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The effection of heat stress on cell immunology in rats
ZHOU Wenyun , LV Zhizian ,ZENG Li feng , HE Dan , HU Guozhu®
(Institution o f Clinical Medicine s People’'s Hospital of Jiangxi Provine s Nanchang
Jiangxi 330006 ,China)

[Abstract] Objective To investigate the effect of heat stress on the expression of Toll-like receptor 4
(TLR4) and peripheral blood T regulatory cells (Treg) in splenic cells of rats. Methods Senventy-two SD
rats were divided into 20 °C control group and 37 C group. Each group was divided into non stimulation, bac-
terial lipopolysaccharide (LLPS) stimulation and concanavin A (Con-A) stimulation subgroup. Each subgroup
had 1,12,48 h and 168 h observation points,and flow cytometry was used to determine the level of TLLR4 and
Treg. Results The TLR4" immunocompetent cells in the spleen was decreased from 1 h to 168 h in every
subgroup of the 37 °C group compared to the 20 °C control group (P<C0.05). The level of CD4"CD25" Treg
in the peripheral blood in rats from 1 to 48 h was significantly decreased (P<C0. 05) and slightly increased at
168 h in LPS stimulation subgroup in the 37 ‘C group compared to the 20 “C control group. The level of CD4 "
CD25" Foxp3™ Treg in the peripheral blood in rats at 12 h were significantly increased in non-stimulation and
concanavalin A (Con-A) stimulation subgroups in the 37 ‘Cgroup,and were significantly decreased at 168 h in
every subgroup of the 37 “C group compared with 20 ‘C control group (P<C0.05). The level of CD8" CD25"
Treg in the peripheral blood in rats was significantly increased at 1 h and 168 h in the 37 ‘C hot and humid
group in the every subgroup when compared with the 20 °C control group (P<C0. 05). The level of CD8"
CD25" Foxp3™ Treg in the peripheral blood in rats was significantly decreased at 1 h and 48 h in the every
subgroup,and was significantly increased at 12 h and 168 h in the non-stimulation and LLPS stimulation sub-
groups in the 37 °C group compared to the 20 °C control group (P<C0. 05). Conclusion High temperature and
damp heat can destroy the innate immunity and alter the functional state of adaptive immunity in rats.

[Key words | rats, sprague-dawley; spleen; immunocompetent cells; Toll-Like receptor 4; Treg; heat

stress;lipopolysaccharides; Con-A
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ZEAL  SC I 8 R B8 N T AR T BB B R RS
UIREITHF . e 2 B . A ERN g 42. 3 "C 90 min,
A0 M EL A2k 8 d p b A 22 43 B E R T 4
e 8 e B L AR B 2 AR R R N AR A
JE N Toll #:5% & 4(Toll-like receptor 4, TLR4) ik
R O AN B R L R R R S &R O
45 CD3" CD4' T 2 i /b, 1iii CD3™ CD8" T 4 fitd %
IS, 20~40 % 1 5 v AR R A AN L Hm 2K 2 S
FRER/ T EREREPYE ERER/ B, DL A
M2 4/ 11 B F 9% (L4 /TFN-y) /9 A5 T &5, 3iF B
SN 28 R GE 25 Gy A 4T ] I G0 g R e Al
By T 4 CTh2) J5 1) & et . sl ig vk $4 07 34034 i
7 HSNT i Ji B 2 g 1 By JB% Pk il 7 Thl 1 Th2
G LI FEAIR T HSNT 378 8 7 98 1 e & 42 Al s 19
PRAr AV T L D RO 08 PR AN B § B i CD4
CD25" Foxp3™ ¥ 37 # T (Treg) 4 s y= 4=, IL-10 F
TGF-R = AR, /0 5 240 Jifa & 5 0 2 11 [ MOG (35-
55) IBRAEFIV/INE 2 d TR PN B, 25 R Lk B B
PV i 8 R (EAED 1 & 380 T 70 %, HAER &
o DR A% S 1A MR A 8 20, CD4T CD25 " T 41 i
U MOG (35-55) 154k T 4 s T

TLR4 &5 40 1 5 2 (LPS) | — 29 7 I i
M 2855 T AH 56 4y F AR R (pathogen-associated molecu-
lar patterns, PAMPs) A9 iH B 5% {& ( pattern recogni-
tion receptors, PRR) , B 1K F M /B I 40 i L 4%
SR AN ML R4 A K B AR A 3 (NKO 48 i, TLR4 75 8t
AN I A0 ik iR . TLR4 5 PAMPs 454 k2
2T B e TR A 0 R SR R S b A g
ERS .,

TLR4 H A KR 55 FRe 5 M A 9% 3UE 1R H
CD41 CD25" FoxP3™ Treg il CD8™ CD25 FoxP3™ Treg
ok Treg 4AES . BRI A SCUEEE A0 80K RGO 400
Jfl TLR4 &3k K HbJA I w5 Ffr Treg 400 1) 224k . LISy
e T 1 T B 1) T B A AL B LAl BRI AN T
1 R 5FE
1.1 #E SPF ¢ SD K C b ifg T v 3% /R -5 Bl 58
WA R D 72 B R, 7R T i (267, 26 231,
08) g, B 9~15 J&. LPS f1J]HG % A(Con-A, Sig-
ma 2y #]) ;3T PE-TLR4 (Abcam /A &) M 3t PE-1gG2b
k(eBioscience 2 ) ; It PE-Cy5-CD4 (BD Pharmin-
gen v 7)) M3t PE-Cy5-1gG2a k (eBioscience /A #] ) 5
i PE-CD25 X #i PE-1gGl, #i FITC-Foxp3 K& #i
FITC-1gG2a, it FITC-CD8b A i FITC-IgGl, #i PE-
Cy5-Foxp3 M ¥t PE-Cy5-1gG2a; Foxp3 Fixation/Per-

meabilization }z Permeabilization & # # (eBioscience

/NGID]
1.2
1.2.1 234 (DIEH XTI (20 C4)36 H KR4
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ARSI B 2 LPS Ji 20 I B 5 LPS, 1. 0 mg/
kg) ., Con-A HJ3# 20 (iE = i 4F Con-AL5. 0 mg/kg) . &
412 KL AR IR, A ik &K, R E 50%;
(2) i AR (37 “CAD 2 36 HK B4 AR gl vk 4
LPS Hil 3% 4 .Con-A JI A, H 4 12 1,37 CHiF#EHM
R FE . B i K 1 R BE (100 2%0) 5 A 4 W5
IF ) 5 R AR PR S 1.12,48.,168 h I [A] & (3 H K BL/I
PSP
1.2.2  JBRIESAASAZ 20 M v i A KRR i T 5
B Bb 2 0 R L B DE 5 1. 0% /N4 Il ¥ (FCS) +
0.03% NaN, #90.01 mol/L PBS(pH 7. 4)% 200 H
AN 5 A 0 B S S A L B B0 PR 2 UK T R A
MaHk FE R 1107 4~ /mL,
1.2.3  JgE TLR4 W >k o =X 40 i R Jr 3 -
10.0 pL TLRA-PE ${& (1. 0 pg) i 2 ¥R IS, 1
TR R BBk 5.0 pL T — 8 RGN 5 X
10° AN/L WRNE A0 MR 57 » 2 B E 40 min; F341 90. 0
pL 2140 2 MR 10 ming HeJF 0 2. 0 mL PBS
400X g B0 JT B0 5 min, PYEE 2 . N 0.4 mL i
2 A A TR 20 J R At = A PR ASCRS D
1.2. 4 Treg 41 &I CD4" CD25" T 40 j8 &
CD4"CD25" Foxp3™ T #f i1, CD8" CD25" T 4H it )z
CD8" CD25" Foxp3 " Treg M & & 3t =0 40 Ma AR Ty 32
AP IR W22 k[ 10],
1.3 it abs SR SPSS16. 0 Goif 4k 4, 11 it B¢
BELL T s Fo 2 R] HL R L R 2R O 2250 A LN 1L
R LDS: #5535, DL P<<0.05 WESFH S E X,
2 4 F
2.1 R AR e K BRUMEE TLRA ™ 4l Y 45 it
37 Crai e #4 5 8O BUMIE TLRA ™ 40 Jig 5 & F F%
(P<20.05), B i LPS F1 Con-A il 38  Bl 6 vk 50 %
XA G e AR PO e TR AT i IR ALK R AR B
PEfE, W 1~3,

®1  RBTARFRES TLRY A

bb#s (z+s,n=3,%)

=95 1h 12 h 48 h 168 h

20 C 33.0048.31 12.05=£3.71 46.13410.88 13.10=%1.64

37 C 13.3049.18* 2.9440.80°" 1.6240.27® 1,994+1,77%

@, P<C0. 05, 5 [a]Ata] 4 20 °C 4P P<<0.05 5[4l 1 h i

*x2 LPS R T AR R R B & TLR4 " 458
& (zLs,n=3,%)

HingEy 1h 12 h 48 h 168 h

20 °C 32.234+5.87 17.50+9.44 33.174+14.12 10.92+2.06

37 °C 13.1845.08* 1.1040.85%® 0.8740.39% 1.7940.70%

@, P<C0.05, 5 [mli} ] & 20 °C HeA ;. P<<0.05, 540 1 h ki

2.2 EEIEHAGEZ K EAMNE M CD4T CD251 Treg 40
Bk 37 C iR 4 W4 4 A 1 CD4™ CD25°
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Treg 40 7E 1~48 h 5 20 °C i & FR&(P<<0.05), 1
4 LPS $# 168 h % 20 °C & 2 F+ 55 (P<<0. 05) . L
= 4~6,

3 Con-A Fil # I 48 A~ [F Bt (8 s TLR4" 40 ffg
k& (xts,n=3,%)
Vi B 1h 12 h 48 h 168 h
20 C 48.13416.54 15.02+5,60 38.60+3.80 13.3342.42
37 °C 10.17+£6. 352 1.6340.31%> 2.4940.81> 2.014+0.72*

@, P<C0. 05, 5 [RI i A] &5 20 °C He4 ;P . P<<0.05. 5 W41 1 h H &

F 4 A ) 38 0 42 7 5] B iE] g S B I CDA T CD25 7 Treg
ML & (z+s5,n=3,%)
TR E 1h 12 h 48 h 168 h
20 °C 5.9940.32  4.0440.32  6.80+5.42 3.37+0.57
37 °C 1.62-0.06° 0.99+0.13* 1.62+0.37" 4.78+0, 32"

4, P<C0. 05, 5 [A] Bf ] 45 20 “C H#% ;P P<<0. 05, 5[E4 1 h.12 h,
48 h L#K

x5 LPS 5l i# T 48 7~ 5 Bt 8] s 4h B il CD4 ' CD25 ™ Treg
MEEL B (T 5,n=3,%)
R 1h 12 h 18 h 168 h
20 C 4.58+0.11 3.444+0.63 6.67+1.92 2.99+1.46
37 C 1.66+0.17>  1.924+1.75* 3.49+1.05* 6,.52+0. 39

0, P<C0. 05, 5 [@ i} ] 5 20 °C Fofesb . P<<0. 05, 5741 1 h.12 h
Ho#s ¢ P<<0.05, 5 R4 1 h,12 h,48 h H#&

%6 Con-A #ll # I 48 7K B Bt 18] s 4h A I CD4* CD25 "
Treg AREEL & (T+s5,n=3,%)
VR 1h 12 h 48 h 168 h
20 C 4,61+1.53 3.95+1. 84 7.47+4.11 5.49+1.17
37 °C 1.354+0.47*  1.3040.27* 2.95+1.09* 6.97+2.77"

1, P<C0. 05, 5 [F W] & 20 CH# ;b P<<0. 05, 5[4 1 h,12 h,
48 h L #

2.3 RIS R K BN E I CD4T CD25 " Foxp3”
Treg AL 37 °C il 8 #4541 4F il il CD4™*
CD25" Foxp3™ Treg 4 fiT /i CD4 " CD25" Treg 4l il
B 2 HAE 12 h 5T 20 ‘C4L(P<<0.05), 1 168 h M|
LT 20 CH1(P<<0.05), LPS il {# 12 h A8 %}
FEAIG. 168 h K H @ R #5804 i CD4™ CD25
Foxp3" Treg 4 Jif fi 3 9 /0> . A 8 w028 HLAA 1 F 58 AR
ALK 7~9,
F7 Ak R i 0 28 7N =) B 1) s 4 B i CD4 ™ CD25 "
Foxp3" Treg A LL B (n=3,z+%s, %)

i 1h

12 h 48 h 168 h

20 C 14.84+6.61 16.3544.57 39.60£24.90 33.79+4.43

37 °C 15.1546.35 67.63£5.1736.23+6.56° 10.9941.26%

@, P<C0. 05, 5 [AlEF ] 41 20 °C % ;2. P<<0. 05, 5[4l 1 h,48 h,
168 h k%5 ;. P<<0.05, 5[4l 1 h Hds ;4. P<<0.05, 5[ 4] 12 h,48 h
He#5
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2.4 EIRFIREANE M CDST CD25 " Treg 4i il %
k37 CEiRIB A& 476 1 h #1168 h 4k JH I
CD8" CD25" Treg 4fi ffi %% 20 °C F} i (P<<0. 05), LPS
F1 Con-A FI 4t A< B o AR S LA L3k 10~12,

®8  LPSHMITARFER BEASEM CD4' CD25 "
Foxp3" Treg MALL & (n=23,7+5, %)
i 1h 12 h 48 h 168 h
20 C 17.18+9.71 14.46+6.83 44.67+1.84 30.80+8.82
37 °C 13.704£1.89 19.56+23.57 37.14+11.95> 5,73+3.35°

@; P<20. 05, 5 [Fl i} ] & 20 °C Hz P P<<0. 05, 5 R4 1 h,168 h
g

x®9 Con-A #ll # IF 48 7 [ B} 18] s 4h A I CD4 ™+ CD25°
Foxp3" Treg MALL & (n=23,7+s, %)

6B 1h

12 h 48 h 168 h

20 C 17.6743.14 28.6845.31 52.60£20.61 23.04413.40

37 °C 16.26+7.01> 52.80412.48%44.86+11.59 4,54+2. 32

* . P<C0. 05, 5 [l i) 45, 20 °C b4 35 P<C0. 05, 5[40 12 h,48 h
H 85 P<<0. 05, 5 [R4l 12 h.48 h b4

F 10 3 ) 3 0 48 A~ ) B i s S B i CD8 ™ CD25 ™"
Treg M E B I L% (n=23,7+5, %)
g 1h 12 h 48 h 168 h
20 °C 0.81+0.11  0.91+0.06 2.24+1.08 0.447+0.12
37 °C 6.12+0.39® 1,1140.36  0.1540,04* 4,223, 05%

@, P<C0. 05, 5 [F]Hf ] & 20 ‘C H# ;P P<<0.05. 51" 41 12.48 h tb

i
11 LPS 5l # T 48 7 [ Bt (8] g2 sh B o CD8™ CD25™
Treg MBAELL B (n=3,7+5,%)
R 1h 12 h 48 h 168 h
20 °C 0.514£0.10 1.2241.17  0.9640.29 0.5540.08
37 C 8.8342.97% 1.4140.16 0.58+0. 35 3.04-+0. 322
" P<0. 05, H[AM ] 5 20 CH#:" . P<<0. 05, 5[F 4 12 h,48 h
W
*® 12 Con-A il # ¢ 48 7 [F B 18] A& 4h A 1. CD8 ™ CD25 ™"
Treg MM H B I L% (n=3,7E5, %)
R 1h 12 h 48 h 168 h
20 C 0.5240.17 2.17£1.94 0.8440.22 0.5740.06
37 °C 7.2442.68% 1,2940.34 0.26+.026 3.39+1.33
@, P<C0.05. 5 [A] B A] 4 20 °C H 4P P<<0. 05, 5[40 12 h.48 h
ER
13 3E 1 8 T 40 K B B ) s S Bl i CD8™ CD25
Foxp3™ Treg HEBLL B (n=3,7=Ls, %)
R 1h 12 h 48 h 168 h
20 C 14.1341.80 5.5642.26 30.25427.15 0.00£0. 00
37 °C 1.43-0.46° 17.06+7.54% 1.78=41.88* 1.8341.04¢

4, P<C0. 05, 5 [RIBf (] 4 20 °C Hed ;2. P<<0.05, 541 1 h.48 h,
168 h b4
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2.5 EiRIEHGE R BN A I CD8 T CD25 " Foxp3®
Treg A0 #3537 °C i i 15 I R LPS ) i
WZHAE 12 h A1 168 h 4bJi 1. CD8™ CD25" Foxp3'
Treg #IMI4: 20 °C 8 2% T+ (P<C0. 05), i Con-A H
MO ZHAE 37 °C 168 h MR IE 4, L3 13~15,

x 14 LPS il #F 48 7[5 i 18 25 5h E fn CD8' CD25 "
Foxp3™ Treg MREL & (n=3,7+ s, %)
VR 1h 12 h 48 h 168 h

20 °C 16.09£3.02 5.84%£5.31 15.99£14.23 0.5940.26

37 C 1.13£0.14% 16.91+7.66% 2.1142.29* 1.9840.89°

«, P<C0. 05, 5 [l i il 4 20 °C K4 ;P P<<0.05, 540 1 h.48 h,
168 h H %%
% 15 Con-A 7 I 48 A~ [=] B 18] & 40 & I CD8 ' CD25 "
Foxp3™ Treg Mt E @AY LB (n=3,7 L5, %)
A 1h 12 h 18 h 168 h

20 C 19.46+2.23 9.56£4.24 25.20£13.96 1.1640.33

37 C 1.31£0.12% 15.724+6.52> 9.19+8.11¢> 1.21+0.22

*, P<<0.05, 5[ Affal & 20 CHege ;P P<<0.05, 54 1 h,168 h
He 45

3 i #

TLR4 fA7E FHERIEFE SR E A -2 5
[ A G AN AR A5 P o e SR s TR I B % T T 4 e
TLR4 35 FREAA S 3R 5 M 2 D 6e T B, A
bt ARG T 4 S M e . TLRA Ay i) 4 77) LPS
B % P DCs 323k TLR4 B4, {2k DCs b TLR4
X R AP TN . N R K S LPS 1~5
h J5 4040 TLR4.CD14 fl TNF-o iy mRNA ik %
koM, ARHIESEUE B K BUFE 37 °CAf AR EE (100 %
T8 ) FA S R E TLRA ™ e 36 M 40 L B0t/ 1~
168 h # 8 EF#%, TLR4 M3l LPS L R REFE L~
12 b fi F J9 I G0 8 16 P 4 B 6 ik TLR4 3800, #E48~
168 h WARBKE 1M T ik B 40 e A5 22 49 Z4 )5 Con-A
I B OR BE B Ar TLRA 338 90 90 1 Mk &5, W
#1~3,

PG REEMERE (AR E LIRZ AT
Fefi-TR-5 B RS CF IR RO Mo, R e -
B2 B AR F LPS il 3 i B W 4 i 7 e 4 £k .
TNF-o IL-18 43 5. A % CD14 3k, o ) 83
B b R 0 LPS i S 09 5 A% 40 i 1L-18. 1L-8,
MCP-1 fy7= 4, A ) CD11b i #2350 . ARBF5E % B
el 2 % 48~ 168 h () LPS W7 2H B {5 I fi 25
WM R TR IG I o 4 il TLRA Rk R 8 & T
Rt 100 B o R R N B B T R BRLR AR 8 A2 101 T R A
Z W FZ L FER SR

EZHE ERRT L B2 B LIREEZ IR TRAM
NERIRLE T 96k £ 400 i 344 5 26 1K . CD8 ™ 41 it 3k /0> TFN-
y fI TNF-o ik, B %9y B, CD4T
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CD25" T 4 f1 CD8" CD25" T 4 fifs X 4 321k Foxp3
JE ARSI H Th AN L W B4l CD4T CD257 T 41 g A
CD8" CD25" T 41 A AN 2 il Bl #0400 il 5% A% 495 ) g 4m
. AR IE K B0OR RN B CD4" CD25° T 41 it Al
CD4" CD25" Foxp3 ™ 4fi il 22 LA L AH ], KBl CD4*
CD25" Treg 4 M £ 37 °C 4 A B (100 %) #4 1 #%
1~48 h W3 [, 3 58 7 20 B 2 B0, B4 T 9k 2 40
JiL A 57 Con- A il 8 AS BB e A8 10 PR 285, B8R i
LPS J& 36 il 38 ; i CD4" CD25° Foxp3™ Treg 41 il 7£
1~48 h Z N IEARBEAR, Forfr 12 b i a] o5 7 I 51 3% Fn
Con-A Hill 41 A% 3 25 T 155 3 Fh B 52 S e 38 7 38 440
(1~ 48 b HLAA H 3 AE X G 228 0 bR 2 S oK e Je e 42
P 1 R AR (H S K 1 e R TR A R 3 (168 h) , CDA™
CD25" Treg 4il il 7€ IF ] #4 1 Con-A | 3 41 % & 1E
HLOLPS 4L £ % & FIEH X B (20 C), F L k-
LPS fE % #] # DC {2 #F CD4™ T 40 Jfa 34 55" 5 1
CD4" CD25 " Foxp3 " Treg 40 i #£ 168 h M| %% 1F & X}
HEZH 0 28 T R 3k T BB S5 AN SO 2 R R G i
0 1o T A T T K i A 5

WS R KK BRI CD8 CD25" Treg 4 ffl 75
37 “CH AR BE (100 Y0) #4038 7F IE 30 34 . LPS ] 38 &
Con-A 344l 1 h ¥ B E & F 20 CHL. 1892 T [ B2
48 h iK AR, 168 h 35 3 TH i, AT RE N I BN B
PRGN B S8 1 N A A e A VR SRS
Bl AL A e 22 A X Ab F R A (CD4T CD25
Foxp3™ 4l i AH X5 3 hi o H CD8™ #% 5 F1 1 4k 32 21| 41
il fH A (168 b g IR A (100 260) X &g 35 T 1= - 7T fE
5 CD4" CD25" Foxp3 " Treg 4i Jg [ A1k » 4 5 30
U ES A 9%, Con-A F1 LPS Ji] it % CD8" CD25°
Treg M IC 2 7AE ;1 CD8™ CD25™ Foxp3™ Treg 4 Jify
FF£ME CD8" CD25" Treg MiAN—2, HAE 1 h Al
48 h B AR, 12 h BT & X AT RE 5 N R R
YRR O, it —2IE B CD8™ CD25 " Treg 4il it # 1
G 12~48 h 1 2 FEAK. (HA I (168 h) g ik i #4
(100%)CD8" CD25" Foxp3™ Treg 4il il 7£ I %l 1% Fn
LPS il # 41 2 & % Fh &, H 5 CD4™ CD25" Foxp3™
Treg 20T B 7= A TR , Bk G T S 28 ok 5 A8 285
MR SR T A 2250 24 Con-A il 84 41 ) ¢
KM = B A CD8' CD25 " Foxp3 ™ Treg 4 il 3 A
o, F RS T A0 7E K 0 v R 08 24 b i 4 )
VRS T T 305 9% 10 ) 0 55 1 B A A 0 B AR S R
&, HENEKA 25 3E B, MOG (35-55) 4 % 4%
PN 2 d 5 T U 00 38 45 S 6 v A 5 A g5 o
HHE 5 (EAE) I &8 R T 70% . HAER &5 . I
KRRE VR 5% . 40 R s 2>, CD4T CD25 " T 41 Jifd ik
B MOG(35-55) ey T 2 et F % .

5 U VR AN LR CD4T CD25" Treg 40 il &
CD47CD25" Foxp3™ Treg it 5 CD8™ CD25" Treg
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ML K CD8' CD25" Foxp3 ' Treg 4fi il i) & 8L A #H
(] PR Sy 3K P K 28 2400 M R A 45 4 AN ) B g A D O 1D
A 22 0 ) 4n e 75 % g @ L i CD4" CD25 0
Foxp3™ Treg 0t & . i CD8™ CD25% Foxp3 ™ Treg
240 Jf D00 5 7 v 0 S BOR A B 5 5 CD4 T CD25
Foxp3™ Treg 41 i A A i & CD8' CD25" Foxp3™
Treg i Al 32 2 8 2 B2 fil ) )" . CD4" CD25" Treg
ML E CD4" CD25" Foxp3 ™ Treg 40 g, LA K CDS"
CD25" Treg 4l i 5 CDS8" CD25" Foxp3™ Treg 41 i
(1 BAL A A L R JE CD4 " CD25 " Treg 4 Jif Fl
CD8' CD25" Treg 4 Mg I A 541 ] G 95 52 . AH G , At
T2 TF 8 15 Ak Y Bl B A0 R 0 B 4 MO g 2 me 40 L
CD4" CD25" Foxp3™ Treg #ii il #1 CD8" CD25°"
Foxp3™ Treg s A S Wil 1 Treg Ml B2 16
T R B ML 1 B % B R A R R M I
A R LA 45 R R N S T B ] R S e R PR
IO T8 G 8 41 ) L) B Y O

&%k
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