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Abstract  

Background: Long-term use of metformin may develop vitamin B12 

deficiency in patients with diabetes. Oral supplementation of methylcobalamin 

is the mainstay of treatment to correct the individuals with deficiency. Oral 

therapy has several issues in respect to absorption, optimum therapeutic 

concentrations and treatment course. This study aimed to compare the 

effectiveness of nasal spray of methylcobalamin (NASO B12) and oral 

methylcobalamin tablets for treating vitamin B12 deficiency in diabetic patients 

receiving metformin. Materials and Methods: A Randomised, parallel group, 

open label, comparative study was conducted. A total of n=90 study subjects 

were assigned to two groups: Group-1 received NASO B12 nasal spray 

(methylcobalamin 250 μg/spray) in each nostril every alternate day for a total 

of seven doses and Group-2 received oral tablets of methylcobalamin 1500 

μg/dose daily single dose for a total of seven doses. The primary study outcome 

was measuring plasma vitamin B12 levels at baseline, day 7 and 14. Result: 

Study subjects who received NASO B12 spray has significantly achieved 

vitamin B12 levels of >400 pg/mL which was about 82% on day 7 and 90% on 

day 14. No single study participant has achieved on day 7 and day 14 with oral 

methylcobalamin tablets. NASO B12 treated group showed exponential 

increase trend of plasma vitamin B12 levels on day 7 and day 14 i.e., 492.68 

pg/mL and 578.18 pg/mL respectively (P<0.0001). Whereas, subjects treated 

with oral methylcobalamin tablets showed slight increase of plasma vitamin 

B12 levels on day 7 and day 14 i.e., 184.26 pg/mL and 192.89 pg/mL.  Study 

drugs were well tolerated by study subjects throughout the study period. 

Conclusion: Nasal Methylcobalamin 250 μg/spray (NASO B12) showed 

superior absorption, better optimum plasma vitamin B12 levels and well 

tolerated when compared with oral B12 tablets and can be implemented as an 

effective alternative to correct metformin induced vitamin B12 deficiency. 

 
 

 

INTRODUCTION 
 

Vitamin B12 is important for several functions such 

as DNA synthesis, red blood cell formation and 

neurologic function.[1] It also plays a key role in the 

metabolism of fat and carbohydrates.[2,3] Among the 

various clinical manifestations of vitamin B12 

deficiency are the implied effects of depletion on 

multiple systems, with their severity varying greatly. 

These clinical manifestations are heterogeneous, but 

they also depend on the grading and the duration of 

the Vitamin B12 deficiency. Fatigue and anaemia are 

the results of mild deficiency having values that 

indicate vitamin B12 deficiency but presenting with 

no neurological symptoms.[4]  

Moderate deficiency of B12 may include obvious 

macrocytic anaemia, glossitis, along with some mild 

or minor neurological manifestations like distal 

sensory impairment. Severe deficiency of Vitamin 

B12 is leads to bone marrow suppression, 

neurological features and the increased risk of 

cardiomyopathy. In spite of these features, it is 

crucial to know that the clinical symptoms of such 

deficiency can even occur without anaemia or low 

plasma vitamin B12 levels. In such cases, treatment 

should be started as early as possible.[5,6] 

The wide spectrum of etiology of vitamin B12 

deficiency includes malabsorption-related causes 

such as autoimmune gastritis (pernicious anaemia), 

celiac disease, inflammatory bowel disease, surgical 

gastrectomy, gastric bypass and ileal resection. It can 

also occur less commonly owing to the nutritional 

habits of people (strict vegan diet followers, breastfed 

infants born to vegan mothers having decreased 
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dietary intake of animal products), due to drug 

interference (metformin, proton pump inhibitors, 

drug-affected purine, and pyrimidine synthesis), 

inherited disorders affecting intrinsic factor (IF) and 

similarly, other inherited disorders including 

methylmalonic acidaemia and transcobalamin II 

deficiency nitrous oxide abuse, Diphyllobothrium 

latum infection, and pancreatic insufficiency.[7,8] 

Metformin is the most frequently prescribed first-line 

therapeutic drug for type 2 diabetes. Also, it is one of 

a few antihyperglycemic drugs beneficial in reducing 

cardiovascular morbidity and mortality, known to be 

a major cause of death in type 2 diabetes patients.[9] 

Mode of action of metformin is to induce vitamin 

B12 malabsorption, which may lead to increased risk 

for causing vitamin B12 deficiency, which is 

otherwise a clinically important and treatable 

condition. Almost an average of 6–30% of patients 

could show vitamin B12 deficiency due to metformin 

usage according to reports.[10,11] 

As per the UK MHRA, decreased vitamin B12 levels 

or vitamin B12 deficiency, are now taken as common 

side effects in metformin therapy with greater 

incidence in those patients who are receiving a higher 

dose or longer treatment duration and also coexisting 

with risk factors. Therefore, it has laid down new 

advice to monitor vitamin B12 plasma levels in 

metformin-taking patients having symptoms of 

vitamin B12 deficiency.[12] 

To overcome the limitations and disadvantages of the 

oral and intramuscular formulations of vitamin B12, 

a nasal spray of methylcobalamin (NASO B12; 

methylcobalamin 250 µg/spray) has been developed 

by Troikaa Pharmaceuticals Limited and has recently 

been approved for the treatment of vitamin B12 

deficiency. NASO B12 has been demonstrated to be 

rapidly absorbed as well as being highly effective in 

the treatment of vitamin B12 deficiency. This rapid 

increase in the level of vitamin B12 caused by NASO 

B12 has led to a steady increase in the haemoglobin 

levels. The absorption of vitamin B12 from NASO 

B12 bypasses the gastrointestinal tract which is a 

major factor in the proposed mechanisms of 

metformin-induced vitamin B12 deficiency and 

occurs from the nasal epithelium, further 

hypothesizing that NASO B12 will be more effective 

in the treatment of vitamin B12 deficiency, as 

opposed to oral methylcobalamin in patients on 

metformin therapy.[13–16] 

Hence, the present study aimed at comparing the 

efficacy and safety of NASO B12 with oral 

methylcobalamin tablets in treating the deficiency of 

vitamin B12 in patients on metformin therapy for the 

management of type 2 diabetes mellitus. 
 

MATERIALS AND METHODS 

 

Study drugs: The drugs used in this study are: 

methylcobalamin (250 µg/spray) nasal spray (NASO 

B12; manufactured and marketed by Troikaa 

Pharmaceuticals Ltd., Ahmedabad, India) and 

methylcobalamin 1500 µg oral tablet (Meconerve® 

1500 from Micro Labs Ltd). 

Study design: It was a prospective, randomized, 

parallel-group, comparative, open-label study which 

was conducted at Department of General Medicine, 

Malabar Medical College Hospital & Research 

Centre, Modakkalur, Kerala, India between 

September 2023 and January 2024. A total of ninety 

(n=90) type 2 diabetes mellitus patients on metformin 

for greater than or equal to 4 months with vitamin 

B12 deficiency were registered in this study and after 

that, they were randomized equally into two groups. 

As per the randomization procedure, Group 1 was 

assigned to the new methylcobalamin nasal spray 

(NASO B12) and Group 2 was assigned to 

methylcobalamin oral tablet for the treatment of 

vitamin B12 deficiency for a designated time period 

of 15 days. 

Study population 

Patient eligibility: This study included Diabetic 

individuals of either sex (age >18 years; non-

pregnant females) on metformin therapy (≥ 1000 

mg/day) for more than 4 months and who have 

vitamin B12 level <210 pg/mL (155 pmol/L). 

Patients with any known hypersensitivity or allergies 

to cobalt and/or vitamin B12 or any component of the 

study medication, suffering from any significant 

nasal pathology/chronic nasal symptoms/nasal 

allergies/upper respiratory tract infections, usage of 

any nasal medication/device, suffering from a known 

severe renal impairment or renal failure, or on 

treatment with drugs interfering with the vitamin B12 

assay were taken out from the study. In addition to 

this, patients having participated in any clinical trial 

within the last 30 days at the time of screening and 

had any disorder that in the knowledge of investigator 

would disrupt study participation or affect study 

outcome were also excluded. 

Study procedure: Eligible patients were explained 

about the study in detail and a written consent was 

taken from the interested participants before the 

procedure. A screening was done to confirm their 

eligibility as per the inclusion and exclusion criteria 

among these patients. The positively screened 

patients thus enrolled, were subjected to receive 

either of the allotted study treatments. First dose of 

the treatment was taken in the presence of the 

investigator in order to ensure the apt dosage method 

and the remaining doses were told to be self-

administered at home. The patients assigned to Group 

1 took a commercially available formulation of 

methylcobalamin (250 µg/ spray) nasal spray (NASO 

B12) in each nostril every alternate day for a total of 

seven doses during the study period (a total of 3,500  

µg of methylcobalamin per patient) and the other 

patients, assigned to oral methylcobalamin tablets 

(Group  2), received a single daily dose of 

commercially available 1500  µg methylcobalamin 

tablets, for a total of seven doses during the study 

period (a total of 10,500 µg of methylcobalamin per 

patient). Fixed-dose combinations and 

nutritional/dietary supplements containing any form 
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of vitamin B12 were not allowed to be used within 

the study period. The assessment of efficacy of the 

procedure was done by measuring plasma vitamin 

B12 levels, assessed at baseline, day 7, and day 14. 

Safety in the procedure was estimated by recording 

the number and severity of adverse events which 

were reported by the patient at any given time during 

the study. 

Outcomes: The primary outcome was the number of 

patients with normalized plasma vitamin B12 levels 

(≥400 pg/mL) at 7 and 14 days while the secondary 

outcomes were the mean plasma vitamin B12 levels 

(pg/mL) and the number of adverse events. 

Statistical analysis: Student’s unpaired t test was 

employed to compare the plasma vitamin B12 levels 

between the study groups. Chi-square test was used 

to compare the difference between gender among 

study groups. One way ANOVA was used to 

compare the statistical significance within and 

between the groups at baseline, day 7, and day 14. 

 

RESULTS 

 

Subject demographics and disposition: Study flow 

diagram was shown in [Figure 1]. A total of 300 study 

subjects were assessed for eligibility, out of that 210 

subjects were excluded for various reasons. Finally, 

ninety subjects were selected and randomized into 

two groups with 45 subjects each. All the 45 subjects 

in each group completed the entire study period 

without any lost to follow-up. At last, a total of 90 

subjects (45 in each group) were completed the study 

and analysed the data for statistical analysis. Baseline 

demographic details of the study populations was 

showed in [Table 1]. 

 

 
Figure 1: Study flow diagram 

 

Efficacy outcomes: Percentage of patients achieving 

> 400 pg/mL B12 levels on day 7 and 14 among study 

groups was showed in Figure 2. Study subjects who 

received NASO B12 spray has significantly achieved 

vitamin B12 levels of >400 pg/mL which was about 

82% on day 7 (study participants has completed only 

3 doses of NASO B12 spray). Around 90% of study 

subjects achieved plasma vitamin B12 levels of ≥400 

pg/mL on day 14 of NASO B12 spray therapy (study 

participants has completed all seven doses). Study 

participants who received oral methylcobalamin 

tablets daily for seven doses, no single patient has 

achieved plasma vitamin B12 levels of ≥400 pg/mL 

on day 7 and day 14. 

Mean plasma B12 levels at baseline, day 7 and 14 

among study groups was shown in Figure 3. The 

baseline mean±SD plasma vitamin B12 levels in the 

subjects of group 1 (NASO B12 group) was 

132.86±22.58 and group 2 (oral methylcobalamin 

group) was 135.01±23.11 There was no statistically 

significant difference in baseline plasma vitamin B12 

levels among treatment groups. NASO B12 treated 

group showed exponential increase trend of plasma 

vitamin B12 levels on day 7 and day 14 i.e., 492.68 

pg/mL and 578.18 pg/mL respectively. Whereas, 

subjects treated with oral methylcobalamin tablets 

showed slight increase of plasma vitamin B12 levels 

on day 7 and day 14 i.e., 184.26 pg/mL and 192.89 

pg/mL. Mean plasma vitamin B12 levels at baseline, 

day 7 and day 14 showed statistically significant 

(P<0.0001) with NASO B12 spray therapy, whereas 

oral methylcobalamin therapy not showed 

statistically significant.  

Thus, absorption of vitamin B12 is significantly 

higher by NASO B12 when compared with 

methylcobalamin tablets. Metformin induced vitamin 

B12 deficiency was well corrected with NASO B12 

nasal spray in 7 days (three doses) and increased 

optimum therapeutic levels was further maintained 

by next three doses. Subjects with both the treatment 

groups are well tolerated the study drugs and there 

were no clinically significant adverse events were 

reported throughout the study period. 

 

 
Figure 2: Percentage of patients achieving > 400 pg/mL 

B12 levels on day 7 and 14 among study groups 
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Figure 3: Mean plasma B12 levels at baseline, day 7 and 

14 among study groups 

Table 1: Baseline demographic details and plasma B12 levels 

Variable Group 1 (NASO B12) Group 2 (Oral methylcobalamin tablets) P-Value 

n 45 45  

Age in years (Mean±SD) 48.34±6.18 49.14±6.76 0.55 

Range 41-55 42-57  

Gender    

Female, n (%) 25 (55.6) 23 (51.1) 0.67 

Male, n (%) 20 (44.4) 22 (48.9)  

Race South Indian South Indian - 

Baseline plasma B12 levels (pg/mL) 

(Mean±SD) 

132.86±22.58 135.01±23.11 0.65 

 

DISCUSSION 
 

Absorption of vitamin B12 by the oral route is highly 

variable, therefore tablets of vitamin B12 don't elicit 

a predictable increase of vitamin B12 in the body in 

spite of being given in long-term.[17 Hence, vitamin 

B12 injections are the mainstay focus for treating the 

deficiency of vitamin B12. However, these injections 

are very painful and the patient has to frequently visit 

to the hospital to take the doses. Therefore, owing to 

these issues, the patient compliance is a major 

problem with oral and parenteral formulations of 

vitamin B12.[14] 

Metformin therapy in diabetic patients has been 

associated with vitamin B12 deficiency. Several 

mechanisms in the intestine have also been proposed 

to be linked to the inhibition of absorption of vitamin 

B12 due to the effect of metformin.[11,18,19] NASO 

B12 is a painless, reliable, and easy-to-administer 

alternative to oral and parenteral formulations of 

vitamin B12. NASO B12 assures rapid, consistent, 

predictable, and dependable absorption as opposed to 

oral vitamin B12 therapy. NASO B12 can be self-

administered by all patients including those who have 

swallowing difficulties, nausea or vomiting, or 

absorption issues such as pernicious anemia, post-

bariatric surgery, or malabsorption thus ensuring high 

compliance. In comparison to injectable vitamin B12 

therapy, NASO B12 is pain-free, is self-administered, 

costs less, and doesn't require multiple patient visits 

to the clinics. Its safety and efficacy have been 

elicited in two clinical studies, the results of which 

have proved that NASO B12 is rapidly absorbed and 

corrects the vitamin B12 deficiency rapidly being 

safe and easily tolerated.[13–15] 

The present study compared the efficacy of NASO 

B12 and oral supplementation of vitamin B12 in 

treating the vitamin B12 deficiency in type 2 diabetes 

mellitus patients taking metformin. According to our 

knowledge, this is the first comparative study of the 

efficacy of nasal vitamin B12 therapy and oral 

vitamin B12 therapy in type 2 diabetes mellitus 

patients on metformin, having vitamin B12 

deficiency. NASO B12 has been demonstrated to 

treat vitamin B12 deficiency in only seven doses 

administered on alternate days whereas oral therapy 

has been recommended for daily dosing.[13,15] 

Therefore, this study was focused on comparing the 

efficacy of seven daily doses of 1500 µg tablets and 

seven doses of NASO B12 (500 µg every alternate 

day) in treating the vitamin B12 deficiency.  

Recently, the American Academy of Family 

Physicians has redefined the normal, low-normal, 

and low values of plasma vitamin B12 levels to be ≥ 

400, 150–399, and <150 pg/mL, respectively. In 

accordance with the above recommendation, the 

normal levels of plasma vitamin B12 in the study was 

found to be ≥ 400 pg/mL.[20] 

No adverse events were reported in the study, and 

both NASO B12 and vitamin B12 oral tablets were 

well tolerated by the patients. Proper patient 

counselling results in far better patient acceptance 

and compliance, was suitably noted. Sometimes there 

occurs an outflow of the red-coloured drug solution 

from the nose after administration of NASO B12. It 

is advisable to counsel the patients that they should 

not be concerned about the red-coloured fluid, which 

is the extra drug, naturally red in colour. 

Additionally, patients hesitant in taking nasal 

formulations should be made aware that the only 

other option is vitamin B12 injections and they are 

painful. Hot foods may cause nasal secretions and 

therefore, a resulting loss of medication; so the 

patients should be advised to administer NASO B12 

nasal spray at least 30 min before and after taking hot 

foods or liquids. 

In a prospective, multicentric, clinical study, Seth et 

al,[13] found that in vitamin B12-deficient patients, 

seven doses of NASO B12 on alternate days 

corrected the vitamin B12 levels, and weekly 

maintenance therapy of NASO B12 500 µg/dose for 

4 weeks was able to maintain the levels (>200 

pg/mL). Further, NASO B12 was well-tolerated 

throughout the treatment period. 

Patients on metformin therapy receiving NASO B12 

should also be instructed that they will require 

weekly intranasal administration of NASO B12 spray 

in each nostril after correction of vitamin B12 

deficiency for the rest of their lives and no 

compliance to this instruction, will lead to the return 

of anaemia and in the development of incapacitating 

and irreversible damage to spinal cord nerves. The 

patients should also be warned about the dangers of 

taking folic acid in place of vitamin B12, because the 

former may prevent anaemia but cause the 

uninhibited progression of subacute combined 

degeneration of the spinal cord. 
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As a result, NASO B12 is found to be effective in 

treating the deficiency of vitamin B12 in type 2 

diabetes mellitus patients receiving metformin 

therapy. However, our study does have some 

limitations. Clinical symptoms and haematological 

parameters which could have justified the 

improvements in vitamin B12 levels by NASO B12 

prior to and after the treatment were not studied. 

Further studies in this regard can be done to confirm 

the long-term safety of nasal formulation. 

 

CONCLUSION 
 

Nasal Methylcobalamin 250 μg/spray (NASO B12) 

showed superior absorption, better optimum plasma 

vitamin B12 levels and well tolerated when compared 

with oral B12 tablets and can be implemented as an 

effective alternative to correct metformin induced 

vitamin B12 deficiency. Therefore, NASO B12 is 

highly effective to reverse the vitamin B12 deficiency 

in type 2 diabetes patients who are on metformin 

therapy would be a one of the best novel and 

advanced treatment remedies in the future to 

overcome the drawbacks of oral and other parenteral 

preparations. 
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