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Abstract : Folic acid is a biologically active molecule that self-assembles in water. There is 

an interest to capitalize folic acid self-assembly as a carrier to develop nanoparticles for 

protein delivery. In the present paper, Bovine Serum Albumin (BSA) is used as a model 

protein for characterization and quantification in presence of folic acid using HPLC. 

Molecular dynamics study is also used to explain the interaction between BSA and folic acid. 

HPLC is found to be successful in separation and quantification of both the components.  
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Introduction 

Folic acid is a vitamin, biologically active chromonic molecule. Human body acid requires folic acid to 

prevent from several complications for example Alzheimer’s disease, pregnancy complications, male infertility 

and cancer disease
1
. Human body cannot produce folic acid by itself, it provided through daily diet 

2
. Therefore, 

to fulfill the need of folic acid in body, few researchers have developed protein nanoparticles by capitalizing the 

associative forces between protein and folic acid 
2,3,4

. In another study, folic acid was also used as a carrier for 

protein delivery 
5
. Researchers have also used this compound for different drug delivery applications

5–7
.In all 

the application, separation and quantification of both folic acid and protein would be necessary. Apart from that, 

due to association between folic acid and BSA, it would be a challenge to measure BSA and folic acid 

concentration separately. Therefore, a separate study is required to develop a quantification method for BSA 

release study in presence of folic acid. 

HPLC is a reliable technique to separate and quantify proteins. Due to potential to produce high 

reproducibility in the results, it is used to separate compounds in the pharmaceutical industry. In present paper, 

HPLC technique has been used for separation and quantification purpose.  Previous literatures have shown that 

tryptophan forms complex and can be a responsible site for folic acid-BSA association
8,9

. To understand the 

mechanism of attachment of folic acid with tryptophan, a molecular dynamics study is also done in this paper.  

Experimental 

Material  

Folic acid, sodium hydroxide and BSA were obtained from SRL chemicals. All the samples were 

prepared using Mili-Q water which is obtained Millipore water unit. 
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Sample preparation 

First, 10 ml of deionized water was taken in a beaker and 0.01 gm of folic acid was added to obtain 

0.1% (by weight) stock solution. Few drops of 1N sodium hydroxide solution were added into the folic acid 

solution till the solution becomes of shiny yellow color while ensuring the pH less than 7 (around 6.7).  BSA 

stock solution was prepared separately in water. 0.1% (w/w) BSA stock solution was prepared by dissolving 

0.01 gm BSA in 10 ml of water. Folic acid, BSA and folic acid-BSA mixture samples were prepared by diluting 

BSA and folic acid stock solution in an appropriate proportion. 

Simulation study 

This study was first carried out on MD Darshan software using graphics processor
10

. Folic acid and 

tryptophan molecules were kept in a cubic vessel of 30 Å under constant number, pressure and temperature 

conditions. Step size was kept at 0.001 ps and time after equilibrium was kept at 3000 ps. 

HPLC Measurement 

High Performance Liquid Chromatography was performed on UHPLC focused model name was 

ultimate 3000 (Make: Dionex). The column used in the study was C18 with 4.6×250 mm dimensions. 

Acetonitrile and water are used as a solvent in the mobile phase at 1 ml/min flow rate. HPLC was run in 

gradient mode and wavelength used UV detector was 215 nm. 

Gradient run of mobile phase was performed for the sets of samples. In this case, for first 8 minutes 

ratio of acetonitrile to water was kept at 50:50 (V/V) and after 8 minutes, acetonitrile proportion was increased 

after each minute by 10% which results into 90:10 (V/V) in 12 minutes. After 12 minutes, we made this 

proportion again at 50:50 (V/V) and kept it at the same ratio till 14 minutes. 

Results and Discussion 

Study of Association through Molecular Dynamics (MD) Simulation 

In the present study, this tool has been used to study interaction between folic acid molecules and 

tryptophan using MD Darshan software. Interaction of tryptophan molecules has been studied in presence of 10 

folate ions and 500 molecules of water. In each simulation result, water molecules have been removed for closer 

view of folate ions and tryptophan molecules.  

In two different simulation runs 2 and 10 molecules of tryptophan has been studied. Images obtained 

after the simulations has been show in Figure 1. In Figure 1(a) folate ions are in a well arranged. On the other 

hand, both the tryptophan molecules are found to be well aligned with in folate ion stacks. Figure 1(b) shows 

that folate ions are less arranged than in figure 1(a) but tryptophan molecules are still within the stacks of folic 

ions. This is an evidence of associative forces between folate ion and tryptophan molecules. Therefore, from 

this study it can be concluded that tryptophan can be the responsible site for BSA-folic acid complex formation. 

HPLC Study for BSA Quantification 

Running gradient mode is a very useful way for separating different compounds. Figure 2 below shows 

the signature peak of BSA at 1.647 minute and folic acid at 2.207 minute, separately. An increasing value of 

absorbance after 7.5 minutes in the figure is due to increasing concentration of acetonitrile. Two distinct peaks 

for both compounds in Figure 2 suggests that HPLC method is a useful technique to quantify BSA. Variation in 

the Peak position with concentration of BSA was not found, while variation in the area under BSA peak was 

found linear with BSA concentration (shown in Figure 3). This linear relationship can be used to quantify BSA 

in presence of folic acid. The linear variation also suggests that association between both the compounds is 

physical. 
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Figure 1. Image of mixture of 10 folate ions with (a) 2 tryptophan (b) 10 tryptophan molecules after 

simulation.  

 

Figure 2. Chromatogram of BSA and folic acid mixture 

 

Figure 3. Graph shows variation in the area under the BSA peak with concentration of BSA at 100 µg/ml 

folic acid. 
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Conclusions 

Association between folic acid and BSA has been shown through MD simulation studies. Tryptophan 

can be the binding site in BSA structure responsible for associations. In spite of these associative interactions 

between folic acid and BSA, HPLC was able to separate and quantify BSA successfully. 
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