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[ Abstract]  Objective To investigate the structural and functional changes of immune system in aging Sprague-
Dawley rats. Methods Sixty SPF 4 —6-week old SD rats (male: female =1: 1) were used in this study. Ten of them were
randomly taken and euthanized every 6 months. The dynamic changes of T cell proliferation, expression of cytokines, serum
levels of SOD and MDA and histopathology were examined. Results Obvious histological changes of thymus and spleen
were observed in the aging rats. Compared with the young SD rats, in the aging rats, the lymphocyte transformation ability
was decreased (P <0.05, P <0.01), number of splenic cells was declined (P <0.05, P<0.01), NK (P<0.05, P<
0.01) and T cell subset was reduced (P <0.05, P <0.01), and the production of IL-2 was decreased as well (P <0. 05,
P <0.01). The serum level of SOD in old rats was lower, MDA was increased, with significant differences (P <0.05, P
<0.01). The immunohistochemical staining showed that more extensive staining was found in the nuclei of thymocytes
from the aging rats, while the 8-OHdG formation in thymic tissues was mostly located in the thymic medulla. Conclusions
Aging process is accompanied by immune impairment, oxidative stress can also impair the immune response in aging rats.

Our findings indicate that structural and functional alterations of immune system in aging rats may be closely related with ox-
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idative damages.
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1.1 ##
1.1.1 SEEhY)

SPF 2% SD KER 60 H , MEMERS -, W H 25 B2 2
Bl e S 5 s 4 0 [ SCXK - (%2) 2012 - 0012],
4 ~6JEIE  MEPEAR TR 130 ~ 150 g, HEPEAE 150 ~ 170
2o

BNy 3 A v I B 2R 2 B S 0 3l ) B 9
SPF P 53580 M [ SYXK ( 5%)2010 - 0030) . 7E4F 4
FE R ER S5 S % RIE R R, A RaE R
WK FEshseo i N IS , TE4F & s 4s A
AT AT,
112 AUERANAH

MM € BD 24 ] FACScan AU, R
FHBC L2240, 55 B R s 2w, 485 MerckP11011,
g% 20 AL X F . 8-OHAG 47T, Abcam 2 &), #2 5
ab62623, — 4 M DAB @ F| AL 5t A2 e
i, 55 PV-9001 , ZLI-0001
1.2 &

SPEFEE 6 12 18 24 AW R4 73] %%
K10 Ry, AT LN Fehn A
12,1 R e se i

KU 3% 1B o ZAh R sl ok i Ak 3t

BN 200 B A = Y, BT 4 MR E 3 2  10°/mL, LA
ConA NI ARSI SR 5 d,3H-TdR 8 A B 54
TRRETT, &5 5 FH I FE B ST %R, ST =12.18 .24
AitdH/6 AW,
1.2.2 T4t

0.1 mL ¥R 1 x 107/mL 1% 75 O 20 At &
W, BIIA% 10 pl B9 CD3 .CD4 .CD8 B4, 354>
RS ,4C IH 30 min, 0. 2 mmol/L,pH 7. 4 1%
FCS (1) PBS ¥t 3 ¥k, 24 ACsEATAG I, 0% K
488 nm, FITC K51 480 ~ 630 nm, 31-%% 800 1~/
AL, 4020 000 MAHAE, SCEZE R LY-SIS 1T &
MR AT 53T o
1.2.3 NK 405525

i HFLRR I S BRI  BUE R KR 9% 24 ~48 h
b T RPECA K BB YAC-1 41 B R ¥R 20, 1 0. 5%
5 W I e R A0 BTG KT 95% , 18 4 i v J32
21 x10°/mL, K 520 AR B2 200 it B R 8
YU, N Streptavidin b 1 B BHUR I 40 Ak ) il IS
P7,490 nm P WG RE (A . AR B 1 40 R RS T
) LDH 25 NK 4054001, % 12,18 .24 A%
A TS 6 Ak Has A5 H AT AR
1.2.4 Mg A

LR AL G IR 3 B kB, 250 B E I
CBA JE A0 1f 7 A 4B X F 1L-2 1L-6 IL-10 | INF-y
F1 GM-CSF (b7 20 Jifd - i 1w 200 Jifa 42 V% 3 R 7 ) 9 A
k.o
1.2.5 FEEYE LR (SOD) MIPS % (MDA ) )
K60

R it R b ) A TR AR AR I s 349 5% FH
ik,
1.2.6 H4URB

YL IR S BRI, RIS [ E T 4% 25K
HE , A e, B B AS K, A s, b) |
JEEE S pm, #E 1T HE 4L 8 51 DNA A AL itrn &y
8-OHdG PAHTAY S gL Ye o EE KA
1.3 SitEDH

i 1 SPSS 16. 0 Gt B/ ab 1 45 - DL x £
FOR BT R ] ¢ ARG, A IR LR ¢ 4G
55,P <0.05 ZRA5I#E L,
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2.1 REBEIMEETWK

Bif A 498 4 R BRI 20 240 B 5 AL R 7 R AIG, 12,
18 .24 Hit5 6 Hikhix %A WEH (P <0.05,
P<0.01), CD4 PFHYE T 40545 0] 22 R0
FE, CD8 T A Akt B A e K s, 12 18 24
A5 6 AR 2Z AW EME (P <0.05,P <

0.01), PRZufxs NK #4025 40 BE 1 Bl 4 8 16
MM, 12,18 24 Hik5 6 H i i R4 i
(P<0.05,P<0.01)(%1),
2.2 ZAREEFE

BEAF I, SD K RUMLTE H 112 A RFAIK, 18
24 HI G 2254 (P <0.05) , 1L-6 11-10 %
IR 24 A e 254 B EM(P<0.05), 1L-
4,INF-y,GM-CSF & A WA Bl As (% 2) .

F1 AKREE SD KRG RER K

Tab.1 Functional changes of immune function in the natural aging SD rats
gl L A0 fb . NK 42
Groups Lymphocyte transformation rate b4 Ch8 CD4/CD8 NK cell killing activity
6 Ak 89.3+6.9 48.6 £13.9 41.9 £8.49 1.16 £0.39 71.33 £21.03
6-months old
12 A 80.2+4.3" 49.2 £12.7 38.2 +£6.65 1.28 £0.52 60.42 +19.38 "
12-months old
18 H % . i o
Ak 60.3 £5.7 47.3 £5.05 33.1+4.28™ 1.42 £0.37 ™ 45.98 +11.29°
18-months old
24 ; .
R 41.4 £2.8™ 48.6 £10.38 29.3+£7.58™ 1.65+0.24™ 37.22 £12.43™

24 -months old

H: 56 HigLLE, * P<0.05, ™ P<0.01,
Note. Compared with the young SD rats, * P <0.05, ™ P <0.01.

R2  HARERE SD KRS H AN 77 i

Tab.2 Serum levels of cytokines in the natural aging SD rats

25 L2 IL-6 IL-10 INF-y GM-CSF

Groups (pg /mL) (pg /mL) (pg /mL) (pg /mL) ( wmmol/L)

6 Ak 43.67 £4.8 11.49 £3.71 26.78 £5. 89 47.69 £10.93 921. 88 +159. 88
6-months old

12 1 39.89 +£8.48 12.56 +3.23 29.88 +12.31 48.57 +8.23 943. 64 +150. 63
12-months old

18 At 37.87 £8.59 " 14.55 +£2.51 29.33 £8.06 50.29 £8.55 947.01 +119. 69
18-months old

24 J iy

33.56 £10.99 ™ 16.49 +4.12"

24-months old

31.77 £10.09 *

51.22 £19. 88 938. 14 +132.71

.56 AR, " P<0.05, ™ P<0.01,
Note. Compared with the young SD rats, * P <0.05, ™ P <0.01.
2.3 SOD #1 MDA #JZ54k
Y INIE th SOD 5 i Bl AF % 3 < 1 PR AIG, 18
MNHIHAZE R BENE (P<0.05) 24 MHERH
W EYE( P <0.01), MDA £ & BfAE 14 K 32k
A I8 MAERAREM(P <0.05),24 N H %
SHEWBEME(P<0.01)(£3),
2.4 HLAREF
2.4.1 JERRREL
1GR822S A i A ) 25 S T J v L BT
W S M R B 25 45 . 18 .24 IS B R 2% &
56 A ERAREME(P<0.05), k4,

£33 BRFEE SD KFUMLEH SOD Fil MDA Y&
Tab.3 Serum levels of SOD and MDA in the

natural aging SD rats

215
SOD (U/mL) MDA (nmol/L)
Groups
6 Ji%
6-months old 92.79 £3.7 4,32 +£0.27
12 Hiy
12-months old 92.02 £2.48 4.50 £0.24
18 A% i )
18-months old 89.79 £0.97 4.69 £0.19
24 11 86.33 +2.02 ™ 4.97 +0.37 "

24-months old

6 AkILE, " P<0.05,™ P<0.01,
Note. Compared with the young SD rats, * P <0.05, ** P <0.01.
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Tab.4 Immune organ coefficients of the natural aging SD rats

Groups spleen thymus
6 %
6-months old 0.22 £0.03 0.090 £0.01
12 A%
12-months old 0.23 £0.03 0.087 0. 03
18 J % )
18-months old 0.24 £0.07 0.056 0. 02
24 A%

0.23 0. 10 0.050 £0.02 "

24-months old

56 AlkELE, " P <0.05,
Note. Compared with the young SD rat, * P <0.05.

2.4.2  JRBRA LU AR L

Y 6 F I i B 0l M2 5 R | B B IR, B o
8T (1) S RIS 77 BT

J J5T AR 2 4 B 22 S HE A7) 4 o St B SR TRLE
SHYIREAEIE G, i iR J o1 22 4 O i Hh 2 4, 12
R 2/10 B BEZE45, 18 % 3/10 Bl B 244,
2/10 B EEBE 240, 24 H % 3/10 52 B2 2 45,4/
10 i BE 224 ) 1/10 P E B 2240 B TR IX B Ak g

0 A LA B, B R G s, (UL 1)
2.4.3  JREYHLRBEAR L

6 K BRI ZH 245 R W5 b, 218 | 118 S
DX IHT , 948 U 200 6L 2% B, B AR IS 3G, I 2 IX 3
B, R ELE VAN RO BE AN I 2, 12 H iR
3/10 Bl 4 X B2 e A T8, 2/10 B2 BERESE h BE
7K ,1/10 FILLRERESE H Y 5K, 18 A K 1/10
B P86 2 2% X rp B 3 5, 2/10 40 BERE S T R T
ik ,3/10 BgESN B RS M3 £, 24 A3 1/10
B EL eI AR 1/10 5] A B bk O D8 760 7 3 25 40
1/10 Bl EEREAbE MG 2, (LK 2)
2.4.4 HIEALLEER

8-OHAG PH 14 il 5 HLAE SR o A, B e
JE A B B A 0 TRV AN — . GBIk L 4 A
FALR R, B 5 R A et F A7 e, g 8-
OHAG A4 A 5= 22 1% 43 A T 208 X, 18 X 4
A 2K LT JC PHE AN M AEAE . B A b BE 4 4
FEAAAE TR AP, DN B2 J5T 3 466 o7 BH M 248 A 3 7
Wz (WK 1,2)

AL 12 ARKRIIREEE A0 (HE) B, 12 AWK B IR 247 (HE) ;C. 6 A I KR 8-OHAG e 4k 4

E(IHC) ;D. 18 kK BUK AR th B2 (HE)  BEBR AL B, 24 WK SR L 2847 (HE) | B BRI 2 0 F.

18 A K 8-OHAG HfE 4 b Y4 4 (IHC staining) ,
1 AR SD KA HRA SR (1 x 100)

Note. A. Mild thymic atrophy in a 12-month old rat. B. Moderate thymic atrophy in a 12-month old rat ( HE staining). C.

Immunohistochemical staining of 8-OHdG in a 18-month old rat (IHC staining). D. Moderate thymic atrophy in a 18-

month old rat and subcapsular fat formation ( HR staining). E. Severe thymic atrophy in a 24-month old rat and subcapsu-

lar fat formation ( HE staining). F. Immunohistochemical staining of 8-OHdG * in a 18-month old rat.

Fig.1 Histopathological changes of the thymus of the aging SD rats( x 100)
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A 6 HIBIR UM, 4S5 M (HE) 5B, 12 Al SD KEBESME Mm% £ (HE) ;€. 12 A KL 8-OHdG #ey
WY (THC) ;D. 18 A K RSB 24 k41> (HE) E. 24 A K BUABEZESR , b E 40> (1.
E);F. ZI86X (1% 8-OHIG + 4ififd(THC) ,

2 HAERE SD REMA LRI ( x 100)

Note. A. The normal spleen of a 6-month old rat (HE staining). B. Extramedullary hemopoieisis increased in the spleen

of a 12-month old rat ( HE staining). C. Immunohistochemical staining of 8-OHdG in a 12-month old rat (IHC staining).

D. Mild white pulp atrophy in a 18-month old rat, showing a decreased number of lymphocytes ( HE staining). E. White

pulp atrophy in a 24-month rat, with a decreased number of lymphocytes ( HE staining). F. Immunohistochemical staining

of 8-OHdG in a 12-month old rat.

Fig.2 Histopathological changes of the spleen of the aging SD rats( x 100)
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