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(FWZE] BHR BT RN 2 X /I i 45 975 45 8 A AL S8 47 ARG 1 ok 45 5 1 sl 1 P R G 2 3 2
MUl o Tk SR FH AU S50 &y Jik 2 L1 ol 8 1% P i AU 8 A Y, 44 0 SD R RRUBE AL 43 1R T R 41 A A
2 R E 5 mg/(kg- d) LA 10 mg/(kg- d) AL (RS 11 K, 43 ) DA BRAR S2 36 (W45 B[] 128 8 R 550 1
M BT R R AT A ) A 22 9¢ 16 I B0 WL 45 IG5 81 01 2 11 (MBP) R 3K KT G I i+ AU
S22 F G AA 5 6 WS o€ 45 M CBD G-ratio) . Western blotting ¥ E BE B L i Fl e MM E R E G
(pmTOR)/MHFL sh P FH M8 ZHE I (mTOR) . &R SIRTF AR A5 AL 21 R UL [R] (2 =
58.000, P = 0.000) I Z¢ 4 % £ (1 = 20.000, P = 0.000) 38 7L, & A4 MBP FH 4 248 it 45 H 3820 (1 = 20.400, P =
0.000) . G-ratio # K 7K ¥ I+ (1 = - 9.800, P = 0.025) .pmTOR/mTOR FLAE R (1 = 20.336, P =0.000) ; T4}t
BE[58010 mg/(kg-d) AT G , K RIREET ] (2 = - 12.600, P = 0.001 ;2 = - 26.000, P = 0.000) F1 %% #% X 54
(1=-8.400,P =0.000;¢ =-10.200, P = 0.000) . JE A& pmTOR /mTOR HAE (1 =-6.022,P=0.014;¢ = - 8.800,
P =0.001) 55 FHERNALEARAL T F AL (1 = 45.000, P = 0.000; = 32.000, P = 0.000;¢ = 11.600, P = 0.000;
1=9.800,P=0.000;5¢=14.314,P=0.000;:=11.536, P = 0.000) , [ i} BF A& MBP FH 44 40 Jifg 5 H AR 48 fin (=
-16.800, P =0.0015¢=-20.600, P = 0.000) . G-ratio % i5 7K F-F# Ak (1 = 8.600, P = 0.041 ;¢ = 9.200, P = 0.030)
HEE BT ARAKE(EP>0.05); {222 10 mg/(kg- d) 41K BB FR I 1] € K 5 LS T 5 mg/(kg-d) 4
(t=-13.400,P=0.000) . £5it A Z AT LA 2000 I /0N i 895 155 T80 O B Ak 2 A7y L U 26 i 10 o 460 3
AL T 542 5 mTOR B BR LK 4 %
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[Abstract] Objective To observe the protective function and mechanism of melatonin (MT) against
white matter lesions in corpus callosum induced by chronic cerebral hypoperfusion (CCH) in cerebral small
vessel disease (¢cSVD) rats. Methods Forty - four adult male Sprague-Dawley rats were divided into
sham group, bilateral common carotid artery occlusion (BCCAO) group, MT1 group [BCCAO + melatonin
5 mg/(kg-d)] and MT2 group [BCCAO + melatonin 10 mg/(kg-d)]. Four weeks after operation, social activity
(sniffing time and crossing number) was assessed to reflect apathetic behavior. Myelin basic protein (MBP)
in corpus callosum was detected by immunofluorescence. Transmission electron microscope was used to
compare the G-ratio. Western blotting test was used to detect phosphorylation level of mammalian target of
rapamycin (mTOR). Results BCCAO group rats showed fewer sniffing time (¢ = 58.000, P = 0.000) and
crossing number (¢ =20.000, P =0.000), lower level of MBP expression (¢t = 20.400, P = 0.000), higher level
of G-ratio (¢t =-9.800, P =0.000), and lower pmTOR/mTOR ratio (¢t =20.336, P =0.000) than those of sham
group; after treatment of melatonin [5 or 10 mg/(kg- d)], MT1 group and MT2 group showed more sniffing
time (t =-12.600, P =0.001; ¢t =-26.000, P =0.000) and crossing number (¢t =-8.400, P =0.000; ¢ =-10.200,
P =0.000), higher pmTOR/mTOR ratio (¢t =-6.022, P =0.014; ¢ =-8.800, P =0.001) than those of BCCAO
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group but still lower than those of sham group (¢ =45.400, P = 0.000; ¢ = 32.000, P = 0.000; ¢t = 11.600, P =
0.000; t =9.800, P =0.000; ¢t =14.314, P =0.000; t = 11.536, P =0.000); while showed higher level of MBP
expression (t=-16.800, P =0.001; t=-20.600, P =0.000), and lower level of G-ratio (t=8.600, P =0.041; t =
9.200, P = 0.030) than those of BCCAO group but similar with sham group (P > 0.05, for all); MT2 group

showed longer sniffing time than MT1 group (¢ = - 13.400, P = 0.000). Conclusions

Melatonin could

ameliorate apathetic behavioral and white matter lesions in corpu callosums in rats with ¢SVD, which might

be related to the up-regulate of phosphorylation level of mTOR.
[Key words] Cerebral small vessel diseases; Melantonin;

White matter; Disease models, animals
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(P =0.001,0.000) Fll ZF # X %2 (P = 0.000, 0.000) 4
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Table 1.
rats in different groups (v +5)

Comparison of sniffing time and crossing number of

4151 BI%C MR () B (R)
BFARAC(1) 11 102.80+6.68  31.00+2.82
P2 (2) 11 44.80+£5.49  11.00+1.58
BB S me/(kg- ) (3) 11 57.40+3.04  19.40+2.07
AREEZE 10 mg/(kg-d)ZH(4) 11 70.80+2.86  21.20+1.92
FAH 134.623 72.832

PIH 0.000 0.000

R2 AT Ak B2 R SLAR  [E) R 257 KK P P LG A
Table 2. Paired comparison of sniffing time and crossing
number of rats in different groups

Sl WELA4% ] A ?iﬁwﬁﬁl
tfl Pl tfl PE
(1) 12) 58.000  0.000 20.000 0.000
(1) {3) 45.400  0.000 11.600 0.000
(1) {4) 32.000 0.000 9.800 0.000
(2) (3) -12.600 0.001 -8.400 0.000
(2) 14) -26.000  0.000 -10.200 0.000
(3) 14) -13.400  0.000 -1.800 0.204

PR IT DA A M 0N I A A TR KRR AL S AT
Sk, T L 5 24 9 790 1 1 T RO N 2

B P ) 2 A A A A ST W g

{51 R 22 ¢ Y 0 T BE L4 R o, B R 24 R R JE
JI 44 MBP BH 4 41 i 20 2> (P = 0.000) , X F I F R
4 2B E5M10 mg/(kg-d) [IAI7 5, MBP FH
o Jf Kk 7 W 2 AR TR ALY (P = 0.001,
0.000) H A% T B F ARHKF- (¥ P>0.05) , HAREE
AN 55 5 4 22 6] MBP BH M 40 i 4 22 S G it 2+
(P>0.05;811;%3,4).

7 51 LT O LB R B AR DI 1A
BEHS G-ratio K FTHH (P =0.025) , /i FIRF R ; &
AR E[58010 mg/(kg-d) AT, BEHS G-ratio R ik
I BEAR, A AR F AR ZH (P = 0.041,0.030) H. 4
T AR K P>0.05) , 14l 5 2 A [ 5] B 4
Z 0] BEH G-ratio /K ¥ 22 S LG 122 X (P> 0.05;
K2;45.6).

= .pmTOR/mTOR H. {8 #9425 1k

2t Western blotting 1 W 22 2 7~ , B85 8 21 K Ff
pmTOR/mTOR FAEAK TR T- R4 (P =0.000) ; &
F[55 10 mg/(kg-d) 1¥AIT 5, KB pmTOR/mTOR
FbAE 3 = JF | TR (P = 0.014,0.001) , (H AT K
FAEF A 4L (P =0.000,0.000) , ifif At 2 2 A 1] 5]
Wz bR IG5 E L (P>0.05;K3;%7,8).
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MBP DAPI I

BFARH

PR ZE S mg/(kg-d) 4l

FRIEE 210 mg/(kg-d) 4l

MBP, B Wi M 2 (1 DAPI, 4, 6- PRI A% L ng|

1 BEMBZETOERMEBENE PR 1o BFEARAKREPEICAE AT ARG MBP FHEAT 1b BERL R BRUBEIG
W MBP FHPEA N ECH B WD 1 BB RS mg/(kg-d) HAYF G R BRPFICA MBP FHEE 0B H I 14 &R
10 mg/(kg-d) HAIT IR, K BUBFIR A MBP FH 14 40 0 £ H 4% n

Figure 1 TImmunofluorescent microscopic observation mediam power magnified A number of MBP positive cells per slide
were found in corpus callosum in sham group (Panel 1a). The number of MBP positive cells per slide decreased significantly
in corpus callosum in BCCAO group (Panel 1b). The number of MBP positive cells per slide were increased obviously in
corpus callosum in MT1 group (Panel lc¢). The number of MBP positive cells per slide were increased obviously in corpus
callosum in MT2 group (Panel 1d).

R3 ASTR)Ab AT AR R K BUBE AR AR MBP PH 2 40 B 5 bb g Sq4 [ A T A e BV G A S A 2 1 M 4
Tts, A . N S )
(x+s5,1>) ' ' ' K50 Py A R L

Table 3. Comparison of MBP expression in corpus Table 4.

e Paired comparison of MBP expression in corpus
callosum of rats in different groups (x s, number) P P P

callosum of rats in different groups

o151 B MBP FH 1 44 i %5 2H [¥] 9 9T L i P1E
fBF R4 (1) 6 32.00 +4.85 (1) {2) 20.400 0.000
KEFI2H (2) 6 11.60 +2.70 (1) 13) 3,600 0.189
MREEZE 5 mg/(kg-d)41(3) 6 28.40 +3.44 (1) {4) -0.200 0.940
HRIE K 10 mg/(kg- d) 41(4) 6 32.20+5.12 (2) 3) -16.800 0.001
F1H 27.863 (2) 14) -20.600 0.000
PiE 0.000 (3) 14) -3.800 0.167

MBP, myelin basic protein , Hf 5 fifi 14 2 1
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B2 FEHHFRMENE MBREAERMNERA 22 BT ARUK BB L 85 x6000 2b  BIE
K FUPEIG IR BE S S5 F M G IR x 3000 2¢ R ZE[5 mg/(kg-d) IRIT R K RUBFIRIKBERI S5 A T2 x 6000 2d  #RMR
F#[10 mg/(kg-d) VG Y7 5 K BUBFICAABE RS 254 A BT 52 x 6000

Figure 2 Electron microscope findings Uranyl acetate and lead citrate double staining Myelin formation was intact in corpus
callosum of sham group (Panel 2a). x 6000 Obvious demage of myelin formation in corpus callosum was found in BCCAO group
(Panel 2b). x 3000 Myelin formation in corpus callosum was recovered in MTI group (Panel 2¢). x 6000 Myelin formation in
corpus callosum was recovered in MT2 group (Panel 2d). x 6000

RS5O Ak P 2H AR AL R FUDE AR AR BE B G-ratio RIKIKFH 6 A [A] 4b 2 2H A5 0 B B FIR A4S B 8 G -ratio R 1K 7K P

W (x£5) B P L A
Table 5. Comparison of myelin G-Ratio in corpus callosum of Table 6. Paired comparison of myelin G-ratio in corpus
rats in different groups (x ) callosum of rats in different groups
4151 1% G-ratio L] P L tfH PE
BFARMACT) 6 61.60+5.32 (1) 2) -9.800 0.025
BRI (2) 6 71.40£7.99 (1) 3) -1.200 0.760
RS mg/(kg- )4 (3) 6 62.80 + 4.03 (1) (4) 0.600 0.879
B Z 10 mg/(kg-d)41(4) 6 62.20 + 6.42 (2) (3) 8.600 0.041
FfE 2.863 (2) €4) 9.200 0.030
Pla 0.039 (3) (4) 0.600 0.879
2017 4 Tsai % 738 5 500 #5144 8h Bk 45 L (UCCAO) By 7R T R e B DR /N B PR R 10 mg/kg 3 22 1R

/)N FRUSE TR W 4% 28 s 0 S AR PR R 10 mg/ (kg - d) BT 6 1 IR LR G ARG R B B A5G DL MR . AWER
B, ST AREMI, BB ZRIGIT 28 KIF/NRUDFIK SR I V8 0 09 25 285 07 =X, 5 07 Tl /) 1L 78 g A 7Y
A1 0 AR R B R S 5 2018 4F Corpas % 7T LU B A UL 2% B AR R 2R T8 5 510 mg/(kg- d) &,
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mTOR

pmTOR

(01 >) 1
L IXHY

GAPDH

F7 AL AR B IR pmTOR/mTOR AR 1Y 1L

B(xxs,%)

Table 7. Comparison of pmTOR/mTOR expression in corpus

callosum of rats in different groups (x +s, %)

4151 1% pmTOR/mTOR Hfi
BFAR4(1) 5 29.34+4.32
FEAZH (2) 5 9.00 +2.55
BRI Z 5 mg/(kg-d)41(3) 5 15.02 +2.57
BREEZR 10 mg/(kg-d)41(4) 5 17.80 +3.96
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PIH 0.000
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)T I R E [ ; mTOR, mammalian target of rapamyecin, I #L
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Figure 3  Western blotting findings. Grey band could be seen in corpus
callosum of sham group. The grey band density in corpus callosum of BCCAO
group decreased statistically relative to sham group. The grey band density

increased in corpus callosum after treatment with melatonin 5 or 10 mg/(kg-d).
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Table 8. Paired comparison of the pmTOR/mTOR
expression in corpus callosum of rats in different groups
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(1) {4) 11.536 0.000
(2) 13) -6.022 0.014
(2) {4) -8.800 0.001
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