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INTRODUCTION  

Vitamin B12 is an important water-soluble vitamin 

which is found in a variety of food such as fish, 

shellfish, meat, and dairy products. It helps maintain 

healthy nerve cells and red blood cells, as well as aid 

in rapid DNA production during cell division. The 

daily requirement of vitamin B12 for the human body 

is approximately 1-25 µg . In 1960 introduced long-

acting depot antipsychotic drug as the first long acting 

medications. Depot formulations providing further 

reductions in morbidity and mortality. Because they 

bypass the gastrointestinal tract, Depot treatments 

decrease the amount of medication needed and reduce 

certain peripheral side effects. Understanding the 

clinical and compliance of patients from the use of 

single dose with multiple and consecutive treatment of 

B12, we have developed long-term implantable 

medication delivery loaded with vitamin B12. The 

proposed method of controlled drug delivery uses 

sterile implants processed with a Poly (lactic-co-

glycolic acid) (PLGA) polymer with a delivery interval 

of up to one month depending on polymer 

composition, and drug loading. In this study, 3 goals 

were addressed: 

 1: To formulate six different batches of biodegradable 

polymer implants loaded with vitamin 12 and target 

profile shown in Tables 1.  

2: To characterize the formulated implants and 

establish an in vitro release for the B12 as a function of 

time. 3: Perform in vivo study and measure the serum 

concentration of B12 released from implants 

subcutaneously inserted into rats.  

 

 

Accomplishment of these three goals could provide the 

feasibility of controlled release vitamin B12 implants 

for human treatment for vitamin deficiency. 

MATERIALS AND METHODS  

In Vitro Studies: 

Formulation of Implants Six different batches of 

implants were formulated from a 75: 25 PLGA (Poly 

Lactic-Glycolic acid) polymer (Lakeshore 

Biomaterials, Birmingham, AL) and vitamin B12 

(supplied by the Sigma Aldrich). Each batch was 

prepared with different process parameters. The 

vitamin B12 was added to the polymer in a ratio of 

75:25 and mixed very well in a common solvent to 

make a homogenous mixture at ratio of 25 wt. % drug 

load and solvent was removed by evaporation at 

temperature not more than 42°C in a vacuum oven 

with very light airflow until no traces of solvent 

remained. The resulting product was molded with 

compression into small rods using DACA Instruments, 

Goleta, CA and dried at 40°C for 4 hours. Unloaded 

control rods were formulated in the same manner.  

Experiment 1: Implant Characterization  

The loaded implants were tested after sterilization 

process to ensure that vitamin B12 stable throughout 

formulation process. A set of control and vitamin B12 

loaded implants from a single batch were sterilized by 

ethylene. The sterilized implants were analyzed for 

polymer degradation using HPLC. Additionally, The 

stability of vitamin B12 was also evaluated in a pH 
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range of 2.0 to 7.4 in order to ensure that the vitamin is 

stable under the acidic media due to polymer 

degradation. A 10 mg of drug was dissolved in 1,000 

ml of phosphate buffered saline (PBS) at pH 7.0 to 

prepare a standard solution. One ml samples were 

taken weekly and analyzed by HPLC. HPLC was 

performed using a Column C18, 250 2.1 mm, 3.6 µm 

column, a gradient method (Mobile Phase: 0.1% TFA 

in water: 0.1% TFA in acetonitrile), column 

temperature of 60°C, auto-sampler temperature of 5°C, 

214 nm wavelength, and 20 µL injection volume. The 

flow rate was set at 1ml/min with a run time of 30 min 

for each sample.  

Experiment 2: In Vitro Release Studies  

The loading of vitamin was set at 25 wt. % to evaluate 

a possible delivery interval as a function of polymer 

degradation. A polymer and drug were mixed in a ratio 

of 75:25 as described in the formulation of implants.  

To evaluate the in vitro release profiles for each batch, 

three replicates of each implant type for the six batches 

were placed in separate bottles of the USP dissolution 

apparatus filled with 500 ml of phosphate-buffered 

saline at 37°C and stirred at 40 rpm.. One ml aliquots 

were taken from each bottle once a week and analyzed 

by HPLC [14]. The correlation coefficient for the 

standard solution was 0.99. After each aliquot was 

removed, 1 ml of buffer was added to maintain 

constant volume and the cumulative release percentage 

profile of the vitamin B12 is shown in Figure1. Figure 

1: In vitro release profile of vitamin B12 release from 

implants containing 75:25 PLGA, 25 wt. %. 

 In Vivo Studies: Experimental Animals  

Male and female Sprague Dawley rats (Harlan Inc., 

Indianapolis, IN) weighing approximately 300 gm 

were used as animal models for testing four selected 

formulations (4 batches) based on the in vitro release 

profiles. The Institutional Animal Care and Use 

Committee (IACUC) at MPI laboratory of Michigan 

US approved all protocols. Four groups of 7 animals 

each (3 male and 3 females for testing and one animal 

untreated for control) were used. The dosing strategy 

and the results are summarized in Table 2. Figure 2 

shows the average results for the four formulations 

with their standard deviations. A total of 24 rats were 

treated with loaded vitamin B12 implants and 4 

animals for control placed in the subcutaneous space 

on the dorsal surface under isoflurane anesthesia.  

Experiment 3: Pharmacokinetic study  

A 0.5 ml blood samples were sampled from the rat tail 

vein at predetermined intervals, after which the 

samples were centrifuged in Microtainer tubes (Becton 

Dickinson & Co., Franklin Lakes, NJ) and serum was 

collected. Serum samples for each of Group (A, B, C, 

and D) were frozen and stored at −20°C until analysis. 

The retention time for vitamin B12 was approximately 

30 min. The in vivo blood serum concentration profile 

for each rat was determined by plotting serum 

concentration against time for all animals for the four 

groups. Observations of the rats were made every day 

for 7 days immediately after implantation to 

investigate any signs of high initial drug release. 

RESULTS AND DISCUSSION  

In Vitro Studies 

 Vitamin B12 was found to be stable under 

physiological conditions. The concentration of B12 

remained constant with an overall change of almost 

0.0% over 30 days. In addition, results showed that the 

molecular weight of the polymer is not substantially 

changed by sterilization procedure with the use of 

ethylene oxide (EO). Thus, sterilization process had no 

significant effect neither on polymer nor vitamin B12 

content in implants. Also vitamin B12 was completely 

stable at low pH levels that simulate the internal 

microenvironments during polymer degradation 

throughout the study time (pH 7.4, pH 6.4, pH 5.4, pH 

4.4, pH 3.0, and pH 2.0). In vitro vitamin B12 release 

varies according to the process parameters utilized. 

Implants reach full release at 40-45 days as shown in 

Figure 1. These results suggest that B12 in vitro 

release from the six batches were almost similar even 

with different process of formulation. In Vivo Studies: 

Pharmacokinetic Studies In vivo onset was rapid and 

serum concentration was within the target range of 2-

28 ng/ml for a substantial portion of the release 

interval. Serum levels were approximately 2-28 ng/ml 

at 10 days and decreased to about 2-5 ng/ml at 10 and 
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20 days (Figure 2). Then after, serum concentration 

was increased up to ~28. Implants were removed at 40 

days; there was no B12 detected in serum. Thus, 

implants delivered vitamin B12 for at least 30 days. 

Figure 2 uses the average plasma level of B12 (ng/mL) 

for each animal (takes the mean value of all six treated 

animals with standard error of the mean, for the 

indicated batch) at each time. Analyses of drug content 

in the removed implants showed that the percent of 

vitamin decreases over time, indicating that the rate of 

release was faster than the rate of polymer degradation. 

No tissue reaction at the site of implantation and 

fibrosis found suggesting good local compatibility 

throughout the delivery interval at all-time points. 

Tables 3 and 4 show some of the statistical and 

pharmacokinetic data from the analysis performed at 

MPI Research Laboratories, Michigan, and USA for 

male and female rats. It shows that female animals had 

a higher maximum blood level concentration (Cmax) 

than that for male. At the meantime, Tmax, AUC (0-

720hr), and AUC Ratio were  very similar  

CONCLUSION  

This study demonstrates the stability of vitamin B12 

against pH environment of the polymer degradation 

during the release study. The Polymer (PLGA) was 

also stable during the sterilization process with EO. 

Results showed that in vitro and in vivo release can be 

controlled based on process parameters. Current results 

suggest that implants containing B12 could achieve 

appropriate release of medication within 

approximately one week and last for at least 45 days. 

This study is fundamentally a feasible method of drug 

delivery that could be applied across many 

medications. We strongly believe that implants 

represent a potentially beneficial approach addressing 

vitamin deficiency and acceptable drug delivery 

system. 
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