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INTRODUCTION

Many studies have been conducted to develop a dissolution media which better reflects the contents of the human gastroin-
testinal system. In those studies, researchers added some enzymes, surfactants, bile salts, phospholipids, lipolysis products etc. 
to the media (Dressman et al. 1998; Galia et al. 1998; Tang et al. 2001; Wiedman et al. 2002; Jantraid et al. 2008). Additionally, pH, 
surface tension, and the osmolality of these media were taken into consideration. Regarding the effect of food on the absorption 
of BCS Class 2 drugs, the dissolution media for the fed state were also developed separately (Dressman et al. 1998; Galia et al. 
1998; Jantraid et al. 2008). 

Health authorities have not yet approved any biorelevant media other than compendial media. However, Dressman devel-
oped two basic media for reflecting intestine in the fasted and fed states (Dressman et al. 1998). These media are known as 
Fasted State Simulated Intestinal Fluid (FaSSIF) and Fed State Simulated Intestinal Fluid (FeSSIF). These media have attracted 
the attention of a many scientists and much research has been conducted in their use (Galia et al. 1998; Nicolaides et al. 1999; 
Kostewicz et al. 2002; Fagerberg et al. 2010). Moreover, several other media were developed based on these media (Marquez 
2004; Jantraid et al. 2008; Fatouros et al. 2009; Kleberg et al. 2010; Klein 2010; Fuchs et al. 2015; Zhou et al. 2017). When the dis-
solution tests that were performed using these media provided a better correlation in vivo (Mathias et al. 2015; Xu et al. 2017), 
researchers started to use them in permeability studies (Patel et al. 2006; Birch et al. 2018). However, certain components in 
these media such as bile salts and phospholipids raised suspicions regarding the possible toxic effects on cell lines (Ingels 
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ABSTRACT

Biorelevant media are used to simulate the physiological conditions in terms of components, pH, osmolality and buffer ca-
pacity of the human stomach and intestine in both fasted and fed states  In this study, we aim to apply the biorelevant media 
to Caco-2 cell lines to investigate the cytotoxicity effects via the cell viability ratio and to compare the solubilizing effects 
of various dissolution media on a poorly soluble model drug. Flurbiprofen (Biopharmaceutics Classification System, BCS 
Class 2) was selected as a model drug. 

In dissolution studies the pH effects were predominant at higher pH values, while bile salt effects were dominant at lower 
pH values. The preparation method, bile salts and the phospholipids did not show any additional effect on Caco-2 cell 
viability. In the cytotoxicity test, fed state media caused an additional 10-15% decrease in cell viability, compared to the 
fasted state. Similar results were obtained when using the blank of these media which did not include the bile salt or 
phospholipid. From this, it is evident that this decrease resulted from the pH values, not the components. In conclusion, 
the cytotoxicity assessment showed that all the biorelevant media were compatible with 70-90% of cell viability for at least 
24 h, and this ratio might be increased by modifying the pH. 
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and Augustijns 2003; Birch et al. 2018). Apart from the com-
ponents of these media, the preparation process is also im-
portant. Due to the physicochemical properties of bile salts 
and lecithin and the use of organic solvents in the process, 
the preparation of these media is not simple. To standard-
ize the media preparation, an instant powder mix of these 
components was obtained (SIF Powder®) by Biorelevant.com 
(Boni et al. 2009).

Flurbiprofen is a rapidly absorbed, non-steroidal anti-in-
flammatory drug, with 96% oral bioavailability following 
oral administration. Absorption is increased with food (Par-
gal et al. 1996) and it eliminates 75-80% as metabolites and 
20-25% as the unchanged drug in the urine. Flurbiprofen is 
a weak acid with a pKa of 4.22. It is a BCS Class 2 drug and 
practically insoluble in water. It has a solubility of 0.0080 
mg/mL at pH 1.2 and its solubility increases with pH (Li and 
Zhao 2003). Yazdanian et al. calculated the permeability 
(Papp) of flurbiprofen as higher than verapamil used as the 
reference drug with a Papp of 20.1x106±2.7 x 106 cm/s (Yaz-
danian et al. 2004). 

In this study, we aim to evaluate the possible cytotoxic effects 
of a high permeable model drug when prepared convention-
ally and when prepared from the instant powder. For this rea-
son, we selected a BCS Class 2 drug - flurbiprofen. Moreover, 
we performed solubility and dissolution tests with the com-
mercial product containing the model drug to compare the 
media against themselves. In addition to the biorelevant me-
dia, pharmacopeial media and blank media not including the 
bile salts and phospholipids were also used to assess the pH 
effects.

MATERIALS AND METHODS

Sodium taurocholate 97% pure (high quality: HQ), egg-phos-
phatidylcholine, MTT and trypan blue were purchased from 
Sigma-Aldrich® (USA). All the chemicals and reagents were 
purchased from Merck® (Germany). SIF Powder® (Biorelevant.
com, United Kingdom) is a patented formulation of sodium 
taurocholate and lecithin with the molar ratio of 4:1 which cor-
responds with Dressman’s formulation (Dressman et al. 1998). 

The biorelevant media prepared using instant powder are de-
fined as SIF-FaSSIF and SIF-FeSSIF in this study.

Dulbecco’s Modified Eagle’s Medium (DMEM), EDTA, Fetal 
bovine serum (FBS) and RPMI 1640 were purchased from Bio-
chrom, Germany and Caco-2 cells were obtained from Cell 
Culture Collection, Turkey. Flurbiprofen (Sun Pharmaceuticals, 
India) was supplied from Drogsan Pharmaceuticals (Turkey). 
Ansaid® (Pfizer, Turkey) 100 mg film-coated tablets were pur-
chased from a local drug market.

Preparation of dissolution media
The classical dissolution media of pH 1.2, pH 4.5, and pH 6.8 
were prepared according to USP. FaSSIF and FeSSIF were pre-
pared as previously reported (Marquez 2004). SIF-FaSSIF and 
SIF-FeSSIF, Blank FaSSIF, Blank FeSSIF were prepared in accor-
dance with the protocols of Biorelevant.com. The composi-
tions of the biorelevant media and blank media are shown in   
Table 1.

Solubility
Solubility measurements of the samples were performed us-
ing the shake-flask method and all the solubility experiments 
were conducted in triplicate. According to the method, the ex-
cess of the drug powder was added to 50 mL of different disso-
lution media and stirred at 37.0˚C±0.1˚C in a shaking incubator 
water bath. The equilibrium time was set to 24 h. The final solu-
tion was then filtered through a 0.45 μm (Millipore Millex-HV, 
USA) membrane filter and analyzed using a UV spectropho-
tometer (Shimadzu, UV-170, Japan). To evaluate the solubility 
results of the drug, dose number (D0), which is defined as the 
ratio of drug concentration in the administered volume to the 
saturation solubility of the drug (Oh et al. 1993) was used. It 
was calculated using Equation 1. 

𝐷𝐷0  =  
𝑀𝑀0

𝑉𝑉0
�

𝐶𝐶𝑆𝑆
         Eq 1

where Mo is the dose of drug administered, Vo is the adminis-
tered volume, and Cs is the saturation solubility. Fluid volume 
used with the drug was set as 250 mL - the volume of a glass 

Table 1. Compositions of the FaSSIF and FeSSIF (Dressman et al. 1998; Biorelevant.com)

Compositions FaSSIF* FeSSIF* SIF-FaSSIF SIF-FeSSIF Blank FaSSIF Blank FeSSIF

Sodium taurocholate 3 mM 15 mM 3 mM 15 mM - -

Lecithin 0.75 mM 3.75 mM 0.75 mM 3.75 mM - -

NaH2PO4.H2O 1.977 g - 1.977 g - 1.977 g -

Glacial acetic acid - 8.65 g - 8.65 g - 8.65 g

NaCl 3.093 g 11.874 g 3.093 g 11.874 g 3.093 g 11.874 g

NaOH (pellets) 0.174 g 4.04 g 0.174 g 4.04 g 0.174 g 4.04 g

Deionized water (qs) 500 mL 1000 mL 500 mL 1000 mL 500 mL 1000 mL

pH 6.5 5.0 6.5 5.0 6.5 5.0

*Lecithin was dissolved in dichloromethane, after emulcification dichloroethane was evaporated. 
FaSSIF: Fasted State Simulated Intestinal Fluid, FeSSIF: Fed State Simulated Intestinal Fluid , SIF-FaSSIF: Fasted State Simulated Intestinal 
Fluid prepared using instant powder, SIF-FeSSIF: Fed State Simulated Intestinal Fluid prepared using instant powder, Blank FaSSIF: Fasted 
State Simulated Intestinal Fluid media not including the bile salts and phospholipids, Blank FeSSIF: Fed State Simulated Intestinal Fluid media 
not including the bile salts and phospholipids
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of water. While a D0 which is equal to or lower than 1 means 
a high-solubility, a D0 higher than 1 indicates a low-solubility.

In vitro dissolution studies
USP apparatus 2 (PharmaTest, Germany) was used for all dis-
solution tests. The dissolution studies were carried out at 
37±0.5˚C in 900 mL of dissolution media and with a rotational 
speed of 50 rpm. At each predetermined sample time inter-
vals (5, 10, 15, 20, 30, 45 and 60 minutes), 5 mL of the sam-
ple was taken, and 5 mL of blank medium was replaced. All 
samples were filtered using 0.45 μm (Millipore Millex-HV, USA) 
membrane filter and after diluting, they were analyzed by the 
validated UV spectrophotometric method (Shimadzu, UV-170, 
Japan). All experiments were performed in triplicate. The dis-
solution test results were evaluated using the similarity factor 
(f2) to compare the mediums. 

 Eq 2

Where n is the number of time points, Rt is the dissolved 
amount of the reference at time t, and Tt is the dissolved 
amount of the test at time t. 

Spectrofotometric analysis
A Shimadzu UV-170 Spectrophotometer (Japan) was used for 
UV analysis. All assay and dissolution studies were analyzed us-
ing a UV-spectrometer. The maximum absorbance values of 
the drugs in various media were different. The wavelengths 
(λmax) that are being used were 246 nm (pH 4.5, pH 6.8, Blank 
FaSSIF, FaSSIF and Blank FeSSIF), 248 nm (SIF-FeSSIF) and 250 
nm (FeSSIF and SIF-FeSSIF). 

Cytotoxicity assessments
Caco-2 cells were grown at 37˚C in an atmosphere of 5% CO2 
in Dulbecco’s Modified Eagle Medium (DMEM) supplemented 

with 10% fetal bovine serum. A confluent cell line was washed 
with trypsin/EDTA solution (0.05%/0.02%) and kept in an in-
cubator for 5-10 minutes and then centrifuged. The cell line 
was homogenized by DMEM with 10% of serum and 1% of 
antibiotic. Three passages were performed. For the cell count 
0.1 mL of trypan blue was added to 0.9 mL of cell suspension 
and the cell count was conducted by a hemacytometer. The 
cell viability was then checked with an optical microscope. The 
cells were homogenized in DMEM containing 10% FBS and 1% 
antibiotic and then a 4x104 cell/mL cell suspension was pre-
pared and transferred to 96-well cell plates (100 μL/well) and 
incubated in 5% CO2 for 24 hours. 

MTT viability test
 The MTT [3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 
Bromide] test is a colorimetric assay test that can be used to 
determine cell viability (mitochondrial activity) measuring the 
extent of formazan formation after the lysis of the living mate-
rial and the solubilization of formazan crystals (Berridge et al 
2005). 

The MTT [3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazoli-
um Bromide] test was performed to evaluate the cytotoxicity 
of sodium taurocholate, lecithin and flurbiprofen in biorel-
evant media with incubation times of 1 and 24 hours and 
concentrations of 100 μM and 500 μM. These concentrations 
were selected with reference to previous transport studies 
(Laitinen et al. 2007). The cell viability values were calculated 
as a percentage in control groups according to the following 
equation: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝐶𝐶𝑣𝑣𝑣𝑣𝑣𝑣 (%) =  
𝐴𝐴𝑣𝑣𝐶𝐶𝑡𝑡𝑣𝑣

𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑣𝑣𝑐𝑐𝑐𝑐𝐶𝐶  𝑥𝑥 100  Eq 3

where Atest is the absorbance of test and Acontrol is the absor-
bance of DMEM.

RESULTS AND DISCUSSSION

Solubility 
The solubility studies were assessed following two methods: 
1) the effect of pH and 2) the effect of concentrations of so-
dium taurocholate and lecithin. In addition, the preparation 
method of the biorelevant media was also considered. The 
solubility test results of flurbiprofen and estimated dose fig-
ures are summarized in Table 2. Flurbiprofen is a weak acid, 
thereby it is soluble when the pH value is greater than its pKa 
value of 4.22. For this reason, flurbiprofen did not practically 
dissolve at pH 1.2 and the solubility increased with pH. When 
the solubilization effects of sodium taurocholate and lecithin 
were not considered, flurbiprofen showed the maximum 
solubility at pH 6.8, the highest pH. The solubility at pH 6.8 
was four times higher than at pH 4.5. The solubility values of 
flurbiprofen at different pH levels (Table 2) were in a strong 
correlation with the literature data (Li and Zhao 2003). To 
evaluate the effect of sodium taurocholate and lecithin in the 
fasted state (Table 3), Blank FaSSIF was compared with FaSSIF 
and SIF-FaSSIF. The solubility values of flurbiprofen in Blank 
FaSSIF, FaSSIF, and SIF-FaSSIF, while similar, were lower than 

Table 2. Solubility and dose number values of 
flurbiprofen in different dissolution media.

   Dissolved % 
Dissolution  Solubility±SD  in 30 min 
media (mg/mL) D0±SD Mean±SD

pH 4.5 0.0555±0.0003 7.21±0.04 39.6±0.4

pH 6.8 2.53±0.05 0.323±0.006 90.9±0.9 

BlankFaSSIF 1.78±0.03 0.224±0.003 93.2±1.7

FaSSIF 1.25±0.02 0.158±0.003 95.7±3.0

SIF-FaSSIF 1.70±0.01 0.237±0.001 98.6±0.9

BlankFeSSIF 0.0756±0.0014 5.29±0.09 58.3±1.0

FeSSIF 0.529±0.007 0.756±0.011 76.1±2.4

SIF-FeSSIF 4.20±0.02 0.0946±0.0005 104.5±0.1

D0: Dose number, SD: Standard deviation, FaSSIF: Fasted State 
Simulated Intestinal Fluid, FeSSIF: Fed State Simulated Intestinal 
Fluid , SIF-FaSSIF: Fasted State Simulated Intestinal Fluid prepared 
using instant powder, SIF-FeSSIF: Fed State Simulated Intestinal 
Fluid prepared using instant powder, Blank FaSSIF: Fasted State 
Simulated Intestinal Fluid media not including the bile salts and 
phospholipids, Blank FeSSIF: Fed State Simulated Intestinal Fluid 
media not including the bile salts and phospholipids
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the solubility at pH 6.8 media which has a higher pH value 
than biorelevant media. Interestingly, neither FaSSIF nor SIF-
FaSSIF provided a more significant increase than Blank-FaSSIF. 
To investigate the food effect on flurbiprofen solubility, we 
compared the Blank FeSSIF, FeSSIF and SIF-FeSSIF. The solubil-
ity of flurbiprofen was increased seven-fold in FeSSIF com-
pared with Blank FaSSIF. However, in SIF-FeSSIF flurbiprofen 
was eight times more soluble than FeSSIF and 56 times more 
soluble than Blank-FaSSIF. This dramatic variation between 
FeSSIF and SIF-FeSSIF is thought to result from the prepara-
tion processes. FaSSIF and FeSSIF were prepared using di-
chloromethane as a solvent and after the emulsification pro-
cess, the organic solvent should be evaporated as reported 
in the literature (Dressman et al. 1998). Therefore, it is difficult 
to standardize the preparation method. It may be affected 
by the capacity of the equipment in the emulsification and 
evaporation processes. However, the SIF-Powder was simply 
dissolved in the blank mediums as described in Biorelevant 
media. Therefore, probable variations arising from using dif-
ferent analysts, equipment or time can be minimized.

Based on the Do values given in Table 3, flurbiprofen was 
found to have low solubility in pH 4.5 and blank FaSSIF (D0>1), 
while it was highly soluble (D0<1) in all the other media (Ta-
ble 3).

In vitro dissolution studies
Dissolution studies were performed to witness the media ef-
fects on BCS Class 2 drug. Ansaid® (Pfizer, Turkey) 100 mg was 
used for the dissolution studies as a reference product for 
flurbiprofen. The mean dissolution profiles of flurbiprofen are 
shown in Figure 1. Since flurbiprofen is a weak acid with a pKa 
of 4.22, the ionized form of flurbiprofen increases as the pH 
of the dissolution media increases. After 1 hour, the dissolved 
ratio of flurbiprofen from tablets was 47% at pH 4.5 buffer, 
whereas the dissolved amount was 68% in Blank FeSSIF (pH 
5.0). Although, the dissolution of flurbiprofen increased with 
a pH higher than pKa of 4.22, a complete dissolution was not 
observed at pH 5.0. Given the use of SIF-FeSSIF containing 
bile salt/lecithin media with the same pH, a great enhance-
ment resulting in complete dissolution was observed. Nev-
ertheless, in FeSSIF, media which includes the same amount 
of bile salt and lecithin, a complete dissolution was not 
achieved. When comparing FeSSIF and SIF-FeSSIF, the two-
bile salt and lecithin containing media, this significant differ-
ence is thought to result from the preparation conditions. 
SIF-FeSSIF is an easy-to-prepare instant powder, whereas 
FeSSIF involves a complicated preparation process including 
an organic solvent evaporation step. The similarity factors of 
the biorelevant media and their blanks are given in Table 3. 
More than 85% of the drug was released in 30 minutes at pH 
6.8, Blank FaSSIF, FaSSIF and SIF-FaSSIF with pH 6.5. While the 
pH effect was predominant at the higher pH values, bile salt 
effect was dominant at the lower pH levels. Therefore, thanks 
to the pH of FaSSIF 6.5, it may not be necessary to use the 
bile salts in media. However, the dissolution results of FeS-
SIF, Blank FeSSIF and SIF-FeSSIF were not found to be similar. 
SIF-FeSSIF significantly increased the release of flurbiprofen. 
This means that the preparation method is equally as impor-
tant as the composition of the fed state biorelevant media. In 
line with these results, we decided to assess the preparation 
method of the biorelevant media when evaluating the cyto-
toxicity on the Caco-2 cell line.

Cytotoxicity results
The effects of sodium taurocholate and lecithin, DMSO, and 
flurbiprofen on the mitochondrial dehydrogenase activity 
were studied in the Caco-2 cell monolayers. Conventionally 
prepared biorelevant media (Dressman et al. 1998), and the 
media prepared using SIF-Powder® (the instant powder), were 
evaluated separately. To eliminate the pH effect, the media 
without bile salt and phospholipid (Blank media) were also 
investigated and DMEM without serum was used as a con-
trol. Additionally, a model drug (flurbiprofen) at two different 
concentrations (100 μM and 500 μM) was evaluated in these 
biorelevant media. Cell viability was scored according to the 
following classification (Dahl et al. 2006): More than 90 percent 
of cell viability was defined as “non-cytotoxic”; 60-90 percent 
of cell viability was defined as “slightly cytotoxic”; 30-59 per-
cent of cell viability was defined as “moderately cytotoxic” and 
less than 30 percent of cell viability was defined as “severely 
cytotoxic”.

Since the model drug possesses a high permeability, the 
initial measurement was carried out at the first hour and 

Table 3. Comparing the flurbiprofen dissolution 
curves in different media 

Test media Reference media f2 value* Similarity

Blank FaSSIF FaSSIF 64.2 Similar

Blank FaSSIF SIF-FaSSIF 63.3 Similar

FaSSIF SIF-FaSSIF 54.0 Similar

Blank FeSSIF FeSSIF 36.2 Not similar

Blank FeSSIF SIF-FeSSIF 16.3 Not similar

FeSSIF SIF-FeSSIF 27.2 Not similar

*When similarity factor, f2≥50 dissolution curves are similar 
FaSSIF: Fasted State Simulated Intestinal Fluid, FeSSIF: Fed State 
Simulated Intestinal Fluid , SIF-FaSSIF: Fasted State Simulated 
Intestinal Fluid prepared using instant powder, SIF-FeSSIF: Fed 
State Simulated Intestinal Fluid prepared using instant powder, 
Blank FaSSIF: Fasted State Simulated Intestinal Fluid media not 
including the bile salts and phospholipids, Blank FeSSIF: Fed State 
Simulated Intestinal Fluid media not including the bile salts and 
phospholipids

Figure 1. Dissolution profiles of flurbiprofen tablets
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another measurement was performed, at the 24th hour. The 
cell viability percents of cells in Blank FaSSIF, FaSSIF and 
SIF-FaSSIF were 88.4%±7.2, 93.7%±6.7 and 91.3%±2.7 after 
1 hour and 73.2%±1.5, 78.5%±1.6 and 77.5%±8.0 after 24 
hours, respectively (Table 4). According to the cytotoxicity 
classification, it was accepted as “slightly cytotoxic”. When 
Blank FaSSIF without bile salts was compared with FaSSIF 

and SIF-FaSSIF which included 3 mM sodium taurocholate 
and 0.75 mM lecithin, no difference was observed. Moreover, 
the viability results at 24 hours were nearly 15% lower than 
the results at 1 hour. The viability percents of cells in Blank 
FeSSIF, FeSSIF and SIF-FeSSIF were 86.1%±2.4, 84.3%±4.2 
and 82.4%±4.8 after 1 hour and 70.8%±8.2, 73.2%±3.0 and 
69.1%±4.4 after 24 hours, respectively. According to the 
cytotoxicity classification, they were accepted as “slightly 
cytotoxic”. When Blank FeSSIF without bile salts were com-
pared with FeSSIF and SIF-FeSSIF which included 15 mM so-
dium taurocholate and 3.75 mM lecithin, no difference was 
observed. However, the viability results at 24 hours were 
lower by between 10-15% when compare with the results 
at 1 hour (Figure 2). This decrease may result from the differ-
ent pH of DMEM (pH 7.4) and the biorelevant media (pH 6.5 
for FaSSIF and pH 5.0 for FeSSIF). Antoine et al. (2015) found 
similar results with 83%±24 and 69%±17 of cell viability af-
ter 2 hours using FaSSIF and FeSSIF, respectively. In another 
study (Patel et al. 2006), while cell viability results were close 
to our results for FaSSIF (nearly 70%), FeSSIF was found very 
cytotoxic on cells with about 10% of viability after 2 h. For 
this reason, Patel et al. (2006) recommended modifications 
on FeSSIF when using in permeability studies. Ingels and 
Augustijns (2003) found 96.9% ± 20.1 cell viability for FaS-
SIF, but very low cell viability (5.4%±0.3) for FeSSIF. These 
results are conflicting and none of them were comparable 
with the blank media. Therefore, our blank-controlled study 
has given us more reliable results. The cell viability results 
are given in Table 4. The cytotoxicity results of flurbiprofen 
in concentrations of 100 μM and 500 μM were also similar to 
the results of the biorelevant media without the drug. The 
results were between 80-94% (mean value of 86.3±6.3%) af-
ter 1 hour and 72-87% (mean value of 79.6±6.0%) after 24 
hours. These results have shown us that no additional toxic 
effect associated with the drug was obtained considering 
the viability results of cells (Figure 3).

As flurbiprofen is a weak acid, its solubility was affected by 
both pH and the bile salt content of the dissolution media. 
The effect of the bile salt content was found more significant 
in the media at pH values lower than the pKa of flurbiprofen, 
while the pH effect was more distinctive at higher pH values. 
Likewise, biorelevant media which was prepared using SIF-
Powder®, gave more notable results in solubility and dissolu-
tion studies of flurbiprofen.  Moreover, the decision to apply a 
biowaiver can be considered for flurbiprofen which is a weak 
acid and may be completely absorbed in small intestine due 
to its high solubility, high permeability and rapid dissolution 
properties in pH 6.8 and biorelevant simulated intestinal 
fluids. On this point, using the biowaiver media in tests for 
BCS 2 drugs would be important to enhance the solubility 
and dissolution rate. As for the results of MTT tests on Caco-2 
cells, there was no significant difference between the biorel-
evant media prepared conventionally and media prepared 
using the instant powder. Additionally, no meaningful dif-
ference was observed between the biorelevant media and 
their blanks in the Caco-2 cell viability. This means that, con-
trary to expectations, the main effect on cell viability was pH, 
with regard to bile salt and lecithin effects. Although, the cell 

Table 4. Cell viability of the biorelevant media and 
their blanks 

 Cell viability (%) Cell viability (%) 
 after 1 h after 24 h

Blank FaSSIF 88.4±7.2 73.2±1.5

FaSSIF 93.7±6.7 78.5±1.6

SIF-FaSSIF 91.3±2.7 77.5±8.0

Blank FeSSIF 86.1±2.4 70.8±8.2

FeSSIF 84.3±4.2 73.2±3.0

SIF-FeSSIF 82.4±4.8 69.1±4.4

FaSSIF: Fasted State Simulated Intestinal Fluid, FeSSIF: Fed State 
Simulated Intestinal Fluid , SIF-FaSSIF: Fasted State Simulated 
Intestinal Fluid prepared using instant powder, SIF-FeSSIF: Fed 
State Simulated Intestinal Fluid prepared using instant powder, 
Blank FaSSIF: Fasted State Simulated Intestinal Fluid media not 
including the bile salts and phospholipids, Blank FeSSIF: Fed State 
Simulated Intestinal Fluid media not including the bile salts and 
phospholipids

Figure 3. Viability of flurbiprofen in different dissolution media
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viability results for the media which reflect the fasted state 
were higher than the fed state media, all media were catego-
rized as “slightly cytotoxic” with about 70-90% of cell viability. 
Therefore, all media might be used in Caco-2 permeability 
studies. The viability results of cells decreased in the ratio 
of 10-15% after 24 hours compared to the results at 1 hour. 
DMEM, a routinely used media, has a pH of 7.4 whereas the 
studied pH values for fasting and fed states were 6.5 and 5.0, 
respectively. This decrease in the viability results was related 
to the lower pH values. The cytotoxicity results using a model 
drug -flurbiprofen (BCS Class 2) - in two different concentra-
tions were similar to the viability results of the media without 
any drug. This finding suggests that model drugs had no ef-
fect on cell viability. 

In conclusion, biorelevant media is a solid method of ap-
proach in evaluating in vitro drug performance and de-
velopment of new drug pharmaceuticals. However, the 
preparation of the method of the media is also vital for 
determining the efficiency of the tests. In that respect, dis-
solution media prepared from instant powder (such as SIF 
Powder®) are more useful for low soluble drugs.  We also 
saw a dramatic difference in dissolution and solubility re-
sults in the fed state of flurbiprofen - a Class 2 drug. Fur-
thermore, these media can be used for safely performing 
permeability studies since the bile salts and lecithin did not 
cause any cytotoxic effect on the Caco 2 cells. However, 
minor changes in pH of these media can affect the results. 
Therefore, pH adjustment should be considered in further 
investigations. 
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