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Evaluation of MTT and Trypan Blue assays for 
radiation-induced cell viability test in HepG2 cells 

INTRODUCTION 

 Radiation therapy is a very effective                           

treatment modality for cancer (1, 2). Human              

hepatocellular carcinoma (HCC) is a liver cancer 

and the �ifth most common cancer in the world 
(3). Human hepatoma (HepG2) cells are used as a 

HCC model in-vitro (4). Radiation can lead to cell 

death (5, 6). In cancer treatment, cell viability is a 

basic and important parameter for predicting 

radio-sensitivity in the treatment of human                    

cancer (7, 8). Radiation-induced cell viability is 

also a signi�icant work for biological research 

such as DNA repair, cell cycle, and apoptosis                     
(9, 10). To date, the clonogenic assay has been                    

extensively used for measurement of cell                          

viability in radiation study (11-16). However, the 

conventional clonogenic assay remains                                

unsatisfactory. It is a colony formation assay 

which is labor-intensive and time-consuming 

(incubation time; 1-2 weeks). Therefore it is              

necessary to look over a rapid and easy assay for 

determination of radiation-induced cell viability. 

Both the MTT and Trypan blue assays are 

routine and convenient methods for                                    

determination of cell viability (17, 18). The MTT 

assay is a colorimetric assay, which is based on 

the cleavage of the yellow tetrazolium salt MTT 

to purple formazan crystals only by viable cells. 

Usually, it is performed in 96 well-plates and 

measured the absorbance using the micro-plates 

reader. The Trypan blue assay is a dye exclusion 
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ABSTRACT 

Background:  Cell viability is an important factor in radia�on therapy and thus 

is a method to quan�fy the effect of the therapy. Materials and Methods: 

The viability of human hepatoma (HepG2) cells exposed to radia�on was 

evaluated by both the MTT and Trypan blue assays. The cells were seeded on 

96 well-plates at a density of 1 x 10
4 

cells/well, incubated overnight, and 

irradiated with 1-100 Gy. Results: The cell viability was decreased in a                         

dose- and �me- dependent manner when using the Trypan blue assay, but no 

significant changes in the response to dose could be detected using the MTT 

assay. It indicated that the MTT assay was not efficient at a cell density of             

1 x 10
4 

cells/well on 96 well-plates to determine cell viability. Subsequently, 

the rela�onship between cell viability and lower cell density (1 x 10
3
,
 
3 x 10

3
, 

and
 
5 x 10

3
 cells/well)

 
was inves�gated. A cell density of 1 x 10

3 
was found to 

be the most effec�ve when using the MTT assay. Results show that the cell 

density is most important when using the MTT assay in 96 well-plates to 

follow in radia�on effects. Furthermore, the radia�on-induced cell viability 

dependent on cell density was confirmed by using the tradi�onal Clonogenic 

assay. Conclusion: Our results suggest that the MTT and Trypan blue assays 

are rapid methods to detect radia�on-induced cell viability of HepG2 cells in 

about 3 days as compared with 14 days of assay �me in the Clonogenic assay. 

To obtain accurate cell viability measures using both rapid assays, an 

incuba�on �me of at least 3 days is needed a6er irradia�on.  
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staining	 assay,	 which	 is	 based	 on	 uptake	 of	

trypan	blue	dye	by	dead	cells	due	to	loss	of	their	

membrane	 integrity,	 so	 the	 dead	 cells	 appear	

darker	 than	 the	 viable	 cells.	 It	 is	measured	 by	

using	 a	 hematocytometer	 and	 a	microscope	 or	

cell	counting	instruments.		

The	 aim	 of	 this	 study	 was	 to	 compare	 the	

MTT	 and	 Trypan	 blue	 assays	 for	 radiation-

induced	cell	viability	in	cultured	HepG2	cells	on	

96	 well-plates.	 Also,	 we	 determined	 the	

relationship	 between	 cell	 viability	 and	 cell	

density	 after	 irradiation	 and	 con�irmed	 the	

radiation-induced	cell	viability	according	to	cell	

density	by	using	the	Clonogenic	assay.	
	

	

MATERIALS	AND	METHODS	

	

Materials		

Trypan	 blue	 reagent,	 Dulbecco’s	 modi�ied																				

Eagle’s	 medium	 (DMEM),	 fetal	 bovine	 serum	

(FBS),	Penicillin,	and	other	cell	culture	reagents	

were	 purchased	 from	 Gibco	 BRL	 (France).																								

Tetrazolium	 (MTT)	was	 purchased	 from	Roche	

(Mannheim,	 Germany).	 Crystal	 violet	 was																									

purchased	 from	 YD	 diagnostics	 (Gyeonggi,																								

Korea).	 All	 other	 reagents	 were	 obtained	 from	

analytic	grade.		
	

Cell	Culture		

HepG2	 cells	were	 purchased	 from	American	

Type	 Culture	 Collection	 (ATCC,	 USA).	 The	 cells	

were	 cultured	 in	 DMEM	 supplemented	 with	

10%	 fetal	 bovine	 serum	 (Invitrogen,	 Carlsbad,	

CA)	 and	 penicillin	 (100	 U/ml)	 at	 37	 oC	 in	 5%	

CO2.	 The	 cells	 were	 harvested	 following																																					

trypsinization	 (0.025%	 trypsin	 and	 0.02%	

EDTA)	 and	 washed	 twice	 with	 phosphate																											

buffered	 saline	 (PBS).	 When	 the	 cell	 density	

reached	 approximately	 80%	 con�luence,	 the	

cells	 were	 subcultured.	 The	 cell	 viability	 was																												

determined	 using	 the	 Trypan	 blue,	 MTT,	 and	

clonogenic	 assay.	 Cells	 (1000,	 3000,	 5000,	 and	

10000	cells/well)	were	seeded	in	96	well-plates,	

incubated	overnight,	 and	 irradiated	with	1-100	

Gy.	Then,	the	cells	incubated	for	1,	2	and	3	days,	

respectively.	 These	 samples	 were	 used	 for																										

different	cell	viability	assays	(MTT,	Trypan	blue,	

and	clonogenic	assay).			

Typan	blue	assay	

The	 Trypan	 blue	 assay	 was	 measured	 by																							

previously	described	(17).	One	to	three	days	after	

irradiation,	 cells	 were	 detached	 by																																							

trypsinization	and	the	number	of	viable	cells	was	

counted	 using	 a	 Trypan	 blue	 stain	 reagent.	 The	

viability	 of	 the	 control	 (untreated	 cells)	 was	

regarded	as	100%.		

	

MTT	assay	

The	MTT	 assay	was	measured	 by	 previously	

described	(18).	One	to	three	days	after	irradiation,	

cells	 were	 treated	 with	 MTT	 reagent.	 The																									

absorbance	 at	 570	 nm	 was	 measured	 using	 a	

microplate	 reader	 (Mutiskan	 EX,	 Thermo	 Lab	

systems).	 The	 viability	 of	 control	 (untreated	

cells)	was	regarded	as	100%.	

	

Clonogenic	assay	

The	 clonogenic	 assay	 was	 performed																																		

according	 to	 the	 procedures	 previously																											

described	 (19).	 After	 irradiation,	 cells	 were																								

incubated	for	1,	2,	and	3	days,	respectively.	Then,	

cells	 were	 trypsinized,	 counted,	 and	 seeded	 in	

triplicated	in	100-mm	dishes	(100	and	500	cells	

per	dish)	and	incubated	for	14	days	to	allow	for	

colony	growth.	After	14	days,	colonies	are	 �ixed	

with	 70%	 ethanol,	 stained	 with	 crystal	 violet	

(0.3%)	and	counted	using	a	counter.	The	survival	

(%)	 was	 calculated	 as	 (number	 of	 colonies/

number	of	cells	plated)/(number	of	colonies	 for	

corresponding	 sham-irradiated	 control/number	

of	cells	plated)×100.		

 

Irradiation	

Cells	 were	 irradiated	 with	 gamma	 radiation	

from	 a	 60Co	 gamma	 irradiator	 (7.4	 PBq	 od																								

capacity;	AECL,	Canada)	at	Korea	Atomic	Energy	

Research	 Institute.	The	 radiation	dose	was	1,	 5,	

10,	50,	and	100	Gy,	and	 the	dose	rate	was	0.05,	

0.25,	0.5,	2.5	and	5	Gy/min,	respectively.	

		

Statistical	analysis	

Data	are	expressed	as	mean	±	SD	 from	 three	

replicates	 at	 least.	 Statistical	 analyses	 were																								

performed	 using	 Sigma	 Stat	 software.	 The																						

signi�icance	 testing	 was	 performed	 using																									

student’s	t-test	(*:	P<0.05	versus	control).	
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RESULTS 

 

Radiation-induced	cell	viability	in	HepG2	cells	

using	Trypan	blue	and	MTT	assay	

To	compare	the	cell	viability	effect	of	radiation	

on	HepG2	 cells,	we	used	MTT	and	Trypan	blue	

assays	 (�igure	 1).	 Cell	 viability	was	 determined	

over	 3	 days	 using	 the	 two	 assays.	 When	 cells	

were	 seeded	 in	 96	well-plates	 at	 an	 initial	 cell	

density	 of	 1	 ×	 104	cells/well,	 the	 viability	 was	

decreased	in	a	dose-dependent	manner	by	using	

the	 Trypan	 blue	 assay	 (�igure	 1A).	 The	 cell																							

viability	 was	 about	 50%	 for	 3	 days	 after	 5	 Gy	

irradiation	 in	 the	 Trypan	 blue	 assay.	 However,	

the	viability	value	of	the	MTT	assay	displayed	no	

signi�icant	 changes	 (�igure	 1B).	 Even	 after																										

radiation	 of	 up	 to	 100	 Gy,	 the	 decrease	 of																						

viability	was	not	observed.		

To	study	why	the	MTT	assay	was	not	effective	

to	 cell	 viability,	 we	 examined	 the	 relationship	

between	cell	viability	and	cell	density	(1	×	103,	3	

×	103,	5	×	103	and	1	×	104	cells/well)	by	using	the	

MTT	 assay	 (�igure	 2A).	 When	 the	 cell	 density	

was	 1	 ×	 103	 cells/well,	 the	 viability	 was																								

decreased	 by	 about	 50%	 for	 3	 days	 after	 5	 Gy	

irradiation.	 In	 the	 cell	 density	 of	 1	 ×	 103																										

cells/well,	 the	 cell	 viability	 measured	 by	 the	

MTT	 assay	 was	 decreased	 in	 a	 dose-and																																					

time-dependent	 manner	 (�igure	 2B).	 Also,	 we	

tested	 the	 Tyrpan	 blue	 assay	 at	 the	 same	 cell	

density.	 In	 the	 Trypan	 blue	 assay,	 the	 viability	

was	measured	 as	 a	 dose-	 and	 time-	 dependent	

pattern	 when	 the	 cell	 density	 was	 1	 ×	 103																													

cells/well	(data	not	shown).  

Figure 1. Radia�on-induced cell viability in HepG2 cells by 

using the Trypan blue assay (A) and MTT assay (B). Cells 

were plated on 96 well plates (1 × 10
4 

cells/well) for 1 day 

and then irradiated with irradia�on with 0 – 100 Gy. A6er 

incuba�on for 1, 2 and 3 days, cell viability was measured 

by both assays, respec�vely. Data are mean ± SD of 

triplicate determina�ons. 

Figure 2. The rela�onship between cell viability and cell 

density (1 × 10
3

, 3 × 10
3

, 5 × 10
3 

and 1 × 10
4 

cells/well) 3 

days a6er irradia�on (A) and �me-course of cell viability at 

cell density (1 × 10
3
cells/well) one to three days a6er 

irradia�on (B). Cells were plated on 96 well plates 

(indicated cell density) for 1day and then irradiated with 

irradia�on with 0 – 100 Gy. A6er incuba�on for indicated 

days, cell viability was measured by the MTT assay,                      

respec�vely. Data are mean±SD of triplicate                               

determina�ons. 
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Radiation-induced	cell	survival	in	HepG2	cells	

using	clonogenic	assay	

To	 con�irm	 that	 radiation	 induces	 cell	 death	

in	 HepG2	 cells,	 we	 performed	 the	 clongenic	

assay.	When	 the	 cell	 density	was	 1	 ×	 104	cells/

well,	 radiation	 resulted	 in	 a	 decrease	 of	 cell	

survival	 (%)	 in	 a	 dose-dependent	 manner	

(�igure	 3).	 After	 5	 Gy	 irradiation,	 there	 was	

about	50%	of	cell			survival.	However,	there	was	

no	 colony	 formation	 at	 50	 and	 100	 Gy.	

Regardless	of	the	initial	cell	density	(1	×	103-	1	×	

104	cells/well)	 and	 the	 incubation	 time	 (1-3	

days)	 after	 irradiation,	 5	 Gy	 radiation	 induced	

about	50%	of	cell	death	(data	not	shown).		

Figure 3. Radia�on-induced cell survival in HepG2 cells. 

Cells were plated on 96 well plates (1 × 10
4 

cells/well) for 

1 day and then irradiated with 0 – 100 Gy. A6er 

incuba�on for 1, 2 and 3 days, the clonogneic assay was 

carried out according to the procedures described in 

Materials and Methods. Data are mean ± SD of triplicate 

determina�ons. 

and	 clonogenic	 assay	 (19).	 Among	 these	 assays,	

the	 clonogenic	 assay	 has	 exclusively	 been	 used	

for	 determination	 of	 cell	 survival	 in	 radiation	

study.	 However,	 there	 has	 been	 little	 report	

about	 the	 evaluation	 of	 MTT	 and	 Trypan	 blue	

assay	on	HepG2	cell	viability	after	irradiation.	In	

this	 study,	 it	 was	 found	 that	 the	 MTT,	 Trypan	

blue	 and	 clonogenic	 assay	 gave	 similar	 results	

for	 radiation-induced	 cell	 viability	 under	

different	condition	(cell	density	and	assay	time).	

After	irradiation,	the	incubation	time	was	3	days	

for	 the	Trypan	blue	and	MTT	assay	whereas	14	

days	for	the	clonogenic	assay.	Notably,	 the	MTT	

assay	 of	 HepG2	 cells	 was	 not	 ef�icient	 at	 a	 cell	

density	 of	 1	 ×	 104	cells/well.	 In	 the	MTT	 assay,																										

HepG2	cells	were	usually	seeded	at	a	cell	density	

of	 >	 1	 ×	 104	cells/well	 on	 96	 well-plates	 in	 cell	

biology	 experiments	 (22-25).	 In	 this	 study,	 it	 was	

found	 that	 optimal	 cell	 density	 for	 the	 effective	

MTT	 assay	 in	 HepG2	 Cells	 was	 a	 1	 ×	 103																												

cells/well	on	96	well-plates	in	order	to	measure	

cell	 viability	 loss	 caused	 by	 exposure	 of																														

radiation.	 This	 result	 indicated	 that	 it	 is																													

necessary	to	consider	the	optimal	cell	density	for	

radiation-induced	 cell	 viability	 test	 using	 the	

MTT	assay. 

In	 summary,	 radiation-induced	 cell	 viability	

of	HepG2	cells	was	investigated	as	follow;	

1)	 In	 both	 the	MTT	 and	Trypan	 blue	 assays,	

the	 cell	 viability	 was	 decreased	 in	 a	 dose-

dependent	manner	and	5	Gy	irradiation	induced	

50%	of	cell	viability	loss.	

2)	An	incubation	time	(3	days)	for	both	assays	

was	 shorter	 than	 that	 (14	 days)	 of	 the	

Clonogenic	assay.	

3)	 For	 the	 effective	 MTT	 assay	 on	 96	 well-

plates,	an	optimal	cell	density	was	1	×	103	cells/

well.	 
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DISCUSSION 

 

Radiation	has	extensively	been	used	as	a	tool	

of	cancer	treatment	(1,	2).	The	exposure	of	cancer	

cells	 to	 radiation	 can	 lead	 to	 cell	death	 such	 as	

apoptosis	or	necrosis	 (20).	 It	was	con�irmed	that	

HepG2	 cells	 after	 irradiation	 resulted	 in	 a																												

dose-dependent	viability	 loss	by	using	 the	MTT	

and	Trypan	blue	assays	in	this	study.		

There	 are	 various	 assays	 for	 cell	 viability	

such	 as	 the	 Trypan	 blue	 (17),	 MTT	 (18),	 XTT	 (21)	

Chung et al. / Radiation-induced cell viability in HepG2 cells  

 [
 D

O
I:

 1
0.

75
08

/ij
rr

.2
01

5.
04

.0
06

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
25

-1
1-

07
 ]

 

                               4 / 6

http://dx.doi.org/10.7508/ijrr.2015.04.006
https://mail.ijrr.com/article-1-1588-en.html


REFERENCES 

 

1. Lewanski CR and Gullick WJ (2001) Radiotherapy and 

cellular signaling. Lancet Oncol, 2: 366-370. 

2. Debenham BJ, Hu KS, Harrison LB (2013) Present status 

and future direc�ons of intraopera�ve radiotheraphy. 

Lancet Oncol, 13: e457-464. 

3. Schmidt N, BüDner N, Thimme R (2013) Perspec�ves on 

immunotherapy for hepatocellular carcinoma. Dtsch Med 

Wochenschr, 138: 740-744. 

4. Xia J, Gao J, Inagaki Y, Kokudo N, Nakata M, Tang W (2013) 

Flavonoids as poten�al an�-hepatocellular carcinoma 

agents: Recent approaches using HepG2 cell line. Drug 

Discov Ther, 7: 1-8. 

5. Mirzayans R, Andrais B, ScoD A, Wang YM, Murray D 

(2013) Ionizing radia�on-induced responses in                

human cells with differing TP53 status. Int J Mol Sci, 13: 

22409-22435. 

6. Eriksson D and S�gbrand T (2010) Radia�o-induced cell 

death mechanisms. Tumour Biol,  31: 363-372.  

7. Banáth JP, Macphal SH, Olive PL (2004) Radia�on 

sensi�vity, H2AX phosphoryla�on, and kine�cs of repair of 

DNA strand breaks in irradiated cervical cancer cell lines. 

Cancer Res, 64: 7144-7149. 

8. Mahrhofer H, Bürger S, Oppitz U, Flentje M,                  

Djuzenova CS (2006) Radia�on induced DNA damage and 

damage repair in human tumor and fibroblast cell lines 

assessed by histone H2AX phosphoryla�on. Int J Radiat 

Oncol Biol Phys, 64: 573-580. 

9. MarioN LG, Pirovano G, Savage KI, Ghita M,                     

ODolenghi A, Prise KM, ScheNno G (2013) Use of the γ-

H2AX assay to inves�gate DNA repair dynamics following 

mul�ple radia�on exposures. PLoS One 8: e79541. 

10.  Raffoul JJ, Wang Y, Kucuk O, Forman JD, Sarkar FH, 

Hillman GG (2006) Genistein inhibits radia�on-induced 

ac�va�on of NF-kappaB in prostate cancer cells promo�ng 

apoptosis and G2/M cell cycle arrest. BMC Cancer, 6: 107. 

11.  Held KD (1997) Radia�on-induced apoptosis and its 

rela�onship to loss of clonogenic survival. Apoptosis, 2: 

265-82. 

12.  Karhikeyan S, Kanimozhi G, Prasad NR, Mahalakshmi R 

(2011) Radiosensi�zing effect of ferulic acid on human 

cervical carcinoma cells in-vitro. Toxicol In-vitro, 25: 1366-

1375. 

13.  Guo J, Zhang Y, Zeng L, Liu J, Liang J, Guo G (2013) 

Salvianic acid A protects L-02 cells against                                 

γ-irradia�on-induced apoptosis via the scavenging of 

reac�ve oxygen species. Environ Toxicol Pharmacol 35:117

-130.  

14.  Zoberi I, Bradbury CM, Curry HA, Bisht KS, Goswami PC, 

Ro� Ro� JL, Gius D (2002) Radiosensi�zing and an�-

prolifera�ve effects of resveratrol in two human cervical 

tumor cell lines. Cancer Le1, 175: 165-173.  

15.  Lin C, Yu Y, Zhao HG, Yang A, Yan H, Cui Y (2012) 

Combina�on of querce�n with radiotherapy enhances 

tumor radiosensi�vity in-vitro and in-vivo. Radiother Oncol 

104: 395-400.  

16.  Kulak U, Schaffer M, Siefert A, Schaffer PM, Olsner A, 

Kasseb K, HofsteDer A, Dühmke E, Jori G (2003)                      

Photofrin as a radiosensi�zer in-vivo an in-vitro cell survival 

assay. Biochem Biophys Res  Commun, 311: 98-103.  

17.  Jauregui HO, Hayner NT, Driscoll JL, Williams- Holland R, 

Lipsky MH, GalleN PM (1981) Trypan blue dye uptake and 

lactate dehydrogenase in adult rat hepatocytes freshly 

isolated cells, cell suspensions, and primary monolayer 

cultures. In-vitro 17: 1100-1110. 

18.  Mosmann T (1983) Rapid colorimetric assay for                         

cellular growth and survival: applica�on to prolifera�on 

and cytotoxicity assays. J Immunol Methods, 65: 55-63. 

19.  Franken NA, Rodermond HM, Stap J, Haveman J, van Bree 

C (2006) Clonogenic assay of cells in-vitro. Nat Protoc, 1: 

2315-2319.  

20.  Verheij M and Bartelink H (2000) Radia�on-induced 

apoptosis. Cell Tissue Res, 301: 133-42. 

21.  Roem NW, Rodgers GH, HaSield SM, Glasebrook AL (1991) 

An improved colorimetric assay for cell prolifera�on and 

viability u�lizing the tetrazolium salt XTT. J Immunol 

Methods, 142: 257-265. 

22.  Chen X, Zhong Z, Xu Z, Chen L, Wang Y (2011) No 

protec�ve effect of curcumin on hydrogen peroxide-

induced cytotoxicity in HepG2 cells. Pharmacol Rep, 63: 

724-732. 

23.  Szuster-Ciesielska A and Kandefer-Szerszeń M (2005) 

Protec�ve effects of botulin and betulinic acid against 

ethanol-induced cytotoxicity in HepG2 cells. Pharmcol Rep, 

57: 588-595. 

24. Jiao HL, Ye P, Zhao BL (2003) Protec�ve effects of green tea 

polyphenols on human HepG2 cells against oxida�ve 

damage of fenofibrate. Free Radic Biol Med, 35: 1121-

1128. 

25. Sohn JH, Han KL, Lee SH, Hwang JK (2005) Protec�ve 

effects of pandura�n A against oxida�ve damage of                        

tert-butylhydroperoxide in human HepG2 cells. Biol 

Pharm Bull, 28: 1083-1086.  

Int. J. Radiat. Res., Vol. 13 No. 4, October 2015 335 

Chung et al. / Radiation-induced cell viability in HepG2 cells  

 [
 D

O
I:

 1
0.

75
08

/ij
rr

.2
01

5.
04

.0
06

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
25

-1
1-

07
 ]

 

                               5 / 6

http://dx.doi.org/10.7508/ijrr.2015.04.006
https://mail.ijrr.com/article-1-1588-en.html


 [
 D

O
I:

 1
0.

75
08

/ij
rr

.2
01

5.
04

.0
06

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
25

-1
1-

07
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.7508/ijrr.2015.04.006
https://mail.ijrr.com/article-1-1588-en.html
http://www.tcpdf.org

