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Abstract 
Improving the solubility of non-soluble herbal materials is an issue of interest in cell culture based 
experiments. Evaluating the biological activity of these materials could become possible with the aid 
of cosolvents/surfactants which obviously should have little or no cytotoxic activity. In the present 
study, the cytotoxic activity of six cosolvents/surfactants: ethanol, methanol, Tween 20 and 80, 
propylene glycol (PG) and poly ethylene glycol 400 (PEG) which are usually helpful in dissolving 
non-soluble herbal extracts, has been evaluated against HepG-2, MCF-7 and HT-29 cells by MTT 
assay. Among the investigated cosolvents/surfactants, Tween 20 and 80 demonstrated the highest and 
ethanol and methanol the lowest cytotoxicity to the evaluated cell lines, suggesting the two latter as 
proper aids for improving solubility in biological experiments. 
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Introduction 
Usually, the potency and pharmacological 
activity of the new synthesized compounds are 
over focused which often lead to poorly soluble 
compounds. Though cosolvents or solubilizing 
systems are employed, a large number of new 
drug candidates can’t be evaluated in 
permeability models because of their poor 
aqueous solubility [1]. Similarly, assessing the 
biological activity of some materials would not 
be possible in cell-based experiments due to their 
insolubility in cell culture media or non-toxic 
solvents. 

To increase aqueous   solubility of an   insoluble  
substance, methods such as pH adjustment and 
using cosolvents or surfactants can be employed. 
These methods can be used singly or in 
combination [2].  
Evaluating the cytotoxic activity of materials is a 
beginning step in cancer research studies in cell 
culture laboratories; therefore, encountering the 
insolubility of a substance becomes a hindrance 
in cytotoxicity evaluations. Many of these 
researches are focused on herbal extracts which 
sometimes could not be evaluated due to their 
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insolubility in the culture media. In the present 
study, the cytotoxicity of six usual 
cosolvents/surfactants has been evaluated in 
order to assess their induced cytotoxicity to find 
the cosolvents/surfactants with the least toxicity 
to the cultured cells. These cosolvents/surfactants 
have proved to be beneficial in dissolving non-
soluble herbal extracts in our previous 
experiences; thus, we were encouraged to assess 
their toxicity on cultured cells. Subsequently, the 
least cytotoxic cosolvent/surfactant could be used 
as a solubility aid in the experiments.  
 
Experimental 
Chemicals 
The cosolvents/surfactants of analytical grade 
[ethanol, methanol, Tween 20 and 80, propylene 
glycol (PG), polyethylene glycol (PEG)] were 
provided from Merck (Germany). 
Dulbecco’s modified eagles medium (DMEM) 
and fetal bovine serum (FBS) were purchased 
from Gibco (New Zealand) and RPMI 1640 
medium, penicillin-streptomycin and 3-(4,5-
dimethylthiazol-2-yl)-2,4-diphenyltetrazolium 
bromide (MTT), were provided from Sigma 
(USA). 
 
Cancerous cell lines 
The cell lines MCF-7 (human breast 
adenocarcinoma), HepG-2 (human hepatocellular 
carcinoma) and HT-29 (human colorectal 
adenocarcinoma), were provided from the 
Pasteur Institute, Tehran, Iran. 
 
Preparation for MTT assay 
The cosolvents/surfactants were provided in 
culture media with the final concentrations (0.7-
0.02 µL/mL), (50-1.5 µL/mL) and (200-6.25 
µL/mL) for (Tween 20 and 80), (PG and PEG) 
and (methanol and ethanol), respectively.  
   
MTT assay 
The human cancerous cells were exposed to each 
cosolvent/surfactant for 72 h, thereafter the 
medium was replaced with medium containing 
MTT (final concentration of 0.5 mg/mL in each 

well) and the cells were incubated for another 4 h 
[3-5]. In MTT assay, the viable cells are capable 
of converting MTT to violet formazan crystals by 
their reductase enzymes. The absorbance of the 
dissolved formazan crystals in DMSO can be 
measured at 570 nm with an ELISA reader, 
which is correlated to the number of viable cells. 
The relative cell viability (%) was calculated by 
(A samples /A control) × 100, where A samples 
is the absorbance of test sample and A control is 
the absorbance of control wells (without 
cosolvent/surfactant). To calculate IC50, viability 
(%) versus log concentrations was graphed by 
Microsoft Excel program [6,7]. Moreover, the 
cytotoxic activity of a sample which had been 
found to be insoluble in our previous experiments 
was evaluated by using an elective concentration 
of the most suitable cosolvents.  
 
Results and Discussion 
The results of the MTT assay suggested the most 
cytotoxic activity for Tween 20 and 80 while PG 
and PEG 400 remained in the second place. The 
least cytotoxic activity was observed for 
methanol and ethanol (figures 1-6 and table 1).  
Dimethyl sulfoxid (DMSO), has been considered 
as one of the major solvents in biological assays 
because it is water-miscible and also possesses 
high solubilizing capacity, as well as low 
viscosity which make it an acceptable solvent in 
biological experiments; however,  in some cases 
some substances are even insoluble in DMSO, 
therefore, attempts to increase the solubility of 
materials have been the focus of many studies. 
Examples include the solubility of taxol in 
aqueous solutions, which has been increased by 
using cyclodextrins [8]. Also several cosolvents 
/surfactants have been examined for improving 
water solubility of benznidazole (a treatment for 
chagas disease), among which, solvent systems 
based on PEG 400, with addition of ethyl alcohol 
and/or potassium biphthalate buffer solution have 
seemed to be effective [9]. Using Tween 80 for 
improving the solubility of capsaicin has 
appeared to enhance the solubility while it had 
not prevented the breakdown of capsaicin during  
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Figure 1. Viability of HepG-2 cells exposed to ethanol, 
methanol, PG and PEG 400 

 
 

 
Figure 2. Viability of HepG-2 cells exposed to Tween 20 

and 80 
 

 
 

Figure 3. Viability of MCF-7 cells exposed to ethanol, 
methanol, PG and PEG 400 

 
 
 

 
 

Figure 4. Viability of MCF-7 cells exposed to Tween 20 
and 80 

 

 
Figure 5. Viability of HT-29 cells exposed to ethanol, 

methanol, PG and PEG 400 
 
 

 
Figure 6. Viability of HT-29 cells exposed to Tween 20 and 

80 
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Table 1. IC50 of cosolvents /surfactants in HepG-2, MCF-7 
and HT-29 cell lines 

 IC50  (µL/mL) 

Cosolvent/surfactant 
HepG-2 MCF-7 HT-29 

Tween 20 0.2 0.9 0.8 

Tween 80 0.2 0.2 0.2 

PG 28.9 15 24.6 

PEG 400 36.5 10.8 25.6 

Methanol 124.0 38.1 47.3 

Ethanol 46.4 40.3 43.8 

 
storage [10].In another study, using 
tetrahydrofuran and DMSO as cosolvents was 
found to be unsuitable for solubilizing lycopene 
in prostate cell cultures due to their cytotoxicity 
[11]. Investigations for a suitable solvent for 
triclosan (a broad spectrum antibiotic) have 
demonstrated that aceton-solublized triclosan 
could be assessed in MCF-7 cell culture for 
cytotoxic activity evaluations [12]. Cosolvents 
and surfactants such as glycofurol 75, propylene 
glycol, polyethylene glycol 400, polysorbate 20, 
Cremophor RH40 and 2-hydroxypropyl-β-
cyclodextrin have been examined to improve the 
solubility of (+)-usnic acid (a dibenzofuran 
derivative), to find  the last  agent capable of 
solubilizing usnic acid without cytotoxicity on 
the cultured cells [2]. 
In the present study Tween 20 and 80, PG and 
PEG 400, ethanol and methanol have been 
evaluated for their cytotoxic effects in three 
tumor cell lines. The results indicated that since 
Tween 20 and 80 were toxic to the cells even at 
very low concentrations (<1 μL/mL), their usage 
as solubility aids would not be beneficial due to 
their high toxicity to the cultured cells. While PG 
and PEG exhibited moderate cytotoxic effects, 
methanol and ethanol showed more promising 
results. They presented higher IC50 in the 
evaluated tumor cells which suggested their 
probable use as cosolvents in in vitro biological 
systems. To assess our assumption for their 
advantage in being used in cell culture based 
experiments, we evaluated the cytotoxicity of a 
n-hexane fraction of a herbal extract which was 
not soluble in the culture media in our previous 

experiments, by adding 12.5 μL/mL of ethanol/ 
methanol prior to the MTT assay in MCF-7 cells. 
The fraction dissolved in the culture media in 
both cases (12.5 μL/mL of ethanol or methanol) 
and no precipitate or immiscibility was observed. 
It was concluded that in confronting non-soluble 
materials, methanol and ethanol could be used in 
concentration of 12.5 μL/mL or lower as 
cosolvents for improving the solubility, whenever 
the substances are insoluble in the culture media. 
 
Acknowledgments 
The study was based on a Pharm. D. student 
thesis (Negin Taiebi) and was financially 
supported by the Traditional Medicine and 
Materia Medica Research Center (TMRC), 
Shahid Beheshti University of Medical Sciences, 
Tehran, Iran (grant No. 141). 
 
Declaration of interest 
The authors declare that there is no conflict of 
interest. The authors alone are responsible for the 
content of the paper. 
 
References 
[1] Balimane PV, Chong S. Cell culture-based 

models for intestinal permeability: a critique. 
Drug Discov Today. 2005; 10 (5): 335-343. 

[2] Kristmundsdo´ ttir T, Arado´ ttir HA, Ingo´ 
lfsdo´ ttir K, Ogmundsdo´ ttir M. 
Solubilization of the lichen metabolite (+)-
usnic acid for testing in tissue culture. J 
Pharm Pharmacol. 2002; 54: 1447–1452. 

[3] Hamzeloo-Moghadam M, Firouzi  J, Saeidnia 
S, Hajimehdipoor H, Jamili S, Rustaiyan A, 
Gohari AR. A cytotoxic hydroperoxy sterol 
from the brown alga, Nizamuddinia 
zanardinii. Daru. 2013; 21: 24. 

[4] Hamzeloo-Moghadam M, Hajimehdipoor H, 
Saeidnia S, Atoofi A, Shahrestani R, Read 
RW, Mosaddegh M. Anti-proliferative 
activity and apoptotic potential of britannin, a 
sesquiterpene lactone from Inula aucheriana. 
Nat Prod Commun. 2012; 7: 979-980. 



Effect of cosolvents and surfactants on cancerous cell lines 

45 
 

[5] Mosaddegh M, Gharanjik BM, Naghibi F, 
Esmaeili S, Pirani A,  Eslami Tehrani B, 
Keramatian B, Hassanpour A. A survey of 
cytotoxic effects of some marine algae in the 
Chabahar coast of Oman Sea. Res J 
Pharmacognosy. 2014; 1: 27-30. 

[6] Hamzeloo-Moghadam  M, Naghibi F, Atoofi 
A, Asgharian Rezaie M, Irani M, Mosaddegh 
M. Cytotoxic activity and apoptosis induction 
by gaillardin. Z. Naturforsch. 2013; 68: 108 -
112.  

[7] Mosaddegh M, Esmaeili S, Naghibi F, 
Hamzeloo-Moghadam M, Haeri A, Pirani A, 
Moazzeni H. Ethnomedical survey and 
cytotoxic activity of medicinal plant extracts 
used in Kohgiluyeh and Boyerahmad 
Provincein Iran. J Herbs Spices Med Plants. 
2012; 18(3): 211-221.   

[8] Dordunoo SK, Burt HM.  Solubility and 
stability of taxol: effects of buffers and 
cyclodextrins.  Int J Pharm. 1996; 133: 191-
201.    

[9] Lamasa MC, Villaggi L, Nocito I, Bassani G, 
Leonardi D, Pascutti F, Serra E, Salom´on 
CJ. Development of parenteral formulations 
and evaluation of the biological activity of 
the trypanocide drug benznidazole. Int J 
Pharm. 2006; 307: 239–243.       

[10] Kopec SE, Irwin RS, De Bellis RJ, 
BohlkeMB, Maher TJ. The effects of Tween-
80 on the integrity of solutions of capsaicin: 
useful information for performing tussigenic 
challenges. Cough. 2008; 4:3.   

[11] Xu X,  Wang Y, Constantinou AI, 
Stacewicz-Sapuntzakis M, Bowen PE, 
Breemen RB. Solubilization and stabilization 
of carotenoids using micelles: delivery of 
lycopene to cells in culture. Lipids. 1999; 
34(10): 1031-1036. 

[12] Vandhana S, Deepa PR, Aparna G, Jayanthi 
U, Krishnakumar S. Evaluation of suitable 
solvents for testing the anti-proliferative 
activity of triclosan - a hydrophobic drug in 
cell culture. Indian J Biochem Biophys. 2010; 
47(3): 166-171. 


