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Effects of rapid eye movement sleep deprivation on cognitive function and expression of brain-derived

neurotrophic factor in rat hippocampus

YE Chen-jing, ZHAO Zhong-xin* (Department of Neurology, Changzheng Hospital, Second Military Medical University,
Shanghai 200003, China)
[ABSTRACT] Objective: To investigate the effects of various degrees of rapid eye movement (REM) sleep deprivation (RSD)
and sleep recovery on cognitive function (learning and memory) and expression of brain-derived neurotrophic factor (BDNF) in
the rat hippocampus. Methods: Male SD rats were divided into 8 groups (n=12): blank control group (with normal sleep),
environmental control, RSD 1 d, RSD 3 d, RSD 5 d, RSD 7 d. recover sleep 6 h after 7 d RSD (RS 6 h) . and recover sleep 12
h after 7 d RSD (RS 12 h). The modified multiple platform method (MMPM) was used to establish sleep deprivation model in
rats. The cognitive functions of rats were tested by Y-type maze. The hippocampal BDNF mRNA and protein levels were
detected by real-time PCR and immunohistochemical method. Results: The failure reaction times of all RSD groups and the 2 RS
groups were significantly more than those in control group and environmental control group (P<C0. 05). Compared with the
control group, the total reaction time in RSD 1 d, 3 d groups was significantly lower (P<C0. 05), but that of RSD7 d group was
significantly higher (P<C0. 05). Compared with the blank control group, expression of BDNF mRNA was significantly increased
in RSD 1 d group (P<C0. 05), and reached the peak in RSD 3 d group. The protein expression of BDNF in CAl1, CA3, and
denatae gyrus areas of RSD1 d, 3 d groups and in the denatae gyrus area of RSD5 d and RS6 h groups was significantly higher
than that of blank control group (P<C0.05). Conclusion: Short-time RSD can lead to decrease of learning and memory ability,
and recovery of sleep can partially improve their ability. The increase of BDNF expression may compensate the result of sleep
deprivation and protect the cognitive function. However, as the prolongation of deprivation time, the compensation may become
invalid.
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1.1 B XRAeEFR 4 v BUEFE M, SD
KE(E B RSB Y ) ARBTRE 200~250 g,
W R BT &5 LR RIEN 1 haE R 185K R
AT NI DI RE M 2 0 2 36 BR L6 F <l B I AR
6 3E S5 7 T ) R BR L Y R B I AR B i A ) R
KE, TRk 96 HRBRBENL A 8 4 .25 A f
2 CIEH BEIR) (FREE X B 4H \RSD 1 d\RSD 3 d.RSD
5d.RSD7 d4HU K RSD 7 dJ5 RS6 h \RS 12 h
LB 12 2, RSD1d~7 d 4 KBRAEANTOEE TR
3% 7 d I RS R 27 Gk 3 25 R BURE IS, 2
2R 8] 25 7 K BUIE B 3 B FROK L R R JERRET ] 12
h (8:00~20:00);RS 6 h,12 h ARHU R ZFH
R ZFRER 7 d J5 53 90 AT HEIRIK S 6 ho12 h; =S H
X B 2H K BRI B IR 5 A 35 0 BE 2 R 5 R AR R 2
RN —FE B BRAR L ABAE LRI AR & i 2
A — VT 4 % R 22 I 3K BRURCZE I L R K &
BRI 1 cm, DAE A5 B AR S0 25 4L 250 A0 2R 85, L
b £& 14 2 5 B B ) 25 2EL A T

1.2 YAREXTRABEMRKAFI LS &
HRRIFT Y BB e KR 1 ALK H
PRI A D 58 RS0 R RV a5 S g R ORI BT A R Ik
I [ G R BB B 7 BT, b3 4% A R BROA R 1 L
YRR RN B[] i b 2 A K BRL s ) 9% 1) 7 2 20 it
¢ 7

1.3 % i £ ® RT-PCR # 0 & & L 4 &%
BDNF mRNAK& X #5416 F K FUE AR A a] 5 B
Sk IBCHS Vi B 2 2 MRS TR, —80°C IR AR I AR A7 A
.

1.3.1 & RNA W # B k] TRIzol ¥l 2 &
RNA, B 5 mg, A 100 pul B TRIzol ik
7 (Invitrogen Life Technologies) , i Hi. 8l &) 3% 4% uF
7503, 213 )5 T15~30°CHHE 5 min, FIIA 20
pl 7, BB, TR IR SR 15 s J5,
15~30°CH¥H 3 min,4°C F 12 000X g B0 15 min,

BO T IRA AR AT 2R 2y & 5 A L b2
R TC KA B KA 3% 8 2003 B30 8 L
50 pl M EE RS 15~30CHEE 10 min J&, F
4°C 12 000X g B> 10 min, B £ FIHWH, N A 2>
100 pl By 75% £ Pk 3 5 . 4°C 7 500 X g Bl 5
min, KR CBEE W, = o T RNA JIIE 5~ 10
min, Il AJC RNA MK RNA LSRG 55~60°C
B 10 min ARAFE T —70°C ., RNA 7E£ 4L 0606
FEALR A I % 28 BEAH Daso A1 Dago LA 155 48 B
RNA Y EE, H Wi

1.3.2 5148yt MY GenBank J¥ 31 %8 K},
Primer Premier 5. 0 AT T AR 514, 38 L1 B
AW TR Al A B, BDNF LiE5I 4.5 -TTA
GCG AGT GGG TCA CAG CG- 3'; FiiF514.5'-
ATT GGG TAG TTC GGC ATT GC- 3", §#7=¥y
KR 207 bp, Bactin LiiE5I#:5'-CCT GTA
CGC CAA CAC AGT GC- 3'; Fii#g1¥.5-ATA
CTC CTG CTT GCT GAT CC-3' . ¥ =y K K
211 bp,

1.3.3 cDNA & @& B RNA 5 pg A 3.5 pmol/
L Oligo™ 519 1 pl, AT RNA R H.O 2 &
RAL 10 plIRAWAE 70°C /KT 3 min, 37°C L E 10
min; BL il RT B, 5 X RT Z o 4 pl 2.5
mmol/L dNTP {4 4 pl. RNA i #10 # 5 (Pro-
mega) 1 pl . MMLV JZ % 3¢ i (Promega) 1 pl, iR &
Je 37°CHEIR 1 min; 110 pl B9 RT KB E] 10 pl
B IGRAY R, 37°CKE 60 min, MIFAE] 95°C 4EHE 5
min, 5 RT AR K cDNA B, BKIGTEH.
1.3.4 it & PCR HU10 X PCR &M 2.5
pl WA MCLE W 3 pul,dNTP IRA W 3 pl, Tag
4l (Promega) 3 U, Sybergreen Z WK J& 6. 25 1, il
A BDNF #3519 1 pl, cDNA 1 pl, ik 2 64
U 25 pl BB oA IR R IR 45,5 000 r/min(r=
8.5 cm) FE B, SR 5B C A7 19 PCR N 5
B T 39 HF PCR Y (Rotor-Gene 3000 Realtime PCR
Y, Corbett Research 28 &) Lt 47 PCR & W , 15
SR E O 2 {H . PCR RN 4% 4. 94°C 148 14 1
min, 94°C 28 ¥ 40 s,57°C i K 1 min, 72°C %E fii 1
min, 35 I PCR 73, Je b 4K 72°C FE A 5 min,
PCR /¥ 5 100 bp DNA Ladder (3 /£ 9 T #22
A TE 2 Y0 BN W BE A UK L IR O BE G, 1 I PCR
PR AR R B R R MR R
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1.4 REMEF L EHRN A DL BDNF 4 &
w6 HKRBBEG. 2 4% 2 R BEERE 2
b W73k UK L )5 A2 48 b, B/K B IR0 i, 1)
FoR TR 4 pm, HPE4LME . SP 3% (45 B SP ik 7l ,
ERAEY TN ED FEHE (C-19, Santa Cruz Bio-
technology) ., “# MLMGHE 22 7K, PBS ¥E 3 min X 3 K.,
Fi 0. 3% H-0, 20 min, PBS ¥ 3 min X3 ¥ ,98°C 20
min FEATHEEE L FE R E . PBS ¥ 3 min X3 K.
Jin BDNF —#1(1 : 100) 4,4 Cil k. PBS ¥ 3
min X3 ¥, il b-BLF (1 = 200) 37°C 30 min, PBS
P& 3 minX 3 ¥, Streptavidin-HRP(1 : 200) 37°C
30 min,PBS ¥k 3 min X3 ¥, 0. 04 % — 2 L B R i
BE(DAB) +0. 03 % 1 A AL A (H. O:) WA 8 ~12
min, K ¥, HAKEF YL 1 min, KTk, # AR AE £
RS, RN B KU R i T X E DT 3
NI LR TMS 40 i B 5 43 1 72 G0 it 5 3% 4 4k

P45 v o 2 DX 3 T AR B B SR DL OB B A (D)
1.5 %itsaz FEHEIERH £, A%
BIH SAS 6. 12 et fF k47 58 4 B AL J7 22 73 Hr AN
SN E T =S

2 &5 B

2.1 YR#ZTRKELR RSD1 d~7 d b
Al ) 25 s ) 1 22 4, R AR 15 I 7 Yk 8035 o 1 L A
RSD 7 d 3k 3 55 i 18 . 25 21 X W i T 28 1 % B
H(P<<0.05); M ZERE 6 h J& 12 h FBEAR 5 (RS 6
h.12 h 2H) B8 S N IR EOZ T T B B AT & T2
X} REZH (P<C0. 05) ; B35 X MR 20 A =5 15 X IR 41 = ()
T EESR,

HasHxtBAME,RSD 1 d.RSD 3 d 4 KR
b S [ B 8 [ A (P<<0. 05) ,RSD 7 d £H HA I 3%
I(P<<0.05) , HAK A LW B2, PEE L,

R1 BAXRZEIZCERAMWELREEEDX BDNF mRNA K EBHRIAKF
Tab 1 Measurements of cognitive function and hippocampal BDNF expression in different groups
(x+s)
Group EN 7TRT / B[i\]F mRN/I\ BDNF protein(n=6, %)

(n=12) (n=12.t/s) (n=6,>X10"%) CAl CA3 Gyrus dentatus

Blank control 4.50+1.73 47.5846.63 4.9140.19 9.83+1.17 10. 00£2. 00 9.67+1.51

Tank control 4.584+1.78 47.6747.23 4.8840.11 10. 001,41 9.67+1.86 9.83+1.60
RSD 1d 8.08+1.08" 43.00E5. 77" 6.8840. 14" 13.50+1.52" 13.83+1.33" 13.83+1.33"
RSD 3 d 13.83+2.25" 42,7545.80" 7.3240.53" * 16.83+1.32" 16.67+2.16" 17.00+0. 89"
RSD5d 14,1742, 48~ 48.4247.22 5.2240. 20 11.67+2.25 12.17+2.48 12.00£2.61"

RSD 7 d 18.25+1.86" 58.25+5.61" 4.9940. 24 10.00+£1.79 10.17+2.23 10.33+1.51
RS 6 h 9.00%1.60" 45.2544.90 5.2640. 64 11.67+1.51 12.00+2. 37 11.83+1.60"

RS 12 h 7.83+2.76" 47.1745.15 4.9440.53 11.00£1. 55 11.17£1. 47 11.50+1. 37

BDNF protein was indicated by positive signal density of BDNF expression in rat hippocampal tissue in different groups. EN:Error number;

TRT: Total reaction time. * P<C0.05,* * P<C0.01 wvs blank control group

2.2 KR #HLA% BDNF mRNA # &% K4HK
SO T 44 207 bp ALY AT WL — 5 5k 4ty 5 TR
WZER—-%(E D, SEAFBAMEL,.RSD 1d4
20 BDNF mRNA 35 8 T8 (P<<0. 05),
RSD 3 d #HiA I (P<<0.01) ;RSD 5 d 41 BDNF %
K TFELRSD 7 d 40 ESLL K-, o 52 )
AT EZEF RS 6 h ZH M RS 12 h 4l £k B A
It BT H 525 O R TG W 35 25 5 5 IR0 6 B A R
SEHMBAZ TR EES, ERE 1L,

2.3 KR #HLMEL BDNF &Gty Rk

2.3.1 —#FesdFE BDNF %GB HM =8

R TT LT N AE B UTTE Y L UL T S CAT 19 HER
M ARG CA3 B3 WY 2 K 445 IR 8T iy A5k 4
L) 502 L BRIP4 S A T sl DR . 25 1 X R
2 B P e (o 0 i 5 0 e B 55 L T RSD 3 d 4 BH
R gifiis L g maiR, LK 2,

2.3.2 EERMNER HEPAXBAMLL,.RSD 1
d.3 d HifE S L CAL,CA3 Yk B X BDNF %
kR ETE (P<<0.05),RSD 7 d LA K RS 12 h 24
TG F2AE ,RSD 5 d K RS 6 h 41 25 15 {k [9] X A T+
1 (P<<0. 05),CA1,CA3 X TG i 35 25 5 5 25 (0 IR 4
FIRBEXT IR Z (B AH L TE I B 25 5 . LR 1,
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Fig 1 Real-time PCR electrophoresis of BDNF mRNA in different groups
M:Marker; 1: Blank control; 2: Tank control; 3;: RSD 1d; 4: RSD 3 d; 5: RSD5d; 6: RSD6 d; 7: RS6 h; 8: RS 12 h; 9: Negative
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Fig 2 Hipocampal BDNF immunopositive neurons in blank

control group(A) and RSD 3 d group(B) (SP, X200)
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B R R 5 s REALUA AR & R LA 12 1
o A S Ak, 32 B R I R M 4 i i e AR S L 4E
JILTE 25 235 K 1) B 72 | b 48 T 9 22 3 TR 3 a8 1Y 7 b
DL R it 28 o0 W] 90 1 e A T P 28 o0 T 9 1 AT 4
e IRy IR =S B Rk VA= A RO/ 1= SR (E W= X N LU E i
P L 38 AN AR B A
3.1 BDNFAF R akhseegbhl LUIESEINN
P AKX R B R M & TR AR AT H
AR A ST R B, A 2k K S AU A Y
& RGT IZ AR 1T ELRE S AE S B3 J5 pl 48 0C , 4

ZHBEMHIEHIET WM RE YRR 0
55 2 il W 98 1 RN R 25 8 BT 1% 34 4F . BDNF & 1982
AF DR i 19 £ B0 v 3 s A 30 Y — b 4 i Ah R
HH 120 A2 BE W2 il 41 B AN 43 F L4 12 000,
9% & B RE AN 3 o A K, BOAE i 28 R Gt aoh T R
R MU R SRIE A S 5 58 fih AT 98 0 9 YL DA T
52 fk Dy i 5 L35 AR A2 M 20 IE SR Y X 2 ik
(4% 33 RN 28 005 5 1 5% ] P AR R DD R,
NMDA 32 {4 2 28 fish 7T %8 14 (1) S 5 o3 JF 567,
(SRR R (PG I R LR Tal VA S U AR T (S
Kovalchuk Z£0% % B 4P R 1 BDNF ] #8028 fi 5
BDNF #5530 %2 & TrkB, ¥ 1 3§ 5% 4 & R NMDA
ZAR L IEERAUARICIZBE Ty, A B FR G 5R L AL (LTP)
SRR S p i R aE VA (O I: E 7/ D 5T S i e 7 5 |
JSUHT Y 2 Al B 2R B DA 28 o 3% 4 RN AR G, R 5
fiul w] 38 Mk (9 & W AE bR Z — . BDNF BEAREAE FH T 2% i
BB ™A LTP, o nl 5 28 fil J5 B TrkB 25 65 5™
A LTP, 1 4 4MJE Y ) BDNF # 3 bR JG LTP 7] #%
FH W2 Kiprianova 2553 g 18 I Sk 1 J5 i =
4 BDNF A LUBH & o TR e 12 fn et fd1e .
RXUESE BDNF X 58 il 1% 388 1 1A 0 2 g 5 A i U1 19
PRI 8O0 L8 7w LA FH A0 U5 P BDNF Sk s i
1CBETT
3.2 BEIRF ST KR F T TIiLik A A BDNF &
EegHrm Cirelli 5 R B K R E 2 MERFZF 8 h
J& BDNF 235 5 T IE % BEIR 4 ; Hairston 2510 % Bi
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AAE KRR BRI 25 12 h )R, H Y i T 4
BDNF EibFth i, ARG R FEE RSD 1 d~7 d
2 i A B R 81 <5 B ] 7 28 L R B 1% S g IR B %
Wi A RSD 7 d Ak B s . I & TAEH
XTHRZH (P<C0. 05); MAEWKE 6 h J 12 h WY BE R 5
1R B R B B AR i T A N B (P <<
0.05); S X EAME.RSD 1 d.3 d 4 KK E
SR TE] B B AR, RSD 7 d 41 B B i (P<<
0.05) HFFEiR KB RSD 1 d 40K i D414 BDNF
FikTtm . RSD 3 d 413k 3] &% RSD 5 d.7 d e &
Wik T IR VRS 5 Rk A L, R
Xof 3558 L I ] ) e IR %1 <5 2% 3 2 BDNF 3k /Y 34 4
X T UK SR AL R AL, SR T B A B HiR
] 25 Bof 1] A A A K R AR AL R A B AT R T I A
O AT RE A 5 N

A 5T 25 T B L R AR 3 25 & T EOLIA 2 2T il

AE 1 T %, HLIAR AT B8 25 3 42 #F BDNF 3k kAR
@mﬁﬁﬁaﬂl‘ﬂa@ﬂﬁﬁﬁiﬂ*J%%Fﬁ%ﬂ’aﬂfﬂﬁ‘é .
I HIR %1 25 5 2 1 A2 0 F 78 RS Z 5 AT LA, 4K
117 Bt 2 340 2 B ] 4 S, 33 Rp A QRS AL S5 9T 1
FEE A R AR R 25 5 | A EAZ 0 RS A K R R

— L5,

[Z % X k]
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