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Abstract 

Insulin is a frequent peptide hormone addition in serum-free mammalian cell           

culture media. It contributes in a variety of biological functions, including as              

promoting cell proliferation, cell cycle progression, and glucose uptake.  However, 

it is unknown how stable insulin is under in vitro cell culture media treatment             

conditions. The instability of insulin in aqueous solutions has caused a number of 

issues, necessitating the development of new therapeutic strategies that can keep 

insulin stable and functioning. Such choices are required to accommodate updated 

insulin delivery guidelines as well as the storage and transportation of insulin. To 

preserve structural and functional integrity, protein medicines are frequently               

stabilized with antioxidants in aqueous solutions. In the present study, the effects 

of the antioxidants disodium ethylenediaminetetraacetic acid dihydrate (EDTA) 

and sodium selenite (Se) and their ability to scavenge free radicals on insulin           

stability in the medium Dulbecco's Modified Eagle Medium (DMEM) and Roswell 

Park Memorial Institute (RPMI) were examined. To investigate the stability of 

human recombinant insulin, in vitro serum-free DMEM and RPMI media were 

utilized for 5 days at 37˚C containing different EDTA and Se concentrations.            

Reversed phase high performance liquid chromatography (RP-HPLC) was used to 

detect and quantify insulin. Sodium dodecyl sulfate polyacrylamide gel                       

(SDS-PAGE) electrophoresis was used to assess conformational stability. The          

results demonstrated that, when EDTA and Se were added separately to DMEM 

and RPMI media, insulin stability was improved compared to when neither                   

compound was added. 

Introduction 

Insulin, a pancreatic hormone, is used to treat diabetes by regulating blood sugar 

levels. In addition, it serves as a growth factor for mammalian cell lines in vitro [1] 

and is added to culture media with hormone supplements for a variety of cell types 

to promote the optimal cell replication [2].  The majority of proteins, including 

insulin, are not stable in aqueous solutions [3]. A number of chemical                         

modifications to an insulin's primary structure can drastically decrease its stability, 

resulting in insulin derivatives with modified secondary and quaternary structures 

that cause denaturation, polymerization, aggregation, and precipitation [4 - 6]. This 
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drastically reduces the  biological functionality of the insulin, which causes considerable challenges for 

its use. In addition, a variety of environmental factors impact insulin's stability. For example, asparagine 

(A21) in the A chain of insulin deamidated in an acidic pH [7], as does asparagine (B3) in the B chain 

[8] and polymerization [9] in a neutral or alkaline environment. The in vitro accumulation of insulin has 

been associated with agitation [10], interaction with hydrophobic surfaces [11], variations in ionic 

strength [12], covalent  aggregation by metal-catalyzed oxidation (MCO) [13], storage, and high           

temperatures [14, 15]. In addition, high or low ambient temperatures cause insulin to form fibrils [16, 

17].  

The present study is interested in the use of insulin as a supplement in in vitro serum-free DMEM and 

RPMI media, as well as a practical method for detecting insulin stability in that medium. Insulin is            

naturally stored as a zinc-stabilized hexamer in healthy beta cells, and this has been replicated in most 

commercial insulin formulations to maintain insulin stability [18]. However, excipients are frequently 

needed to maintain protein structure and function by enhancing the solubility, absorption, and stability in 

aqueous solutions but are frequently disregarded as the inactive ingredients in pharmaceutical                      

formulations [19, 20]. Alcohols, non-polar solvents, anionic and non-ionic surfactants, and different    

detergents were all utilized for investigating the physical stability of insulin in vitro [21], but none of 

them have been found to be physiologically effective, safe, or practicable. But to keep insulin stable, the 

majority of insulin formulations included either phenol, meta-cresol, or both as excipients [22, 23].          

However, meta-cresol has been shown to cause immunological reactions [24, 25], and phenol and               

meta-cresol included in the formulation have been reported to cause cell death and inflammatory              

reactions [26]. Additionally, citrate and EDTA used in the formulation of insulin prevent the reassembly 

of the monomer and dimer of insulin [27], while phenoxyethanol used in a variety of zinc-free                

formulations permits the stabilization of formulations with high insulin monomer contents [28].                    

However, because most of these in vitro experiments are carried out in non-physiological conditions like 

acidic solutions or organic solvents, they often do not produce qualitatively favorable outcomes in              

cellular treatments. However, it is not yet known if insulin will remain stable when administered to in 

vitro cells. Therefore, it is important to understand in the present investigation how antioxidants could 

affect the stability of insulin in DMEM and RPMI media. In order to address this problem, EDTA and Se 

were chosen because they have antioxidant and radical-scavenging properties and may lessen the                 

oxidative damage that occurs to insulin. 

Several immunological and nonimmune techniques, including radioimmunoassay [29], enzyme                  

immunoassay [30], luminous immunoassay and capillary electrophoresis [31], have been described for 

analyzing human insulin. However, the analysis of insulin and the byproducts of its breakdown in vivo 

and in vitro has increasingly utilized the use of RP-HPLC [32 - 35]. Furthermore, an HPLC method for 

the testing of insulin and A21 desamido insulin is included in the official monographs of the British and 

United States Pharmacopoeias [36, 37]. In this investigation, DMEM and RPMI media without serum 

were used to independently examine the effects of EDTA and Se on insulin stability.   The samples had 

been analyzed by RP-HPLC and SDS-PAGE as a secondary stability confirmation. 

Experimental Materials  

Insulin was purchased from MilliporeSigma (Burlington, MA United States). Disodium                           

ethylenediaminetetraacetic acid dihydrate and Sodium selenite was purchased from VWR (Bridgeport, 

NJ, USA). Milli-Q water was used to prepare the EDTA and sodium Selenite stock solutions. Barium 

chloride dihydrate, Ferrous (F2+) sulfate heptahydrate, ferric (F3+) chloride hexahydrate and Ammonium 
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thiocyanate are purchased from Sigma-Aldrich, Inc. (St. Louis, MO, USA). Methanol was received from 

Fisher Scientific (Fair Lawn, NJ, USA), Trifluoroacetic Acid, HPLC Grade was purchased from Sigma 

Aldrich (Burlington, MA, USA), 10N Hydrochloric Acid, was purchased from Ricca (Houston, TX , 

USA), 12 x 32 mm glass screw neck vial quick thread, LectraBond cap preslit PTFE/silicone septa was 

purchased from Waters (USA).  10X Tris-glycine SDS running buffer, simply blue safe stain, 2X sample 

buffer, SeeBlue Plus2 pre-Stained Standard and 16% gels were purchased from Life Technologies 

(Carlsbad, CA, USA). Dulbecco's Modified Eagle Medium and Roswell Park Memorial Institute 1640 

medium were purchased from Life Technologies Corporation (Grand Island, NY, USA).  Milli-Q water 

for solutions made in house with a Milli-Q system (Millipore, Milford, MA, USA). All other chemicals 

were obtained in an analytical grade or from standard commercial suppliers. 

RP-HPLC procedure 

The Agilent 1100 series, which includes a quaternary pump solvent delivery module, online degasser, 

thermostated column compartment, auto sampler, auto injector with 100 L injection loop, and a Variable 

Wavelength Detector, was used to perform the RP-HPLC. Prior to analysis, samples were kept in the 

autosampler at 5°C. The system was used in an HPLC lab at room temperature (20 ± 2°C). The 250 X 4 

mm, 5 µm Nucleosil C18 column was used for the analysis, and the column temperature was maintained 

at 30 °C throughout. The mobile phase A contained 0.1% trifluoroacetic acid (TFA) in water and B 0.1% 

TFA in methanol. Gradient elution was used, and the program was set as follows: 40 - 90% B from 0 to 

15 min. Injection volume was kept constant 25 μL. The flow rate of the mobile phase was set at               

0.7 mL/min and the eluate was monitored at an UV wavelength of 214 nm. Chromatogram output,              

integration of peaks, calculation of peak areas and retention times were obtained using the Empower 

software, Version 3. 

Impact of EDTA and Se on the stability of insulin in DMEM and RPMI medium 

Since insulin only partially dissolves in pure water, 1 mg/mL of insulin was prepared in 0.01N                     

hydrochloric acid (HCl) solution and stored in a refrigerator at 2 - 8 °C. To test the effect of EDTA and 

Se on insulin stability, insulin stock solution was diluted to 40 µg/mL in DMEM and RPMI media in the 

presence of different concentration of EDTA (0, 2.5, 5 and 10 mM) and Se (0, 2, 5 and 10 µM) in                   

separate vials. Control samples were prepared at 40 µg/mL of insulin in DMEM and RPM media, and 

0.01N HCl in separate vials without added EDTA and Se. All sample and control vials were incubated at 

37 °C for 0 and 5 days. Following the individual RP-HPLC analysis of each sample solution, the linear 

regression of the analytical standard curve was used to calculate the % recovery of insulin from DMEM 

and RPMI media. The results of the insulin stability assays were compared with freshly prepared samples 

in DMEM, RPMI, 0.01N HCl, and control samples. 

Effect of EDTA and Se on the level of peroxide in DMEM and RPMI medium  

Preparation of a ferrous(II) chloride solution. To prepare the ferrous(II) chloride solution,  0.5 g of              

ferrous(II) sulfate heptahydrate (FeSO4·7H2O) was dissolved in 49 mL of water. Approximately 0.4 g of 

barium chloride dihydrate (BaCl2·2H2O) was dissolved in 49 mL of water. Barium chloride solution was 

added slowly and with constant stirring to an ferrous(II) sulfate heptahydrate solution. Into this resulting 

solution, 2 mL of 10 N HCl was added, mixed well and allowed to precipitate of barium sulfate at room 

temperature for 20 to 30 minutes. The barium sulfate precipitate was filtered off through a 0.45 Micron 

filter to give a clear ferrous(II) chloride (FeCl2) solution, which was stored in a brown bottle  at room 

temperature (RT).  
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Preparation of a standard ferric(III) chloride solution.  In order to make standard ferric(III) chloride 

(FeCl3), 0.4 g of ferric(III) chloride hexahydrate (FeCl3.6H2O) was dissolved in 49 mL of water, and 1 

mL of 10 N HCl was then added. The solution was well mixed and stored at RT in a brown bottle. 

Preparation of an ammonium thiocyanate solution. The ammonium thiocyanate (NH4SCN) solution was 

made by dissolving 750 mg of ammonium thiocyanate in 2.5 mL of water, which was then stored at RT. 

Procedure: To determine the peroxide value in DMEM and RPMI media, peroxide level was performed 

by modified IDF [38] method. For all the oxidation test reactions, stock insulin solution was diluted in 

DMEM and RPMI media to obtain a final insulin concentration of 40 µg/mL containing different                 

concentration of EDTA (2.5, 5.0 and 10 mM) and Se (2.0, 5.0 and 10 µM). The control samples included 

of 40 µg/mL of insulin separately in DMEM and RPMI media without added EDTA or Se. The reaction 

was performed in 2 mL separate tubes covered with aluminum foil to protect the reaction mixture from 

light. After 5 days of incubation at 37 °C, 3 µL of ferrous(II) chloride (final concentration 15 µg/mL) was 

added,  and followed by 15 µL  of stock ammonium thiocyanate solution, which were then mixed well by 

vortex. The tubes were heated in a water bath at 50 °C for 2 minutes to promote color development. The 

tubes were placed in an ice bath for two minutes to reach RT [39]. All tubes were wrapped in aluminum 

foil and left to sit at RT for 5 minutes, mixed well and transferred 200 µL from each sample tube into a 

96-well plate. Using a spectrophotometer, the sample's (red color) absorbance was quickly measured at 

505 nm against a blank that contained all of the reagents except insulin, EDTA, and Se.  The results of 

the peroxide level were compared to control and freshly prepared insulin (40 g/mL) in DMEM and RPMI 

media that were free of EDTA or Se. 

SDS-PAGE analysis of the stability of insulin 

To determine the effect of EDTA and Se on insulin stability, 100 µg/mL insulin solution was made from 

insulin stock solution in DMEM and RPMI media with different concentrations of EDTA (0, 2.5, 5 and 

10 mM) and Se (0, 2, 5 and 10 µM) in separate vials. All sample vials were incubated at 37 °C for 5 days.  

The stability of insulin was examined by SDS-PAGE under non-reduced conditions using tris-glycine 

sodium dodecyl sulfate (SDS) gel. As described earlier [40], before being put onto the gel for                    

examination, samples of insulin stability were first mixed with sample buffer and heated the sample vials 

at 95 °C water bath for 10 minutes. From each sample tube 20 µL was loaded separately onto 16% gel.  

SeeBlue Plus2 pre-Stained Standard was used as the protein standard, and it was not further processed. 

Gels were run at RT in tris-glycine SDS buffer at a constant voltage (150V) until the dye front reached 

the end of the gel. SDS-PAGE gels were dyed using SimplyBlueTM Safe Stain, destained in 40 %             

methanol and washed twice with Milli-Q water. Using a densitometer, the gels were visualized. 

Results 

This study investigated at how the antioxidants and free radical scavengers EDTA and Se affected the 

stability of the insulin in the serum-free DMEM and RPMI media.   

RP-HPLC analysis of insulin stability 

The stability of insulin in DMEM and RPMI media was investigated under RP-HPLC analytical                      

conditions. The literature has examined the physicochemical characteristics and chromatographic          

behavior of insulin. The effects of a specific combination of column type, mobile phase composition, and 

detection equipment were also investigated, in accordance with our prior analytical conditions [40]. The 

maximum injection volume for future applications in biological sample analysis was set at 25 µL. The 
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flow rate was adjusted to 0.7 mL/min to sharpen the peak during the study, which resulted in an insulin 

retention time of 13 minutes. This flow rate was found to be the best for reducing total run time while 

maintaining acceptable column backpressure.  The column temperature was maintained at 30 °C to            

confirm that all of the components in the sample solution were successfully separated in 30 minutes. The 

detection wavelength of 214 nm was investigated for insulin while determining the detection wavelength 

for the analytical procedure, and it was found to yield peaks that were extremely sensitive and                 

reproducible. In this optimized RP-HPLC condition, insulin separated successfully then was                                

re-equilibrated to the starting condition.  To better understand the impact of the DMEM and RPMI media 

matrix, chromatograms from 0.01 N HCl, DMEM, and RPMI were compared to those with insulin                   

Figure 1. DMEM and RPMI media matrix's impact on insulin analysis. Each aqueous solution was 

separately injected into the HPLC system with a volume of 25 µL. (A) 0.01 N HCl,  (B) Insulin in 0.01 

N HCl, (C) RPMI, (D) Insulin in RPMI, (E) DMEM and (F) insulin in DMEM. The chromatograms' 

output demonstrates that the analyte peak was pure, and there are no co-eluting peaks at the insulin 

peak's retention time to cause interference. 
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present. Each aqueous solution utilized in this study, both with and without insulin, was injected 25 µL at 

a time into the RP-HPLC apparatus. Insulin eluted as a single peak under the specified chromatographic 

conditions. As shown by peak purity analysis in Figure 1, there seem to be no co-eluting peaks during 

the insulin retention time that could interfere with the peak of interest, implying that the insulin peak is 

pure.  

 Analysis of linearity for the stability of RP-HPLC 

Linearity is the ability of an analytical method to yield test results that are directly proportionate to the 

analyte concentration within a specific range. To evaluate the linearity of the insulin, a range of insulin 

concentrations (6, 12, 25, 40, 55, and 70 µg/mL) were used.   The linearity was established using a linear 

regression analysis. Plotting the peak area obtained from the RP-HPLC against corresponding insulin 

concentrations resulted in the calibration curve. The standard curve for insulin was linear throughout the 

entire range and had a coefficient of determination (R2) of 0.9978 (Figure 2). This indicates a good                 

linear relationship between all of the concentrations employed. The insulin y-intercepts were determined 

as an amount of the analytical concentration response. The peak area (Y) and the insulin concentration 

(X) are related by the standard curve's equation, y = 50000000x-35624, for this range.  

The findings of the experiment demonstrated that the effects of different EDTA and se concentrations on      

insulin stability in DMEM and RPMI media were not concentration dependent, suggest that to maintain 

insulin stability in vitro with these media, 5 mM EDTA or 5 µM Se may be used. The results of this 

study showed that the antioxidants EDTA and Se had been used to make the insulin solution, proving 

that it was safe to use this approach to treat cells in DMEM and RPMI media. In addition, more research 

is required to fully understand both the short and long-term concentration dependent effects of EDTA 

and Se on insulin stability in DMEM and RPMI media.  

Additionally, similar tests were carried out in DMEM and RPMI media containing higher EDTA and Se 

concentrations to see whether the insulin stability was EDTA and Se concentration-dependent. The                 

results (data not supplied) show that adding more of these antioxidants had no apparent impact on insulin 

stability in either DMEM or RPMI media. Furthermore, EDTA and Se may change insulin bioactivity, 

suggesting that better insulin stability does not always translate into higher bioactivity. Since the                  

bioactivity of insulin in the presence of EDTA or Se was not evaluated, the possibility that insulin may 

promote the survival and proliferation of an insulin-dependent cell line was not addressed in this study.  

Investigating linearity to calculate peroxide value 

A standard solution of ferric(III) chloride was made in water from stock ferric(III) chloride solution as 

described in the experimental section in order to produce the standard curve of Fe3
+ concentration versus 

absorbance. Different levels of ferric iron concentrations (3, 5, 8, 12, 15 and 20 µg/mL) were examined 

to determine its linearity.  The reaction was performed in 2 mL separate tubes covered with aluminum 

foil to protect the reaction mixture from light. Added 15 µL of stock ammonium thiocyanate solution, 

mixed well by vortex. The tubes were heated in a water bath at 50 °C for 2 minutes to promote color            

development. To bring the tubes temperature to RT, they were placed in an ice bath for 2 minutes [39]. 

All tubes were wrapped in aluminum foil and left to sit at RT for 5 minutes. Mixed well and 200 µL of 

mixture is transferred from each tube into a 96-well plate. To establish the linearity, a linear regression 

analysis was utilized. The calibration graph was made by graphing the ferric iron concentrations against 

the absorbance obtained from the plate reader at 505 nm. The ferric iron coefficient of determination (R2) 

was determined to be 0.9959, the standard curve was linear over the entire range (Figure 3), and the  
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 Figure 3. Calibration curve for the measuring of peroxide level 

Figure 2. Calibration curve for the quantification of standard insulin 
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results showed that the concentrations utilized closely followed Beer's law.  The y-intercepts for ferric 

iron were calculated as a proportion of the analytical concentration response. The equation of the                 

standard curve in this range, y = 0.0131x - 0.0239, relates the absorbance (Y) to the ferric iron                        

concentration (X). The peroxide value, expressed as milliequivalents of peroxide per kilogram of sample 

was calculated by using the following equation.  

 

 

 

 

Sa = absorbance of sample 

Ba = absorbance of blank 

M = slope of standard curve 

M0 = mass in grams of the sample 

55.84 = atomic weight of iron 

The peroxide value is expressed as milliequivalents of peroxide rather than milliequivalents of oxygen 

using the division factor 2. 

Peroxide levels are determined in DMEM and RPMI media 

All lab solutions and media used for cell development have been found to be contaminated with                

transition metal ions [41], including DMEM, a cell culture medium that contains copper, iron(III) nitrate, 

free iron ions, and many other transition metal ions with strong pro-oxidant characteristics [42].               

Metal-catalyzed oxidation (MCO), however, is one of the therapeutically significant forms of oxidative 

stress-induced protein oxidation [43]. Therefore, insulin is frequently susceptible to oxidative breakdown 

when made at relatively low concentrations of insulin in serum-free medium and other formulations, 

which can be an important concern. Although antioxidants are a family of compounds that can stop            

oxidation from occurring [42], they are generally lacking in cell culture media. Since the objective of this 

study was to determine if the antioxidant and radical-scavenger properties of EDTA and Se would            

decrease the levels of peroxide in the DMEM and RPMI media. As stated in the experimental section, 

insulin was incubated in DMEM and RPMI media with different concentrations of EDTA and Se for 5 

days at 37 °C.  The modified IDF method was used to determine the peroxide level, and results showed 

that EDTA considerably reduced the quantity of peroxide level in both DMEM and RPMI media                 

compared to the control (Table 3, 4 and Figure 4, 5). This demonstrated that EDTA might reduce              

solution-induced protein oxidation by peroxide and Fe(II) [44], and it's probable that it will interact with 

free radicals and metal ions in DMEM and RPMI media to prevent the chain reaction before it impacts 

insulin. It can also be thought of as a chelating agent to remove redox metal ions from DMEM and RPMI 

media to prevent the oxidation of insulin. The results of the experiment, which showed that there was no 

dose-dependent effect of different EDTA concentrations on the decreased peroxide levels in DMEM and 

RPMI media,  therefore 5 mM EDTA may be used in DMEM and RPMI media in addition to insulin 

formulations to prevent insulin oxidation. Additional research is also required in order to completely 

explain the hypotheses underlying the EDTA-induced short- and long-term concentration-dependent        

effects on reduced peroxide levels in DMEM and RPMI media. Although Se being a necessary trace  
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element as well as essential for antioxidant defense [45], this investigation found that Se had no effect on 

peroxide levels in the DMEM or RPMI media when compared to control. However, Se may initially                    

produce superoxide in vitro after being added to the medium in both DMEM and RPMI [46].  Therefore, 

it may suggest that Se only functions as an antioxidant in vivo when it gets incorporated into                              

selenoproteins and not when it is present in in vitro DMEM or RPMI media alone. 

 SDS-PAGE study confirms the stability of insulin 

In order to confirm the RP-HPLC findings, we performed an additional stability-indicating SDS-PAGE 

experiment to examine the impact of EDTA and Se on insulin stability in DMEM and RPMI media. In 

DMEM and RPMI media with different concentrations of EDTA and Se, SDS-PAGE was performed to 

determine the stability of insulin for 5 days, as described in the experimental section.  Insulin migrated in 

a single band with a molecular weight of approximately 5 kDa in all stability tests under non-reducing 

conditions.  Insulin stability studies in DMEM and RPMI media containing antioxidants at different con-

centrations are shown in Figure 7. The results demonstrated that, in comparison to the control, insulin 

stability did not decrease in either the DMEM or RPMI media. The insulin bands' intensity did not 

change considerably over time. Additionally, not all insulin stability samples under non-reduced condi-

tions showed visible precipitates and dimer bands, indicating the absence of insulin fibrils, disulfide and 

non-disulfide cross-linking interaction. Soluble or insoluble aggregates, reversible or irreversible aggre-

gates, covalent or noncovalent aggregates are all possibilities [47]. In the absence of protein aggregation 

bands, precipitates most likely formed physically and may have completely disintegrated in the SDS 

sample buffer under sample conditions. However, the SDS-PAGE result is in agreement with the HPLC 

single peak, suggesting that the presence of EDTA and Se in DMEM and RPMI media protected the in-

sulin from oxidation.  

 

Discussion  

It is widely known that insulin stability has a direct impact on human health, and both pharmaceutical 

companies and academic institutions routinely measure insulin levels.   Since mammalian cells are               

routinely cultivated in vitro using readily available, chemically defined media, which are frequently             

extremely complicated and have been designed to encourage cell multiplication. It is unclear how long 

insulin will remain stable at 37 °C when used as a growth factor in cell culture medium. Moreover, no 

research has specifically focused on the stability of insulin in DMEM and RPMI media, the objective of 

this study was to evaluate how well insulin could maintain its stability in both DMEM and RPMI media 

in the presence of antioxidants EDTA and Se. Then, using a modified IDF method, these compounds 

were tested for their ability to lower peroxide levels in DMEM and RPMI media.  The insulin bioassay 

was insensitive, therefore the soluble insulin concentration in DMEM and RPMI media was measured 

using the RP-HPLC method.  

 Since the insulin samples were made from DMEM and RPMI media, the samples' matrix required to be 

free of any impediments to insulin detection for the length of the 30-minute run time. Using our                   

chromatographic approach, insulin was eluted from DMEM and RPMI media in a single peak at 13 

minutes (Figure 1). The concentration of soluble insulin in the stability samples with EDTA and Se in 

DMEM and RPMI media increased in comparison to the control (Table 1 and 2), even though RP-HPLC 

was unable to find any degradation products, such as monomer, covalent dimerization, or high-molecular

-weight oligomers, throughout the stability analysis. It is anticipated that limiting insulin solubility, ionic 
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% Insulin recovered   

Insulin Samples  
0 Day 5 Days at 37 °C 

Insulin in 0.01 N Hcl 102.8 96.8 

Insulin in DMEM  95 75.3 

Insulin in DMEM + 2 µM Se 93.9 84.1 

Insulin in DMEM + 5 µM Se 95.7 87.4 

Insulin in DMEM + 10 µM Se 95.2 86.0 

Insulin in DMEM + 2.5 mM EDTA 93.6 83.5 

Insulin in DMEM + 5 mM EDTA 93.6 93.3 

Insulin in DMEM + 10 mM EDTA 94.9 95.1 

Table 1. Impact of EDTA and Se on the stability of insulin in DMEM media.  In separate vials, insulin solu-

tions were prepared in DMEM media, in the presence of different concentration of Se and EDTA. Sample vials 

were incubated at 37 °C for 5 days. The solutions were analyzed separately by RP-HPLC and the percent recovery 

of insulin was determined by using the Empower software, version 3.  The results represent the mean of three dif-

ferent experiments. 

Figure 4. Peroxide levels in DMEM media are affected by EDTA and Se. Separate vials containing different 

concentrations of EDTA and Se were used for preparing the insulin in DMEM medium.  The stability sample 

vials were incubated at 37 °C for five days.  Using equation, the peroxide level was determined as milliequiva-

lents of peroxide per kilogram of sample. Results from three different trials were compared to controls and 

newly made insulin in DMEM medium. The results represent the mean of three different experiments. 
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Figure 5. Peroxide levels in RPMI media are affected by EDTA and Se. Separate vials containing different 

concentrations of EDTA and Se were used for preparing the insulin in RPMI medium.  The stability sample 

vials were incubated at 37 °C for five days.  Using equation, the peroxide level was determined as milliequiva-

lents of peroxide per kilogram of sample. Results from three different trials were compared to controls and 

newly made insulin in RPMI medium. The results represent the mean of three different experiments. 

Table 2. Impact of EDTA and Se on the stability of insulin in RPMI media.  In separate vials, insulin solutions 

were prepared in RPMI, in the presence of different concentration of sodium selenite and EDTA. Sample vials 

were incubated at 37 °C for 5 days. The solutions were analyzed separately by RP-HPLC and the percent recovery 

of insulin was determined by using the Empower software, version 3.  The results represent the mean of three dif-

ferent experiments. 

Insulin Samples 
             % Insulin recovered   

0 Day 5 Days at 37 °C 

Insulin in RPMI 94 79.8 

Insulin in RPMI + 2 µM Se 96.6 88.8 

Insulin in RPMI + 5 µM Se 99.6 100.8 

Insulin in RPMI + 10 µM Se 97.6 91.5 

Insulin in RPMI + 2.5 mM EDTA 98.6 93.5 

Insulin in RPMI + 5 mM EDTA 97.9 99.7 

Insulin in RPMI + 10 mM EDTA 99.1 92.1 
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complexation, salting out, and charge neutrality around the isoelectric pH will result in some additional 

non-covalent aggregation formation.  Since non-covalent aggregates will dissociate in the organic solvent

-based mobile phase's low pH, it is difficult to identify them. However, in this result neither the DMEM 

nor the RPMI media showed any evidence of insulin that had been degraded or oxidized in the presence 

of EDTA and Se. Overall, these results demonstrate that, when used as in vitro treatments, 5 mM EDTA 

or 5 µM Se can stabilize insulin in DMEM and RPMI conditions for up to 5 days. Moreover, when the 

highest concentrations of EDTA and Se were tested, there were no noticeable differences in the insulin 

stability between the DMEM and RPMI media (data not shown). 

Additionally, the level of peroxide was measured in the presence of antioxidants EDTA and Se in both 

DMEM and RPMI media. Due to the lack of antioxidants in cell culture media, free radical production is 

constant in in vitro cell culture, where the cells are maintained at oxygen (O2) concentrations higher than 

in vivo [48], exposed to different physiochemical conditions [49], photochemically reducing dissolved 

organic matter [50], and having metal ions in DMEM and RPMI media [51]. Therefore in the aqueous 

solutions the protein oxidation can be induced by radical species [52]. In view of the current research 

status, the objective of this research was to determine the peroxide levels in DMEM and RPMI media 

independently and in the presence of different EDTA and Se concentrations. To accomplish this, the          

peroxide assay was carried out using a modified IDF method. The results shown in Table 3 - 4 and                 

Figure 4 - 5 demonstrate that antioxidant EDTA treatment of insulin in both DMEM and RPMI media 

considerably decreased the level of peroxide. The result was compared with a freshly prepared and              

control samples.  According to the results of this experimental study, 5 mM of EDTA can lower peroxide 

levels by scavenging free radicals and chelated metal ions that are present in DMEM and RPMI media. 

The peroxide levels in the Se treated insulin samples increased similarly to the control samples and did 

not decrease in either the DMEM or RPMI media. The investigation's findings supported the hypothesis 

that selenite would generate superoxide in vitro before producing other ROS [46]. Selenite can oxidize 

by photochemically producing hydroxyl radicals (●OH) and hydrogen peroxide (H2O2) [53], as well as by 

varying the concentration of Se, the pH, the ionic strength, and the medium [54]. Although selenium has 

antioxidant properties [55], experimental findings in DMEM and RPMI medium show that Se had no 

antioxidant impact in vitro. The present investigation also suggests that Se is a non-metallic element with 

chemical bonding properties and an electronic configuration that is similar to sulfur. Se is more                  

nucleophilic than sulfur, hence they are frequently employed interchangeably in chemical processes. Due 

to this characteristic, selenium is more electrophile reactive.  However, Se might react with the cysteine 

in the A chain of insulin and produce Se-insulin, which could increase insulin stability and reduce                 

oxidative damage [56]. To fully understand the Se peroxide-reducing ability in in vitro DMEM and 

RPMI media, however, more research is required. The results of the present investigation suggest that 

EDTA can reduce peroxide levels in cell culture media like DMEM and RPMI. Due to its proven ability 

to   improve insulin stability and reduce peroxide levels in DMEM and RPMI media, 5 mM EDTA may 

be a potential therapeutic approach for the treatment of insulin in in vitro cell culture.    

The conformational stability of insulin samples in DMEM and RPMI media containing different              

concentrations of EDTA and Se has been evaluated using SDS-PAGE under non-reduced conditions. 

The intensity of the insulin bands remained unchanged in any of the stability samples. The lack of                

deaminated, dimers, or degraded products in all samples implies that throughout the stability test in 

DMEM and RPMI media, insulin did not undergo an oxidation reaction or disulfide cross-linking.  
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Peroxide Value (meq/kg) 
  Sample name 

0 day 5 days  at 37 °C 

Insulin prepared in fresh RPMI 0.052 - 

Insulin in RPMI - 0.071 

Insulin in RPMI + 2 µM Se - 0.063 

Insulin in RPMI + 5 µM Se - 0.072 

Insulin in RPMI + 10 µM Se - 0.077 

Insulin in RPMI + 2.5 mM  EDTA - 0.007 

Insulin in RPMI + 5 mM  EDTA - 0.004 

Insulin in RPMI + 10 mM  EDTA - 0.002 

Table 4. Peroxide levels in RPMI media are affected by EDTA and Se. The effect of the antioxidants EDTA 

and Se on the peroxide level in serum-free RPMI medium was studied. After preparing the insulin solution in 

RPMI media containing different EDTA and se concentrations, it was incubated for five days at 37 °C. The amount 

of peroxide was calculated as milliequivalents of peroxide per kilogram of sample using equation. When compared 

to the control and untreated sample, the antioxidant EDTA dramatically reduced the level of peroxide in RPMI 

media. Se, however, had no impact on the amount of peroxide present in RPMI media.  The results represent the 

mean of three different experiments. 

Table 3. Peroxide levels in DMEM media are affected by EDTA and Se. The effect of the antioxidants EDTA 

and Se on the peroxide level in serum-free DMEM medium was studied. After preparing the insulin solution in 

DMEM media containing different EDTA and se concentrations, it was incubated for five days at 37 °C. The 

amount of peroxide was calculated as milliequivalents of peroxide per kilogram of sample using equation. When 

compared to the control and untreated sample, the antioxidant EDTA dramatically reduced the level of peroxide in 

DMEM media. Se, however, had no impact on the amount of peroxide present in DMEM media.  The results repre-

sent the mean of three different experiments. 

Sample name 

Peroxide Value (meq/kg) 

0 day 5 days  at 37 °C 

Insulin prepared in fresh DMEM 0.05 - 

Insulin in DMEM - 0.06 

Insulin in DMEM + 2 µM Se - 0.067 

Insulin in DMEM + 5 µM Se - 0.063 

Insulin in DMEM + 10 µM Se - 0.063 

Insulin in DMEM + 2.5 mM  EDTA - 0.001 

Insulin in DMEM + 5 mM  EDTA - 0.001 

Insulin in DMEM + 10 mM  EDTA - 0.002 
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Figure 6: Effect of EDTA and Se on the stability of insulin in DMEM medium. 

Different concentrations of Se and EDTA were used for preparing insulin in DMEM me-

dium in separate vials, and each sample vial was incubated at 37 °C for 5 days. Tris-

glycine SDS 16% gel was used in SDS-PAGE to analyze the stability of the insulin under 

non-reduced conditions, and SimplyBlueTM Safe Stain was used for staining. Three dif-

ferent experiments were carried out. 
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Figure 7. Effect of EDTA and Se on the stability of insulin in RPMI medium. Different 

concentrations of Se and EDTA were used for preparing insulin in RPMI medium in separate 

vials, and each sample vial was incubated at 37 °C for 5 days. Tris-glycine SDS 16% gel was 

used in SDS-PAGE to analyze the stability of the insulin under non-reduced conditions, and 

SimplyBlueTM Safe Stain was used for staining. Three different experiments were carried out. 
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Conclusions 

The purpose of this study was to evaluate the stability of insulin in the presence of the antioxidants 

EDTA and Se in DMEM and RPMI media.  It was found that insulin stability improved when EDTA and 

Se were added individually to the DMEM and RPMI media. Since the impact of different EDTA and Se 

concentrations on the stability of insulin in DMEM and RPMI medium was not concentration dependent, 

it is suggested that 5 mM EDTA or 5 µM Se may be used to maintain insulin stability in vitro using these 

media.  In addition, the level of peroxide was measured separately in the presence of EDTA and Se in 

both DMEM and RPMI media. The addition of EDTA substantially decreased the amount of peroxide in 

both DMEM and RPMI media, but Se had no antioxidant effects on either DMEM or RPMI media. The 

experiment's findings, which demonstrated that there was no concentration-dependent relationship             

between the effects of different EDTA concentrations on peroxide levels in DMEM and RPMI media. 

Thus, 5 mM EDTA can be added to DMEM and RPMI media in addition to insulin formulations in order 

to reduce the peroxide level and prevent insulin oxidation. In addition, the results of the study suggested 

that although Se does not have an antioxidant effect, it would be possible to add 5 µM Se to DMEM and 

RPMI media in order to maintain insulin stability during in vitro treatments. 

Further research is required to fully understand the mechanisms behind the short- and long-term                       

concentration-dependent effects of EDTA on reduced peroxide levels in DMEM and RPMI media.  
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