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Development of methemoglobin-based biological 
dosimetry in gamma–irradiated mice 

INTRODUCTION 

Worldwide,	 the	 application	 of	 nuclear	

technologies	 is	 rapidly	 increasing.	 In	 spite	 of	

strict	 regulations	 and	 safety	 measures,	

radiation/nuclear	 accidents	 or	 unplanned	

radiation	 exposures	 may	 occur.	 In	 these	

scenarios,	it	is	unlikely	that	physical	dosimeters	

will	 be	 available	 for	 dose	 measurement	 to	 aid	

clinical	 management	 of	 mass	 casualties.	 A	

biological	dosimeter	 is	a	detectable	variation	of	

a	 biological	 parameter	 altered	 after	 radiation	

exposures,	 which	 can	 be	 used	 for	 the	

quanti ication	 of	 the	 absorbed	 dose	 of	 a	 large	

number	of	people	 after	 an	unplanned	exposure	
(1).	Biological	dose	assessment	can	help	develop	

a	 treatment	 strategy	 for	 the	 radiation	 victims	

rapidly	after	a	radiation	catastrophe.	

The	 biodosimetry	 scienti ic	 community	 has	

established	two	research	directions	in	biological	

dosimetry	based	on	the	requirements	for	clinical	

management	of	mass	casualties	after	a	radiation	

catastrophe:	 (a)	 de initive,	 rapid	 and	 high-

throughput	 radiation	 dose	 assessment	 and	 (b)	

triage-type	 radiation	 dose	 assessment	 (2).	 The	

de initive,	 rapid	 and	 high-throughput	 radiation	

dose-assessment	 bioassay	 detects	 cytogenetic	

chromosomal	 aberrations	 of	 peripheral	 blood	

lymphocytes.	 These	 aberrations	 include	

chromosomal	 dicentrics	 (3),	 premature	

condensed	 chromosomes	 (PCCs)	 (4,	 5),	 and	 the	

micronucleus	 (6).	 The	 triage-type	 radiation	 dose	
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ABSTRACT   

 

Background: A new biological dosimeter based on methemoglobin level was 

developed in this study. Materials and Methods: Methemoglobin level in 

erythrocytes from mice subjected to γ rays from a 
60

Co source was detected 

using the methemoglobin kit. The dose range was from 0.5 to 8 Gy and the 

dose rate was 0.5 Gy/min. Results: The results demonstrate that 

methemoglobin level increases with increasing dose. The detec%on limit 

based on methemoglobin has a lower limit of dose es%ma%on of about 1 Gy. 

The high levels of methemoglobin are maintained for at least 28 days, and the 

maximal increase of methemoglobin observed occurs at about 30 min a+er γ 

irradia%on. The rela%onship between dosage and the increased 

methemoglobin level can be expressed by a linear quadra%c equa%on of y = -

8.75 x
2
 + 168.09 x + 32.66, with the correla%on coefficient, r, equal to 0.96. 

The best suggested %me for blood collec%on is up to 1 day a+er γ irradia%on. 

The doses absorbed by mice as es%mated from the use of the dose-response 

rela%onship were close to the blind doses of 1, 2, 4 and 8 Gy. Conclusion:

Methemoglobin is a quick, simple, and precise biomarker for the early 

assessment of the absorbed dose in mice. 
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assessment	 bioassay	 that	 detects	 radiation-

responsive	 molecular	 biomarkers	 is	 still	 in	 its	

infancy	 as	 a	 scienti ic	 discipline.	 These	

biomarkers	 include	 proteins	 (7-9),	 gene	

expression	 (10-12),	 DNA	 mutations	 (13),	 and	

enzyme	 logic	 analysis	 based	 on	 biomolecular	

information	 processing	 (14).	 The	 methods	

mentioned	 above,	 especially	 the	 cytogenetic	

assays,	 however,	 are	 laborious	 and	 time-

consuming.	 Hence,	 a	 quick,	 simple,	 and	 precise	

method	 to	 assess	 biological	 radiation	 dose	 is	

still	required.	

Ionizing	 radiation	 generates	 many	 kinds	 of	

free	radicals	in	organisms.	Unpaired	electrons	of	

these	 free	 radicals	 may	 induce	 gain	 or	 loss	 of	

electrons	 to	metal	 ions,	which	can	 result	 in	 the	

alteration	of	the	valence	of	these	metal	ions.	Due	

to	the	radiation	sensitivity	of	the	ionic	valence	of	

metal	 trace	 elements,	 the	 altered	 ionic	 valence	

may	 be	 used	 to	 assess	 the	 biological	 radiation	

dose.	 Our	 previous	 results	 demonstrate	 that	

serum	 iron	 level	 increases	 with	 increasing	

gamma	dose,	and	serum	copper	level	decreases	

with	 increasing	 gamma	 dose.	 Both	 trace	

elements	can	be	used	 to	rapidly	and	accurately	

assess	 the	 biological	 dose	 of	 mice	 at	 an	 early	

stage	 of	 radiation	 exposure	 (15,	 16).	 In	 living	

organisms,	 iron	exists	in	two	states	of	 the	 ionic	

valence:	 the	 ferrous	 ion	 and	 ferric	 ion.	 The	

ferrous	ion	is	mainly	used	to	synthesize	the	non-

protein	 moiety	 of	 haemoglobin,	 i.e.	 the	 haeme	

group,	 which	 consists	 of	 the	 ferrous	 ion	 and	

pyrrole	 molecules.	 It	 is	 well	 known	 that	 the	

function	of	 haemoglobin	 is	 to	 transport	oxygen	

from	 the	 lungs	 to	 the	 tissues.	 In	 addition	 to	

oxygen	 carriage,	 haemoglobin	 is	 also	 involved	

with	 other	 physiological	 functions,	 such	 as	

in lammation	and	vascular	regulation	 (17,	18).	The	

latter	 two	 functions	 are	 performed	 by	 a	 cyclic	

system	 between	 the	 ferrous	 state	 of	

haemoglobin	 and	 the	 ferric	 state	 of	

methemoglobin.	 Methemoglobin	 is	 a	 form	 of	

haemoglobin,	which	 contains	 the	 ferric	 ion	 (19).	

In	 the	 normal	 physiological	 state,	

methemoglobin	 is	 formed	 by	 auto-oxygenating	

the	heme	 iron	of	oxygenated	haemoglobin.	The	

rate	 of	 auto-oxygenation	 is	 about	 3	%	 per	 day	
(20).	 Free	 radicals	 generated	 by	 ionizing	

radiation	in	an	organism	may	take	one	electron	

from	the	ferrous	ion	of	oxygenated	haemoglobin	

to	form	methemoglobin,	a	metalloprotein.	In	this	

study,	 the	 authors	 used	 methemoglobin	 to	

estimate	the	absorbed	dose	to	an	organism.	

A	methemoglobin-based	biological	dosimeter	

for	mice	has	been	established	in	this	work.	First,	

we	 detected	 the	 concentration	 of	

methemoglobin	in	mice	irradiated	with	different	

gamma	doses.	Second,	we	 investigated	 the	dose	

response	 of	 methemoglobin	 according	 to	 its	

concentration	 change	 after	 γ	 irradiation.	 Third,	

we	 explored	 the	maintenance	 of	 the	 high	 levels	

of	 methemoglobin	 after	 radiation	 exposure.	

Finally,	a	biological	dose	assessment	in	mice	was	

performed	 using	 the	 established	 dose-response	

relationship.	
 

 

MATERIALS AND METHODS 

 

Animals		

Eight-week-old	 male	 mice	 (ICR,	 speci ic	

pathogen	free)	were	purchased	from	the	Animal	

Center	of	Nantong	University	(Nantong,	 Jiangsu,	

China)	 and	 were	 housed	 in	 cages	 in	 an	 animal	

room	for	1	week	under	the	following	conditions:	

temperature	was	controlled	at	23	±	2	°C,	relative	

humidity	 was	 55	 ±	 15	 %,	 12	 air	 changes	 per	

hour,	and	a	12	h	 light/dark	cycle.	The	mice	had	

free	 access	 to	 tap	 water	 and	 to	 a	 pelleted	

commercial	 laboratory	 animal	 feed.	 The	 animal	

feed	 is	 prepared	 from	  lour,	 wheat	 bran,	 yeast	

extract,	 corn	 meal,	 bone	 meal,	 sorghum,	 and	

 ishmeal.	 This	 study	 was	 performed	 in	

accordance	 with	 the	 Ethical	 Guidelines	 for	

Animal	Experiments	established	by	the	Ministry	

of	Science	and	Technology	of	the	P.	R.	China.	

	

Radiation	exposure  

Whole-body	γ	irradiation	was	performed	with	

a	 60Co	 source	 (Gaotong	 Isotope	 Co.,	 Chengdu,	

Sichuan,	China).	The	gamma	source	is	unilateral.	

The	mice	were	placed	 in	 a	 ventilated	Plexiglass	

cage,	 restrained	 with	 rubberized	 tapes,	 and	

irradiated	 in	 groups	 of	 six.	 The	 absorbed	doses	

were	 0,	 0.5,	 1,	 2,	 4	 and	 8	 Gy,	 respectively.	 The	

dose	rate	was	0.5	Gy/min,	which	was	selected	to	

achieve	 good	 control	 over	 the	 accuracy	 of	 the	

low	dose	(0.5	Gy).	The	source-to-target	distance	

236 Int. J. Radiat. Res., Vol. 13 No. 3, July 2015 
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from	 0.5	 to	 8	 Gy.	 The	 concentration	 of	

methemoglobin	 in	 non-irradiated	 mice	 was	

40.12	 ±	 5.21	 μg/ml;	 methemoglobin	 increases	

with	 increasing	 dose,	 and	 the	 methemoglobin	

level	 reaches	 790.63	 ±	 38.92	 μg/ml	 when	 the	

dose	 is	 8	 Gy.	 The	 concentration	 of	

methemoglobin	corresponding	to	0.5	Gy	was	not	

signi icantly	 higher	 than	 that	 of	 non-irradiated	

controls;	 however,	 γ	 doses	 equal	 to	 or	 above	 1	

Gy	 induced	 signi icantly	 higher	 levels	 of	

methemoglobin	 compared	 to	 that	 of	 non-

irradiated	 controls.	 Therefore,	 the	 detection	

limit	 based	 on	 methemoglobin	 in	 gamma-

irradiated	mice	was	about	1	Gy.	By	analysing	the	

concentration	 of	 methemoglobin	 and	 the	

corresponding	 γ	 doses,	 a	 linear	 quadratic	

equation	of	y	=	-8.75	x2	+	168.09	x	+	32.66	with	a	

correlation	 coef icient	 of	 0.96	 (p	 ≤	 0.01)	 is	

obtained.	 The	 linear	 quadratic	  it	 to	 the	 data	

points	requires	the	exclusion	of	the	point	for	0.5	

Gy	because	it	is	not	signi icantly	higher	than	that	

of	 the	 non-irradiated	 controls.	 Figure	 1b	

presents	the	linear	quadratic	curve	based	on	the	

concentration	of	methemoglobin	versus	γ	dose.	

	

Maintenance	of	high	 levels	of	methemoglobin	

in	gamma-irradiated	mice	

Methemoglobin	levels	in	mice	at	30	min,	2	h,	

and	12	h	after	8	Gy	of	γ	radiation,	and	on	days	1,	

7,	 14,	 21	 and	 28	 thereafter	 were	 recorded	 to	

study	their	maintenance.	This	radiation	dose	of	8	

Gy	 is	 about	 the	 LD50/30	 of	 the	 ICR	mice	 (21,	22).	

Figure	 2	 presents	 the	 changes	 in	 the	

methemoglobin	 level	 from	mice	as	a	 function	of	

time	 after	 8	 Gy	 of	 γ	 irradiation.	 The	

methemoglobin	 level	 increased	 to	 a	 maximum	

30	min	 after	 γ	 irradiation	 and	 this	 level	 stayed	

constant	 for	 about	 1	 day.	 After	 day	 7,	 the	

concentration	 of	 methemoglobin	 decreased	

slightly,	 but	 was	 then	 maintained	 at	 a	 steady	

level	during	days	14-28.	Figure	2	shows	that	the	

high	 levels	 of	 methemoglobin	 in	 mice	 after	

whole-body	γ	radiation	of	8	Gy	were	maintained	

for	at	least	28	days.	

	

Biological	 dose	 assessment	 using	 the	 dose	

response	of	methemoglobin	

The	concentration	of	methemoglobin	 in	mice	

30	 min	 after	 γ	 irradiation	 is	 higher	 than	 that	

was	 0.75	 m.	 Dosimetry	 was	 performed	 on	 a	

regular	 basis	 with	 a	 0.6	 cm3	 Farmer	 Ionization	

Chamber	(Type	30010)	which	was	connected	to	

a	 dosimeter	 (Unidos,	 PTW-Freiburg	 Co.,	

Freiburg,	 Germany).	 The	 chamber	 was	 placed	

next	to	the	Plexiglass	cage	for	irradiation.		

	
Determination	of	methemoglobin	concentration		

Peripheral	 blood	 was	 collected	 into	 a	

heparinized	 tube	 from	 the	 peri-orbital	 sinus	 of	

gamma-irradiated	 mice.	 The	 concentration	 of	

methemoglobin	 in	 the	 erythrocytes	 was	

measured	 using	 Methemoglobin	 kit	 (Jiancheng	

Inc.,	Nanjing,	 Jiangsu,	 China).	 Blood	 sample	 (10	

μl)	was	mixed	with	diluent	(2.5ml)	of	reagent	1	

(for	 haemoglobin	 detection)	 for	 5	 min.	 The	

optical	 density	 of	 the	mixed	 liquid	was	 read	 at	

540	nm	using	a	microtiter	plate	reader	(Bio-Rad	

Co.,	Hercules,	CA,	USA).	The	rest	of	blood	sample	

(50	 μl)	 was	 mixed	 with	 diluent	 (2.5ml)	 of	

reagent	 2	 (for	 methemoglobin	 detection)	 for	 5	

min.	The	optical	density	of	the	mixed	liquid	was	

read	 at	 630	 and	 602	 nm,	 respectively.	 The	

concentration	of	methemoglobin	was	calculated	

using	the	following	formula:	

Statistical	methods	

Each	dose	group	included	six	mice,	except	the	

group	for	dose	assessment,	which	included	four	

mice.	 Each	 blood	 sample	 was	 in	 triplicate	

detection.	 The	 data	 were	 presented	 as	 mean	 ±	

standard	 deviation	 and	 processed	 with	

OriginPro	 8.0.	 One-way	 analysis	 of	 variance	

(ANOVA)	 and	 Dunett’s	 test	 were	 applied	 to	

analyse	 the	 data.	 P	values	 less	 than	 0.05	 were	

considered	 statistically	 signi icant.	 The	 t	

distribution	 was	 used	 to	 calculate	 the	 95%	

con idence	interval	of	the	dose	assessed.	
 

 

RESULTS 

 

Dose	response	of	methemoglobin	

Methemoglobin	 level	 in	 mice	 30	 min	 after	

whole-body	γ	 irradiation	was	measured.	 Figure	

1a	presents	the	concentration	of	methemoglobin	

in	mice	irradiated	with	different	γ	doses	ranging	
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observed	1–28	days	post-irradiation.	Therefore,	

the	 dose	 response	 of	 methemoglobin	 30	 min	

after	 γ	 irradiation	 was	 adopted	 to	 assess	 the	

absorbed	dose	of	mice.	The	blinded	method	was	

used	in	the	experiment.	The	blinded	doses	were	

1,	 2,	 4	 and	 8	 Gy,	 respectively.	 Four	 mice	 were	

included	in	each	blinded	dose	group.	Blood	was	

collected	 from	 the	 mice	 30	 min	 after	 γ	

irradiation.	 Table	 1	 presents	 the	 predicted	

absorbed	 doses	 of	 mice	 based	 on	 the	 linear	

quadratic	 relationship	 obtained	 for	

methemoglobin	 30	 min	 after	 γ	 irradiation.	 The	

absorbed	doses	assessed	were	generally	close	to	

the	 ‘‘blind	 test’’	 doses	 of	 1,	 2,	 4	 and	 8	 Gy.	 The	

ranges	 of	 the	 95%	 con idence	 intervals	 of	 the	

doses	 assessed	 are	 1.08,	 1.38,	 1.84	 and	 1.84,	

respectively.	
 

Table 1. Methemoglobin-based dose assessment (30 min a+er γ irradia%on). 

Exposed mice 
The concentra�on of 

methemoglobin (μg/ml) 

The absorbed dose assessed 

(Gy) 
95 % confidence interval Blind dose (Gy) 

1 178.38 ± 3.63 0.91 0.30 ~1.38 1 

2 155.35 ± 6.25 0.76     

3 103.32 ± 3.49 0.43     

4 232.02 ± 6.12 1.27     

5  328.50 ± 4.58. 1.96 1.48 ~ 2.76 2 

6  425.13 ± 6.83 2.72     

7  308.24 ± 5.86 1.81     

8  335.17 ± 3.99 2.01     

9  563.05 ± 9.69 3.98 3.16 ~ 5.00 4 

10  497.56 ± 12.73 3.35     

11  515.92 ± 11.37 3.52     

12  650.31 ± 12.34 4.65     

13  815.95 ± 7.56 7.95 6.97~8.81 8 

14  782.80 ± 9.21 7.05     

15  823.14 ± 11.48 8.22     

16  826.39 ± 12.84 8.36     

The concentra%on of methemoglobin is presented as mean ± standard devia%on. The t distribu%on was used to calculate the 95% confidence interval. 

Figure 1. The dose response of methemoglobin in mice 30 min a+er γ irradia%on. (a)The concentra%on of methemoglobin in 

mice irradiated with γ rays ranging from 0 to 8 Gy. Error bars indicate standard devia%ons (n = 6). (*) as compared to 0 Gy (** P < 

0.01; *** P < 0.001). (b) The linear quadra%c rela%onship (y = -8.75 x
2
 + 168.09 x + 32.66) between the concentra%on of 

methemoglobin and the γ dose. 
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methemoglobin	 in	 mice	 induced	 by	 8	 Gy	 of	 γ	

irradiation	 were	 maintained	 for	 about	 28	 days	

( igure	 2).	 The	 methemoglobin	 level	 is	

maintained	 for	 a	 shorter	 duration	 than	 the	

cytogenetic	 biomarkers,	 such	 as	 the	 dicentric	

and	the	micronuclei	 (27,	28).	This	difference	might	

be	due	to	the	relatively	short-term	effects	of	free	

radicals.	 The	 change	 of	 methemoglobin	 after	 γ	

irradiation	has	a	similar	pro ile	to	that	of	serum	

iron	 (15).	 This	 similarity	 may	 be	 attributable	 to	

free	 radicals	 attacking	 the	 same	 type	of	 ion,	 i.e.	

the	ferrous	ion.	We	have	not	studied	the	effect	of	

multiple	 doses	 on	 the	 production	 of	

methemoglobin	in	this	study.	However,	we	think	

that	 multiple	 doses	 might	 produce	 the	 same	

methemoglobin	pro ile	as	that	generated	by	8	Gy	

of	 γ	 rays	 because	 serum	 iron,	 which	 also	

contains	 the	 ferric	 ion,	 has	 a	 similar	 pro ile	 of	

increase	in	mice	irradiated	with	different	γ	doses	
(15).	 According	 to	 the	 graph	 of	 the	 increase	 in	

methemoglobin	 level	 as	 a	 function	 of	 time,	 it	 is	

suggested	that	the	best	time	for	blood	collection	

is	up	to	1	day	after	γ	irradiation.		

The	 dose-response	 relationship	 between	

dosage	and	methemoglobin	level	in	mice	30	min	

after	 γ	 irradiation	 was	 established	 because	

methemoglobin	 increased	 maximally	 30	 min	

after	 γ	 irradiation.	 This	 linear	 quadratic	

relationship	 ( igure	 1b)	 is	 different	 from	 the	

linear	relationship	for	serum	iron	10	min	after	γ	

irradiation	 (15).	 The	 lower	 limit	 of	 dose	

estimation	 based	 on	 methemoglobin	 level	 is	

about	1	Gy.	As	a	radiation-responsive	molecular	

biomarker,	 the	 lower	 limit	of	methemoglobin	 is	

higher	 than	 that	 of	 the	 dicentric	 chromosome	

(0.05	 Gy),	 one	 of	 the	 de initive	 and	 rapid	

radiation	 dosimeters	 (2).	 The	 lower	 limit	 of	

methemoglobin	is	also	higher	than	that	of	serum	

iron	 (0.5	 Gy)	 (15).	 This	 difference	 might	 be	

attributable	to	the	different	location	of	these	two	

substances;	 serum	 iron	 in	 the	 plasma	 may	 be	

more	 likely	 to	 come	 into	 contact	 with	 free	

radicals.	 The	 doses	 reconstructed	 according	 to	

the	 dose	 response	 curve	 ( igure	 1b)	 of	

methemoglobin	are	generally	close	to	the	“blind”	

doses	of	1,	2,	4	and	8	Gy	and	the	95%	con idence	

intervals	 of	 the	 reconstructed	 doses	 are	 all	

relatively	small	 (table	1).	These	 results	 indicate	

that	 methemoglobin	 can	 be	 used	 to	 precisely	

DISCUSSION 

 

Methemoglobin,	 an	 oxidized	 metalloprotein,	

was	 explored	 as	 a	 biological	 dosimeter	 in	 this	

work.	 Methemoglobin	 level	 increases	 in	 the	

gamma-irradiated	mice	and	this	increase	is	dose

-dependent	 ( igure	 1a).	 These	 results	 clearly	

demonstrate	 that	 methemoglobin	 is	 radiation	

sensitive.	The	increase	of	methemoglobin	in	the	

gamma-irradiated	 mice	 is	 due	 to	 free	 radicals	

generated	by	γ	irradiation:	these	free	radicals	or	

their	secondary	products	attack	the	heme	iron	of	

haemoglobin	 and	 capture	 an	 electron	 from	 the	

haeme	 iron	 to	 form	 methemoglobin.	 The	

mechanism	 of	 this	 kind	 of	 acquired	

methemoglobinemia	 (23,	24)	 is	 different	 from	 that	

of	congenital	methemoglobinemia.	The	latter	is	a	

hereditary	 disease	 caused	 by	 a	 de iciency	 of	

NADPH-dependent	methemoglobin	reductase	(25,	

26).	 The	 concentration	 of	 methemoglobin	 in													

non-irradiated	mice	is	about	40.12	μg/ml	( igure	

1a).	 This	 background	 value	 derives	 from	 the	

auto-oxidization	 effect	 of	 reactive	 oxygen	

species	generated	during	 the	metabolic	process	

of	organisms.		

Maintenance	 of	 the	 level	 of	 a	 biomarker	 is	

highly	desirable	and	an	important	parameter	for	

a	 biological	 dosimetry.	 The	 increased	 levels	 of	

Figure 2. Maintenance of increase in the methemoglobin 

level from mice irradiated with 8 Gy of γ dose. Error bars 

indicate standard devia%ons (n = 6). (*) Compared to that 

before γ irradia%on (**P < 0.01; ***P < 0.001). 
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predict	 the	 absorbed	 dose	 in	 mice.	 The	 95%	

con idence	interval	of	the	predicted	doses	based	

on	methemoglobin	is	near	those	based	on	serum	

iron	 and	 serum	 copper	 (15,	 16).	 The	 95%	

con idence	 interval	 is	 a	 parameter	 for	 data	

precision.	 The	 similarity	 between	 the	 95%	

con idence	 intervals	 of	 the	 predicted	 doses	

indicates	 that	 these	 three	 biomarkers	 have	

similar	 precision	 in	 estimation	 of	 the	 absorbed	

dose	in	mice.	

Methemoglobin	 levels	 are	 not	 affected	 by	

gender	 (29).	 The	 detection	 of	 methemoglobin,	

which	needs	only	about	60	μl	of	blood,	is	simple,	

and	can	provide	the	dose	information	in	about	1	

h.	 Therefore,	 although	 the	maintenance	 time	 is	

shorter	than	that	of	dicentric	chromosomes	and	

the	 lower	 limit	 of	 dose	 assessment	 is	 higher,	

methemoglobin	meets	the	basic	requirements	of	

the	 triage-type	 biological	 dosimeter,	 i.e.	

precision,	 stability,	 small	 sample	 volume,	

simplicity,	and	speed.		

	

	

	CONCLUSIONS 

 

Methemoglobin	was	 irst	used	to	estimate	the	

absorbed	 dose	 of	 irradiated	 mice.	

Methemoglobin	was	demonstrated	to	be	a	quick,	

simple,	 and	 precise	 biomarker	 for	 the	 early	

assessment	 of	 the	 absorbed	 dose.	 We	 suggest	

that	 these	 advantages	 make	 methemoglobin	

suitable	 for	 rapid	 mass	 triage	 after	 radiation	

events.	However,	like	all	assays,	methemoglobin

-based	dose	assessment	has	 its	own	drawbacks	

and	 limitations.	 The	 concentration	 of	

methemoglobin	 is	 often	 in luenced	 by	 some	

diseases	 and	 drugs.	 The	 diseases	 include	

congenial	 methemoglobinemia,	 congenital	

haemolytic	 jaundice,	 paroxysmal	

haemoglobinuria	 and	 enterotoxemia;	 the	 drugs	

are	 methylene	 blue,	 magnesium	 sulphate,	

nitrites,	 sulphonamides,	 acetanilide,	 etc.	 These	

factors	 must	 be	 carefully	 controlled	 if	

methemoglobin	 is	 to	 be	 used	 to	 assess	 the	

radiation	dose.		

Although	 methemoglobin-based	 dose	

assessment	 was	 performed	 in	 mice	 and	 in	 a	

controlled	 environment,	 and	 may	 not	 translate	

directly	 to	 humans,	 our	 studies	 have	

demonstrated	 that	 methemoglobin	 is	 a	

promising	 biomarker	 for	 triage-type	 dose	

assessment.		

 

 

ACKNOWLEDGEMENT 

 

This	 research	 was	 supported	 by	 the	 NUAA	

Fundamental	Research	Funds	(NS2013059).	

 

Con"licts	of	interest:	none	to	declare.	

 

 

REFERENCES 

 

1. Jacob NK (2012) Radia%on biodosimetry and risk 

assessment in vic%ms of radia%on catastrophe. Asian J 

Phys Sci, 1: 26-37. 

2. Prasanna PGS, Muderhwa JM, Miller AC, Grace MB, Salter 

CA, Blakely WF (2004) Diagnos%c biodosimetry response 

for radia%on disasters: Current research and service 

ac%vi%es at AFRRI. In: RTO-MP-HFM-108. RTOHFM 2004: 

Proceedings of NATO Medical Surveillance and Response, 

Research and Technology Opportuni%es and Op%ons; 

Budapest, Hungary. Neuilly-sur-Seine Cedex: Research and 

Technology Organiza%on (NATO). 
3. Vaurijoux A, Gruel G, Roch-Lefevre S, Voisin P (2012) 

Current topics in ionizing radia%on research. In: Biological 

dosimetry of ionizing radia%on, (Nenoi M, editor), InTech, 

Rijeka, Croa%a. 

4. Interna%onal Atomic Energy Agency (2011) Cytogene%c 

dosimetry: Applica%ons in preparedness for and response 

to radia%on emergencies. Vienna.  

 5. Lindholm C, Stricklin D, Jaworska A, Koivistoinen A, Paile W, 

Arvidsson E, Deperas-Standylo J, Wojcik A (2010) 

Premature chromosome condensa%on (PCC) assay for dose 

assessment in mass casualty accidents. Radiat Res, 173: 71-

78. 

6. Vral A, Fenech M, Thierens H (2011) The micronucleus assay 

as a biological dosimeter of in vivo ionising radia%on 

exposure. Mutagenesis, 26: 11-17. 

7. Ossetrova NI, Sandgren DJ, Gallego S, Blakely WF (2010) 

Combined approach of hematological biomarkers and 

plasma protein SAA for improvement of radia%on dose 

assessment triage in biodosimetry applica%ons. Health 

Phys, 98: 204-208. 

8. Hoffman R, Schreiber GA, Willich N, Westhaus R, Bogl KW 

(1990) Increased serum amylase in pa%ents a+er 

radiotherapy as a probable bioindicator for radia%on 

exposure. Strahlenther Onkol, 166: 688-695. 

9. Deperas-Kaminska M, Bajinskis A, Marczyk M, Polanska J, 

Wersall P, Lidbrink E, Ainsbury EA, Guipaud O, BenderiPer 

M, Haghdoost S (2014) Radia%on-induced changes in levels 

of selected proteins in peripheral blood serum of breast 

240 Int. J. Radiat. Res., Vol. 13 No. 3, July 2015 

 [
 D

O
I:

 1
0.

75
08

/ij
rr

.2
01

5.
03

.0
06

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

7-
13

 ]
 

                               6 / 8

http://dx.doi.org/10.7508/ijrr.2015.03.006
http://ijrr.com/article-1-1518-en.html


Zhang et al. / Biological dosimetry with methemoglobin 

Int. J. Radiat. Res., Vol. 13 No. 3, July 2015 241 

methemoglobinemia in infants. Turk J Hematol, 28: 131-

134. 

20. Kunos CA, Radivoyevitch T, Ingalls ST, Hoppel CL (2012) 

Management of 3-aminopyridine-2-carboxaldehyde 

thiosemicarbazone-induced methemoglobinemia. Future 

Oncol, 8: 145-150. 

21. Yamada S, Ando K, Koike S, Isono K (1990) Etoposide 

protects mice from radia%on-induced bone marrow death. 

Jpn J Cancer Res, 81: 112-114. 

22.Walburg HE, Jr., MynaP EI, Robie DM (1966) The effect of 

strain and diet on the thirty-day mortality of X-irradiated 

germfree mice. Radiat Res, 27: 616-629. 

23. Percy MJ, McFerran NV, Lappin TRJ (2005) Disorders of 

oxidized haemoglobin. Blood Rev, 19: 61-68. 

24. Ash-Bernal R, Wise R, Wright SM (2004) Acquired 

methemoglobinemia: a retrospec%ve series of 138 cases at 

2 teaching hospitals. Medicine (Bal0more), 83: 265-273. 

25. Da-Silva SS, Sajan IS, Underwood JP (2003) Congenital 

methemoglobinemia: a rare cause of cyanosis in the 

newborn-a case report. Pediatrics, 112: e158-161. 

26. Maran J, Guan Y, Ou CN, Prchal JT (2005) Heterogeneity of 

the molecular biology of methemoglobinemia: a study of 

eight consecu%ve pa%ents. Haematologica, 90: 687-689. 

27. Kligerman AD, Halperin EC, Erexson GL, Honore G (1990)

The persistence of lymphocytes with dicentric 

chromosomes following whole-body X irradia%on of Mice. 

Radiat Res, 124: 22-27. 

28. Livingston GK, Foster AE, Elson HR (1993) Effect of in vivo 

exposure to iodine-131 on the frequency and persistence 

of micronuclei in human lymphocytes. J Toxicol Environ 

Health, 40: 367-375. 

29. Kafferlein HU, Broding HC, Bunger J, JePkant B, Koslitz S, 

Lehnert M, Marek EM, Blaszkewicz M, Monse C, Weiss T, 

Bruning T (2014) Human exposure to airborne aniline and 

forma%on of methemoglobin: a contribu%on to 

occupa%onal exposure limits. Arch Toxicol, 5: 1419-1426. 

serum of breast cancer pa%ents as a poten%al triage 

biodosimeter for large-scale radiological emergencies. 

Health Phys, 107:555-563. 

10. Grace MB, McLeland CB, Blakely WF (2002) Real-%me 

quan%ta%ve RT-PCR assay of GADD45 gene expression 

changes as a biomarker for radia%on biodosimetry. Int J 

Radiat Biol, 78: 1011-1021. 

11. Miller AC, Luo L, Chin WK, Director-Myska AE, Prasanna 

PGS, Blakely WF (2002) Protooncogene expression: a 

predic%ve assay for radia%on biodosimetry applica%ons. 

Radiat Prot Dosim, 99: 295-302. 

12. Blakely WF, Miller AC, Grace MB, McLeland CB, Luo L, 

Muderhwa JM, Miner VL, Prasanna PGS (2003) Radia%on 

biodosimetry: applica%ons for spaceflight. Adv Space Res, 

31: 1487-1493. 

13. Redon CE, Nakamura AJ, Gouliaeva K, Rahman A, Blakely 

WF, Bonner WM (2010) The use of gamma-H2AX as a 

biodosimeter for total-body radia%on exposure in non-

human primates. PloS One, 5: e15544. 

14. Bocharova V, Halamek J, Zhou J, Strack G, Wang J, Katz E 

(2011) Alert-type biological dosimeter based on enzyme 

logic system. Talanta, 85: 800-803. 

15. Zhang XH, Lou ZC, Wang AL, Hu XD, Zhang HQ (2013) New 

development of serum iron for biological dosimetry in 

mice. Radiat Res, 179: 684-689. 

16. Zhang XH, Min XY, Wang AL, Lou ZC, Zhang YN, Hu XD, 

Zhang HQ (2013) Development of a serum copper-based 

biological dosimetry in whole body gamma irradia%on of 

mice. Health Phys, 105: 351-355. 

17. Umbreit J (2007) Methemoglobin- It is not just blue: A 

concise review. Am J Hematol, 82:134-144. 

18. Hare GMT, Mu A, Romaschin A,Tsui AKY, Shehata N, 

BeaWe WS, Mazer CD (2012) Plasma methemoglobin as a 

poten%al biomarker of anemic stress in humans. Can J 

Anesth, 59: 348-356. 

19. Mutlu M, Erduran E, Aslan Y (2011) Acquired 

 [
 D

O
I:

 1
0.

75
08

/ij
rr

.2
01

5.
03

.0
06

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

7-
13

 ]
 

                               7 / 8

http://dx.doi.org/10.7508/ijrr.2015.03.006
http://ijrr.com/article-1-1518-en.html


 [
 D

O
I:

 1
0.

75
08

/ij
rr

.2
01

5.
03

.0
06

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

7-
13

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.7508/ijrr.2015.03.006
http://ijrr.com/article-1-1518-en.html
http://www.tcpdf.org

