2024). Nursing and midwifery. Retrieved fromNursing and Midwifery
(who.int)

University of Tulsa. (2023). How the theory of human caring applies to nursing. Retrieved fromHow the
Theory of Human Caring Applies to Nursing | The University of Tulsa (utulsa.edu)

King, M.L. (2021). The role of nurses in improving health access and quality. National Academies of
Sciences, Engineering, and Medicine 2021. Retrieved fromThe Future of Nursing 2020-2030: Charting a
Path to Achieve Health Equity. Washington, DC: The National Academies Press.
https:://doi.org/10.17226/25982

Institute of Medicine (US). (1995). Committee on Enhancing Environmental Health Content in Nursing
Practice. In: Pope AM, Snyder MA, Mood LH, editors. Nursing Health, & Environment: Strengthening the
Relationship to Improve the Public's Health. Washington (DC): National Academies Press (US). 3. Nursing
Practice. https://www.ncbi.nlm.nih.gov/books/NBK232401/

Karan, A., Negandhi, H. and Hussain, S. et al. (2021). Size, composition and distribution of health
workforce in India: why, and where to invest? Hum Resour Health. 19, 39. https:://doi.org/10.1186/512960-
021-00575-2


https://doi.org/10.1126/sciadv.adj0400
https://doi.org/10.1016/j.cell.2024.03.021
https://doi.org/10.1016/S2666-5247(24)00049-1
https://doi.org/10.1126/sciadv.adj0400
https://www.ama-assn.org/education/changemeded-initiative/teaching-health-systems-science
https://www.who.int/health-topics/nursing#tab=tab_1
https://www.who.int/health-topics/nursing#tab=tab_1
https://www.who.int/health-topics/nursing#tab=tab_1
https://online.utulsa.edu/blog/theory-of-human-caring/
https://online.utulsa.edu/blog/theory-of-human-caring/
https://online.utulsa.edu/blog/theory-of-human-caring/
https://doi.org/10.17226/25982
https://www.ncbi.nlm.nih.gov/books/NBK232401/
https://doi.org/10.1186/s12960-021-00575-2
https://doi.org/10.1186/s12960-021-00575-2

Page 9411 of 9413

SusinjanBhattacharya/ Afr.J.Bio.Sc. 6(5) (2024). 9397-9413

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Minhas, A. (2023). Size of the healthcare sector in India 2008-2022. Retrieved fromIndia: healthcare sector
size 2022 | Statista.

St. Luke’s Health. (2023). 5 medicinal foods from around the world to use in your cooking. Retrieved
from5 medicinal foods from around the world to use in your cooking | St. Luke's Health (stlukeshealth.org)

Dixit, V., Kamal, W.J., Chole, P.B., Dayal, D., Chaubey, K.K., Pal, A.K., Xavier, J., Manjunath, B.T.
andBachheti, R.K. (2023). Functional Foods: Exploring the health benefits of bioactive compounds from
plant and animal sources. Journal of Food Quality. Volume 2023 | Article

ID 5546753 | https:://doi.org/10.1155/2023/5546753

Han, J., Li, Q., Chen, Y. and Yang, Y. (2021). Recent Metabolomics Analysis in Tumor Metabolism
Reprogramming. Front Mol Biosci. 8,763902. https:://doi.org/10.3389/fmolb.2021.763902

Hipo lito, A., Martins, F., Mendes, C., Lopes-Coelho, F. andSerpa, J. (2021). Molecular and metabolic
reprogramming: pulling the strings toward tumor metastasis. Front Oncol. 11, 656851.
https:://doi.org/10.3389/fonc.2021.656851

Peng, et al. (2018). Molecular Characterization and Clinical Relevance of Metabolic Expression Subtypes
in Human Cancers. Cell Reports.23(1),255-269.e4. ISSN 2211-1247.
https:://doi.org/10.1016/j.celrep.2018.03.077.

Jacquet, P. andStéphanou, A. (2021). Metabolic Reprogramming, Questioning, and Implications for
Cancer Biology. 10(2), 129. https:://doi.org/10.3390/biology10020129

Navarro, C., Ortega, A., Santeliz, R., Garrido, B., Chacin, M., Galban, N., Vera, |., De Sanctis, J.B.
andBermudez, V. (2022). Metabolic Reprogramming in Cancer Cells: Emerging Molecular Mechanisms
and Novel Therapeutic Approaches. Pharmaceutics. 14(6), 1303.
https:://doi.org/10.3390/pharmaceutics14061303

Sun, L., Zhang, H. and Gao, P. (2022). Metabolic reprogramming and epigenetic modifications on the path
to cancer. Protein & Cell. 13(12), 877-919. https:://doi.org/10.1007/s13238-021-00846-7

Singh, P. (2023). Reprogramming of energy metabolism in kidney disease. Nephron.147(1), 61-64.

Yang, Y.F., Li, C.H., Cai, H.Y., Lin, B.S., Kim, C.H. and Chang, Y.C. (2022). Application of Metabolic
Reprogramming to Cancer Imaging and Diagnosis. Int J Mol Sci. 23(24), 15831.
https:://doi.org/10.3390/ijms232415831. PMID: 36555470; PMCID: PMC9782057.

Liu, Y., Zhou, Q., Song, S., Tang, S. (2021). Integrating metabolic reprogramming and metabolic imaging
to predict breast cancer therapeutic responses. Trends in Endocrinology & Metabolism. 32(10), 762-775.
ISSN 1043-2760. https:://doi.org/10.1016/j.tem.2021.07.001.

Sunassee, E.D., Jardim-Perassi, B.V., Madonna, M.C. and Ordway, B. (2023). Metabolic imaging as a tool
to characterize chemoresistance and guide therapy in Triple-Negative Breast Cancer (TNBC). Mol. Cancer
Res. 21(10), 995-10009. https:://doi.org/10.1158/1541-7786.MCR-22-1004.

Tan, Y., Li, J., Zhao, G., et al. (2022). Metabolic reprogramming from glycolysis to fatty acid uptake and
beta-oxidation in platinum-resistant cancer cells. Nat Commun. 13, 4554. https:://doi.org/10.1038/s41467-
022-32101-w


https://www.statista.com/statistics/701556/healthcare-sector-size-india/
https://www.statista.com/statistics/701556/healthcare-sector-size-india/
https://www.statista.com/statistics/701556/healthcare-sector-size-india/
https://www.stlukeshealth.org/resources/5-medicinal-foods
https://doi.org/10.1155/2023/5546753
https://doi.org/10.1016/j.celrep.2018.03.077
https://doi.org/10.3390/biology10020129
https://doi.org/10.3390/pharmaceutics14061303
https://doi.org/10.1007/s13238-021-00846-7
https://doi.org/10.1158/1541-7786.MCR-22-1004
https://doi.org/10.1038/s41467-022-32101-w
https://doi.org/10.1038/s41467-022-32101-w

Page 9412 of 9413

SusinjanBhattacharya/ Afr.J.Bio.Sc. 6(5) (2024). 9397-9413

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

Roy, M. and Finley, S.D. (2019). Metabolic reprogramming dynamics in tumor spheroids: Insights from a
multicellular, multiscale model. PLOS Computational Biology.15(6), e1007053.
https:://doi.org/10.1371/journal.pcbi.1007053

Vannier,M.W. and Evans, R.G.(1984). NASA Image Processing Technology Applied to Medicine: Ten
Unsolved Problems in Medical Imaging. The Space Congress® Proceedings.4. Retrieved from
https://commons.erau.edu/space-congress-proceedings/proceedings-1984-21st/session-6/4

Parmar, C., Barry, J.D., Hosny, A., Quackenbush, J., Aerts, H.J.W.L. (2018). Data Analysis Strategies in
Medical Imaging. Clin Cancer Res. 24(15), 3492-3499.

https:://doi.org/ 10.1158/1078-0432.CCR-18-0385. Epub 2018 Mar 26. PMID: 29581134; PMCID:
PMC6082690.

Nigatu, A.M., Yilma, T.M. and Gezie, L.D., et al. (2023). Medical imaging consultation practices and
challenges at public hospitals in the Amhara regional state, Northwest Ethiopia: a descriptive
phenomenological study. BMC Health Serv Res. 23, 787. https:://doi.org/10.1186/512913-023-09652-9

Bumgardner, W. (2021). Calories in food and exercise. Retrieved fromWhat Do Calories Mean in Food and
Exercise? (verywellfit.com)

Ajmera, R. andGunnars, K. (2023). How many calories should you eat per day to lose weight? Retrieved
from How Many Calories Should You Eat? Weight Loss Calculator (healthline.com).

Murphy, L. (2017). Nutrient timing: Pre and Post workout questions answered. Retrieved fromNutrient
Timing: What to Eat Before and After a Workout - NASM

Hermann, J.R. (2019). Nutrition for physical activity and athletics. Retrieved fromNutrition for Physical
Activity and Athletics | Oklahoma State University (okstate.edu).

de Nava, A.S.L. and Raja, A. (2024).Physiology, Metabolism. [Updated 2022 Sep 12]. Retrieved
fromStatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing.https://www.ncbi.nlm.nih.gov/books/NBK546690/

Phan, L.M., Yeung, S.C. and Lee, M.H. (2014). Cancer metabolic reprogramming: importance, main
features, and potentials for precise targeted anti-cancer therapies. Cancer Biol Med. 11(1), 1-19.
https:://doi.org/10.7497/j.issn.2095-3941.2014.01.001. PMID: 24738035; PMCID: PMC3969803.

Nong, S., Han, X., Xiang, Y., Qian, Y., Wei, Y., Zhang, T., Tian, K., Shen, K., Yang, J. and Ma, X. (2023).
Metabolic reprogramming in cancer: Mechanisms and therapeutics. MedComm. 4(2), e218.
https:://doi.org/10.1002/mc02.218. PMID: 36994237; PMCID: PMC10041388.

100.Wang, Q., Liu, J., Chen, Z., Zheng, J., Wang, Y. and Dong, J. (2024). Targeting metabolic reprogramming

in hepatocellular carcinoma to overcome therapeutic resistance: A comprehensive review. Biomed
Pharmacother. 170116021. https:://doi.org/10.1016/j.biopha.2023.116021. Epub 2023 Dec 20. PMID:
38128187.

Figure Legends:


https://doi.org/10.1371/journal.pcbi.1007053
https://doi.org/10.1371/journal.pcbi.1007053
https://doi.org/10.1371/journal.pcbi.1007053
https://commons.erau.edu/space-congress-proceedings/proceedings-1984-21st/session-6/4
https://doi.org/10.1186/s12913-023-09652-9
https://www.verywellfit.com/what-is-a-calorie-3432508
https://www.verywellfit.com/what-is-a-calorie-3432508
https://www.healthline.com/nutrition/how-many-calories-per-day
https://blog.nasm.org/workout-and-nutrition-timing
https://blog.nasm.org/workout-and-nutrition-timing
https://blog.nasm.org/workout-and-nutrition-timing
https://extension.okstate.edu/fact-sheets/nutrition-for-physical-activity-and-athletics.html
https://extension.okstate.edu/fact-sheets/nutrition-for-physical-activity-and-athletics.html
https://extension.okstate.edu/fact-sheets/nutrition-for-physical-activity-and-athletics.html
https://www.ncbi.nlm.nih.gov/books/NBK546690/

Page 9413 of 9413
SusinjanBhattacharya/ Afr.J.Bio.Sc. 6(5) (2024). 9397-9413

Figure 1. Different Health Care Sectors: The figure represents prevalent at India different health

care sectors

Figure 2. National Health workers in India (year: 2018):Representative figure depicting census

data of National health care workers in India as on 2018

Figure 3. Schematic representation of different kinds of diseases: Representative figure showing

prevalent different kinds of diseases

Figure 4. Desired flow of information in patient health restoration. 4a

4a: Desired feedback way from patient and home members; 4b: Desired Flow of Information in

health restoration



