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Abstract

T his stu dy deals w ith the biological effect s of black m ou se (C57BL ) irr adiated w ith

n eutron irr adiat ion by u sing Boron Neutron Capture T herapy facility in HANARO

reactor . T hese in clude m ort ality , body w t ., hair color , testis v olum e, sperm count an d

im m un e cell populat ion s in m ou se spleen aft er 80 day s lat er by therm al neutron

irr adiat ion . Six w eek old C57BL m ale m ice w ere irradiat ed w ith n eutron irr adiat ion for 1

hr or 2 hr s (flux : 1.036739E +09). T hese irradiat ion doses est im at ed 15Gy an d 30Gy ,

r espect iv ely . Surviv al day s and hair color in m ice w as checked. On day 80 after

irr adiat ion , testis w ere t aken for v olum e an d sperm count . Also Spleen w as taken for

F A CS an d spleen cells w ere isolat ed and discarded RBC by tr eat ing w ith ly sisin g

solut ion . T hese cells w ere placed on ice an d im munoflu orescence staining w as

perform ed. Phy coerythrin (PE )- anti - CD3e , fluorescein isoth iocy anate (F IT C)- anti - CD4, an d

F IT C- ant i - CD8 w ere added, th en th e imm unost ain in g cells w ere incubat ed on ice for 40

m in . T he result in g cells w ere w a shed w ith a PBS buffer 3 t im es and an aly zed u sing a

F low cytom et er . All experim ental anim als surv iv ed ov er 90 day s but in case of 30 Gy

n eutron irradiat ion , black m ice h air w ere chan ged w hit e color on the cent er of the

b ack . Neutron irradiat ion of black m ice show sim ilar in dam ag e of spleen im m un e

cells by subpopulat ion of T helper and T cytot ox ic cells com pared t o th e control

n on - irr adiat ed group. T hese result s show that t r eatm ent of n eutron irr adiat ion w ithout

b oron com poun ds for 2 hr s in mice can surv iv e ov er 90 day s w ith hair color ch ang e

from black t o w hit e. Dam ag ed spleen cells recov er aft er long t im e by irr adiat ion but

t estis v olum e an d no. of sperm are n ot r ecov er com pared t o the norm al group in

respon se t o n eutron irr adiation .



1 . In tro du c tion

BN CT facility at HA NARO react or w as com plet ed in our country last y ear by m ean s

of peaceful u se of at om ic energy and so anim al study of neutron irradiat ion st ar t ed at

BNCT facility in our country . Gam m a - ray irr adiat ion in clu ding n eutron has been u sed

w idely cancer th erapy an d diagnosis in the m edical science . BNCT is a bin ary form

of an ex perim ent al t r eatm ent m odality b ased on th e react ion occurr in g betw een the

n on - radioactiv e isot ope 10B and th erm al neutron s . A low energy n eutron is captured by

the 10B - m u cleu s , w hich disint egrat es in to a Li- an d a He- nucleu s , tw o den sely ionisin g

particles w ith high biological effect iv enes s and short r an ge in tis su es . A select iv e

t arg eting of th is r eact ion to tum our cells w ould lead to a highly effect iv e treatm ent

w hile sparin g h ealthy tis sues , result in g in a ' t arget ed an d t im ed cell surgery ' . BNCT

t akes place in a nu clear r esearch reactor and requir es a st rict qu ality m anag em ent of

safety . Before preclinical stu dy to pat ient , biological effect s of ex perim ent al aniam als by

n eutron irr adiat ion provide good inform at ion s t o progress BNCT to patient tr eatm ent . A s

the fir st st ep of anim al stu dy , black mice w ere n ot adm inist r ated boron com poun ds an d

laid flat in front of beam entr an ce and irr adiat ed at the dir ect ion of the front w ith

n eutron and th en inv estigated th e body w eight , surviv al day s , hair color , t est is v olum e

and sperm count an d im m une cell populat ion of spleen on the day 80 aft er n eutron

irr adiat ion for chronic effect of biological dam age w ith neutron irr adiat ion . Spleen is the

m ost im portant org an of the im m un e sy stem s . T his organ also is the largest lym ph one

am ong cir culatory sy st em s an d con sist of m any lym ph s . In side spleen hav e m any

phag ocyt ic cells and prot ect inv ested m icroorganism s from blood. Also this organ

destroy the red blood cells .[1] Due t o these fun ct ion s . this is one of the m ost im port ant

organ s in hum an being s . T h erefore, the present stu dy w as design ed an d peform ed to

obt ain th e dam ag e lev els of im m une sy stem on th e population chan ge of the im m un e

cells in spleen aft er 80 day s by n eutron irr adiation .

2 . M at erial s an d m e th o ds

2.1. Anim als an d m aint enan ce

Six w eek - old m ale C57BL m ice w eighing about 22g w ere obtain ed from Biolink s

com pany , Um sung , Korea . T he m ice w ere raised in a 22°C- controlled anim al care room

w ith the light/ dark cy cle of 12/ 12h . T h e anim als had fr ee access t o t ap w at er an d

com m ercial chow durin g the ex perim ent s kept in an environm ent com plying the NIH

guidelines for the care and u se of laborat ory anim als .[2]



2.2. Neutron irradiat ion an d sacrifice of anim al

T he n eutron irr adiat ion w as carr ied out w ith BNCT facility in HANARO reactor

at Korea At omic En ergy Research In st itut e (KAERI). At fir st , tw enty m ice w ere

anesth etized w ith F luk a an d laid flat in front of th e b eam entrance an d th en irr adiated

w ith neutron (flux : 1.036739E +09) for 1 hr or 2 hr s . Ex perim ent al m ice w ere

inv est ig at ed th e surviv al day s for life span w ith ch ecking the body w eight and b ody

appearance like h air color chan ge and lat er four m ice on day 80 w ere sacrified for

t aking test is an d spleen .

2.3 M easurem ent of t est is w t ., v olum e and sperm count

Right an d left of T est is w ere m easured by balan ce ( OHAUS Corp. U .S .A ) and

len gth and w idth of t est is w ere m easured w ith a rule ( Vernier Caliper , Mitu toy o Corp.)

for calculating the t estis v olum e. In case of sperm count , epididym is put in to the

eppen dorf tube an d h om ogenized w ith 1m l of 1% sodium cit rate an d th en st an ded for

30 m inut es an d count ed w ith hem ocytom et er by m icroscope ( Can on , Japan ).

2.4 Preparat ion of spleen cell su spen sion

Spleen s w ere collect ed a sept ically and pressed on the 100 m esh siev e by piston

of syrin ge . Pressed tis sue w ere m ov ed the 15 ㎖ conical tube (Becton dickin son ) an d

stand for about 5 m in . A ft er precipit ation of pressed t is su e, supern atant s w ere tak en and

w a shed 2 t im es in P BS . Splen ocyt es su spen sion from 5 m ice in each group w ere pooled

and RBC w ere ly sed by an addit ional 5- m in incubat ion w ith 0.83% NH 4 Cl. After 2

addit ion al w ashing s in PBS saline solut ion contain in g 3% fet al b ovine serum an d 0.1%

N aN 3 , cell su spen sion s w ere dilut ed at 5 x 106 cells/ ㎖ in RPMI- 1640 m edium plu s 2%

fet al b ovine serum (sigm a ).

2.5 Cell im m un oflu orescen ce st ain in g an d flow cyt om etr ic an aly sis

All st eps of cell im m un ostain in g w ere perform ed at 0 - 4°C. Splenocytes w ere

w a shed 3 tim es w ith PBS an d m ov ed the 5 ㎖ F A CS tube added w ith 0.3 ㎖ staining

buffer . After v ortex ing , this w as centr ifu ged for 5 m in , 1300 rpm at room temperature.

F or each one- step stain in g react ion s , 100 ㎕ of ant ibody culture supern at ant s w ere

placed on ice and react ioned for 40 m in . After 3 addit ional w ashing s in PBS , antibody

w ere added 50㎕ of dilu t ion solu tion (100X ) of goat ant i- r at im m un oglobulin

- flu orescenisothiocy an at e (F IT C) and in cub ated on ice for 40 m in . T he resulting cells

w ere w ash ed w ith a PBS buffer 3 t im es an d resu spen ded w ith 0.3 ㎖ of staining buffer



and th en an aly zed u sin g a F low cyt om eter (Bect on Dickin son , U .S .A ). T h e data w ere

collect ed by list m ode about 5,000 cells per sam ple an d analy zed u sin g Con sort 30

program . Dat a analy sis w as calculat ed population percent ages of CD4+ an d CD8+ cells

am ong v ariou s cells div ided int o w h ole splenic cells , sm all lym phocyt e or lym phoblast on

a dot plot u sin g dual param et er of forw ard scat ter (F S C) and side scatt er (S S C).

3 . R e s u lt s an d di s c u s s ion

After neutron irr adiat ion , m ice w ere check ed th e body w t . ev ery day for 1 w eek and

then ev ery 1 w eek . T able 1 sh ow s th e life span of m ice w ith n eutron irr adiation . All

experim et al m ice in tw o groups w ere surviv ed ov er 90 day s but on e ex perim ent al group

of m ice chang ed the h air color . Althou gh th ese m ice w ere irr adiat ed w ith neutron at

the dir ect ion of the front , life span of m ice show n o effect . F ig . 1 show s that hair

color w ith high dose of n eutron irr adiat ion only w ere chan ged from black t o w hite on

the center of th e back . S om e high dose of neutron irr adiat ion can chan ge th e hair color

aft er long tim e by irr adiat ion . F ig .2 show s that th e body w t . of m ice reduced rapidly on

day 1 aft er irr adiation an d th en in creased gradually surv iv ing ov er 90 day s aft er

irr adiat ion . Neutron irradiat ion of mice indu ced shock and som e biological dam age by

redu cin g body w eight r apidly . F ig . 3 show s that testis w eight w ere n ot r educed but

t estis v olum e w ere reduced a lit t le according t o the radiat ion dose after long t im e by

n eutron irr adiat ion . F ig . 4 show s th at sperm count w ere redu ced a litt le com pared t o th e

n orm al group. In case of t est is , t est is v olum e and sperm count induced som e dam age

aft er irr adiat ion like redu cin g v alue compared t o th e n orm al group. Although all m ice

w ere surviv ed for lon g t im e aft er irr adiat ion , biological dam age of som e org an s like hair

and testis did not r ecov er the norm al v alue du e to th e chronic effect of neutron

irr adiat ion . Spleen is a lym phoid org an hav in g a special funct ion . T his is m ade

lym phocyt e an d destroy ed red blood cells an d prot ect ed from inv est ed sub st ances in side

blood and stored the blood and so on . Lym phocyt es are m ade at w hite pulp of spleen

and red blood cells having w ith life - span of about 120 day s are destroy ed at spleen .

A lso th is h av e defen se funct ion s becau se of B an d T cells in it . T h erefore spleen is

an im portant biological organ as w ell bein g v ery sen sit iv e t o radiat ion . F ig . 4 show s the

population of CD4+ or CD8+ cells in the splenic cells aft er 80 day s by n eutron

irr adiat ion . T he populat ion of CD4+ in the n on - irr adiat ed control w as 16.8% . T h ose

by neutron irradiat ion for 1 hr w ere 13 an d 19.1% , respect iv ely . An d th ose by neutron

irr adiat ion for 2 hr s w ere 20.3 and 13.7% , respect iv ely . Also the population of CD8+ in

the n on - irr adiat ed control w as 5.7% . T hose by n eutron irr adiat ion for 1 hr w ere 3.7

and 5.9% , respect iv ely . An d those by n eutron irr adiat ion for 2 hr s w ere 6.8 an d 5.0% ,

respect iv ely . CD3e+ cell in splenic cells div ided t w o groups lik e CD4+ an d CD8+ cells .

CD4+ cell is T h cell an d CD8+ is T s/ c cell. In creasem ent an d reduction of CD4+ cell

m ean that of antigen - antibody imm une sy st em . Also population of CD8+ cell depend on

the cell cyt otoxicity and so it r educe w hen m ice w ere dam ag ed by chemicals an d



ir r adiat ion . F ig . 5 show s the populat ion of CD3e + or N K 1.1+ cells in the splenic cells

aft er 80 day s by n eutron irr adiat ion . T h e population of NK 1.1+ in the n on - irr adiat ed

control w as 1.23% . T hose by neutron irradiat ion for 1 hr w ere 1.58 an d 1.35% ,

respect iv ely . An d th ose by n eutron irr adiat ion for 2 hr s w ere 0.84 and 0.95% ,

respect iv ely . Natural killer cell (NK cell) ar e imm une cells k illed w ith can cer cell and

inflam m ation cell. F ig . 6 show s the populat ion of CD3e+ or B220 cells in th e splenic

cells after 80 day s by neutron irr adiation . T he population of B220 in the n on - irr adiat ed

control w as 73.9% . T h ose by n eutron irr adiat ion for 1 hr w ere 75.1 an d 73.9% ,

respect iv ely . An d th ose by n eutron irr adiat ion for 2 hr s w ere 73.5 and 78.2% ,

respect iv ely . F rom th ese result s , n eutron irr adiat ion w ithout adm inist ration of boron

com poun ds at the dir ection of th e front aft er long tim e show ed no dam ag e of im m un e

cells in spleen com pared t o the n on - irr adiat ed control group. Lim et al.[6] r eport ed

that the m eth anol extr act of Cordy cep s hep ialid icola w hich are w ell - know n and

im port ant ingredient s in tr adition al oriental m edicin e enh anced the percent ages of the

CD4+ and CD8+ T cells in th e healthy m urine P BM Cs. T his r esult su gg est es that cert ain

fact or s in th e fung al ex tr act s in duced th e prolifer ation of T cells as a m it og en an d/ or

the prolifer ation and act iv at ion of T cells v ia cyt okine product ion as a poly clonal

activ at or . Also Dreau et . al.[7] report ed that th e effect s of 2- DG (2- Deoxy - D - glu cose)

w ere assessed by determ ining T splenocyte in vitro prolifer at ion aft er stim ulation w ith

con canav alin - A and leukocyt e sub set distr ibut ion s . A dm inist r ation of 2- DG is

a ssociated w ith ch ang es in the nerv ou s an d endocrine sy stem s . In addit ion t o m et abolic

and horm onal chan ges , 2- DG adm inistr at ion resulted in alt er at ion of im mune respon ses [8,

9, 10, 11, 12]. Dreau et . al. carr ied out that splenocyt es w ere analy zed for the follow ing

cell - surface m arker s : CD3, T CRα/ β, CD4, CD8 and m ajor hist ocom patibility

com plex (MH C) class II. In vit ro prolifer ation of m ature T splen ocyt es in the presen ce of

con canav alin A w as decreased in BDF 1 but not in BALB/ c and C57BL/ 6 m ice . In

addit ion , in BDF 1 m ice the decrease w as highly corr elat ed w ith a in crease of CD3+ an d

T CR α/ β+ cells in the spleen . T hese result s dem on strated high v ariability in the

respon se of differ ent m ou se strain s t o 2- DG- induced str es s . Like this , the

subpopulation of T cells m ight be ex pres sed the imm une funct ion . F rom these abov e

result s , n eutron irradiat ion w ithout adm inistr at ion of boron com pounds at the dir ect ion of

the front by lying flat pose show ed no dam ag e com pared t o the non - irr adiated

subpopulation of splenic im m un e cells an d sh ow th e long life span ov er 90 day s aft er

irr adiat ion . But black hair in m ice w ith high dose of neutron irradiat ion w ere chang ed

w hit e color on the center of the back aft er lon g tim e by irr adiation . In th is study ,

n orm al m ice w ere irr adiat ed w ith out adm inist r at ion of boron compounds an d w e foun d

the chronic effect of som e biological dam age like h air an d test is w ith n eutron irr adiation .

T herefore, w e need t o study furth er ab out this w ith or w ithout adm inist ration of boron

com poun ds or can cer in du ced mice an d so on .
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T able 1. Life span of black m ice w ih neutron irr adiation by lying flat pose

for 1 hr or 2 hr s .

Irr adiation tim e No. of anim als Day s of surviv al

Non - irradiat ed 5 〉90
1 hour 10 〉90

2 hour s 10 〉90

< control> < 1 hour - irr adiated> < 2 h our s - irr adiat ed>

F ig . 1. Ch ang e of hair color after lon g t im e ( 2 m onth s ) by neutron irr adiation .

F ig . 2. Ch ang e of body w eight according to th e tim e after n eutron irr adiat ion .

F ig . 3. T est is w eight and t est is v olum e after lon g t im e by n eutron irr adiat ion .



F ig . 4. Sperm count aft er lon g t im e by n eutron irr adiat ion .

F ig . 5. CD4+ / CD8+ cell population s of m ou se splenic cells aft er 80 day s of n eutron

irr adiat ion for 1 hr or 2 hr s .



F ig . 6. CD3e+ / N K 1.1+ cell populat ion s of m ou se splenic cells aft er 80 day s of n eutron

irr adiat ion for 1 hr or 2 hr s .

F ig . 7. CD3e+/ B220 cell population s of m ou se splenic cells aft er 80 day s of n eutron

irr adiat ion for 1 hr or 2 hr s .
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