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Sleep deprivation induced fertility decline in female rats and its mechanism
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Abstract: Sleep is a key physiological process to maintain the homeostasis of the human circadian
rhythm, and sleep deprivation (SD) caused by subjective and objective reasons is very common. The
research on the relationship between SD and fertility is attracting more and more attention. In this
study, the modified multiple platform method (MMPM) was used to establish the sleep deprivation
model of female Wistar rats. The general conditions, ovarian pathology, oestrus cycle, mating rate
and pregnancy rate of the rats were investigated to determine the effect of SD on the fertility of female
rats; The new generation sequencing (NGS) technology was used to study the differences of ovarian
transcriptome and epigenetic in SD female rats by RNA sequencing (RNA-Seq) and DNA methylation
sequencing. The results showed that SD led to abnormal estrous cycle, decreased pregnancy rate and

pathological changes of ovary in female rats ; 101 significantly differentially expressed genes
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(52 up-regulated genes and 49 down-regulated genes) were found in the ovarian tissue of SD rats, and

26 methylation significantly different regions were found between the SD50 group and the control

group, but no changes in methylation levels were detected at all sites of the above 101 differentially

expressed genes.The difference of fertility index of SD female rats showed that SD led to the decrease

of fertility of female Wistar rats; The differentially expressed genes and methylation differences in

the ovaries of SD rats indicate that SD may affect the gonadal function of female animals through gene

transcription and epigenetic regulation.
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e IR XoF 24 4 S (A (B L AR 6 T R0 3L ft R
BOCHE, REMRAS B 1 UL AL O IRAE | R
HRE W BT 455 . AT BREE B | A 28 B i LA B HoAt
SR ZR AR OR AR R 2 A7 B At 2 AR AR
MR, AN E R TAERT ] AEBE T AE A1
% (Liew et al.,2021) . HEHRZIZF (SD,sleep depriva-
tion) B MIUAEJHE . TORUBE RS . O P05 . IR
B e 92 1 92 9 FR A7 M & A 19 U (Antza
et al.,2021; Garbarino et al.,2021;Zhao et al.,2021),
SD 54 F MG IE H £55EOCHE,  MEARE 2 |
HEE HIR: 1 DRI 60 B S o k5 A 2 B ) 66 52 43 R i TR
R EA K, TE—IFET 4 078 AR
14 45 1 Inl i M B 58 & 20 FH 2 P B AR 0 0 8 45
(OSA)TEANZ AL g W, IR T LA 2E
FOME S (Lim et al.,2021) o g 1 14 B HI Ao ] 522 ) £
ANZHE (TVE) R B8, 55 2 118 M G s i) 014658 e P A i
ik [) 385 01 R JiE B8 A A R 56 B TVF J&] A A9 4k %
(Pimolsri et al.,2021) . i IR B A% 25 B 38 A AR5 1%
THERE, TR RECT fhk-gEiR- R (HPG) Bl
PSR, BT 30 A B R WD R sz 4, 51k
A B 3o B2 () B AE (Beroukhim et al., 2022) . Fr i
HPEAE S A% (SCN) ISP Rh PR R, 9 PR i
PR PE R R B E (GnRH) i 80,  FF R
AR 4 K 3R A A A 8 14 7 R (LH) (Shao et
al.,2021) . B3R $E Bmall , Clock, Perl , Per?2,
Per3,Cryl, Cry2,Decl Fll Dec2, E AT 1091 7= W) %t
W LM AR B ) PR ELA HE B X (Shao et al., 2021 ;
Beroukhim et al.,2022)

SD S0P I BRI 7 e P B I B RIS, 1
S-FRAE MR BE S BN, RIS A R v R
IR BB A 5- 3 €00 g 1 400 o) ' FH R0 R B 9 v 2K [ e
2R 2P 8 H (StAR) R IA R AL 5 2017 (Yang
etal.,2015). SD 2N ME R AIPEST y, iAo E B AE
SNIE TR Z AT G 0, ARAE Sl % W AN 215 1A
HAYEHE R 17 A 2B B (Andersen et al.,2009) .

F 1T RE 14 48 BRI 58 T B P 1) 0, B MR %1
FHLWAEF I HEM R B, AR
WF5E T SD Xf Mt K BRUAE & 77 52w ) AH OC BiF 52
(Chen et al.,2020), A5, FATRHk R ZF
£ B IR 5 45 95 (MMPM, modified multiple platform
method) i V7 M BRI AR % <R A2 A0, 25 48 SD x4
KA 1 0952w B0 I W FH #— 85 (NGS)
BR, WF5E SD MR R B SR 21 2 5 L R WL 3o % 2
5, R & B SD s M MR R B 2 B R 1 25 S R
IRFER WL AR D H R B AL

1 ARSIk

1.1 SKIzh# K548

32 H10 i #% SPF i P Wistar KR, 45T &
49220~230 go 10 HAEIEME Wistar KB, 1A T &
9300~320 go LA L3 8 A B DA A
REWRAF, ShWEFATIES : SCXK ()
2019-0010.

M S7EAE H 16: 00 HEA T BT 40 i ~A A A, #
HEh G, W5 24> sl R I 5 Ao A A
SNy o BEMLAY M BEHRFZF 15 d(SD15)4H . HEHR #]
25 50 d(SD50) 4 . LAY X IR (MC) 4 Fl2s 14 % R
(BC)4L, HidH8 HMER.

1.2 ERERFIZER

Z: HESCHR TR A 3 /7% (Alvarenga et al.,
2015; FA 4 ,2022), i H MMPM ¥ & 37 K B
R IR (REM, rapid eye movement ) i [ 3¢ 23 455 761
WA — 120 cmx60 cmx35 e KIM IR BY B4, 46
N [ 52 8 A HLAE 6.5 cm A R AR5, F- 5 a1 iE
15 cm, [MIFAFEANK, KIEHEEFEETE 1 cm,
IR TR E, YR EEEA REM B 25
WLK T3 BEAR 51 R T A ARk L Aok, DT 25
REM FEHR . 4 KAFFLEMEIRFZF 18 h(16:00~¥K H
10:00),10:00~16:00 it A5 FUEHIRE . AT
HEBR K FREE X R B g i S MC 4L, &
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VPHERT, A BERRSRST EUMENE R R 7 7R R AL 53

—A~60 cmx60 cmx35 cm YDA , A N ICE — ik
BRI, KON FERZZMF 1 em, ¥ MC 418 HifE
BUBCAE R 22 |, i HAR TR IR B AR 276K .
BC 4 iy BRI 32 T s, 4 H—%8. T f
SEE R R AT L R oK.
1.3 RN —RIERMEFTE

WS R PR RS . E R BAaAE,
A H PR LRI

TR AR H 1600 X SR EFT B 18 20 i 224G
A, i ok B FIR R 2 = A (0 A% R B OAE s e R
BEGEHE Y H 18:00 5HERLI1: 15758, 552K08:00
X e FRAT BB A i cE A A, A AR T R Bk
T, LA 1 d,

Zp 8 AW, FREE IS AR BLF R BT 8 9 K B
i, BUR PR, A FERA IR BRI
REEYRTE . BN BRUZ A AR IR B G B IR
B SIBREN R ARG LS A8, Fw=4% 2 &
RS 1 o 1 S i DR BE A L ik . B
20 AUHES VR AL S e, 8IS um T A

RSP 4 5K U1 T HE 4 (1,
1.4 EREFREKFENER qRT-PCR

T VR W K 24 FUMEME Wistar KR, Bl HL 2 6L
SD5041 . MCZLFIBCZH , Bl MR AR G vy Jy 12
[ 1.2, MERIEE UG 37 RUHLEP L2021

Fie HR 2 1 2% 5 5 RNA 2 057 U B A5 48 B0k
FLBH 8 RNA, i 4 ME % mRNA Seq V3 Library
Prep Kit £ 37 ¢cDNA SCE . i NextSeq 550 il 7%
1 NextSeq 500/550 High Output Kit V2 I )it #] £
Xt cDNA SCJE 1T RNA WP, 285015 & ok B v
100 bp, /¥4 40~50 M reads.

JH Applied Biosystems 2\ ] High Capacity cDNA
Reverse Transcription Kit i 7] & RNA [ 7 3¢ R
cDNA J5 fi#i F§ PowerUp™ SYBR™ Green Master Mix
IR & EL I QRT-PCR S W AR R AR . 4% 34
H AR LR 217986 € i PCR, B PMHEARER 3K,
DL Actb NS, FH 2742 CHRN A it i o B i 5
IEE Y S L7/ R 27 =3 IS

# 1 gRT-PCR #5751
Table 1 Primers used for gqRT-PCR

LN 4 Fx nADEIE7E2]) FAGEIE7E 2]
Actb 5'-ACCCGCGAGTACAACCTTCTT-3' 5'-ATCGTCATCCATGGCGAACTGG-3'
Espn 5-CTGAGCTTGGAACACCGAGT-3' 5'-AGTCTGAGGATCTGGCACCT-3'
A2m 5'-TGCTTTGTCCAATGGGTGCT-3' 5'-AGCCATAGGGCATCTTGAGG-3'
Cdc42 5'-GCGGAGAAGCTGAGGTCAA-3' 5'-CCAACAGCACCATCACCAAC-3’

1.5 NMEZREFRZBEEMZ (PPIN)IHEIL

Bl B E 1 05 1%

fii FH STRING % 25 53 2 35 B [H (DEGs) #1743
Mr, BUEE AT g i 2R R Z MR EAE G R, ik
PEEAGE 0.44F 0 B E bR ifE . K5 STRING 7 Hr 4
T A Cytoscape 3.9.1 #ff, i#iid Cytohubba i {411
B RS T S B BE (Degree) , Degree 1543 i 10 4
SE DR F B I 45 T AR A O I 6%

1.6 DNA f& £ FFE LA (RRBS)

H K TIANamp Genomic DNA Kit it 5] & &
HUDP 5 DNA, 41K & Jil A 100 ng DNA # 37
RRBS 3 : OMSPIFFYI; @K i & 5 A& I i
AIRTF R ; O R ML HF 3R @Hfi ik DNA
KN 200~450 bp (175 H2 =) 5 © WA IR 18 F4
fb; ©F 1, @4lifk.

ffi 1l NovaSeq il ¥ R e 4T DNA H ZLALI T .
SRR E . WU, 150 bp.

1.7 #ESIT

R SPSS et Ak kAT 43, SR FHER
R0 HT BN R A 034908, DA B hr i 2=
LR, KK HE o B R 0.05,

2 4 R

2.1 BER—AIRR

F A Z AP e A, IR Tk |
FET- 5545 . SD15 2H 1 SD50 20 i Bl 7 Bl IR S 25 3F
Bt e, (AR, BERIRAEL.
FURB MR ™ H ., SD15 41 MfE R P05 45 o i 2R 20
Sl ke AT Ry, B R AR R R (] SE
1, SD50 ZH M B9 55 TR (6 72 B 2 s i, A7k
A A i, RNl XTI P2 .
2.2 FREBR

MFL2/w, 4AKFERRIATEZ T LR
it 2573 X (F=0.021, P=0.996) ; SD15. SD50 £
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BUSIRBREE, 25 HAGHE L, MIMCH
H5BCHAMLI, ZRLGEITE X (F=29.974, P<
0.001).
2.3 FhiEEH

K3 PR, SDISAHEREA 2 HMi R ahE A
WG, 1 R RS R AL, SDS0 4l i s
A S HER S RS, 1 MR shIE L
BC LA 1 FUME B IR a1 A I mL A s o, o 7
SUME BB R IE R 5 MC 2H M U7 S 56 7 Hh 3l

T RIS TR . 4 AW SR 2 R A gt m X
(P=0.006) .
2.4 FTEE FIRE

SR A 5 B IR ) 25 6 1 K BRI, v
RS A HME R S A R G2 . S5 RINK 4R, 44
W BRSS9 R 100%; SD15. MC. BC 2H M Fil
IR A 100%, SDS0 ZH M U IR R 87.5%, %
AT E L (P<0.01),

2 SD XU BT B Y
Table 2 Effect of SD on body weight of female rats

51 Bt/ TR A T g TR R R i /g
SD15 8 233.63+9.78 225.25%16. 10"
SD50 8 23449. 40 228.25+11. 56"
MC 8 233.6347. 61 294. 75+20. 42
BC 8 232.75+13. 59 294. 75+28. 93

1) "FREBCHMIILZE R A IT#E X (P<0.01); *FRE5MCHMILERALGIT=E L (P<0.01),

3 SDXFMfE R BE A

Table 3 Effect of SD on estrous cycle in female rats

I IR 381 < e ] /d

2H 5 1~10 11~20%

21~30 31~40 41~50

FER ZEAL TR IEH SER AL R IER SER KA IHK IER B AL THAR IEW R AL AR IEW

SD15 1 2 0 5 0 1 2 5
SD50™* 1 1 2 4 0 2 3 3
MC 0 0 0 8 0 0 0 8
BC 0 0 0 8 0 0 0 8

1) "FRE5BCHMEEZERAS ¥ E X (P<0.01); "FRS5MCHMILZRESH¥EX(P<0.01);

2) SDI15 4B BERR R ZF BB A 11~15d

*4 MERSCHC SRRSOl Y
Table 4 Mating and pregnancy of female rats

iRl B/ R Bt AR /% LEIRER A LEIRR /%

SD15 8 8 100 8 100

SD50 8 8 100 7 87. 5SS
MC 8 8 100 8 100
BC 8 8 100 8 100

1) "FRE5BCHMHEZERALG ¥ 2 L (P<0.01); "FRGMCHMILERAGHFE X (P<0.01); £ 5SDI5S4HAH

HZESA G IR X (P<0.01),

2.5 BEBREIRE

ZERANZR S PR, A ARG E KBS 7+ o4

28 Y (F=1.645,P=0.202)

2.6 UEREYET

wiE R, KEDEE HE 4L )5 B R al Il
MC 41 (& 1a) F1 BC 41 (& 1b) B L 57 i 43 A7 K45
KO R, PR ECE D, B
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TS5 IR 8 KIMR# REL
Table 5 Number of embryo implantation
on the 8" day of pregnancy

ikl Bt/ A JR R4 R L
SD15 8 14. 13+1. 81
SD50 7 13.29+1. 60
MC 8 15.25+2. 12
BC 8 15. 00+2. 00

UNIRS 4D N Tog i WL R U vt D U R O R
SD15 20 (5] 1c) P 8L B )= Ae iy, s, e
B BRI SRR BE A B AR, BEIE RS
FARIER, ZAPIRINEECEEIE 2 ; SD50 4 (151 1d)

(a) MC

SR o 2 A, AT LA A KB R B R, B
YL PR OB L T 45 A8 T, BSR4 ) 500 G s
25 W OP Y B B R 2 . A G O Y AL B L A1) A
F 6N, SD15 4L SD50 4 VK 2% IR A4 LA T
MC 20 Fl BC 41, 1 8 (44 5 bb w5 T MC 41 1 BC
A, zRHEAZIEEXL ()=30.105, P=0.003),
2.7 UPEERERE(DEGs)# qRT-PCR WG4 R

TESDSOZH K FRBPSE, KM 101 MR EEF
FARMY I, ALHE 524 UL A 49 AR E 3
Bl aniE 2 s, 9816 5E & PCR 45 R Fll RNA-Seq
MEE R F R — 3, RUIE S Y 25 R S
AR B3 Ry 25 S A Ll BT

(c) SD15

CREIIE S Doy
Fig. 1 Pathological picture of ovary

F6 KB SA GO0 L]

Table 6 Proportion of follicles at all levels of rat ovary %
iRl JELHR I EIELT WG VA8 B B
SD15 17. 6 9.3 22.6 13.7 36.9
SD50 23.0 10. 1 18.1 15.9 33.0
MC 21.9 12.7 26.2 13.8 25.4
BC 20. 4 12.6 26.8 13.4 26.8

2.8 PPIN RiZiyF M 4% &

i it STRING il 101 > DEGs Jir 4 % 2 11 [t
Z R EAE R o B 455 5 A Cytoscape
AR E A R EAEM L (K 4a) . BE4h, H Cy-
toscape [ 4 /I CytoHubba i % i PPIN H i 4% 0> F
W4 . JE (Degree) HE 44 HIF 10 74 5 PR AS B8 1) 9 28
(K 4b) . X 10 %0 3l & BAEEHE

(Apoe, apolipoprotein E) . fg JIli fR 4% & & 1 4
(Fabp4, fatty acid binding protein 4) . a-2-F R H
(alpha-2-macroglobulin) . & i 4 J& & A [ 2
(Mmp2, matrix metallopeptidase 2) . 2 fifd 5324 J&] 14
FE F142(Cdc42, cell division cycle 42) . JUEFEAR
£ M (Dmd, dystrophin) . A 3 % X H 1 1
(Fblnl, fibulin 1), #T L 2 4 & H M K & A



56 il RERE R (ARREND (FhdEs0) %624
(a) EspniH*t 2k (b) A2mAHRT RIS (c) Cdc42AH3} Fik
(F=12.334, P=0.007) (F=216.321, P<0.001) (F=31.490, P=0.001)
1.5 1 *k 1.5 7 o 1.5 7 sk
i : i ## L =
¥y 1.0 1 X 1.0 X 1.0 1
¥ 2 ﬂE
% 0.5- @ 051 m 057
0.0 - 0.0 - 0.0 -
BC MC SDS50 BC MC SD50 BC MC SDS50
% R85 BCAIM 28 AT Ge it 238 L (P<0.01 ) s ## R 5 MCALM L 22 R A Ge it 3 L (P<0.01 ).
B2 34HEHE A QRT-PCR HKiF4,
Fig. 2 Three genes expression level by qRT-PCR validation
(Utrn, utrophin) . 3% 35 %} % #5 1 (Vtn, vitronectin )
1 (Fktn, Fukutin) o
2.9 GO E&EHMFIKEGG Pathway 43 #f
5.0 « Up-regulated
. ggﬁﬂggicllated DEGs & 4 75 4 W 2% it # (BP, biological
a5 process) PIfg 5325 2 E R EE W M 27 A
e, WE PR K S eid i, ER
5! 5.0 F R T 38 (MF, molecular functions ) 14 g 2H
o 3.
= % (CC,cellular components) DI 2P %A & 4
2.0 ﬁ%?ﬁ%ﬁzﬁKEGG PathwayEP,EJEE_l’%’
Hll Proteoglycans in cancer fll Leukocyte transendothe-
1.0 z lial migration il % , Proteoglycans in cancer ' fi 7%
% Cdc42 . Mmp2 F1 Cldnll 3£ [H . Leukocyte transendo-
0.0 " T thelial migration 14 % Cdc42 . Mmp2 Fl Fzdl F£[H ;
"~ lgFC . B35 L IHEENTE KEGG Pathway 54 & 4k

21 5 3% BRHIED W R I I EE A FC: Fold change,

K3 23Rk ki
Fig. 3 Volcano map of DEGs
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Mrpl53 Ube2d2
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Tmer Arhgap31
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2.10 RAEHANFER

1 SD50 2H 55 X%} R ZH 8] A 3K 26 4> 22 514 T 24k
X3 (DMRs) (WK 7), 7E 524 LIHZEHEF149 40T
VB SR SR AN SO s A B Y O 2 SR

(b) DegreeHE 4 Bl 10A9 % K H4 (¥ F I 4%

Fabp4
Dmd
Fktn
Fbin1 Utmn

B4 225k kR i 1 T AR R 2%
Fig.4 PPIN of DEGs
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7 SDS0 ZH 50 M 2H [] 22 7 1 Y A X ek
Table 7 DMRs between SD50 group and control groups

PLREREN ARLR 2k K& /bp CpGs$ii/H DMCs %/ H q1H
Chrl 36 750 301 36 750 447 147 16 5 4.50x107%
Chrl 65520 775 65 520 943 169 13 3 5.35x107"
Chrl 72 340 595 72 340 744 150 19 5 1.54x107°
Chrl 78 573 007 78 573 146 140 23 4 7.85%107
Chr10 82829574 82829918 345 28 17 2. 14x107%
Chrl0 86 145 220 86 145 345 126 22 8 6. 80x107*
Chrl3 70019 627 70019 774 148 14 6 1.05%x107
Chrl5 2375945 2376078 134 11 2.57x107
Chrl8 29989 110 29 989 329 220 19 11 5.00x107
Chr2 61948 676 61948 806 131 11 8 3.84x107"
Chr2 197 682 222 197 682 245 24 9 4 8. 83x107
Chr3 120 760 053 120 760 119 67 11 5 6.54x107"
Chr3 162 075 239 162 075 509 271 30 6 4.70x10™
Chr3 168 110 982 168 111 166 185 14 3 3.04x107
Chr3 176 666 247 176 666 317 71 15 15 4.76x10™%
Chr4 32372708 32372843 136 21 17 4.20x10™
Chr4 78 264 682 78 265 063 382 76 48 2.01x107
Chr7 11907 577 11 907 664 88 9 6 5.42x10™"
Chr7 135571 765 135571 891 127 34 9 3.58x107"?
Chr7 140 438 039 140 438 183 145 14 10 4.31x10%
Chr7 140 467 690 140 467 837 148 48 38 1.56x10™7
Chr8 85951 568 85951610 43 14 4 2. 44x107"
Chr8 118992 671 118 992 977 307 34 8 4.14x107"
Chr9 99 299 504 99 299 595 92 43 22 4.56x107
ChrX 33786413 33786572 160 17 4 5.10x107%
ChrX 70 606 015 70 606 182 168 17 3 6.46x107"

3 3 B 2007; 1 545, 2010 I AR T4, 2014) . A5 SD

T I AR M BB BT i (BRI, 255 SD R BUKS

FREL . DN L4 G IR L 5] 4 A i 2% i B IR %1 3
X i BRUAE B O R SE R, TS ON T RNA T
(RNA-Seq, RNA sequencing ) Il DNA H 3k £
AR, ARG I IR ) 25 K B B R SR 2 22 S e R
W15 22 5 o 45 SR DA B IR 1 25 3 SO M R RRUZE
BT, FERIAE SN A R A IR AR %
fik . M\ SD15 41 1 SD50 ZH YK 9% b 0 44 B bb A1
B B LU R GO AR, SD s e B 4 A=
FHARHE o

A 5E 3 B REM B HIR %1 257 T 20K (/) B
o ARBTEECR SRR R (R 4k M A

MORZS H s 2 B, I B FIR %1 25 7T BB 1 in K
FRUATL A BB & 1 FE T IR BE AR Pl .y JRL LR B
WA R E 0 A O8I HE N 0 o A v R A,
AR R 2 B 2R A . R RKE TR
HEJET, (558 H40 TGF-p. PI3K/AKT/mTOR .
cAMP Fl Wnt/B-catenin 45 ] 5 U ¥l & & % V) 4 5%

(P, 2021) o BF5E R Cded2 £ FIAE /) BLDP 2
JEAR DL, HHL] AT BB Cded2 il id 455 i k)

21 0 B8 I P LS 3- 38t SV B2 (p110B) 2 17
ORI EL TR A PIBK {5 538 1% (Yan et al.,2017) , SLEIF
5 Cded2 BB S EUEM/NRARZE . R SR
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Hl VIR Cdeq2 TEPEBRAIK Cdeq2 F235 7] 1 2401l
J5L 4R B 63805 (Wang et al., 2013; Yan et al., 2017) .
AHIFFE SD Ml R OP SR G OP it b B bR R, TR
B Cdeq2 535 T PR A0 T PI3K {5 548 fif 1
PE, BN KA BN R,

W B S 25 388 0 4t A 2 JR 0 25 EL R XU
(Caetano et al.,2021), AWFFXH SDISAHA 3 H
SN I AL 25, SDS04HA 6 HfE L 3h
JAMAZEBLBE G, s JR 0 5 6 0% Mk BRUES i BE
HEE IR 381 5 IS ] S T34 . BC 4 A5 — HME R 3h
R ZE AL, A T BB LB U R vA A
S AT R K RERE R W, FEEE R
WIZEEL Of 3 225 ,2015) . HPG Hili7K-F RS 6 4 38
R X IE R WA RE M T RO AT
T F i3 GnRH 114 fik v 2 53 16 il 380 e A 1 o i 3 25 %o
PR BRI A i F (FSH) FET AR AR BUER (LH) (195 1A
BEI, GnRH 3 i 5 T AR (2 1 R 2% 4t 1t =% 1
14 155 S A ) 1Y 7-155 B2 1A (GnRHR) 45 51 & 5 4E
FH (Stamatiades et al., 2018) . ZA<H 5% SD50 #H B &
Gnrhr FeHFEI8 T, W RESEAUR I3 R KR
— R

A PR 5F SD T B0 H1 5% S 4 kAR AR
1k, GO4rMrtb s 225 1 VRS R ¥ K 2 1 4 At
R OKFEIE T REHLAOIRE R N . RS (KT
KR . BHES 7B B2 i i s . Iz iR K
P 1 2 P U T 30 % . A o A K PR
RN, BERR A G L R . A oy My A
Pl B s BT R BE PR ) 32 B0 R AN - TR
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