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[ Abstract] Objective To observe and compare the effects of radiation on the damage
and recovery of hematopoietic system in mice of different ages (juvenile, adult, and aged mice).
Methods Sixty male C57BL/6 mice of various ages were randomly divided into control, 2 Gy
irradiation, and 4 Gy irradiation groups. The control group received sham irradiation, and the other two
were administered with *’Cs vy total body irradiation. On the 3rd, 7th, 14th, and 28th days after
irradiation, peripheral blood was collected, white blood cells, red blood cells and platelets were
counted, unilateral femur bone marrow nucleated cell counts were determined, and percentages of
hematopoietic stem cell (HSC), hematopoietic progenitor cell (HPC) and colony forming
unit-granulocyte macrophage were calculated. One way ANOVA was used for comparison among
groups, while 7 test was used for comparison between two groups. Results White blood cell count,
unilateral femur bone marrow nucleated cell count, hematopoietic stem cell and progenitor cell count of
irradiated mice were reduced to the lowest values on the 3rd day. Compared with the control group, the
white blood cell count of juvenile mice decreased to 34.8% (2 Gy irradiation) (#=6.129, P<0.05) and
19.6% (4 Gy irradiation) (+=7.084, P<0.05), while adult mice decreased to 43.8% (2 Gy irradiation)
(£=3.043, P<0.05) and 20.0% (4 Gy irradiation) (+=7.084, P<0.05), aged mice decreased to 19.0%
(2 Gy irradiation) (=22.080, P<0.05) and 8.4% (4 Gy irradiation) (+=24.590, P<0.05). The decrease in
4 Gy group was more serious than that in 2 Gy group in a dose-dependent manner. At 28th day after
irradiation, unilateral femur bone marrow nucleated cell count in irradiated juvenile mice did not return
to normal, the HSC percentage in the juvenile mice of 4 Gy group was still lower than 50%, and the
HPC percentage of irradiated juvenile mice recovered to approximately 50% of that of the control
group. At 28th day after irradiation, the percentage of colony forming unit-granulocyte macrophage
returned to normal for the irradiated adult mice, however, the irradiated juvenile mice (2 Gy irradiation:
t=2.067, P<0.05; 4 Gy irradiation: /=3.358, P<0.05) and aged mice (2 Gy irradiation: /=2.586, P<0.05;
4 Gy irradiation: =4.772, P<0.05) were significantly lower than those of adult mice, which did not
return to normal level. Conclusions After irradiation, majority of the hematopoietic system of the
irradiated group showed acute, dose-dependent inhibition on the 3rd day. After the recovery period,
most of the indicators returned to normal values on the 28th day. The results suggest that the
hematopoietic stem cell functions in juvenile mice are more sensitive to radiation injury and poorly
recover after radiation compared with those in adult mice. In addition, the recovery for bone marrow
cell proliferation was decreased in aged mice.
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1) 34.8%. 19.6%; HHER 2 Gy, 4 Gy BETAHT
W ZE I HRZEY 43.8% . 20.0%; Z4ER.2Gy. 4Gy
TR T = R4 IRZH Y 19.0% . 8.4%. ZJAE
WK, TESS 28 KIF 3 4H/NEUAY WBC 24 K
BEIEHFKF. Bk 2 0H, 9K 2 Gy B4
RBC 766 3 KEHME T[R40 B4, 4 Gy M4 7E
%5 3. 14 XA RBC BEMCT RN IRAL, 55 14 K

1 FUHXEARRAER /NS L 200 52 [(24s) %
10°/L) 1(n=5)
Table 1 Effects of radiation on white blood cell count in

peripheral blood in  mice of different ages [(¥+s)x10%/L)] (n=5)

BHIET 2 Gy 94 ; 24K 2 Gy I4T4] RBC 7¢
957, 14 REHMKTRIAXTRAL, 4 Gy BETAES
3. 7. 14 REMET R4 IRE, HAES 7. 14 K
RHIET 2 Gy IS4 . 58 28 Kit 3 41/l RBC
PR &0 R K T R 3 AT, 4FE R
2 Gy. 4 Gy B4 PLT 7655 14, 28 RHK T R4
XTRELH ;T A RS A AE U S AL S TRl g xf

2 RGOS /N BN i LA R SE R [ (ks x
10%/L)](n=5)
Table 2 Effects of radiation on red blood cell count in

peripheral blood in mice of different ages [(F+s)x10'*/L)] (n=5)

15 TSR I ] 15 RS I 8]

EXPN IR H14K 28K H3KR IR H14K 28K

HAFRL(3 RS 4 B3R
X HEZ 4.60£0.95  7.15£0.75  6.50£0.30  4.55+0.65 X2 8.36+0.47 825027  8.94+0.07  9.06+0.21
2 GyMBST4H  1.58+0.13°  3.7240.65° 4.30+0.14°  3.90+0.25 2 GyfRSI#H  7.38+0.37°  8.23+0.20  8.93+0.10  9.03+0.19
4 GyOT4 0.94+0.34%° 2.30+0.49%" 2.16+0.78"" 4.42+0.45 4 GyHURA 7.01£0.13°  7.95+0.38  7.94+£0.22%° 8.35+0.91

T4 BL(8JA) T4 BL(8JE)
pogit:cl 4.50+0.10  6.50+0.40  3.60+0.10  3.00+0.20 paiisi:) 8.36£0.47  8.71x1.25  9.14+0.02  9.80+0.01
2 GyMRUFE 1.97+0.87°  3.52+0.43  6.45£1.17°  6.20£0.69° 2 GyMRURE 7.70£3.38  7.94+036  9.17+0.18  10.42+0.37
4 GyMUF4L 0.93+£0.13°  1.72+£0.31%" 2.96+0.39"  3.64+0.65 4 GyMU4l 8.04+0.51  7.75+0.38  8.32+0.22%° 9.70+0.24°

EFER(14HE) EFER(14AE)
payiit::l 8.85£0.11  8.05+0.55  9.65+0.65  7.75%1.45 payiit::l 8.55+0.11  9.77+0.23  8.69+0.10  8.53x0.34
2 GyESHAL 1.68+0.17°  3.90+0.61°  3.90+0.61°  4.64+1.02° 2 GyfESH4 8224039  8.09+0.17° 8224042  9.09+0.58
4 GyGI4 0.74+0.19%° 3.10£0.72%° 3.10+0.72°  5.00+1.73 4 GyMRHHY 7964034  7.24+021%° 7.2140.28° 8.40+0.57

W Fh, 0 SHEHAXBAMLEL, 2.717<¢<24.590,
P<0.05; °: SR 2 Gy ATHM L, 2.822<¢<7431, 1§
P<0.05,

W F#h,  SHEAXBEAMLE, 3.064<¢<12.000, ¥
P<0.05; °: S[E4 2 Gy MOTAH ML, 3.282<r<7.454, ¥
P<0.05,

3 PR RAER RSN LM PR [(ess) x10°70)](n=5)
Table 3 Effects of radiation on platelet count in peripheral blood in mice of different ages [(Z+s)x10°/L)] (n=5)

WU A 1]
215 — - - o
ETRPN FIR F14K Hi28K

HAFRL(3 RS

X R 2 477.00+31.76 455.00+60.00 516.00+26.00 505.50+13.50

2 Gy ST 483.80+41.50 383.80+£35.31 346.25+22.07" 359.25+39.38"

4 GyHUR 4 547.40+136.63 258.20+£95.96" 311.60+32.77* 368.60+51.66"
T4 BL(8JEI)

Xof B4 377.79+29.79 292.50+25.50 512.50+20.50 447.50+3.50

2 Gy 590.67+261.81° 375.60+64.26 381.75+57.60° 474.80+81.93

4 Gy R4t 435.50+63.26 292.20+47.07 287.20+63.13 547.60+71.37
HBAER(14A 1)

X HEZ 641.50+18.50 709.50+111.50 822.00+47.00 692.00+112.00

2 Gy RS 702.80+195.68 759.40+143.19 868.00+176.50 750.60+154.56

4 Gy U4 664.80+48.55 593.40+73.79 1 258.20£66.05*" 744.60+262.76

TE: 3R, s SRIEXHREAL, 3.125<,<7.198, 1 P<0.05; °: S5IF4H 2 Gy MUTHAAALL, 2.457<:<4.669, 1 P<0.05,



446 E BRI B2 e 2019429 A%E 43 555 5 Int J Radiat Med Nucl Med, September 2019, Vol.43, No.5
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2 Gy. 4 Gy B%)5, /MEAMEIM RBC #1 PLT
KA AE, WBC IR R, HA4 R
AR B WBC i 8H AE RU™ B . 414ERL 2 Gy
HE ST 2H WBC 1E55 3 KA A X IR ALY 34.8%, 58
7 RIHKE ZEXIRA Y 52%, 4 Gy BEF4 WBC 1E
B3 ORI X B IG 19.6%, 55 7 KRIHIKE 0] R
019 32%; AR 2 Gy R4 WBC 764 3 K}
Hy X R 19%, 55 7 K IR E E N IR 4
48%, 4Gy HEEU] WBC 7E5 3 KIAXTRAINY 8.4%,
857 KRR 20 ML) 38.5%, 1% 7 4E RAE
Z ARG WBC BIVKE BE 1AL T4h4E .
2.2 GRS BN R E B BE A A% A A T B

A

/IS B B B B A A% A B R8T LATE—
P L MeE B i I AE S, & 4 v, ZHR
Je, 3 /NI S0 BB B A A R AR
3R TFHERERMM, 4Gy BEH FEMREST
2 Gy B4, SRR, 53 Kuk, 914E R
2 Gy HREFZH A 4 Gy BREF2H 73 5] T B 22 ) 4 6 B 21
(1) 44.5%. 14.2%, HFER 2 Gy HAT4LH 4 Gy I]
S 5 e R A R ZH Y 74.8% . 25.4%, &

R4 ARG RGN BB EE A AN R
B2 [ (%) x10%L) ](n=5)

Table 4 Effects of radiation on the count of unilateral femur

bone marrow nucleated cell in mice of different ages
[(z£5)x10°/L)] (n=5)

AR 2 Gy TRETLH AN 4 Gy BESTZH 23 50 F B 2 [l 4 %F
WL 53.2% . 35.1%, X &RBALIAE R AR B
PR E TR AR 5 28 RAT, HAERMEAE
SR B B B B A AZ AR TR KR B R4
SRR, T4h4E R 2 Gy BBET4 I 4 Gy MRS
FESS 28 RIFAMKE IEH, X 37 76 A [R5 a2 )
SRS, SRR R E . IRE B .
2.3 RS/ INERCEBE HSC A HPC 15400

/N BV BEZR I A HSC AT HPC 3t 7284k 5
WMIEEE VI E, M ST, ZBE, SFER
MRS LSS 3 KF HSC W3 N, 4 Gy BT
FEFERE & T 2 Gy MU, HEREKEE, 2 Gy
HESFZHAESS 28 R E EIEH K, 4 Gy B4l
W BN, 55 28 RIS HSC 4K T 2 Gy MR 5T 4 ,
AR 52 22 [a) 2 %) BB 2 Y 40.9%, 5 4F FUIR B 4 26
3 RFIEE 7 KRBT HSC AL, 2 Gy MURHTESS 14 K
PRI IEH K-, 4 Gy BRGTAHTES 28 KRS IEH K
o BAERURSTH S 7 KEF HSC (T A 24 %
WAL, (HEE 14 RETE WK E 2 1EH K.

FE TR S AL, R4 /N RFESE 3 KA
HSC 4ax} & 7 L N AR, ZJRZEikE, &
28 KHt, 2 Gy FGHHY 3 41/ HSC FEAMKE =
IEH K, 4 Gy B R9AE 4F BRI 4 B

F5 N R BN AU S H AR (k)
(n=5)

Table 5 Effects of radiation on hematopoietic stem cells in

mice bone marrow cells (¥£s) (n=5)

a5 SR S5 S st ] - TR S5 S st ]
RPN IR 14K 28K EXPN IR 14K 28K
A4 R (3RS LA R (3RS
Xt HRZL 20.30+2.05 24.60+5.40 20.40+0.00 26.00+0.40 Xt HRZL 0.4240.03  0.35%0.05  0.18+0.00  0.22+0.05
2 GyHUFAL  9.04+£1.06" 22.48+421 21.10£6.61 18.20+3.30 2 GyMSF4L  0.15£0.04°  0.25£0.03°  0.06£0.03*  0.31+0.09
4 GyESI4]l  2.88+0.47%" 15.84+2.54 15.28+2.52 16.08+2.90" 4 GyBH4L  0.01£0.00° 0.16£0.02%° 0.13£0.05  0.09+£0.04"
FHAR(SFER) FHAR(SFAR)
it HRLH 31.40+3.00 31.60£0.00 35.20£10.00 35.40+9.40 Xt HRLH 0.27+0.05  0.28+0.04  0.26£0.04  0.24+0.00
2 GyMUEL 23.47+0.50° 33.28+5.30 28.70+3.09 42.40+4.74 2 GyRHT4 0.07+0.03"  0.02+0.01°  0.24+0.06  0.24+0.03
4 Gyl 8.00+0.75%° 26.8042.37 21.1242.53" 45.12+7.10 4 GyHS4L  0.03£0.01°  0.04£0.01°  0.12+£0.06"  0.24+0.04
EAER(147H) ZAER (147 8)
Xif HR 4 36.50+14.50 34.80+8.40 44.60+2.20 39.20+3.60 Xof B2 0.20+0.03  0.30£0.02  0.17+0.02  0.2120.04
2 GyMURZL 19.40+3.67 45.6042.47 33.00£3.56" 44.40+6.28 2 GyMF4l  0.14£0.04  0.11£0.02° 0.18£0.16  0.17+0.07
4 GyHEUFTAL 12.80+2.71° 35.52+12.20 23.84+4.85"" 40.08+2.56 4GyMFA 0.11£0.03  0.12£0.04°  0.22+£0.05  0.32+0.11

He £, o SHE4XBAHAME, 2.532<:<16.260, 3
P<0.05; *: S[E4 2 Gy BMATHAM L, 2.532<r<26.200, 1
P<0.05,

He £, o SHE4XBAMEL, 4.723<<25.660, 3
P<0.05; ": 5H4l 2 Gy BT AL, 4.650<:<7.399, 3
P<0.05,
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Fig. 1 Changes of hematopoietic stem cells absolute percentage in mice bone marrow cells after irradiation

HSC K& 2 1EH K, 44 B HSC 48%) 43 Ak
T 50%, BEARTHERMBER, XRHGFE
SRS S, IRE RS,

M2 6 Al A, FRETZH/NERAESS 3 KT HPC B
PG, 4 Gy BT TR & T 2 Gy R4
4, HEREREN. ZEEEKE, 5% 28 XiT
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HIAT DL, AHEE TE AR, 2R
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M 3 AU, 4R RO IR4T 1 CFU-GM
PRV AR Vo 50 0 AR T AR BT IR, &4 BN IR
4] CFU-GM PHIESE 55500 2 2 T 4047 BRURIR 45 B
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in mice bone marrow cells (¥£s) (n=5)
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Fig.2 Changes of hematopoietic progenitor cells absolute percentage in mice bone marrow cells after irradiation
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