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a b s t r a c t

Vitamin D deficiency is recognized as a pandemic affecting all ages and strata of population. The
endogenous cutaneous synthesis of vitamin D is insufficient to maintain normal body requirement which
necessitates the need for vitamin D supplementation or food-fortification. Conventional fat-soluble
preparations of vitamin D have been traditionally used for prevention and therapeutic purposes.
Recent advances in technology have enabled delivery of vitamin D through nanoemulsion formulations
which ensure higher absorption and drug delivery. The following review briefly discusses the issues of
bioavailability of nanoemulsion preparation of vitamin D vis-a-vis conventional fat soluble preparations.

© 2019
1. Introduction

Vitamin D is a fat-soluble vitamin which is essential for main-
taining blood levels of calcium and phosphate for mineralization of
bones, muscle contraction, nerve conduction and general cellular
functions. Optimal calcium and vitamin D nutrition for bone min-
eral health is important for prevention of rickets and osteomalacia
and safeguarding against osteoporosis and fractures among elderly.

Vitamin D deficiency/insufficiency affects nearly one billion
people worldwide and remains the most underdiagnosed and
undertreated medical condition.1 Despite India being a tropical
country with adequate sunlight, vitamin D deficiency is prevalent
in pandemic proportion across all strata, irrespective of socio-
economic factors, age, gender, geographical region and environ-
mental conditions.2 The sunlight induced vitamin D synthesis is
affected by personal host factors like clothing, lifestyle and envi-
ronmental factors like atmospheric pollution, latitude and sea-
son.3,4 The adverse effects of prolonged poor calcium and vitamin D
nutrition on bone health of elderly Indians was clearly observed in
several studies carried out in India. A large scale study on healthy
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Indians above 50yrs of age has revealed significantly lower bone
mineral density (BMD) and higher prevalence of osteoporosis
(35.1%, females 42.5%, males 24.8%) in comparison to US Caucasians
(females 18%, males 6%), Europeans (females 21%, males 6%),
Taiwanese (females 11.4%, males 1.6%) and Sri Lankans (5.8%) but
similar to only Chinese (female 50.1%, males 22.5%).5 Another study
evaluating the prevalence of vertebral morphometric fractures in
healthy Indians above 50 years showed a very high prevalence
ranging from 14.7 to 22.4% in females to 17.2e21.6% in males.6

Since Indian diets provide negligible amount of vitamin D7 and
sun induced synthesis is inadequate, supplementation of vitamin D
would play an important role in reducing the burden of vitamin D
deficiency in the absence of Government's policy on universal food
fortification with vitamin D.
1.1. Nano particle based delivery system

Majority of vitamin D formulations available in themarket in the
form of tablets, capsules or sachets are conventional fat-soluble
preparations. Vitamin D being a non-polar lipid with poor
bioavailability due to its low solubility in aqueous fluids of
gastrointestinal tract, a robust drug delivery system in the form of
nanoemulsion formulations of vitamin D3 has been recently
introduced in the market for supplementation.

Nanoemulsions are new colloidal delivery system that
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encapsulate, protect, and deliver lipophilic bioactive substances
and are being increasingly used in food and pharmaceutical in-
dustry.8 These are liquid dispersions in which the size of the
droplets is small ranging from (50e500 nm) compared to other
conventional delivery system. These nanoemulsions show better
stability against phase separation, better bioavailability and
absorptive capacity of hydrophobic compounds.8,9

1.2. Nanoemulsion formulations e in-vitro/in-vivo studies

Nano-technology based nanoemulsion formulation of chole-
calciferol (D< 200 nm)have been shown to be superior to the
conventional coarse emulsion with diameter of particles> 200 nm
in terms of bioavailability and homogeneity based on simulated
gastrointestinal tract system (GIT) and in-vivo studies in mice.10

Similarly, miscellized/nanoemulsion preparations of vitamin A
and E have shown significantly greater absorption and higher
plasma levels as against standard oil preparations following sup-
plementation.11,12The bioaccessibility of vitamin D3was found to be
maximum in long chain triglycerides (corn oil or fish oil) as
compared to medium chain triglycerides or mineral oil. These dif-
ferences can be accounted for variability in release of bioactive
compounds and solubilisation.13 A fish oil based nanoemulsion of
vitamin D3 was studied in a simulated GIT wherein the nano-
emulsion achieved an increased bioavailability compared with the
non-capsulated vitamin9. Another in-vivo study on rats showed
superior intestinal absorption of vitamin D3-loaded nano-
structured lipid carriers concluding it to be a promising approach
for fortifying beverages.14 Nanoemulsion vitamin D which has also
been investigated for its anti-inflammatory and anti-oxidant
properties in non-alcoholic fatty liver disease (NAFLD) in animal
models was found to be more hepatoprotective when compared
with conventional vitamin D supplements based on histopatho-
logical findings and improved biochemical profile in NAFLD.15

1.3. Clinical studies in healthy subjects

Two recent clinical studies in children and adults evaluating
efficacy of micellized vitamin D3 supplementation over conven-
tional fat soluble D3 clearly demonstrated significantly greater in-
crease in serum 25(OH)D following supplementation with
nanoemulsion formulation as compared with conventional vitamin
D3 preparation available in the market. Better bioavailability of
nano preparation was further corroborated with significantly
higher number of study subjects achieving serum 25(OH)D levels of
>20 ng/ml in the group receiving nano preparation as compared to
those who received conventional fat-soluble formulation of
vitamin D3.16,17 The results of both these studies comparing a liquid
nano formulation of D3 with a fat soluble preparation clearly
indicate the superiority of nano technology based preparations
over conventional fat-soluble preparation in terms of bioavail-
ability using serum 25(OH)D as a surrogate marker.

A recent open-labelled crossover unpublished study was un-
dertaken to evaluate the bioavailability of nano preparation (test
drug) with fat soluble formulation of cholecalciferol (reference) in
healthy adults. The objective of the study was to compare the area
under the concentration-time curve up to 120 h (AUC 0e120 h) values
of test medication vs referencemedication under fasting conditions
and to compare themaximum observed drug concentration (Cmax)
and time to observe max drug concentration of a single oral dose of
60,000 IU in healthy participants. The results showed that relative
bioavailability in terms of serum levels of cholecalciferol following
supplementation with nano preparation of vitamin D3 was signif-
icantly higher than fat soluble D3 by 36%(P¼ 0.001) based on AUC
0-120. Also, the Cmax value of serum cholecalciferol following
supplementation with nano preparation of D3 was higher by 43%
(P¼ 0.001) [unpublished data]. A study by Nandgaye et al., showed
higher area under the curve (AUC 0e28days) and Cmax with vitamin
solution formulated with nanotechnolgy when compared with
conventional vitamin D3 tablets/capsules which however, did not
achieve statistical significance in terms of bioavailability with bio-
equivalence acceptance limit of 80e125%.18

1.4. Advantages of nanoemulsion formulations of vitamin D3

The nanoemulsions are considered superior to conventional
vitamin D preparations for the following reasons: a) It has greater
therapeutic role in patients with malabsorption syndromes due to
inflammatory bowel disease, celiac disease, short bowel syndrome,
hepatobiliary disorders, pancreatic insufficiency and bariatric sur-
gery who suffer from deficiency of essential fatty acids and fat
soluble vitamins including vitamin D, b)Better compliance as it can
be taken directly or with water/juice etc. c) Vitamin D nano-
emulsions may also have also greater hepato-protective effect
against high fat diet induced liver injury as observed in rats
compared to conventional oral vitamin D preparations.

2. Conclusion

With emergence of nanotechnology, utilization of nano-
emulsions over conventional coarse emulsions as delivery vehicles
for lipophilic nutrients and bioactives has got substantial thrust in
nutrition and food industry in the recent past. In-vitro and In-vivo
bioavailability studies of vitamin D in simulated GIT system, animal
and human subjects have clearly shown that bioavailability of
nanoformulations of D3was significantly greater than conventional
fat soluble oral preparations. The development of nanoemulsions of
vitamin D with different carriers, applicability in food industry and
clinical efficacy are still being explored andmay hold promise in the
future.
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