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Abstract
Vitamins and minerals are essential micronutrients required for normal development and function of human body They 
are known to be deficient in chronic illness like diabetes mellitus and cancer.
Bifunctional antidiabetic and anticancer vitamins and minerals have effective dual functions and roles in the manage-
ment of diabetes and cancer. This is due to their unique ability to interact and interfere in the pathways implicated in 
both diseases.
Examples of these bifunctional anticancer-antidiabetic vitamins and minerals include: 
1. Vitamins: vitamin A, B, C, D, E and K 
2.  Minerals and trace elements: Zinc, Selenium, Manganese and vanadium.
These agents are active alone or when combined with conventional therapeutic drugs.
Drug delivery systems are methods that assist the regulated delivery of pharmaceutical agents to the body by enhancing 
their pharmacokinetic properties and improving their bioavailability, using mainly nanotechnology principles. Exam-
ples of these nanoparticles include chitosan, alginate, solid lipid nanoparticles and liposomes.
The aim of this review is to describe the roles of these bifunctional antidiabetic-anticancer vitamins and minerals in 
the management of both diseases. And also, to highlight the importance of the various drug delivery systems in greatly 
enhancing the therapeutic efficacy of these bifunctional vitamins and minerals.

Research Article

Introduction
Several vitamins and minerals are known to have antidiabetic 
and anticancer dual roles.
This is because oxidative stress appears to be a common under-
lying pathology to both disease [1, 2]. As such, vitamins and 
minerals have key roles to play in the management of both dis-
eases especially when concurrent.

Diabetic patients are known to be deficient in certain vitamins, 
like subcomponents of Vitamin B complex which plays key role 
in peripheral neuropathy. There are renewed interests in Vitamin 
C (high dose intravenous therapy) in combatting advanced and 
resistant cancers due to its potent cytotoxic effect that is not un-
connected to its antioxidant properties [3]. Vitamin D deficiency 
is known to play a role in onset of diabetes [4]. Low level of 
vitamin D is linked to aggressive prostate cancer [5, 6].

The use of Antioxidants and supplements in cancer treatment is 
controversial and discouraged by some schools of thought due 
to the ability of these drugs to reduce the effectiveness of che-
motherapy and radiotherapy and interact with treatment drugs 
[7, 8]. That notwithstanding, these properties are also known to 

have beneficial effects on normal cells by reducing the side ef-
fects of chemotherapy and radiotherapy on normal tissues [9].

Examples of vitamins and minerals that have dual anticancer 
and antidiabetic effects include: 
1) Vitamins: vitamin A, B (B3), C, D (D3), E (Tocopherols and 
Tocotrienols) and K (K3 mainly, also K1 and K2).
2) Minerals: Zinc, Selenium, Manganese and vanadium.

The role of drug delivery systems in the management of cancer 
and diabetes can never be overemphasized. These include drug 
vehicles, diagnostic, theranostic, therapeutic and targeted ther-
apy. There are lots of advances and expansion in biotechnolo-
gy and nanoparticles - based therapeutics. Majority of these are 
proteins and peptides. Cell and gene therapies are very advanced 
means of drug delivery therapeutics [10].

This review aims to highlight the roles of these bifunctional vi-
tamins and minerals in the management of diabetic patients with 
concurrent cancer illness or cancer patients with glucose intol-
erance. These drugs (especially the minerals and trace elements) 
can be used as complex forming agents and nanoparticles, and 
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can equally be complexed to other nanoparticles and drug de-
livery systems to markedly increase their utility as bifunctional 
anticancer-antidiabetic agents.
 Efficient drug delivery systems will markedly increase their ef-
fectiveness by improving their stability, obviating the biological 
interferences in vivo to increase their bioavailability and dura-
tion of action [11].

Dual – Acting Vitamins with Antidiabetic- Anticancer Prop-
erties

1. Vitamin A: regular intake of dietary vitamin A and carot-
enoids reduces the risk of squamous cell carcinoma [12]. Retinol 
and Vitamin A derivatives play important role in cell differentia-
tion, proliferation and apoptosis. The bioavailability of retinoid 
inside cells is controlled the presence of cytoplasmic retinol and 
retinoic acid binding proteins (CRBPs and CRABPs). CRBP-
1 is important in wound healing and remodeling of arterial 
tissues. Downregulation of CRBP-1 is linked with aggressive 
phenotypes in breast, ovarian and nasopharyngeal cancers, while 
re-expression of CRBP – 1 increase sensitivity to retinol and de-
crease the viability of ovarian cancer cells [13].

Development of Diabetes is linked to changes in vitamin A me-
tabolism [14]. Vitamin A supplementation has important role in 
type 2 diabetes [15]. Retinoic acid a metabolite of vitamin A 
through its receptors Retinoic acid receptors (RARs) and reti-
noid X receptors (RXRs) that are transcription factors interact 
and synergize with insulin to regulate the expression of genes in 
hepatic glucose and lipid metabolism [16].

2. Vitamin B (B3): A phase 3, double-blind, randomized con-
trolled trial In Sydney Australia showed that oral nicotinamide 
was safe and effective in decreasing the incidence of nonmelano-
ma skin cancers and actinic keratoses [17]. Epidemiologic study 
in US showed beneficial role of niacin intake against Squamous 
Cell Carcinoma [18]. Researchers using bioluminescent imag-
ing however discovered that nicotinamide riboside at high dose 
increases risk of triple negative breast cancer and chances of me-
tastases to brain [19].

Alloxan induced diabetic rats when treated with niacin supple-
mentation recovered in almost all measured parameters in a dose 
dependent relationship. Very noticeable was a reduction in oxi-
dative stress and fasting glucose level parameters [20]. Though 
a known cause of hyperglycemia, nicotinamide has been found 
to lower glucose level and prevent peripheral nerve damage in 
prediabetic and type 2 diabetic mice [21].

3. Vitamin C: Vitamin C was first discovered to have anticancer 
effects in the 1930s. Its anticancer activities in KRAS or BRAF 
mutated cells has been linked to dehydroascorbate (DHA) vita-
min C oxidized form. Vitamin C is transported into cells through 
sodium cotransporters but DHA is competitively taken into cells 
through glucose transporters (GLUT 1 and 4) before being re-
duced back to vitamin C [22]. Vitamin C is known to induce 
apoptosis in drug-resistant tumor cells and regulate tumor cells 
growth and metastases. It equally regulated JAK-STAT, TGF/

SMAD, TRAIL and microRNAs in various tumors [23].

At a dose of 1000mg, vitamin C significantly reduces the fasting 
blood sugar (FBS), triglyceride (TG), low density lipoprotein 
(LDL), HbA1c and serum insulin in a research group while dose 
of 500mg did not cause significant change in these parameters 
[24]. Systematic Review and Meta-analysis of Randomized 
Controlled Trials concluded that short-term studies showed that 
Vitamin C enhances glucose control and blood pressure in pa-
tients with type 2 diabetes [25]. 

4. Vitamin D (D3): Ecological researches of cancer linked to 
data from solar radiation showed that Vitamin D reduces risks of 
incidence and mortality for 23 different cancers. Observational 
studies meta-analysis showed inverse relationship between se-
rum 25-hydroxyvitamin D and incidence of 12 different cancers 
[26]. Even though various analogs of calcitriol (1α, 25(OH)2D3) 
demonstrated power anticancer effects on cell cultures, a supra-
physiological dose is needed in vivo and this can lead to calce-
mic side effects like hypercalcemia and hypercalciuria [27].

25-hydroxyvitamin D level is inversely linked to insulin resis-
tance [28]. Vitamin D deficiency is linked with insulin resistance 
in nondiabetics and also linked to decreased insulin formation in 
type 2 diabetics [29].

5. Vitamin E: Has 8 isoforms Tocopherol α, β, δ, ϒ and To-
cotrienol α, β, δ, ϒ. In vitro studies showed anticancer effects 
with non- alpha tocopherol isoforms of vitamin E [30]. In vitro 
research with Vitamin E compounds and novel vitamin E-based 
analogues showed proapoptotic properties like regenerating of 
apoptotic signaling tracts and inhibition of prosurvival signaling 
pathways [31].

Vit E supplementation contribute in delaying onset of diabetic 
complications and slows down its progression [32]. It was also 
found to reduce the risk of developing cardiovascular diseases 
in Hp 2-2 diabetic genotype [33]. Systematic review of 9 trials 
involving 418 patients showed that vitamin E supplementation 
reduces HbA(1c) in patients with poor glycemic control or low 
serum concentration of vitamin E, but no beneficial effect in type 
2 diabetes mellitus with well controlled glucose level [34].

6. Vitamin K (K1, K2, K3, K4, K5): Vitamin k analogs when 
combined with chemotherapeutic drugs improved efficacy of 
chemotherapeutics by enhancing apoptosis and cell cycle arrest 
and overcome drug resistance by blocking P-glycoprotein [35]. 
Vitamin K2 was found to activate differentiation and apoptosis 
in various tumor cell lines, while vitamin k3 and its analogues 
(naphthoquinone; menadione) showed potent anticancer activ-
ities against TK10 renal, UACC62 melanoma, MCF7 breast, 
HELa cervical, PC3 prostate and HepG2 liver cancer cell lines 
[36, 37].

Vitamin k2 enhanced insulin sensitivity through the vitamin K 
– dependent – protein osteocalcin. Vitamin K2 showed supe-
rior effects than vitamin K1 on type 2 Diabetes mellitus [38]. 
Systematic review of the role of various forms of vitamin K on 
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diabetes and pre-diabetes showed significant decrease in blood 
glucose (6 studies), increased fasting serum insulin (4 studies), 
decreased HbA1c (3 studies) [39].

Dual – Acting Minerals with Antidiabetic- Anticancer Prop-
erties
1. Zinc: Many epidemiological researches have shown link be-
tween zinc deficiencies and the risk of cancer. Unfortunately, 
zinc reserves are not stored in humans [40]. Zinc was found to 
be deficient in 65% of patients with head and neck cancers and 
this severely affected the Natural killer cell activity and IL-2 
generation. The cellular zinc level was more prognostic than the 
nutritional status of the tumor burden and disease stage in these 
patients as tit correlated more with the frequency of admissions 
and incidences of infections [41, 42].

Zinc treatment enhances carbohydrate and lipid metabolism di-
abetic rodent models. It facilitates glucose transport and lipid 
production and blocks gluconeogenesis and lipolysis [43]. A 
systemic review and meta-analysis of researches on the outcome 
of zinc supplementation in diabetes showed significant reduction 
of blood glucose, lipid parameters, diastolic and systolic blood 
pressures in zinc treated group [44].

2. Selenium: Redox active selenium compounds have import-
ant application in chemotherapy [45]. Other selenium antican-
cer mechanism include: antioxidant protection, promotion of 
carcinogen detoxification, promotion of immune surveillance, 
regulation of cell growth, inhibition of cancer invasion and an-
giogenesis [46]. The various classes of Selenium-containing 
compounds involved in chemoprevention include inorganic 
(selenite, selenate), organic (diselenides, selenides, selenoesters, 
methylseleninic acid) selenoamino acids and Selol [47].

Reduction in fasting blood glucose, HbA1c, insulin and leptin 
and improved glucose metabolism were observed when diabetic 
mice model when treated with Selenium-enriched Bifidobacte-
rium longum DD98 (Se-B. longum DD98), B. longum DD98 
or sodium selenite (Na2SeO3). Studies on serum selenium and 
diabetes in U.S. Adults concluded that in a probability sample 
of U.S. population, high serum selenium levels were positive-
ly associated with the prevalence of diabetes [48]. However, a 
systematic review and meta-analysis to investigate any link be-
tween Selenium and type 2 diabetes concluded that consistent 
moderate associations exist only between high levels of dietary 
or serum selenium and prevalent type 2 diabetes and inconsis-
tent results among studies aimed at assessing incident type 2 dia-
betes; and no consistent evidence that selenium supplementation 
plays a role in type 2 diabetes development among adults [49].

3. Manganese (Mn): Mn-insufficient mice had very much 
increased tumor growth and metastasis, with significantly de-
creased tumor-infiltrating CD8+ T cells. Mn2+ enhances Den-
dritic cells and macrophage maturation and tumor-specific 
antigen presentation, enhanced CD8+ T cell differentiation, ac-
tivation and NK cells activation and increased memory CD8+ 
T cells [50]. Mn inhibited viability of prostate cancer cell lines 
through arrest at G0/G 1, and induction of apoptosis, with the 

effect and intracellular concentrations greatest for PC3 followed 
by LNCaP, then DU145 cells [51]. A systematic review and me-
ta-analysis to investigate the relationship between Mn levels and 
Hepatocellular carcinoma (HCC) showed dietary intake of Mn 
was inversely related with HCC. Also, Mn levels in HCC were 
very much less than in healthy controls. In tissues, Mn levels 
in tumors were very much lower than in nearby normal tissues 
[52].

Several studies have shown manganese deficiency to be com-
mon in type 2 diabetes and that Mn supplementation increases 
insulin sensitivity and regulate glucose. Manganese deficiency 
is equally linked to insulin resistance similar to type 2 diabetes 
[53-56]. Two prospective cohort studies in China showed that 
dietary Mn is inversely linked to type 2 diabetes [57].

4. Trientine (TETA): Triethylenetetramine is a copper chelating 
agent, included in this review due to its important in the man-
agement of Wilson’s disease and its usefulness as an anticancer 
agent. This is due to the role copper plays in tumor proliferation 
by enabling tumor cells to escape growth inhibitors and avoid 
death. Trientine enhance chemoprophylaxis against rat liver car-
cinogenesis through inhibition of angiogenesis [58]. Trientine 
showed a more potent inhibitory properties than penicillamine 
(another copper chelator) against murine HCC xenograft model 
through inhibition of angiogenesis and promotion of apoptosis. 
Combination of both penicillamine and trientine showed syner-
gistic effect [59].

Copper plays a key role in oxidative stress and pathogenesis of 
type 2 Diabetes Mellitus and also in the worsening of the dis-
ease.
Reactive oxygen species (ROS) are induced under diabetic con-
ditions and are linked in the etiopathogenesis of the disease. Re-
active oxygen formation is enhanced by the presence of copper 
ion through the Fenton reaction. Both copper ion and ROS lev-
els were very much higher in diabetic C57BL/KsJ-db/db Mice 
compared to the nondiabetic mice. The treatment with copper 
chelating agent reduced insulin resistance and improved glucose 
tolerance in diabetic db/db mice [60]. Meta analysis and system-
atic review of copper levels in type 1 and type 2 diabetes mel-
litus showed higher concentration of copper in diabetic patients 
than healthy individuals [61].

5. Vanadium: this trace element with insulin-mimetic features 
has found usefulness as a nanoparticle in complexing with other 
agents in the management of either diabetes or cancer.
It interacts with many enzymes involved oncogenes as tumor 
markers or catalyst namely phosphatases, ATPases, peroxi-
dases, ribonucleases, protein kinases and oxidoreductases. It 
exerts inhibitory effects against many human cancer cell lines 
and provides protection against all stages of carcinogenesis [62]. 
Research in various cell lines show that vanadium carries out 
its anticancer effect by inhibiting cellular tyrosine phosphatases 
and/or activating tyrosine phosphorylases. These effects activate 
signal transduction pathways culminating either in apoptosis 
and/or activation of tumor suppressor genes [63].
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Vanadium was first found to have antidiabetic properties in 1899 
(long before the discovery of insulin in 1921), when orally given 
sodium vanadate (NaVO3) was found to improve human dia-
betes mellitus. [64]. Compounds containing vanadium exhibit 
insulin-like characteristics in vitro and in vivo. At cellular level, 
vanadium activates several key elements of insulin signal trans-
duction pathway to mediate the metabolic effects of insulin [65].

6. Titanium (Ti): This is another nanoparticle and complex 
forming anticancer and antidiabetic agent after vanadium. 

The first in-depth mechanistic analysis of Ti(IV)- based antican-
cer drug by genome study of Ti(IV) -Treated cells, showed in-
duction of apoptosis and cell-cycle arrest at the G2/M phase in 
MCF-7 cells. There was reduced in vitro cytotoxicity and endo-
plasmic reticulum (ER) stress inhibitor showing the ER as target 
[66]. 

Study conducted to investigate the effect of titanium dioxide 
nanoparticles (TiO2 NPS) on glucose absorption and metabo-
lism in rats for 30 and 90 days showed that oral exposure to TiO2 
NPS caused a weak and temporary hypoglycemia in the rats at 
30 days post exposure, but recovered at 90 days post exposure 
[67].

Drug Delivery Systems Overview
These are the methods and technologies that enhance the reg-
ulated and targeted delivery of drugs into the body. They find 
therapeutic uses in oncology and diabetes. This review sets out 
to identify more specialized applications in diabetic patients 
having concurrent cancer illness and in cancer patients with glu-
cose intolerance using bifunctional anticancer-antidiabetic vita-
mins and minerals.
Traditional drug delivery systems include the use of prodrugs, 
implants and Intrauterine devices, but advances in technology 
have introduced newer biotechnology-based therapeutics.
They constitute broad classes which include:
1. Vehicles for pharmaceutical delivery 
2. Cell and gene therapeutics
3. Pharmaceuticals
4. Biopharmaceuticals
5. vaccines
6. Diagnostics
7. Theranostics
This review will focus only on number 1.

Vehicles for Pharmaceutical Drug Delivery
 Drug delivery vehicles are the various methods that medications 
can be packaged so that they can safely be transported within the 
body. Examples include micelles, liposomes or nanoparticles. 
They enhance targeting and give room for packaging hard-to-
use drugs [68].

Nanomedicine, nano-delivery and nanotechnology find applica-
tions in hemotherapeutics, Diabetology, biological agents, im-
munotherapeutic etc.

Nanoparticles or nanomaterials which are biodegradable can be 

proteins, peptides, lipids, metals are materials with sizes ranged 
between 1 and 100 nm (size similar to that of most biological 
molecules and structures).

Several anticancer drugs including paclitaxel, doxorubicin, 
5-fluorouracil and dexamethasone have been successfully for-
mulated using nanomaterials [69].

Nanoparticles have been researched as vehicles for orally ad-
ministered insulin formulations. Glucose biosensors equipped 
with nanoscale materials like Quantum Dots (QDs), Carbon 
Nanotubes (CNTs), Magnetic Nanoparticles (MNPs) have 
demonstrated higher sensitivity [70].

Nanoparticles used in drug delivery system and their applica-
tions in cancer and diabetes.

1. Polymeric Nanoparticles (PNPs): Polymeric materials used 
in drug delivery systems. They are made up of non- biodegrad-
able polymers like polyacrylamide, polymethylmethacrylate 
(PMMA) and polystyrene. Examples of PNPs containing anti-
cancer drugs under development include paclitaxel poliglumex, 
PEG-camptothecin, HMPA copolymer-platinate, HMPA-copo-
lymer paclitaxel, HMPA copolymer-Doxorubicin.
2. Chitosan: chitosan-based nanomaterials. Application is the 
release of 5-fluorouracil (5-FU) from hyaluronic acid-coated 
chitosan nanoparticles into the gut, through oral administration. 
Insulin proected from enzymatic breakdown using formulations 
combining chitosan nanoparticles and oleic acid. Glucose sen-
sors (glucose oxidase, boronic acid 4-formylphenylboronic acid 
etc) have been conjugated with chitosan nanoparticles for glu-
cose-dependent insulin release.
3. Alginate: an anionic mucoadhesive polymer. Insulin- con-
taining alginate nanoparticles with nicotinamide as permeation 
agent decrease serum glucose and increased serum insulin levels 
in diabetic rats.
4. Dextran – based nanoparticles: dextran sulfate – chitosan 
nanoparticles containing insulin reduces blood glucose level.
5. Albumin
6. Xanthan gum: high molecular weight heteropolysaccharide.
7. Monoclonal antibodies nanoparticles
8. Extracellular vesicles
9. Cellulose: cellulose nanocrystals and chitosan used for oral 
release of repaglinide. Carboxymethylcellulose and alginate 
used to release 5-FU targeted to the colon.
10. Solid lipid nanoparticles (SLNs): unlike liposomes, SLNs 
have a micelle-like structure where the drug is entrapped in a 
non-aqueous core. Examples are mitoxandrone- loaded SLN and 
doxorubicin and idarubicin SLN incorporation. Various SLN 
formulations and lecithin as surfactants have been produced for 
loading insulin.
11. Liposomes: these consist of conventional type liposomes, 
PEGylated types, ligand – targeted and theranostic types. They 
can be used with hydrophobic and hydrophilic drugs. Appli-
cations are seen with 5-fluoro-deoxyuridine, daunorubicin and 
doxorubicin. Functionalised liposomes coated with anion poly-
acrylic acid and cation polyallyl amine hydrochloride created for 
oral administration of insulin.
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12. Nanoemulsions: nanoemulsion consisting of rapamycin, 
bevacizumab and temozolomide used to treat advanced mel-
anoma.Nanoemulsions contataining α-eleostearic acid orally 
administered to diabetic rat model with improved antidiabetic 
properties.
13. Polymeric micelles: made of amphiphilic block copolymers 
used for paclitaxel, docetaxel.
14. Cyclodextrin nanosponges
15. Carbon nanoparticles
16. Dendrimers: used for targeted drug delivery of doxorubicin 
and methotrexate.
17. Inorganic nanoparticles: include silver, gold, iron oxide 
and silica nanoparticles. Iron oxide nanoparticles covered with 
Violamycine B1 and antracyclinic antibiotics tested against 
MCF-7 cells for cytotoxicity.
18. Nanocrystals:
19. Metallic nanoparticles: these include gold, silver, iron and 
copper. Others are Zinc oxide, titanium oxide, platinum, seleni-
um, gadolinium, palladium, cerium dioxide.
20. Magnetic nanoparticles
21. PGLA Based Nanoparticles: for sustained release of insu-
lin.
22. Poly (Lactic Acid) (PLA)-Based nanoparticles: PLA-b-
pluronic-b-PLA form vesicle used for oral delivery of insulin.
23. Polyallylamine (PAA) Based nanoparticles: this nanopar-
ticle protected insulin against trypsin and pepsin, showing high 
encapsulation efficiency.
24. Calcium phosphate nanoparticles
25. Silica nanoparticles
26. Quantum dots: nanometer- scale semiconductors with a 
broad spectrum of absorption. Quantum dots aptamer- doxoru-
bicin conjugate targets prostate cancer cells.
27. Protein and Polysaccharides nanoparticles [71-73].

Vitamins and Minerals Nano-Based 
Drug Delivery Systems
Researches in biotechnology deliveries for bifunctional antidia-
betic-anticancer vitamins and minerals need to be aggressively 
pursued, due to the leading roles these agents will definitely play 
in the future management of both diseases owing to the unique 
properties of mediating in both diseases signal pathways.

A summary of current advances made in this respect or related 
fields is given below.

1. Vitamin A: cancer stem cells (CSCs) play key roles in ra-
diotherapy and chemotherapy treatment failures. Retinoic acid 
enhances differentiation of CSAs. A CSCs-specific targeted, ret-
inoic acid-loaded gold nanostars-dendritic polyglycerol (GNSs-
Dpg) nanoplatform has been developed for efficient eradication 
of CSCs [74]. Sodium alginate possess great drug delivery prop-
erties. Retinoic acid (RA) – sodium alginate microspheres (RA-
MS) was prepared to slowly release retinoic acid in pharmaco-
therapy of proliferative vitreoretinopathy. (Lactic acid – glycolic 
acid copolymer can also serve as carrier for RA) [75].

2. Vitamin C: nano-vitamin combined with paclitaxel inhibit-
ed cell over-proliferation. Nano-vitamin C and cisplatin com-

bination used in the management of chemotherapy-associated 
fatigue. Vitamin C -cisplatin-loaded chitosan nanoparticles en-
hanced anti-proliferative and anti-angiogenic activity without 
inhibiting cisplatin anticancer effects [76]. Different nano-vehi-
cles for vit C include nanoliposomes, solid lipid nanoparticles, 
nanostructured lipid carriers, chitosan nanoparticles, cyclodex-
trin nanosponges [77].

3. Vitamin D: Both vitamin D and Raloxifene have low bio-
availability as a result of reduced solubility. But their bioavail-
ability and pharmacokinetics were increased when both drugs 
were combined in nanostructure lipid carriers (NLCs) [78]. Cal-
citriol (promising agent for non-small cell lung cancer) activity 
is inhibited by 24-hydroxylase. CTA091 is a selective inhibitor 
of 24-hydroxylase. Calcitriol and CTA091 were loaded in EF-
FR-targeted liposomes which increased their uptake and inhibi-
tion of lung cancer cells [79].

Minerals and Trace Elements Nanocarriers
Many minerals. Trace elements and metals have unique char-
acteristics of been used in complexing with other drugs and as 
nano-carriers. This unique feature can be explored and exploited 
in therapeutic management for those which equally have bifunc-
tional anticancer-antidiabetic effect. This will Make these ele-
ments play key roles in the management of these diseases.

Several of these metallic nanoparticles have been approved 
by FDA or EMA for cancer therapy and clinical trials viz: 
Iron oxide for prostate cancer NCT02033447(Ph 0), Spherical 
gold nanoparticle for recurrent glioblastoma or gliosarcoma 
NCT03020017(Ph 0), Hafnium oxide nanoparticle for postoper-
ative pain NCT03692286 (Ph IV), NCT04213716 (PH II) [80].

1. Selenium: selenium nanoparticles (SeNPs) prepared by add-
ing Catatheslasma ventricosum polysaccharides to selenite and 
ascorbic acid showed higher antidiabetic effects in streptozocin 
induced diabetic mice than other selenium preparations like 
SeNPs, selenocysteine, sodium selenite [81].

2. Vanadium: vanadium-based nanomaterials synthesized for 
cancer treatments include vanadium oxide, 2D vanadium sul-
fides, carbides and nitides and water insoluble vanadium salts 
[82].

Bifunctional Vitamins and Mineral Complexes and Combina-
tions in The Management of Daibetes and Cancer.

Aside the use of nano-carriers in the delivery of bifunctional vi-
tamins and minerals, applications can equally be found for ther-
apeutic use of their various combinations.
Complex forming minerals and trace elements like vanadium, 
titanium, zinc, selenium can be combined with the vitamins to 
form therapeutic agents. Titanium and vanadium combination 
complexes have found important therapeutic use in the manage-
ment of cancer and diabetes, likewise zinc +vanadium, Vitamin 
A +Vanadium complexes.

Ionophores are also known to increase the intracellular concen-
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tration of these agents and increase their bioavailability.

These bifunctional vitamins and minerals can equally be com-
bined with conventional anticancer and antidiabetic agents to 
enhance their therapeutic efficacy through synergism.

Conclusion
Bifunctional vitamins and minerals with antidiabetic-anticancer 
effects no doubt have great potentials and roles in the manage-
ment of cancer and diabetic patients due to their inherent ability 
to modulate and regulate the signal pathways of both diseases.

These agents on their own and in combination therapies with 
conventional therapies have markedly increased the therapeutic 
efficacies of these conventional drugs in the management of both 
cancer and diabetics.

Drug delivery systems which are technologies for targeted de-
livery of drugs to the body has a great role to play in enhancing 
the efficacy and effectiveness of these bifunctional vitamins and 
minerals by increasing their bioavailability at targeted site.

Other methods of increasing the bioavailability and efficacy of 
these drugs are by complexing their ions and ionophore aided 
transport into cells.

Bifunctional anticancer-antidiabetics vitamins and minerals no 
doubt holds the future in the management of diabetic patients 
with concurrent cancer illness and cancer patients with glucose 
intolerance.
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