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1. INTRODUCTION 
Vitamin B12 is a vital micronutrient that is essential for 

reduction in size of erythrocytes which is required for 

transfer of Oxygen. It is also important for neuronal 

health
[1]

 and it facilitates in DNA formation and energy 

generation.
[2]

 The deficiency of Vitamin B12 causes 

megaloblastic anaemia as a primary disease along with 

disease of the nervous system like spina bifida, 

anencephaly.
[3]

 The incidence of Vitamin B12 deficiency 

was reported for the first time in 1849 and up until 1926 

it was a fatal deficiency. Post 1926, it was found that 

consumption of chicken or mutton liver can correct 

Vitamin B12 deficiency which reduced the frequency of 

mortality. Food cobalamin malabsorption is now 

considered as a primary cause for the deficiency.
[4]

 With 

the establishment of biochemistry and metabolic studies 

available now, there is a change in the perspective for 

treating the deficiency.
[2] 

 

1.1 Sources of Vitamin B12 
Vitamin B12 is naturally synthesized in the 

gastrointestinal tract of the animals by the action of some 

bacteria and it is then made available for absorption by 

the host.
[5]

 The daily requirements of Vitamin B12 in 

normal healthy adults is about 1-2μg.
[6]

 However, if 

normal healthy balanced diet is maintained the levels that 

are consumed are between 7-30μg.
[7]

 The various sources 

of Vitamin B12 are summarized in Table 1. 

 

Table 1: Source of Vitamin B12
[5,8-10]

 

Sr. No. Source Vitamin B12 Level 

1. Mutton 5.11μg/300g 

2. Chicken liver pate 38μg per serve 

3. Chicken 1.3-1.9μg/300g 

4. Fish 13.3μg/300g 

5. Eggs 0.9-1.4μg/100g 
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ABSTRACT  
Vitamin B12 (Cobalamin) is a vital micronutrient. Although, it is required in miniscule levels in the body, it 

performs many vital functions. It is found exclusively in animal sources with a very few plant sources available. 

Deficiency of Vitamin B12 is a very common cause for megaloblastic anaemia particularly affecting the elderly 

population and people on vegetarian diet. With very limited plant sources available, fortification of common food 

with Vitamin B12 supplements in form of Cyanocobalamin becomes the obvious choice for maintaining 

appropriate levels in vegetarian population to avoid deficiency. However, many challenges are posed when 

Vitamin B12 is given orally and intramuscularly. Thus, there is a continuous need for development of newer 

strategies to effectively deliver the appropriate levels of Vitamin B12. There are variety of causes for the 

deficiency which also includes certain drug induced causes. Many novel drug delivery strategies have been 

attempted to deliver cobalamin effectively viz. the sublingual route, intranasal route, transdermal route, and these 

drug delivery strategies have proven to give beneficial results in preclinical trials or in human subjects. This 

review article gives an overview of the sources, absorption, causes, chemistry, biochemistry, available treatments 

for deficiency and the recent methods that have evolved for mitigating the problem of Vitamin B12 deficiency.  

 

KEYWORDS: Vitamin B12, Cyanocobalamin, transdermal, perineural, nanoparticles, microemulsions. 

 



www.ejbps.com 

 

 

 

123 

1.2 Functions of Vitamin B12 
The key functions of Vitamin B12 are highlighted in Table 2.  

 

Table 2: Function of Vitamin B12
[1,2,11-13] 

Sr. No. System/Organ/Cell Function 

1. Cells 
Acts as a cofactor for purine and 

pyrimidine synthesis 

2. Nervous System 
Maintains the nerve tissue health and 

conduction velocity 

3. Cardiovascular System 
Reduction in size of red blood cells to 

improve oxygen delivery 

4. Miscellaneous 
Acts as an anti-oxidant due to its 

superoxide radical scavenging activity. 

 

1.3 Chemistry and biochemistry of Vitamin B12 
Vitamin B12 can be administered in 3 different forms 

viz. Cyanocobalamin, Hydroxycobalamin and 

Methylcobalamin. Cyanocobalamin is the most 

commonly used form. Cyanocobalamin compromises of 

a cobalt atom that is located centrally and is in direct 

conjugation with four nitrogen atoms which are 

equatorial and belonging to tetrapyrrolic corrin ring.
[14]

 

5,6-dimethylbenzimidazole (DMB), a bulky base is co-

ordinating with cobalt atom at the α-axial position and 

extends from one edge of the corrin ring. The most 

common form of Vitamin B12 used in vitamin 

supplements is the Cyanocobalamin form, which 

undergoes decyanation to release free cobalamin.
[15]

 

Several methyltransferases enzymes such as methionine 

synthase use methylcobalamin as a cofactor. Methionine 

is synthesised by the action of the enzyme methionine 

synthase in presence of methylcobalamin that serves as a 

methyl donor.
[16]

 Methylcobalamin also acts as a cofactor 

for the ribonucleotide reductase which reduces the 

ribonucleotide di- or tri- phosphate into 2’- 

deoxyribonucleotide di- or tri- phosphate.
[17]

 The 

biomarkers of Vitamin B12 which gives a direct 

indication about its levels are methylmalonic acid and 

homocysteine with the former being a metabolic 

indicator whereas latter acts as a deficiency indicator of 

cobalamin.
[18,19] 

 

1.4 Absorption of Vitamin B12 
The non-vegetarian food is a rich source of Vitamin B12, 

however, it exists in bound form with the proteins. This 

bound form needs to be released to get absorbed and this 

process is done by the hydrochloric acid secreted by the 

gastric cells. This free form also called as cobalamin 

binds to R protein and then passes into the duodenum 

where it is released to its free form. This free form binds 

to the intrinsic factor (IF) which is a prerequisite for 

absorption. This cobalamin-IF complex is then absorbed 

in the presence of calcium in the distal part of ileum.
[1,2]

 

The receptor involved in this absorption is the IF-

cobalamin ileal receptor.
[5,20]

 The IF-cobalamin complex 

after reaching the ileal receptor is broken down and the 

free cobalamin binds to the holotranscobalamin or 

simply referred to as transcobalamin for absorption.
[21]

 

Transcobalamin is a carrier protein required for the 

transfer of Vitamin B12 to the various cells of the body. 

This transcobalamin-cobalamin complex is then 

transferred to all the tissues of the body.
[22]

  

 

Kornerup LS et al
[23]

 performed an experimental study 

using rat model to observe the absorption of different 

forms of cobalamin. In this study, they included 

Cyanocobalamin and hydroxycobalamin in free form, 

bound form and diluted with cow’s milk. They concluded 

that liver and kidney accumulation as well as absorption 

profiles were identical irrespective of the form of 

Vitamin B12 delivered. The Figure 1 describes the 

absorption mechanism of Vitamin B12 from food. 

 

 

 
Figure 1: Absorption mechanism of Vitamin B12 from food

[5,20,21]
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1.5 Causes of Vitamin B12 deficiency  
A patient is said to be Vitamin B12 deficient when the 

concentration of cobalamin in the serum is below 200 

picogram/mL (pg/mL) as observed in two consecutive 

tests.
[4,24]

 There is also a subclinical deficiency of 

Vitamin B12 that is highly prevalent in terms of the rate 

that it occurs in developing countries mainly 

concentrated in the geriatric and vegetarian population.
[2]

  

 

Table 3 highlights the causes of Vitamin B12 deficiency 

Sr. No. Cause Effect of cause 

1 Food cobalamin malabsorption 

Inability to absorb Vitamin B12 from food due 

to lower level or absence of intrinsic factor or 

gastric disturbances. 

2 Drug induced 
Long term use of Metformin may lead to 

Vitamin B12 deficiency 

3 Dietary inadequacy 
Inadequate intake of Vitamin B12 rich food 

specially in case of vegetarians. 

4 
Lower level or absence of 

Intrinsic factor 

Intrinsic factor is an essential carrier for 

Vitamin B12. Its absence will lead to 

deficiency of Vitamin B12. 

5 Gastrointestinal disorders 
Gastritis or gastric ulcers can lead to improper 

absorption and hence deficiency. 

6 Genetic defects 

The genes responsible to produce 

transcobalamin or intrinsic factor may be 

mutated leading to deficiency of Vitamin B12. 

 

1.6 Diseases and symptoms of Vitamin B12 deficiency 
The main diseases and symptoms of Vitamin B12 deficiency are summarized in the table 4.  

 

Table 4: Disease/ symptoms of Vitamin B12 deficiency
[2,3]

 

Sr.no Diseases Symptoms 

1 Megaloblastic Anaemia 
Improper reduction of size of RBCs leading 

reduced Oxygen carrying capacity 

2 Anencephaly 
Absence of major portion of brain, skull and scalp 

during the embryonic stage. 

3 Obesity Abnormal increase in the weight of individual. 

4 Spina Bifida 
Improper closure of the backbone and membranes 

around the spinal cord. 

5 Encephalocele 

It is a neural tube defect characterized by sac-like 

protrusions of the brain and the membranes that 

cover it through openings in the skull. 

 

2. Current treatments available for Vitamin B12 

deficiency 
Vegetarians are more prone to develop Vitamin B12 

deficiency due to absence of animal food in their diet.
[2] 

Lacto-ovo vegetarians can meet their requirements with 

the egg content rich in Vitamin B12 in their diet. The 

strict vegetarians must rely completely on the foods 

fortified with Vitamin B12.
[28]

 Current research findings 

have indicated that white button mushrooms and Korean 

purple laver (nori) contain Vitamin B12 in trace 

amounts.
[29,30]

  

 

The current treatment regime focusses on oral Vitamin 

B12 fortified foods or supplements. The oral fortified 

foods consist of soy milk, yeast spread, vegetarian meat 

and soy based burgers and sausages.
[28]

 In case of severe 

deficiencies, intramuscular Vitamin B12 formulations are 

available at the dose of 1mg/day for a week.
[4,31,32]

 The 

general intake of the fortified food includes fortified soy 

milk (2 servings each of 250mL/day) or Soy based meat 

analogues (One serving/day).
[28]

 In a survey, it was 

proven that fortified food was more useful as supplement 

than the prescription tablets and intramuscular 

injections.
[28]

 The commonly used form of Vitamin B12 

in supplements is Cyanocobalamin.
[20]

  

 

In one study, absorption of Vitamin B12 when 

administered by intramuscular route was compared with 

oral route. In this study, 33 patients were involved with 

18 patients receiving 2000mcg Cyanocobalamin (2 

tablets each containing 1000mcg Cyanocobalamin) with 

breakfast daily for 4 months and 15 patients receiving 

1000mcg Cyanocobalamin intramuscularly for 3 months 

on days 1,3,7,10,14,21,30,60,90. The results showed that 

serum cobalamin levels and haematological and 

neurological response obtained by oral therapy were 

comparable to those of the standard intramuscular 

therapy. However, to achieve equivalent levels of 

response, the oral dose required was twice as that of the 

intramuscular route.
[6] 
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Oral route is preferred over the conventional 

intramuscular route as the latter is painful and requires 

medical assistance.
[33,34]

 Also, the oral route of 

administration is non-invasive, cost effective way to 

achieve the treatment in an efficient manner.
[35]

 Oral 

supplements are preferred traditionally due to their 

advantages. The pregnant and breast feeding vegan are 

on these supplementations to maintain optimum Vitamin 

B12 levels.
[28]

 However, higher doses of Vitamin B12 

administered by oral route show variable blood levels 

and this level can vary from individual to individual. 

This could be due to the fact that absorption of Vitamin 

B12 is dependent on intrinsic factor and thus the process 

is saturable. Hence, lower dose supplements are always 

preferred.  

 

Victor H. et al conducted a study to observe the effects of 

Vitamin B12 wherein dose ranges of 0.1-0.5μg (lower 

dose) and 1-5μg (higher dose) were selected. The lower 

dose group showed absorption ranges of 52-97% and 

higher dose showed lower absorption with the 5μg dose 

showing only 28% absorbance. Hence, the dose selection 

is critical while selecting an oral supplement for Vitamin 

B12.
[36] 

Hence, to summarize the available treatment 

ranging from oral route comprises of oral supplements 

and fortified foods and intramuscular route consisting of 

Vitamin B12 injections.  

 

The main drawback associated with the conventional 

intramuscular therapy is poor patient compliance. The 

conventional oral route is associated with a high dose 

intake of Vitamin B12 out of which only 2-3% is 

absorbed. This leads to loss of the remaining dose of 

Vitamin B12 and also adds up to the total cost of the 

therapy.  

 

3. Novel strategies of treating Vitamin B12 deficiency 
Since the conventional therapy is associated with a 

number of drawbacks, there is an increasing demand for 

the development of a non-invasive delivery system for 

delivering Vitamin B12 safely and effectively that can 

provide uniform levels of Vitamin B12 in systemic 

circulations. Some of the novel strategies reported in 

literature is summarized in Figure 2. 

 

 
Figure 2: Novel strategies for Vitamin B12 delivery

[37-43] 

 

3.1 Sublingual Delivery  
The advantages of administering Vitamin B12 by 

sublingual route include patient compliance, suitable for 

patients who are unable to take oral medication
[38, 44]

 and 

patients with short bowel syndrome.
[37]

  

 

Sharabi A. et al performed a study to compare the effects 

of oral and sublingual routes for delivering cobalamin. 

The study was conducted wherein equal dose of 

Cyanocobalamin (500μg) was administered by oral, 

sublingual route. This dose was selected to restore 

cobalamin concentrations in patients with mild 

cobalamin deficiency. The study was conducted on 30 

patients with cobalamin levels <138pmol/L. The groups 

randomly received either sublingual or oral 

Cyanocobalamin at the dose of 500mcg. The study was 

performed for a period of 8 weeks. The patients 

randomly received one sublingual tablet or one oral 

tablet each of 500mcg Cyanocobalamin or two tablets of 

Vitamin B complex each containing 250mcg of 

Cyanocobalamin along with 100mg thiamine and 250mg 

pyridoxine. The bloodcobalamin levels were comparable 
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in case of oral and sublingual route. This also lead to the 

conclusion that 500μg of cobalamin sublingually was 

enough to treat cobalamin deficiency rather than the 

previously used doses of 1000-5000μg given by the oral 

route.
[44] 

 

 

In another case study reported by Kotilea K. et al, a 9 

year old child with short bowel syndrome was given 

sublingual nuggets of Cyanocobalamin with dose of 

1000μg/day for a month. Care was taken that the nuggets 

were not swallowed and not administered in case of dry 

mouth. Therapy was continued for one month and a 

stable concentration of serum cobalamin (i.e. 790pg/ml) 

was achieved. A very good patient compliance was 

observed and maintenance of this level was ensured 

using sublingual nuggets equivalent to 1000mcg 

Cyanocobalamin per day for 10 months. The 

disadvantage associated with sublingual delivery is that 

the patient should adhere to the treatment. This type of 

formulation is not suitable for new born infants or 1-2 

years old children.
[37] 

 

 

Some of the marketed products for sublingual delivery of 

cobalamin include drops, fast dissolve tablets as 

mentioned in Table 5. 

 

Table 5: Marketed Sublingual products 

Sr. No. Product Name Dosage form 

1. Vegan B12 Sublingual fast dissolve tablets 

2. Spring valley Sublingual drops 

3. Sundown sublingual dots Lozenges 

 

3.2 Transdermal Delivery 
Amongst the various novel routes for treating deficiency 

of Vitamin B12, the transdermal route has been accepted 

widely due to many advantages like high patient 

compliance, non-invasiveness, bypassing the 

gastrointestinal degradation and availability of large 

surface area.
[39,45]

 However, the major barrier to deliver 

drugs through the skin is the stratum corneum. Vitamin 

B12 is a water-soluble vitamin making it difficult to 

deliver via transdermal route as lipid soluble drugs are 

more readily delivered through the skin. To circumvent 

this barrier efficiently, many strategies have been 

attempted that are broadly classified as physical 

permeation enhancement techniques and chemical 

permeation enhancement techniques. Thephysical 

permeation enhancement techniques include 

iontophoresis and use of microneedle drug delivery.
[39]

 

The chemical enhancement technique makes use of 

chemical penetration enhancers that makes transient 

passages into the stratum corneum for easy transport of 

drugs.
[39,45]

  

 

The most widely used enhancement technique is use of 

chemical enhancers however recently microneedles have 

been found to be effective to deliver Vitamin B12 via the 

transdermal route.
[39,46,47]

 Microneedles have shown to 

show increased permeation many folds for drugs 

irrespective of their molecular weight and molecular size 

and their solubility and permeability characteristics.
[48]

  

 

Yang Y et al performed a study to evaluate the effects of 

permeation enhancers on transdermal delivery of 

cobalamin. Cyanocobalamin was selected as the model 

drug. The transdermal therapy using penetration 

enhancement technique, where iontophoresis and 

microneedles technique were compared for effective 

delivery of Vitamin B12. The passive control study was 

initially performed in which freshly excised abdominal 

skin was cleaned carefully to remove excess fat. The 

cleaned skin was then mounted between the receptor and 

donor chambers. The skin was mounted in such a way 

that the stratum corneum layer was in direct contact with 

the test formulation. The donor chamber was filled with 

1.3mL of the test formulation at different concentrations 

of 0.5,1,5 and 10mg/mL of Cyanocobalamin without any 

chemical permeation enhancer in phosphate buffer. 7mL 

of phosphate buffer (pH 7.4) maintained at 37°C was 

filled in receptor chamber. Samples of 500μL were 

withdrawn at appropriate time intervals for a period of 24 

hours. The analysis of these samples was done using 

HPLC. Amongst the various concentrations of 

Cyanocobalamin that were tested for permeation, the 

cumulative release at the end of 24 hours was obtained to 

increase with increase in concentration with the 

maximum permeation observed in case of 10mg/mL. 

This formulation was then taken ahead to evaluate the 

effect of chemical permeation enhancers and physical 

permeation enhancers. The various permeation enhancers 

evaluated were phosphate buffer + 20% ethanol, 

phosphate buffer + 50% ethanol, 10% oleic acid + 

propylene glycol, ethanol (20%) + Oleic acid (10%) + 

Propylene glycol (70%) and 50% ethanol + 10% oleic 

acid + 40% propylene glycol. The studies indicated that 

amongst all the combination of permeation enhancers 

attempted to deliver Cyanocobalamin, better results were 

observed using the combination of 50% ethanol + 10% 

oleic acid + 40% propylene glycol. The amount of 

Cyanocobalamin permeated using this chemical 

penetration enhancerwas about 162-164μg/cm2 at the 

end of 24 hours with permeation enhancer combination 

comprising of 50% ethanol + 10% oleic acid + 40% 

propylene glycol.
[39]

  

 

In the same experiment Cyanocobalamin permeation was 

evaluated using iontophoresis. Iontophoresis is an active 

permeation enhancement technique. A donor chamber 

containing 0.5 ml of Cyanocobalamin formulation (10 

mg/mL) was mounted over the pre-treated stratum 

corneum. Silver electrode was used in the donor chamber 

and silver chloride electrode was placed in the receptor 
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chamber. Anodal iontophoresis was performed wherein a 

current of 0.3mA/cm2 was applied for 4 hours. 300μL of 

sample was withdrawn at different time intervals over a 

period of 24 hours. The permeation level of 

Cyanocobalamin was observed to be 27.4 μg/cm2/hr, 

which was significantly higher than the passive control 

group. A 17-fold increase in the steady state flux of 

cobalamin was observed as compared to the passive 

control. When ethanol (20%) was used before applying 

iontophoresis, it led to further increase in penetration as 

compared to passive control but comparable to 

iontophoresis alone. When the formulation was 

administered in combination with the best permeation 

enhancer earlier (50% ethanol + 10% oleic acid + 40% 

propylene glycol) observed, increase in the permeation 

was observed as compared to the passive control but the 

results were comparable with iontophoresis alone. This 

suggested that there was no synergism in permeation of 

Cyanocobalamin between iontophoresis and use of 

chemical permeation enhancers.
[39]

  

 

In the same experiment, Cyanocobalamin was 

administered as maltose microneedles to evaluate 

improvement in permeation of Cyanocobalamin. Maltose 

microneedles were attempted because they are soluble 

and have been used widely for transdermal delivery of 

many drugs.
[48,49,50]

 In this case, skin samples were 

stretched on a flat platform. Microneedles were 

incorporated manually for microporation and held for 

about one minute. Calcein imaging studies were done to 

confirm that microporation has occurred. Microneedles 

were incorporated in the abdominal skin to give 

micropores and this skin was then sandwiched between 

donor and receptor compartments. Permeation studies 

were carried out as earlier for a period of 24 hours. Upon 

use of microneedles, the steady state flux of cobalamin 

was increased by 13-fold as compared to passive control 

and the cumulative release was 459.69μg/cm2. The best 

combination of penetration enhancer as mentioned above 

when tried before using microneedles showed no further 

improvement in the permeation of cobalamin.
[39]

 Out of 

the three techniques attempted to improve permeation, 

maltose microneedles were most effective. 

 

The disadvantages of transdermal delivery are difficulty 

to deliver ionic drugs (except for iontophoresis), a high 

dose cannot be delivered and high molecular weight 

drugs cannot be administered effectively.
[51,52,53]

 

Although, these are the disadvantages but cobalamin can 

be delivered successfully as it is excluded from most of 

the above listed disadvantages. The marketed product for 

transdermal delivery of Vitamin B12 is B12 patch which 

is manufactured by Vita Sciences.  

 

3.3 Perineural Injections 
Cobalamin therapy has proven in the past to be effective 

in treating peripheral neuropathy in animals.
[54]

 Since 

oral delivery gives moderate levels of cobalamin, there is 

a necessity to find a novel delivery for treatment of 

peripheral neuropathy using cobalamin.  

Development in the field of ultrasound has led to an 

increase of its use in peripheral nerve assessment. Using 

a similar technique, ultrasound guided peripheral nerve 

block can be used as a tool to deliver Vitamin B12 

precisely around the nerve.
[55]

 Chen CH et al discussed a 

case report where in a 37 year old patient was diagnosed 

with dropped foot. Using ultrasound, a focal peroneal 

nerve swelling was diagnosed at a level of popliteal 

fossa. On diagnosis of peroneal nerve swelling, 500μg of 

methylcobalamin was administered around the peroneal 

nerve under the guidance of ultrasound. The 

administration was done twice in an interval of two 

weeks. An improvement in the muscle power was 

observed within two weeks. The entire muscle strength 

was regained after 3 months of therapy. Ultrasound 

imaging for more than 3 months showed significant 

reduction in peroneal nerve swelling.
[40]

  

 

The case report concluded that ultrasound guided 

perineural injections can provide basis for a novel way of 

treating peripheral neuropathy using cobalamin. 

Cobalamin was found to promote myelination and hence 

nerve transmission in the peripheral nerves.
[55-59]

 It was 

then reported that high amounts of cobalamin can be 

delivered precisely and efficiently using ultrasound 

guided perineural injections. However, further clinical 

studies are needed to fix the exact dose of cobalamin that 

can be administered safely using perineural injection.
[40]

  

 

3.4 Microemulsion 
Microemulsions represent a class of dispersions which 

are thermodynamically stable and contain mixture of oil 

and water. The stability of microemulsions is attributed 

to the use of combination of surfactants and 

cosurfactants.
[41,60,61]

 The various advantages provided 

bymicroemulsions are ease of preparation, high stability, 

increased drug solubility, improved bioavailability of 

both hydrophilic and lipophilic drugs and flexibility of 

administration through various routes efficiently.
[60,61]

 

Several studies have also proven efficacy of 

microemulsions for delivery of therapeutically active 

moiety via the transdermal route. This is attributed to the 

fact that microemulsion show better solubility and 

penetration enhancement.  

 

Salimi A et al have reported a microemulsion 

formulation of Vitamin B12 which was intended to be 

administered by the transdermal route. The oils, 

surfactant and cosurfactant were selected on the basis of 

their Vitamin B12 solubilizing capacity, hydrophilic 

lipophilic balance (HLB) value and microemulsion 

forming ability. The various oils screened for optimum 

solubility of Cyanocobalamin were Mineral oil, 

Isopropyl myristate, Oleic acid and Labrafil M 1944 and 

their combination with Transcutol P (10:1). The 

saturation solubility was assessed in individual oils as 

well as combination with Transcutol P using UV method 

at 362nm wavelength. Oleic acid showed the highest 

solubilizing capacity (~1.07mg/mL). However, it was 

observed that when used in combination with Transcutol 
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P, the solubility of Cyanocobalamin in Oleic acid was 

improved (~7.53mg/mL). Hence, Oleic acid and 

Transcutol P (10:1) was selected as the oil phase.  

 

This was followed by construction of a pseudoternary 

phase diagram. The water titration method was used for 

determining the volume of water that would give the 

desired microemulsifying range. Initially stock solution 

of Tween 80 and Span 20 as non-ionic surfactants at 

ratios of 1:1 and 3:1 were prepared. Propylene glycol 

was used as a cosurfactant. The formulations that were 

attempted by using these ratios were labelled as 

traditional formulation. Additionally, another stock 

solution of Stearylamine (cationic surfactant) and 

Labrafil (cosurfactant) in the ratio of 1:4 and 1:8 were 

prepared. The formulations that were attempted by using 

these ratios were labelled as novel formulation. Various 

ratios of oil and surfactant-cosurfactant were prepared in 

both the cases (novel and traditional) and titrated with 

water. Same procedure was repeated with 0.07% Vitamin 

B12. The percent compositions of all the samples 

attempted were calculated and pseudoternary phase 

diagram were constructed. Out of the four pseudoternary 

phase diagram constructed (two each of novel and 

traditional), the traditional formulation containing non-

ionic surfactants with propylene glycol as cosurfactant 

showed the maximum water solubilizing capacity. 

However, higher microemulsion region was observed at 

higher levels of surfactant. The difference in traditional 

and novel formulations was the surfactants + 

cosurfactants (Smix) whereas the oil phase in both cases 

was the same. The Smix concentrations in the range of 

20-90% and 5-70% showed the microemulsion region for 

traditional and novel formulations. The microemulsions 

were found to be stable at various storage conditions like 

4°C, 25°C and 40°C. Droplet size analysis of the 

microemulsions showed that the novel formulation had a 

lower mean droplet size range (17nm-210nm) as 

compared to traditional formulation (49nm-209nm). 

Both formulations showed a polydispersity index of 0.5. 

The interfacial tension in both the formulations was in 

the range of 3.9-5mN/m.
[41]

  

 

Although microemulsions offer a wide range of 

advantages there are certain disadvantages like a high 

concentration of surfactant and cosurfactant is generally 

needed for droplet stabilization and this may lead to 

toxicity, substances with high melting point cannot be 

solubilized efficiently, temperature and pH during 

delivery of microemulsions to patients is very critical as 

it may affect the eventual stability.
[62,63] 

 

 

3.5 Nanoparticles  
Nanonization of any drug increases the efficiency of the 

drug to get absorbed and hence it shows better 

pharmacological potential.
[64]

 The field of nanomedicine 

is rapidly evolving and hence it has also been tried with 

Vitamin B12 recently by Yarif I. et al, 2015. The 

technique used for nanonization of Cyanocobalamin 

included the sonication technique.
[42]

  

 

Sonochemistry deals with the science and technology of 

using ultrasound waves for a variety of applications, one 

of which being preparation of nanoparticles and their 

fabrication.
[42,65-67]

 The ultrasound works using the 

principle of acoustic cavitation.
[42]

 The ultrasound wave 

acts on to a small bubble formed in the liquid medium 

that eventually grows and then collapses. The volume of 

bubble initially increases due to the entrapment of solid 

and solvent vapours which then collapses once reaching 

the maximum size. This collapse brings about the 

breakdown of many chemical bonds that gives rise to a 

great increment in the temperature temporarily. The 

increase in the temperature is thought to be of about the 

levels of 5000°C.
[65]

 This increase in temperature causes 

size reduction and hence nanoparticles are formed.
[42]

 

Sonochemistry has already been used for the formation 

of nanoparticles of inorganic salts like sodium chloride, 

potassium iodide, potassium bromide and copper 

sulphate and the medium used for them were aqueous 

solutions of the respected salts.
[68]

 Apart from this, 

nanoparticles of organic materials like amylase enzyme, 

tannic acid and RNA are also prepared.
[69-72] 

 

 

 

 
Figure 3: Acoustic cavitation

[42] 
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Figure 3 represents acoustic cavitation. The dispersion is 

bombarded with ultrasonic waves which leads to bubble 

formation in the solution and eventual collapse to form 

the resultant nanoparticles.  

 

The distinct advantages offered by use of nanoparticles 

are reduction in size increasing the effective surface area 

and hence also increases the activity of the 

molecules
[42,73]

 and it also offers good penetration 

enhancing properties through the skin which acts as a 

semisolid matrix.
[73]

  

 

Yariv I et al reported use of Cyanocobalamin in 

nanoparticulate form for enhancing its antioxidant 

property. As mentioned above sonication was the 

technique used for preparing nanoparticles. Aqueous 

solution of Cyanocobalamin was prepared in bulk at a 

concentration of 36.9μM. Vitamin B12 was obtained as a 

solution and diluted with double distilled water to get the 

appropriate concentration. This solution was then 

subjected to ultrasonic sound waves using Ti-horn, 

20KHz, 100 W/cm2 at 25% efficiency for a time span of 

10 minutes.  

 

Size characterization was performed using a Malvern 

zetasizer. Sonication time directly affected the size 

reduction process as an average particle size of 179 nm 

±27 nm and 124 nm ±19 nm was obtained at 3 and 5 

minutes of sonication time respectively. Also antioxidant 

activity of nanoparticles of Cyanocobalamin was 

evaluated. Electron paramagnetic resonance (EPR) 

technique was used to measure the antioxidant property 

of Cyanocobalamin. In this test, the level of reactive 

oxygen species (ROS) was determined. The presence of 

hydroxyl free radical produced by Fenton reaction was 

determined in the presence of bulk Vitamin B12 and 

nanoparticles of Vitamin B12. The results showed that 

the hydroxyl free radicals produced with the use of 

Vitamin B12 nanoparticles were twice as low as 

produced with the use of bulk Vitamin B12. This proved 

the increase in antioxidant activity when in nanoparticles 

and was attributed to the increased surface area of the 

nanoparticles of Cyanocobalamin. Thus nanoparticles of 

Vitamin B12 were found to possess a higher biological 

activity as compared to the bulk form. The authors 

concluded that nanoparticles of Cyanocobalamin and 

other drugs can change the perspective of treatments for 

many diseases.
[42] 

 

 

3.6 Intranasal Delivery:
[43]

  
Pharmacological agents that can be used to relieve from 

neuropathic pain are evaluated considerably but very 

little success has been obtained in this field.
[74]

 

Cobalamin therapy is known for its neuropathic 

treatment from a variety of conditions like diabetes 

neuropathy, carpal tunnel syndrome
[74-76]

, it is proved by 

the study performed that Cyanocobalamin may also have 

a role in restoring the nerve function post therapy even in 

people who are not deficient. Ceib P et al performed an 

exploratory randomized clinical trial for evaluating the 

putative effects of intranasal cobalamin therapy in 

reducing the impairment caused from orthognathic 

surgery on large and small diameter nerve fibre function. 

Prior to the main clinical trials the authors demonstrated 

the tolerability of Vitamin B12 intranasal spray in 

healthy individuals that begun 2-3 weeks prior to the 

orthognathic surgery and continued for six months post-

surgery. The spray was well tolerated with occurrence of 

only a rash without fever as an adverse event. The 

subjects were randomized based on the number of jaws 

operated (both jaws vs mandibular alone) as well as the 

addition of genioplasty (yes vs no).  

 

In the study Nascobal®, a Cyanocobalamin intranasal 

spray which is prescribed for Vitamin B12 deficiency 

was evaluated. The nasal spray contained 2.3mL of a 

500mcg/0.1mL solution of Cyanocobalamin with sodium 

citrate, citric acid, glycerine and benzalkonium chloride 

in purified water. The pH of the solution is adjusted 

between 4.5-5.5. The usual dose of 500mcg/spray 

(containing Cyanocobalamin) was administered. Twice 

weekly dosing was started 2-3 weeks before the 

orthognathic surgery and continued for 6 months post-

surgery. Subjects receiving the spray were instructed 

about the activation and the use of intranasal spray. 

Subjects were observed and monitored for 30-minute 

post the first administration. Dosing was repeated twice 

weekly for about six month post the surgery. One group 

received the therapy while the other group did not 

receive any therapy. Serum B12 assays were performed 

for a period of six months post-surgery. The Vitamin 

B12 assays showed that there was a significant 

difference in the average Vitamin B12 levels between the 

two groups. The Vitamin B12 level was about 40% 

higher in the group receiving the spray during the 

surgery as compared to the group not receiving the spray 

(control group). The Vitamin B12 levels were about 35% 

higher in the group receiving the spray for six months 

post-surgery as compared to the control group. The result 

showed reduction in neuropathic pain for the group that 

received the treatment and desired therapeutic levels of 

Vitamin B12 were achieved successfully.
[43]

  

 

CONCLUSION  
Vitamin B12 deficiency continues to be a consistently 

rising problem even of the modern era. The deficiency 

continues to be a problem in vegetarians as they have 

negligible access to the vitamin and hence should rely on 

fortified foods as an alternate. The conventional 

techniques of fortification of food, oral supplements and 

intramuscular injections continue to dominate the 

therapy regime for correcting the deficiency. However, 

with advances in the techniques to deliver therapeutically 

active agents, delivery of Vitamin B12 is continuing to 

improve. There is still further scope for improvement in 

the field of delivering Vitamin B12 and alternate routes 

are continuously being reviewed to improve the 

therapeutic condition. The various approaches attempted 

for the improved delivery of Vitamin B12 are having 

their respective pros and cons. The transdermal, 
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sublingual and intranasal delivery seems to be very 

promising for patients with a gastrointestinal problem for 

erratic absorption of Vitamin B12. With the rapid 

evolution of science and technology in the field of drug 

delivery, many new ways are being researched across the 

globe. Out of the various methods that have been 

attempted, the transdermal route is relatively better as 

compared to the others. The microemulsion approach if 

combined with the transdermal delivery approach can 

lead to an even better drug delivery strategy. The newer 

research should be more focussed towards the use of 

various combination drug delivery strategies in order to 

improve the absorption of Vitamin B12. The newer 

combination methods to deliver Vitamin B12 may lead to 

better management and treatment of the deficiency. 
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