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Abstract: Vitamin E belongs to the family of lipid-soluble vitamins and can be divided into 
two groups, tocopherols and tocotrienols, with four isomers (alpha, beta, gamma and delta). 
Although vitamin E is widely known as a potent antioxidant, studies have also revealed that 
vitamin E possesses anti-inflammatory properties. These crucial properties of vitamin E are 
beneficial in various aspects of health, especially in neuroprotection and cardiovascular, skin 
and bone health. However, the poor bioavailability of vitamin E, especially tocotrienols, 
remains a great limitation for clinical applications. Recently, nanoformulations that include 
nanovesicles, solid-lipid nanoparticles, nanostructured lipid carriers, nanoemulsions, and 
polymeric nanoparticles have shown promising outcomes in improving the efficacy 
and bioavailability of vitamin E. This review focuses on the pharmacological properties 
and pharmacokinetics of vitamin E and current advances in vitamin E nanoformulations for 
future clinical applications. The limitations and future recommendations are also discussed in 
this review.
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Introduction
Vitamin E was first discovered in 1922 in green leafy vegetables and was thought to be 
an important nutrient for human reproduction.1 It was then proven to be effective in 
preventing lipid peroxidation and scavenging free radicals; hence, it is recognised as 
a potent antioxidant.2,3 Since then, many studies have been performed to explore other 
therapeutic effects of vitamin E and its pharmacokinetics.4

Vitamin E is a family of lipid-soluble compounds consisting of two major 
groups, namely, tocopherols and tocotrienols. Each group can be further divided 
into four different isomers, that is, alpha, beta, gamma, and delta, depending on the 
presence and position of the methyl group(s) as the side chain. Generally, vitamin 
E is made up of a chromanol ring and an isoprenoid or phytyl side chain. 
Tocopherols have a long and saturated side chain, while tocotrienols differ from 
tocopherols by the presence of unsaturated double bonds on the side chain 
(Figure 1). This also explains the higher affinity of tocotrienols to the lipid 
membrane compared to tocopherols.5

Vitamin E, particularly α-tocopherol, can easily be obtained and consumed by 
the vast majority of the world’s population. It is ubiquitously found in various 
staple foods, such as vegetable oils, palm oil, rice bran, wheat germ, olive, barley, 
soybean, nuts and grains. Meanwhile, tocotrienols are also found in many different 
natural sources. Similar to tocopherols, the percentages of tocotrienol content are 
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different from one source to another, ie, rice bran (50%), 
palm oil (75%) and annatto (99.9%).6

Both tocopherols and tocotrienols are well known for 
their potent antioxidant properties. They are capable of 
scavenging reactive oxygen species (ROS) and free radi-
cals. The presence of hydroxyl group on the chromanol 
ring contributes to this antioxidant activity by readily 
donating the hydrogen atom to reduce free radicals.7 In 
addition, vitamin E also possesses anti-inflammatory 
effects apart from its antioxidant properties.8 These prop-
erties of vitamin E have attracted great interest among 
researchers to investigate its therapeutic potential for the 
prevention and treatment of various diseases.

Despite a rising number of studies on tocotrienols, their 
application in the field of nutraceutical therapy is still 
limited due to poor oral bioavailability. A previous study 
reported that the absolute bioavailability of tocotrienols in 
rats administered with the 50% tocotrienol-rich fraction 
(TRF) was relatively low for γ-, δ- and α-tocotrienols 
(9.1%, 8.5% and 27.7%, respectively).9 Therefore, this 
review aimed to discuss the pharmacological and pharma-
cokinetic properties of vitamin E, as well as the develop-
ment of potential nanoformulation strategies for improved 
delivery and bioavailability of vitamin E. The limitations 
and recommendations for future studies will also be dis-
cussed in this review.

Vitamin E
Pharmacodynamics: Vitamin E is Much 
More Than Just an Antioxidant
Vitamin E has gained researchers’ attention as a potential 
adjuvant therapy for various disorders due to its excellent 
antioxidant and anti-inflammatory properties.10 Inflammation 
is a result of the enhanced body immune response and is 
characterised by the increased production of free radicals and 
pro-inflammatory mediators, which may lead to excessive 
damage to host tissues.11 Its occurrence is indicated by the 
presence of markers such as cytokines and C-reactive protein 
(CRP). Furthermore, the secretion of substances such as eico-
sanoids and pro-inflammatory cytokines is damaging, as they 
not only result in inflammation but may subsequently trigger 
tumour growth and invasiveness, leading to cancer.12 With 
regard to the anti-inflammatory properties of vitamin E, sev-
eral studies have demonstrated that vitamin E could inhibit the 
secretion of inflammation-mediating molecules such as eico-
sanoids and cyclooxygenase-2 enzyme (COX-2).13,14 Vitamin 
E also suppresses pro-inflammatory signalling pathways, such 
as nuclear factor kappa beta (NF-kβ) and signal transducer and 
activator of transcription 3 (STAT-3)-mediated pathways.15

The antioxidant and anti-inflammatory properties of 
vitamin E are highly beneficial for future therapeutic use. 
A number of studies have been performed to demonstrate 
the benefits of vitamin E in various aspects of health, 
including neuroprotection and cardiovascular, skin and 
bone health, as well as for treating cancers (Figure 2A). 
Different routes of administration for vitamin E may be 
applied for different therapeutic uses (Figure 2B).

Vitamin E possesses neuroprotective effects, and this 
has been proven in clinical trials and models of various 
neurological disorders, including traumatic brain injury 
(TBI), Alzheimer’s disease (AD), and Parkinson’s disease 
(PD). A randomised double-blind controlled trial invol-
ving adults with severe head injury (n=100) reported that 
intramuscular injection of vitamin E (400 IU/day) had 
a significantly lower mortality rate compared to the vita-
min C and placebo-treated groups.16 An in vivo study 
involving albino rats subjected to TBI showed low mal-
ondialdehyde (MDA) levels and mortality rates when 
administered α-tocopherol (alone or in combination with 
vitamin C) compared to the non-TBI group.17

In animal models of AD, vitamin E was found to 
reduce the progression of the disease by inhibiting p38 
signalling pathway activation, which prevents amyloid 
beta (Aβ)-induced tau hyperphosphorylation.18 On the 

Figure 1 Chemical structures of tocopherol and tocotrienol. The different vitamin 
E isoforms are determined based on the presence and position of methyl group(s) 
as side chains on the chromanol ring.
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other hand, in another study using a transgenic mouse 
model of AD, it was demonstrated that vitamin 
E supplementation (200 mg/kg) significantly reduced the 
high level of DNA damage. Together, these results suggest 
that vitamin E could be employed as an alternative treat-
ment for AD.19 Meanwhile, in the context of PD, a two- 

population-based cohort study reported that dietary intake 
of vitamin E and β-carotene was associated with a low risk 
of the disease.20

Vitamin E, especially tocotrienols, has also been studied 
thoroughly for its potential in preventing metabolic syndrome 
and cardiovascular diseases (CVDs).21,22 These effects are 

Figure 2 (A) Various pharmacological properties of vitamin E. (B) The different routes of vitamin E administration and its therapeutic uses.
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mediated through its antioxidant mechanisms, anti- 
inflammatory effects, inhibition of the HMG-CoA reductase 
enzyme and reduced expression of adhesion molecules.

Studies using obese animal models indicated that 
vitamin E may act as a potential anti-obesity agent.23,24 

Supplementation with γ-tocotrienol (50 mg/kg) significantly 
reversed the increased fasting blood glucose, insulin and fat 
content, body weight, liver weight and secretion of pro- 
inflammatory cytokines in high-fat diet-induced obese 
mice.24 A study using diabetic rats reported that TRF supple-
mentation (200 mg/kg/day) reduced fasting blood glucose and 
oxidative stress, as well as improved vascular walls.25 

Meanwhile, vitamin E supplementation (100 mg/kg) in an 
animal model of atherosclerosis also attenuated atherosclero-
tic lesions, although this was only seen in the early stages.26

In addition, vitamin E is also widely used in the field of 
dermatology for its antioxidant and ultraviolet (UV) radia-
tion protective effects, which provide photoprotection and 
delay skin ageing.14 A study performed on human gluteal 
skin showed that pre-treatment with a newly formulated 
vitamin E topical agent (10% tocopherols and 0.3% toco-
trienols) resulted in improved photoprotection against 
minimal UVB radiation.27 Vitamin E also exhibited anti- 
ageing effects through its ability to enhance collagen 
synthesis and prevent collagen degradation.28 In addition, 
supplementation with palm TRF (500 µg/mL) was also 
shown to suppress excessive melanin production in pri-
mary human skin melanocytes in vitro.29 This is due to the 
increased expression of endosome docking/fusion proteins, 
which contributes to the degradation of melanosomes by 
docking to lysosomes.30

Vitamin E has been proven to provide excellent skin 
protection when used in combination with other antioxidants. 
A single-blind controlled trial by Mireles-Rocha et al invol-
ving 45 healthy volunteers reported that combination treat-
ment of vitamin C and E provided the best protective effect 
against UVB radiation compared to individual treatments.31 In 
human keratinocytes, it was shown that single or combination 
treatment of α-tocopherol with coenzyme Q10, krill oil, lipoic 
acid, resveratrol, grape seed oil and selenium reduced ROS 
generation and cytokine secretion, which may contribute to the 
photoprotective effect.32

With regard to its potential application for cancer treat-
ments, vitamin E possesses promising anti-cancer properties 
such as suppressing cancer cell proliferation, preventing 
angiogenesis, modulating growth factors, promoting cell 
cycle arrest, and inducing apoptosis.33 These special proper-
ties of tocotrienols have been reported in various in vitro 

studies using different cell lines (breast, lung, liver, pan-
creas, skin, and bladder cancers).34,35 Several in vivo studies 
have also shown that tocotrienols successfully accumulate in 
cancer cells but not in normal tissues.36,37 Previous studies 
demonstrated that δ-tocotrienol (200 mg/kg) significantly 
enhanced the efficacy of gemcitabine to inhibit pancreatic 
cancer growth and survival in vitro and in vivo by suppres-
sing NF-kB activity.37,38 Another study on mouse melanoma 
xenografts showed that δ-tocotrienol treatment (100 mg/kg) 
significantly reduced the tumour volume and delayed 
tumour progression.39

Vitamin E, especially tocotrienols, is beneficial in improv-
ing bone strength by inducing bone formation and osteoblast 
(bone-forming cells) activity, as well as suppressing osteo-
clasts (cells mediating the bone resorption process).40,41 

A study using a combined therapy of annatto-derived toco-
trienols (60 mg/kg) and lovastatin (750 µg/kg) in an animal 
model of post-menopausal osteoporosis showed that the treat-
ment caused increased osteoblast surface, decreased osteo-
clast surface, reduced eroded surface, and higher bone 
volume compared to the untreated group.42,43 Another study 
using the same animal model demonstrated that TRF supple-
mentation (60 mg/kg) reduced lipid peroxidation during early 
fracture healing through a reduction in the levels of free 
radicals responsible for the delayed healing process.44

Tocotrienols also greatly benefit inflammation- 
mediated bone loss, such as rheumatoid arthritis (RA) 
and osteoarthritis (OA). A recent study by Zainal et al 
using an animal model of RA reported that oral TRF 
supplementation (30 mg/kg) was able to reduce the joint 
inflammation seen at the paws and reduced the plasma 
levels of pro-inflammatory cytokines (IL-1β, IL-6, and 
TNF-α) and CRP in the treated rats compared to the 
untreated controls.45 In an animal model of OA, it was 
shown that supplementation with annatto-derived tocotrie-
nol (100 mg/kg) prevented cartilage degradation, which 
may prevent the progression of OA.46

Bioavailability and Pharmacokinetics of 
Vitamin E: Recent Progress and 
Challenges
Although the plethora of effects of vitamin E are promis-
ing for future therapeutic use, its application is greatly 
hindered due to its poor oral bioavailability, especially 
for tocotrienols. Bioavailability, as defined by the Food 
and Drug Administration (FDA), is the rate and extent that 
a drug or active pharmaceutical compound is absorbed and 
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becomes available at the site of action. The pharmacoki-
netic limitations of tocotrienols result from a variety of 
factors, including their solubility, absorption, distribution, 
and rate of elimination.

Similar to other lipid-soluble vitamins, vitamin E 
absorption is highly dependent on dietary fat in the body, 
bile salts, and pancreatic enzymes. During oral adminis-
tration, vitamin E is packed into chylomicrons (a large 
triglyceride-rich lipoprotein produced from lipids, mainly 
fatty acids and cholesterol) in the intestines and enters the 
circulation via lymph nodes. Once vitamin E is packed 
into chylomicrons, it can be sent either to tissues or the 
liver. The hydrolysis of chylomicrons by lipoprotein lipase 
enzymes in the circulation allows the transfer of lipids and 
vitamin E to tissues.47 The chylomicron remnants will also 
be taken up by the liver. Most of the vitamin E in chylo-
micron remnants will be incorporated with very-low- 
density lipoproteins (VLDL), while the rest will be 
excreted in bile. Vitamin E is then metabolised through 
the hydroxylation and oxidation of its side chains by 
cytochrome P450. The final metabolites, which are car-
boxyethyl hydroxychromans (CEHC) and carboxymethyl-
butyl hydroxychromans (CMBHC), will then be excreted 
in urine and faeces.48,49

In a previous study involving healthy human volun-
teers, Yap et al showed that the 24-hour area under the 
curve (AUC0-∞) of TRF was increased by approximately 
2-fold in the fed state compared to the fasting state.50 

A shorter time to reach peak plasma concentration and 
a higher concentration of TRF recorded by the volunteers 
in the fed state indicated that food consumption increased 
the absorption of vitamin E, thus improving its 
bioavailability.50 More recent studies have shown that the 
time taken to achieve the peak plasma concentration 
(Tmax) of tocotrienols via oral supplementation was 
between 3 and 4 hours after a meal, unlike tocopherol, 
which achieved its Tmax at approximately 6 hours post- 
meal.51,52 The findings of these studies also indicated that 
α-tocopherol had a much higher peak plasma concentra-
tion (Cmax) than tocotrienols (1.82–2.92 µM and 0.89–1.92 
µM, respectively). The elimination half-life (t1/2) of α- 
tocopherol in humans was reported to be approximately 
20 hours;6 however, for different tocotrienol isomers, the 
t1/2 was between 2.3 and 4.4 hours.53 Thus, the frequency 
of tocotrienol supplementation is normally recommended 
as twice daily to maintain its bioactive levels.

Apart from oral administration, vitamin E can also be 
administered parenterally through intravenous, 

subcutaneous, intramuscular, and intraperitoneal injection. 
Parenteral administration of tocotrienols provides a much 
faster rate of absorption than oral administration. 
Comparison between studies showed that the oral admin-
istration of TRF (300 mg) provides a Tmax value within 
3–4 hours,50 while a single subcutaneous injection of 
tocotrienol (δ-tocotrienol at a dose of 300 mg/kg) exhib-
ited a Tmax value at 1 hour post-injection.54 Intramuscular 
and intraperitoneal injections of tocotrienols in rats 
resulted in lower plasma concentrations when compared 
with oral administration,9 suggesting minimal absorption 
of tocotrienol following these routes of administration. It 
is known that intramuscular and intraperitoneal injections 
do not involve the formation of mixed micelles for 
enhanced absorption, unlike the oral route.

Compared to the other lipid-soluble vitamins, vitamin 
E was shown to be more evenly distributed in the body, 
especially in the plasma, liver, and adipose tissues.55,56 In 
an in vivo study, a group of mice treated with 
a tocopherol-stripped diet (AIN76m) containing 0.05% γ- 
tocotrienol demonstrated that tocotrienol and its metabo-
lites could also be detected in other organs, including the 
lung, spleen, and colon.49 In another study, tocotrienols 
were found to be preferably absorbed by adipose tissues in 
rats; however, this uptake was attenuated in the presence 
of tocopherol.57 In the presence of tocopherol, tocotrienols 
compete to bind to alpha-tocopherol transfer protein (α- 
TTP), the main vitamin E transport protein in the circula-
tion. α-TTP is widely known to have a higher affinity 
towards α-tocopherol than the other isoforms of vitamin 
E. However, another study by Khanna et al discovered that 
oral supplementation with α-tocotrienol (5 mg/kg) led to 
successful transport to several vital organs.58 This suggests 
that the distribution of tocotrienols can still be achieved by 
a different mechanism other than α-TTP, albeit to a lesser 
extent.

In the last decade, a number of strategies have been 
proposed and carried out with the intention of increasing 
the bioavailability of vitamin E. One of the strategies was 
through adjusting the composition of tocotrienol isomers in 
a fraction. In a previous study using human subjects, supple-
mentation with the tocotrienol fraction containing solely γ 
and δ isomers (75% and 25%, respectively) resulted in super-
ior bioavailability of γ- but not δ-tocotrienol isomers when 
compared with conventional TRF.59 The higher bioavailabil-
ity of γ-tocotrienol isomer in subjects taking the γ- and δ-only 
-containing tocotrienols was represented by higher AUC0-∞ 

International Journal of Nanomedicine 2020:15                                                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
9965

Dovepress                                                                                                                                                 Mohd Zaffarin et al

http://www.dovepress.com
http://www.dovepress.com


values of 41,091.37 compared to 24,256.29 µg/L*h in the 
conventional TRF-supplemented group.

Other studies have also explored the complexation of 
vitamin E emulsions with cyclodextrin, a cyclic oligosac-
charide, as a strategy to increase its bioavailability by 
improving its solubility.60,61 Cyclodextrin is an FDA- 
approved substance commonly employed as a solubilising 
agent for various drugs. In a study by Ikeda et al, it was found 
that rats administered 72.8 mg of γ-tocotrienol/β- 
cyclodextrin (γ-T3/β-CD) complex had higher plasma con-
centrations of tocotrienols when compared with those admi-
nistered 13.9 mg of tocotrienol alone or a combination of 
13.9 mg of tocotrienol and 62.2 mg of β-CD (Cmax values of 
0.09, 0.05 and 0.04 nmol/mL, respectively).60 Similarly, 
another study that explored the potential of cyclodextrin in 
improving the bioavailability of tocotrienols showed that 
mice treated with the TRF/γ-cyclodextrin (TRF/γ-CD) com-
plex (14.5 mg diluted in 200 µL of corn oil) had a higher 
plasma concentration of tocotrienols (Cmax value of 11.4) 
than the TRF-treated control group (2.79 mg diluted in 200 
µL of corn oil), with a Cmax value of 7.9 µM.61 There was 
also an approximately 1.4-fold increase in the AUC0-∞ of 
the TRF/γ-CD complex compared to TRF alone. Taken 
together, the complexation of cyclodextrin with vitamin 
E could improve the bioavailability due to the enhancement 
in solubility of the formulation. However, this approach 
possessed some limitations, such as possibility that the for-
mulation being unstable after one hour post-preparation,60 as 
well as the suitability of cyclodextrin as a solubilising agent 
for vitamin E. The glycaemic index of cyclodextrin should be 
taken into consideration since it is a form of carbohydrate 
residue, which may elevate the blood sugar level, especially 
in patients with diabetes.

Another strategy that can be proposed to improve the 
bioavailability of tocotrienols is through the application of 
nanoformulations. Nanoformulations offer many advan-
tages, including improved efficacy of active pharmaceuti-
cal ingredients, biocompatibility, reduced toxicity and 
enhanced bioavailability due to the small size and large 
surface area.62 Compared to the other approaches men-
tioned above, nanoformulations appear to offer a wider 
range of strategies to be explored considering that nano-
formulations appear in many forms.

Nanoformulations and Applications
Nanoformulations have been widely studied for the appli-
cation of drug delivery. These involve the use of nanoma-
terials with sizes ranging between 1 and 100 nm. Due to 

their small size and large surface area, nanoparticle- 
incorporated compounds are superior in terms of their 
solubility, efficacy, safety, and pharmacokinetics.63 The 
application of nanoformulations for the delivery of lipo-
philic drugs and/or active compounds offers several bene-
fits, including protection from gastrointestinal degradation, 
prolonged systemic circulation, controlled drug release 
and improved absorption in the intestine.64 These in turn 
improve the bioavailability and enhance the efficacy of 
administered drugs or active pharmaceutical compounds.

To overcome the poor bioavailability of vitamin E, 
different nanoformulation strategies have been used to 
address the issue for potential therapeutic applications.65 

These strategies include loading vitamin E in nanovesicles, 
solid-lipid nanoparticles (SLNs) and nanostructured lipid 
carriers (NLCs), nanoemulsions and polymeric nanoparti-
cles (Figure 3). The findings from different studies invol-
ving vitamin E nanoformulations are summarised in 
Table 1.

Lipid-Based Nanoparticle Systems – 
Niosomes, Liposomes, Solid-Lipid 
Nanoparticles, Nanostructured Lipid 
Carriers and Nanoemulsions
Niosomes and Liposomes
Niosomes and liposomes are lipid-based nanovesicles that 
are highly promising for the delivery of lipophilic drugs 
and active compounds. Niosomes are lamellar structures 
made up of non-ionic surfactants and cholesterol. On the 
other hand, liposomes are structures that consist of an 
aqueous core that is surrounded by one or more phospho-
lipid bilayers. Although they have almost similar physical 
and chemical properties by comparison, nonetheless, nio-
somes are shown to have a higher permeability to small 
solutes and ions than liposomes.66 Similar to liposomes, 
the application of niosomes as a drug delivery vehicle is 
also suitable because they are non-toxic, less expensive 
and more stable.67

It is widely known that tocotrienols exhibit anti-cancer 
properties in vitro against many types of cancer including 
liver, lung, pancreatic, and breast cancers.38,68,69 Nonetheless, 
the tumour-suppressing effects of tocotrienols are not always 
observed in vivo, which could be explained by the poor 
bioavailability. To date, a limited number of studies have 
started to explore the potential use of nanovesicles in enhan-
cing the anti-cancer properties of tocotrienols.65 However, 
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research on the pharmacokinetic profile of this system, 
including its bioavailability and safety, has yet to be explored.

As part of a strategy to enhance the tumour- 
suppressing effect of tocotrienols in vivo, Fu et al first 
developed a D-α-tocopheryl polyethylene glycol 1000 suc-
cinate (TPGS)-based niosome (consisting of Span 60, 
TPGS, cholesterol, and dioleoylphosphatidylethanolamine 
(DOPE)) linked with the transferrin receptor to encapsu-
late TRF. TRF was entrapped in the vesicle via probe 
sonication before cross-linking with the transferrin recep-
tor, followed by ultracentrifugation to remove the unen-
trapped TRF. This system appeared to significantly 
increase tocotrienol uptake in vitro (using A431, B16F10 
and T98G cell lines) and hence improved the therapeutic 
efficacy compared to the unentrapped TRF.70 In a more 
recent study, Tan et al developed 6-O-palmitoyl-ascorbic 
acid (AP)-based niosomes (made up of AP, TPGS, choles-
terol, and 1,2-distearoyl-sn-glycero-3-phosphoethanola-
mine-N-[carboxy(polyethylene glycol)-2000] (DSPE-PEG 
(2000)-carboxylic acid)) targeting transferrin receptors for 
intravenous administration of γ-tocotrienol aimed at treat-
ing breast cancer.71 The γ-tocotrienol-loaded niosomes in 
this study were prepared using a solvent evaporation 
method, where the solvents (hexane and methanol) were 
removed from the γ-tocotrienol mixture using a rotary 

evaporator under reduced pressure.71 Both in vitro and 
in vivo studies have proven that tumour-targeted niosomes 
significantly improve the therapeutic efficacy of γ- 
tocotrienol.71 The authors also reported that no adverse 
effects were observed after administration of γ-tocotrienol- 
loaded niosomes for 10 days, which indicates that the 
nanovesicle formulation is safe for therapeutic use. Thus, 
the aforementioned studies suggested that nanovesicles 
can be a suitable carrier for improved delivery and 
enhanced efficacy of vitamin E.

Solid-Lipid Nanoparticles and Nanostructured Lipid 
Carriers
SLNs and NLCs are alternatives for liposomes, as they use 
different lipid components that offer better drug-loading 
efficiency and are suitable for large-scale manufacturing 
processes.72 SLNs are made up of a lipid monolayer 
enclosing a hydrophobic solid-lipid core that permits 
incorporation of lipid-soluble compounds, while NLCs 
are known as second-generation SLNs. NLCs differ from 
SLNs in the composition of the lipid core, which is made 
up of amorphous solid and liquid oil matrix. The presence 
of this unique lipophilic core in both SLNs and NLCs 
makes them an ideal carrier for various lipid-soluble com-
pounds, as it reduces substance mobility, thereby allowing 
controlled drug release. Both vitamin E-encapsulated 

Figure 3 Schematics for different vitamin E nanoformulation strategies. (A) Liposomes and niosomes, (B) solid-lipid nanoparticles (SLNs) and nanostructured lipid carriers 
(NLCs), (C) nanoemulsions, and (D) polymeric nanoparticles.
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SLNs and NLCs were prepared using the solvent- 
evaporation method, which usually involves high-shear 
homogenisation or hot high-pressure homogenisation tech-
niques followed by ultrasonication to obtain a stable nano-
particle formulation.73–77 A previous study found that 
NLCs are superior to SLNs in terms of their stability and 
loading capacity.78

The use of SLNs has been proven to enhance the 
intestinal permeability of γ-tocotrienol, which subse-
quently led to increased oral bioavailability.79 SLNs con-
taining γ-tocotrienol were found to increase the intestinal 
permeability in situ by approximately 10-fold compared to 
the control, which was prepared in micellar solution.79 The 
same study also reported that the SLN formulation (10 mg/ 
kg) had higher Cmax and AUC0-∞ values (938 ng/mL and 
12.1 µg/h/mL, respectively) than the micellar solution of 
the same dose (212 ng/mL and 3.9 µg/h/mL, respectively).

There was also evidence showing that NLCs also 
enhance the anti-cancer properties of tocotrienol. In 
a study assessing the anti-cancer effect on neoplastic 
+SA epithelial mammary cells, it was discovered that 
TRF-loaded NLCs (IC50: 2.12 ± 0.21 µM) have a more 
potent anti-cancer activity than free TRF (IC50: 2.73 ± 0.11 
µM).76 Moreover, vitamin E-loaded SLNs and NLCs were 
also reported as safe since both formulations did not trig-
ger skin irritation upon topical application.80,81 Taken 
together, these studies suggest that the use of SLN or 
NLC formulations is beneficial in improving the bioavail-
ability and efficacy of tocotrienols.

Nanoemulsions
Nanoemulsions are a kinetically stable dispersion that 
contains two immiscible phases, aqueous and oil, in the 
presence of surfactants. The preparation methods generally 
involve high-energy processes, such as high-pressure 
homogenisation, microfluidisation, and phase inversion 
temperature (PIT) emulsification, for the production of 
stable nanoemulsions. Preparation of vitamin E using 
these methods produced more stable nanoparticles, as 
characterised by their low viscosity and long-term colloi-
dal stability against creaming and sedimentation compared 
to conventional methods.82,83 Vitamin E nanoemulsions 
prepared using high-pressure homogenisation have been 
shown to produce smaller droplets (size between 80 and 
300 nm), resulting in a faster rate of lipid digestion.83,84

Previous studies demonstrated that tocotrienols prepared 
in the form of a self-emulsifying drug delivery system 
(SEDDS) have improved oral bioavailability.85,86 Alqahtani Po

ly
m

er
ic

 

N
an

op
ar

tic
le

s

α-
to

co
ph

er
ol

✓
✓

Em
ul

si
fic

at
io

n-
so

lv
en

t 
ev

ap
or

at
io

n,
 

m
ic

ro
flu

id
iz

at
io

n

97
 –

 1
34

Sp
he

ri
ca

l
●

Pr
od

uc
ed

 a
 s

ta
bl

e 
na

no
pa

rt
ic

le
●

In
cr

ea
se

d 
or

al
 b

io
av

ai
la

bi
lit

y

[9
0]

α-
to

co
ph

er
ol

 

T
R

F

✓
Em

ul
si

fic
at

io
n-

so
lv

en
t 

ev
ap

or
at

io
n,

 

m
ic

ro
flu

id
iz

at
io

n

12
0 

– 
17

0
Sp

he
ri

ca
l

●
In

cr
ea

se
d 

ce
llu

la
r 

up
ta

ke
 a

nd
 e

nd
oc

yt
os

is
●

In
cr

ea
se

d 
an

tio
xi

da
nt

 a
ct

iv
ity

●
M

ar
ke

d 
cy

to
to

xi
ci

ty

[9
1]

T
R

F
✓

✓
Em

ul
si

fic
at

io
n-

so
lv

en
t 

ev
ap

or
at

io
n

10
 –

 6
1

Sp
he

ri
ca

l
●

N
an

op
ar

tic
le

 r
et

ai
ne

d 
th

e 
cy

to
to

xi
ci

ty
 e

ffe
ct

 o
f 

to
co

tr
ie

no
l

●
A

dd
iti

on
 

of
 

po
ly

m
er

 
al

lo
w

ed
 

se
lf-

as
se

m
bl

y 
of

 

na
no

pa
rt

ic
le

s 
in

 w
at

er
●

In
cr

ea
se

d 
th

e 
or

al
 b

io
av

ai
la

bi
lit

y

[9
2]

T
R

F
✓

Em
ul

si
fic

at
io

n-
so

lv
en

t 
ev

ap
or

at
io

n
10

 –
 7

0
Sp

he
ri

ca
l

●
N

an
op

ar
tic

le
 

re
ta

in
ed

 
th

e 
cy

to
to

xi
ci

ty
 

of
 

to
co

tr
ie

no
l

●
R

ed
uc

ed
 t

ox
ic

ity
 a

ga
in

st
 n

or
m

al
 c

el
ls

[9
3]

N
ot

es
: *

N
ot

 r
ep

or
te

d 
m

ea
ns

 t
he

 s
ha

pe
 o

f t
he

 n
an

of
or

m
ul

at
io

ns
 w

as
 n

ot
 o

bs
er

ve
d 

in
 t

ho
se

 c
or

re
sp

on
di

ng
 s

tu
di

es
. S

ym
bo

l: 
√ 

in
di

ca
te

s 
th

e 
st

ud
y 

se
tt

in
g(

s)
 in

 w
hi

ch
 t

he
 c

or
re

sp
on

di
ng

 v
ita

m
in

 E
 n

an
of

or
m

ul
at

io
n 

w
as

 t
es

te
d.

 
A

bb
re

vi
at

io
ns

: S
LN

, s
ol

id
 li

pi
d 

na
no

pa
rt

ic
le

; N
LC

, n
an

os
tr

uc
tu

re
d 

lip
id

 c
ar

ri
er

; T
R

F, 
to

co
tr

ie
no

l-r
ic

h 
fr

ac
tio

n;
 IC

50
, h

al
f m

ax
im

al
 in

hi
bi

to
ry

 c
on

ce
nt

ra
tio

n.

International Journal of Nanomedicine 2020:15                                                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
9969

Dovepress                                                                                                                                                 Mohd Zaffarin et al

http://www.dovepress.com
http://www.dovepress.com


et al successfully developed δ- and γ-tocotrienol SEDDS 
formulations (0.05, 0.25 and 2.5 mg/kg) and compared their 
oral bioavailability with the equivalent dosage of commer-
cially available δ- and γ-tocotrienol soft gel capsules in rats.86 

It was discovered that the groups treated with SEDDS for-
mulations had a higher Cmax value (δ-tocotrienol: 192, 255 
and 544 ng/mL; γ-tocotrienol: 395, 60 and 102 ng/mL) when 
compared to the soft gel capsules (δ-tocotrienol: 38, 69 and 
460 ng/mL; γ-tocotrienol: 282, 47 and 71 ng/mL).86 The 
absolute bioavailability value determined from the AUC0- 
∞ of δ-tocotrienol SEDDS (0.5 mg/kg) was approximately 
seven-fold higher than that of the soft gel capsule.86 In 
a separate study, the absolute bioavailability of γ- 
tocotrienol SEDDS (10, 25, and 50 mg/kg) was two-fold 
higher compared to the commercial TRF administered with 
the same doses.87 Furthermore, an in vitro study also showed 
that SEDDS formulations have a significantly higher cellular 
uptake (regardless of the composition of tocotrienols in the 
formulation), indicating that the SEDDS formulation may 
enhance the intestinal absorption of tocotrienols.86

The efficacy of vitamin E is also improved when for-
mulated as nanoemulsions. A previous study has shown 
that the administration of α-tocopherol nanoemulsion 
(30 mg/kg) in streptozotocin (STZ)-induced diabetic rats 
significantly reduced the level of the oxidative stress mar-
ker thiobarbituric acid reactive substance (TBARS) in the 
liver compared to those treated with blank nanoemulsion 
and control α-tocopherol micellar solution.88 Another 
study by Ledet et al investigated the efficacy of oral γ- 
tocotrienol nanoemulsion as a radioprotective agent.89 It 
was discovered that mice treated with γ-tocotrienol nanoe-
mulsion (300 mg/kg) 24 hours prior to exposure to radia-
tion had a higher survival rate compared to the mice 
treated with blank nanoemulsion and γ-tocotrienol alone 
(200 mg/kg and 400 mg/kg, respectively).89

Apart from oral delivery, vitamin E nanoemulsions have 
also been tested for transdermal delivery. For example, 
Pham et al developed a TRF nanoemulsion prototype to 
test the anti-cancer properties against human epidermoid 
carcinoma, A431, and human tongue squamous cell 
carcinoma, SCC-4, in vitro. It was reported that TRF nanoe-
mulsion showed a dose-dependent and more prolonged 
anti-cancer effect compared to the cells treated with TRF 
in propylene glycol mixture (control).90 Previous in vitro 
and in vivo studies also confirmed that TRF prepared as 
nano- or microemulsions was safe for topical delivery, as 
there were no ocular or dermal irritations observed.91,92 

Therefore, nanoemulsions may act as a potential vehicle 
for the safe and improved delivery of vitamin E.

Other Nanoformulations – Polymeric 
Nanoparticles
The synthesis of polymeric nanoparticles involves the 
incorporation of one or more polymer chains of varying 
hydrophobicity, which contributes to their ability to form 
self-assembled micelles in aqueous solutions. Polymeric 
nanoparticles are usually prepared by nanoprecipitation 
and solvent-evaporation methods.93–96 Briefly, the active 
compounds and polymers used are dissolved with water- 
immiscible organic solvents and mixed under constant 
stirring. Techniques such as probe sonication or microflui-
disation are applied to further reduce the particle size 
(nanoparticle size between 10 and 170 nm) prior to the 
removal of organic solvents via evaporation.93–96 

Examples of polymeric nanoparticles include poly(lactic- 
co-glycolic) acid (PLGA), polyethylene glycol (PEG), and 
chitosan. Previous studies have demonstrated that the use 
of polymers could offer many benefits, especially in 
improving the solubility and bioavailability of different 
lipophilic compounds, including vitamin E.

A study by Simon et al aimed to improve the oral 
bioavailability of α-tocopherol found that degradation of 
α-tocopherol in the gastric environment and intestinal con-
ditions was prevented when α-tocopherol was incorporated 
into PLGA or a combination of PLGA and chitosan 
(PLGA/chitosan) nanoparticles.93 This subsequently led 
to a higher plasma bioavailability of α-tocopherol. Both 
PLGA and PLGA/chitosan nanoparticles containing α- 
tocopherol have higher Cmax and AUC0-∞ values (Cmax: 
3.81 and 3.92 µg/mL, respectively; AUC0-∞: 99 and 80.9 
µg/h/mL, respectively) than free α-tocopherol (Cmax: 2.91 
µg/mL; AUC0-∞: 36.64 µg/mL).93 Incorporation of α- 
tocopherol into PLGA and PLGA/chitosan nanoparticles 
(at a dose of 1.5 mg/mL) also successfully improved the 
bioavailability by 170% and 121% compared to free α- 
tocopherol of the same dose.

Encapsulation of α-tocopherol and TRF into either PLGA 
or PLGA/chitosan nanoparticles also appeared to enhance 
their cellular uptake, antioxidant activity and anti-cancer 
activity.94 These nanoparticles were found to be non-toxic 
and did not induce apoptosis in Caco-2 cells, with over 95% 
average cell viability achieved.94 Interestingly, the same 
study also showed that the PLGA and PLGA/chitosan nano-
particles had antioxidant activity even in the absence of α- 
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tocopherol and TRF. These findings suggested that the use of 
these polymers as a vehicle could further enhance the anti-
oxidant properties of vitamin E.

Similar to NLC, the use of polymeric nanoparticles 
also enhanced the anti-cancer effect of tocotrienol, as 
demonstrated in previous studies. It was discovered that 
tocotrienol-loaded polymeric nanoparticles inhibited breast 
cancer cell growth in a concentration-dependent 
manner.94–96 Taken together, the findings from these stu-
dies may suggest that polymeric nanoparticles could be 
a good and highly promising vehicle to improve the deliv-
ery of vitamin E.

Challenges and Future Directions
There are some limitations and challenges for the clinical 
application of vitamin E nanoformulations. First, there is 
a limited number of studies reporting the bioavailability of 
vitamin E nanoformulations to date, despite the promising 
outcomes on its efficacy. There have also been very few 
clinical studies performed thus far on the bioavailability of 
vitamin E itself.50,97 The toxicity profiles for vitamin 
E nanoformulations were also not clearly outlined, and 
current knowledge only depends on animal behaviour 
and wellness from pre-clinical studies. Therefore, more 
in vivo and human studies are needed to provide important 
insights into various applications, the toxicity, and the 
pharmacokinetics of vitamin E nanoformulations.

This review mainly highlighted the potential application 
of vitamin E nanoformulations in cancer treatments. Given 
the various pharmacological properties of vitamin E, future 
studies should explore the potential application of vitamin 
E nanoformulations for other critical illnesses, such as heart 
diseases. As an antioxidant, vitamin E is very prone to 
oxidation in the presence of oxygen, light, and heat.98 

Therefore, future studies on vitamin E nanoformulations 
should consider taking measures to minimise oxidation. In 
addition, it would be better if further tests on the total anti-
oxidant capacity of each vitamin E nanoformulation were 
performed. These tests would ensure that the vitamin 
E nanoformulation does not lose its antioxidant properties 
during the development process.

Conclusion
In summary, vitamin E has been proven to have a wide range 
of therapeutic effects beyond its well-known antioxidant 
properties. Despite these promising effects, vitamin E, espe-
cially tocotrienol, is not well recognised for therapeutic inter-
ventions due to its poor bioavailability. In vivo studies have 

shown that the concentration of tocotrienols in plasma is 
lower in the presence of alpha-tocopherol due to the lower 
binding affinity towards α-TTP. Furthermore, tocotrienols 
have a relatively shorter t1/2 than tocopherols, which also 
contributes to poor bioavailability. In vitro and in vivo studies 
have demonstrated that nanoformulations improve the deliv-
ery and efficacy of vitamin E by enhancing its absorption, 
cellular uptake, solubility, and stability. These promising 
findings suggest that nanoformulations should be applied as 
carriers of vitamin E, particularly tocotrienols, to achieve 
better therapeutic applications.
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