H35E el R R (R AR Vol.35 No.6
2014 4F 11 A JOURNAL OF SUN YAT-SEN UNIVERSITY (MEDICAL SCIENCES) Nov. 2014

FR I FAIARIAERS SAM-P8 /DR 2% 2] I ACHIDE I DX 55 n)

faf (R, R, DR, YU, e
(I R TS R 2B /T R4S TS R 2 T 500022, 437 Ml 510080)

& OE. [HA] D50 A T WO R [RIAE Y SAM-PS 5 P4 IR B -1 20 IR R 22 45 RN O 25 AR AR i s i . [
2] LM SAM-P8 fil 36 H, 73 R ARG R BETR T 4 (MELG ME2G) , AR B ¥R IR YT 24 (AELG (AE2G) K HAR B iy X6
MR ACG MCG) , 3t 6 4, HPAF BARRIT AL T/ 4 A% .7 H IS4 H YR 2 (5 mg 38 10 mg/kg)30 d, XTI
ST S R T o 2 B K, 45 2 25 SRS AR 3R 3 11 RS SR Pk & a0 3 e o K ie iz Be 91, BURHET T S 4544 )2
[CYL A FN AchE FFZHZUL 2L (0 JLIT AT ChAT S difb et [Z55R ] dh Xy I AR AR m v BEvR P A 45 SR L Bk 5 5
5 6 REVE ORI A3 00 (41,9 + 8.9) s F1(28.9+7.8) 535 min INFEIRUCET HIJE 6.1 + 1.6 F1 3.3 + 0.9;24 h J ik 38E VAR 3 43331
FE(11.5 £ 2.1)s f1(6.4 £2.2)s,P < 0.05; 5 CA1 DXHEMAR A I)ZE 20505 2 (88.1 £ 10.6) P FIT(132.5 £ 17.2) 45 1k
[52] 467 200 L5050 ) (178.7 + 11.9) 4N F1(220.9 = 16.7) 4~ ;15 5 CA1 X UL AELF4E OD {H (x 10°) 430 & 410 + 34 1 471 +
445 VIR AR B RE LT 4 53 T2 364 + 34 K1 416 + 34 JIf INIIAZ IR RE 14 22 T 000 R 48.4 £ 7.1 F1 66.2 + 9.7 ; RHAT I X
NRARBE A ZETE M 73.9 £ 11.1 F193.7 £ 1.3, HVAE R IR IEIRYTALRY LR Ha bR 5 TP AEXT IR e i 25 5+ (P < 0.01 5 P
<0.05) , HATRITALN IR FE bR S AR IR A Lh B 22 S NI B (P > 0.05) , [£518 ] MT X SAM-P8 /NG YT 1E AR AR % 25
S, T I R A 2 LT 1 RT B B SAM-P8 /N ERUAE ST RE T kA S 25 A 2 T B T R -V IR AR E R SR

RAE,
SEEBIAL: PRI BRS ; AR R D A/ N R Ve TH 5 BV S IR TR RE R 4
PESES: R32 XA ERD A M ERE . 1672-3554(2014)06-0830-09

Effects of Melatonin on Brain Regions Associated with Learning and Memory of SAMP-8
Mouse of Different Ages
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Abstract ; [ Objective] To study the effects of melatonin in short-term treatmenton the septohippocampal cholinergic system and
hippocampal formation in SAMP-8 mouse of different ages. [ Methods] 36 SAM-P8 mice were randomly divided into middle-aged high
or low concentration treatment group,aging high or low concentration treatment group and related control group (n = 6 for each
group ). The 4 months old SAMP8 mice (middle-aged treatment group) were injected subcutaneously with melatonin (5 mg/kg or 10
mg/kg) for 30 d. Similar treatments were performed in the 7 months old mice (aging treatment group). When the animals were
complete 11 months old,a series of tests were performed. The step-down test were used to assess cognitive performance. The
hippocampal formation of mice were stained by the AchE enzyme histochemistry and cresyl viollet.The basal forebrain of mice were
stained by the immunohistochemistry of ChAT. [Results] Data of related control group and middle-aged high concentration treatment
group as following: The escape latency in the step-down test respectively were (41.9 + 8.9)s and(28.9 + 7.8 )s; The numbers of error
within 5 min respectively were (6.1 = 1.6)time and (3.3 + 0.9 )time; The escape latency after 24 h respectively were (11.5 £ 2.1)s
and (6.4 + 2.2)s; The number of pyramidal neurons in the hippocampal CA1 area respectively were 88.1 + 10.6 and132.5 = 17.3;The
number of granule cell layer in dentate gyrus respectively were 178.7 = 11.9 and 220.9 + 16.7;The OD value (x 10?) for number of
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cholinergic fiber in the hippocampal CA1 area respectively were 410 + 34 and 471 + 44;The number of cholinergic fibers in dentate
gyrus respectively were 364 + 34 and 416 + 34;The number of cholinergic neurons in the medial septum respectively were 48.4 +
7.1and 66.2 + 9.7 ; The number of granule cell layer in vertical limb of diagonal band respectively were 73.9 + 11.1 and 93.7 + 11.3.
The middle—aged high concentration treatment group was significant differences compared with the control group above —mentioned
data (P < 0.01 or P < 0.05 ).Data of other treatment group was no significant differences compared with related control group (P >
0.05) [Conclusion]Our results indicate that the protective effects of melatonin on neurodegeneration of SAMP8 mice are age
dependent.The short term treatment of melatonin obviously improve the capability of learning, decrease neuronal loss in hippocampal
formation, inhibit neurodegeneration of in the septo—hippocampal cholinergic system before SAMP—-8 mice appears senescence.
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Table 1 Effect of melatonin onlearning and memory of the SAMP8 mouse in the step—down test (x+s5,n=6)
CL CMA24
Group
EL/s MEM EL/s LFST/s NE3M

ACG 40.3 £ 8.2 6.5+1.3 102 +2.4 62.7 £ 10.7 38+1.2
MCG 419 +£8.9 6.1 1.6 11.5+2.1 66.1 £ 12.2 39+ 1.1
AE1G 384 +7.4 59+1.6 9.3 +4.8 58.4 £ 13.1 33+3.1
AE2G 353+9.5 6.6 +2.3 8.8 3.9 69.4 +15.2 2.8+2.6
ME1G 345+9.2 4.6 +1.8% 7.3 +3.8 71.6 £20.8 28+1.3
ME2G 28.9 + 7.8V 3.3+09Y 6.4 +2.2% 68.6 + 18.4 32+0.8

CL:the capability of learning; CMA24:the capability of memory after 24 h; EL:The escape latency; MEM :The numbers of error within 5

minutes; EL:The escape latency; LFST; The escape latency at the first the step—down test; NE3M: The numbers of error within 3 min. n = 6 for each

group. The differences between the experimental groups and the related control groups were compared using paired t—test. 1) P < 0.01 vs. MCG; 2)P <

0.05 , vs. MCG.
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1 #EEX SAMPS RiEDEMHETHHIM
Fig.1 Effect of melatonin on the neurons in the hippocampal formation in the SAMP8 mouse
A; The hippocampal formation were stained by cresyl viollet; B,C,D,E. pyramidal neurons in the hippocampal CAl area; F,G,H,I:granule
cell in dentate gyrus. B,F:ACG; C,G :MCG; D,H:AE2G; I,E:ME2G. Bar =200 mm for Fig.A or 50 mm for Fig. B-I.

2 HEEZEXT SAMPS REJRAETIN ChAT FRIEFREZ TR R0
Fig.2 Effect of melatonin on the cholinergic neurons of the basal forebrain in the SAMPS8 mouse
A': cholinergic neurons in the basal forebrain; B,C,D,E: cholinergic neurons in the medial septum. B: ACG;C:AE2G;D:MCG;E:ME2G. Bar =
200 mm for Fig.A or 100 mm for Fig.B-E.
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B3 #EZERX SAMPS Rif 5454 AChE FEMEL 4RI
Fig.3 Effect of melatonin on the acetylcholinesterase—positive fibers in the hippocampal formation in the SAMP8 mouse
A: AChE-positive fibers in the hippocampal formation; B:ACG; C:MCG; D:AE2G; E:ME2G.In the CAl area:0O, stratum oriens; P, stratum

pyramidale; R, stratum radiatum; LM, stratum lacunosum-moleculare. In the dentate gyrus:M, molecular layer; G, granular layer; DO, stratum

oriens. Bar 200 mm for fig.A or 100 mm for Fig.B-E.

Fz 2 MT X SAMPS RS EMHALTHEN M
Table 2 Effect of melatonin on the number of neurons in

the hippocampal formation in the SAMP8 mouse

(x+s,n=0)
Group Hippocampal CA1 Dentate gyrus
ACG 94.55 + 12.1 166.24 + 13.7
MCG 88.13 + 10.6 178.67 £ 11.9
AE1IG 98.82 + 13.7 180.33 + 14.3
AE2G 102.46 + 12.3 190.61 + 15.2
ME1G 114.33 £ 16.1? 189.34 + 14.8
ME2G 132.52 + 17.2Y 220.94 + 16.7"

n = 6 for each group. The differences between the experimental
groups and the related control groups were compared using paired t—

test.1)P < 0.01 vs. MCG; 2)P < 0.05 , vs. MCG.

ZICRNZMARLZ T MS S VDB i ChAT A28
JCHAE N TEIN A 2] R il . MS 9 ChAT
FHPE AR 28 oo 248 “ V=451 (B 2B .C D \E), VDB
() ChAT FHHEMZIC R “ N AT HES (B 24)
AR X BRL L, ME2G iy MS F1 VDB )
ChAT PHPER 2o I B3N, 258 St

%3 MT X} SAMPS FREERIfN ChAT FRMEMHZ TR

Table 3 Effect of melatonin on the cholinergic neurons of

the basal forebrain in the SAMP8 mouse (¥ +s,n=0)
Group MS VDB

ACG 46.22 + 8.3 70.45 + 14.8
MCG 48.38 + 7.1 73.88 + 11.1
AELG 51.66 +9.1 8246 +11.9
AE2G 54.12 + 8.8 88.45 + 14.1
MEIG 58.56 + 7.8 91.12 + 15.7
ME2G 66.23 + 9.7V 93.66 + 11.3V

MS: Medial septal nucleus; VDB Vertical limb of the diagonal
band. n = 6 for each group. The differences between the experimental
groups and the related control groups were compared using paired ¢—

test.1) P < 0.01 vs. MCG.

X (P<0.01), HAE A SHRN X REZH Leds, MS il
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Table 4 Effect of melatonin on the acetylcholinesterase—

positive fibers in the hippocampal formation in the SAMPS

mouse (x£s,x10°,n=6)
Group Hippocampal CA Dentate gyrus
ACG 405 + 37 355 + 46
MCG 410 + 34 364 + 34
AEIG 426 £43 385 +29
AE2G 436 + 61 382 +32
ME1G 447 + 44 389 + 41
ME2G 471 £ 449 416 + 34"

n = 6 for each group. The differences between the experimental
groups and the related control groups were compared using paired ¢ —

test. 1)P < 0.05 vs. MCG

PERR LT YE | oo A BARZM SO, EBR )2
U RS KA ZTEE a2 AR (E
3B.C.D.E), 7EWARII | 75 2 0 2F 4% FE 35
=, (BI3B.C.D.E),

SAR AR He R, ME2G B9 CAT X
Wit 18] () AChE [FH 4 ot 45 2 24 30 B g 38, 22
SR L (P < 0.05) , HAx 4540 540 W ) IR
A, 15 CA1 XFIPRIRIEIR) ACKE FHYE 22
Y22 G E (P> 0.05;58 4),

3 %

AD F8 O e S R 2R I Ry A PR
RFIHEAZ IR, WF5T 4 SRR YR T ZEE (1)
FRAR ML EEA R A AD AR, SAMPS FlZ SAMP
A —F SRR 12,1 A 2 ARG
P2 ICACREGR , FFRERG I TN, 3 A A
A VERSFE IR S S AERG P B, R 4~6 H
i, Z R B — R AP AL 1 ARAE
o P HE BRGE R R O O i R SR 22T
A 2B BT VA= =Wl N P /NN U R A B G TP i )
AU BRAR A — 28-S $E 4 H iy SAM-P8 [tk
AfFge, st Bre/NR 4 A IR B T 2 I
FEAS 2R AD A LI], UEAT MT T B3R
J7 . e 7 A SAM-P8 Bt 2SR AD B
T4 BB i HE AT MT T HUAYF S W24
PER ARSI AR LR B, WF o5 R R R X AD 5
FEASIR] & R B BER 52

FATHTHARI 5T Won e 4 H % SAM-P8 i
HEE A MT BIGIT IR, 252 2 FNcIZfg
W 4 A | 3R AR TR 3R LT T AN, (EIAR T 5
AT 7 AR R, AR Ul E MT
FLI Y7 A% A SEIG MT B3a 7Nl R 141
R Y (4 AL )SAM-P8 UG Wk E MT
YERN 2= 2010 B8 1 5 ARG /R LB A B i
T S R (7 % )SAM-P8 B MT MG I7
T BAEH . UEBIAE /N B B AR 28R
AR ZHE MT (IR J7 X HLAAR 24 2 T2 12 18 J) 5% i) BH
B, ASHLUARD BB EIRAR S MT IR 74 %
SENUARVERIA IR . AR PEARAT ol 2k A A i
38T, s MT IRY7 /N ERBk & 5256 v ik kv R
K5 min P9 1R IRAE LA HE AT MT IR 9T Y
SAMPS [RIR BN B ek, iax J LA S5 50 A s
FERRMUNRAE TR T, YN RIS EE T 2L
P /N BBk 2 S B0 TCAZR S R 24 h e ksl Ak
9 B A3 24 h S A — Bk T Bk B T AR 0 A 3
min PIFE IR UESS 2R 35 JC A S AR Ak a0 4
7~ MT R E 7 0] 6852 m AILIR 2% > 88 1 b 32, %t
AD SRR A RE FT B A R

VW ISR D 2% R e B A R A, A IS
ARIETFNE S, 25 TG4 272 Fidie A1k A
SRR o) R\ AT T R S Rl
AR OGHE AR ERAUIN TR — X, 55
= 2O B UIAA G 7 & A Hh 8 F 3 R SAMPS. B
(RN 38 2 BT ¥ Ty 2 e i B0k D451 ARBIF S
VERE T Ey CAT DX R AR [0 #h 28 S0 4R S 92 4
B, W NTE SAMPS [ HE AT 06 BT A e vk
MT 697, AT o ol 5 2 W 100 o CA1 X ATk
AREIFZICED | MAE SAMPS Fl 2 H4 i MT
TBITENTCI RN . WS CAT X SRl PN X e
TRURRA X, BEE =& kA TR BB
A R ZE RN X 22— 8 FRATRIT ST 2 &
B SAMPS FRBL AW ZEARH B MT 3697 4 S H 5/
FRLTE R8I 10908 T CA1 X b 28 0 754k I I ol 3%
1T AR S 96 45 W36 977 R I MR B MT J397 8500 A
B8 (E R R MT B0 3%, B MT B35 7 I AL,
HEMTRKEAEIICR, A iR
MT X 145 4R 110 28 o0 25 2R 52 i 58 5 CA1 XA RK
I AEARL (AR [ AT AL b 28 e A 1 BB AN IX
W2 5 2 2 120 % VA G 1 B -1 5 I B B R 46
L, RS AR S I ASBEIER] MT 520 51



55 6 14 IR, 4. BB R XA RIS SAM=P8 /)N Bl 27 > 10 A2 DG i X 14 52 1) 837

U & A, S BETIE A 38 1 a2 0k IR 1] 4o 22
TG E RN B - AR e R I fe A 2 K52,
Z /0T DI el T N AR 2 R A SR, IR B
P T SAMP8 FUE S Z5F ph 28 e 25 i
FE SR NCIZE A X, 75 0HE A E AN
T R AAT AR S B ARSI MT 1]
I SE SAMPS FRUE 25 R (R AR | AL AR
b R OHE BAC BRI ToRe P, R A
GIE SN P E N

1970 4F, S [E 2535 MO AD A I B B2 100,
N AD M IRBE RE 3R 40 & AR AR, 5
EAEE A 2D CAZ IR FHTEERS 7= A R R IR
FFOHR JIEL Bl BB 25 2R 49 b A 2 AT R I kg X
W R RHAA XS G R R CBERRBOT 1
AT [ () 43 S A i 2 25 A i Mg S AT Ty 17
o B — v ) R B 15 S5 2 v 45 ) IEL B
2 2 H BRI A A B A AR R 3 )
DR Ey AChE BHPEZF4E )R AZ 718 B DLAS I 5%
$£ SAMP FRUIL i il IR RE i 28 o0 DL K 5 CAL
X FIUIR PTG AChE BHVESF 4EE1 74081, e 2
WERHEEHA MT J697 2 & I8 2% SAMPS FUF% 15
PEBRBE 5 59 30 AR AR, T 5 M VA 2 f1 45 4 R 2
icfeige . AN FE A (4 %) SAM-P8
SRR R R B MT MR, IR iy i 14 B P )
% FRHA A T B S B A A6 RE fi 25 0 B 3, L
TS CAT DXRIARIR [0 14 RELAR FE o 28 27 4 11 45 i
W0 el X 2 LY SAM-PS [ _E IR R
ARG BB MT XF B (4 %) SAM-P8 ]
ARARRE HI 28 R G0 SR, ABEFE A MT 1]
AE R I 2% 2] (4 A% )SAM-P8 [RIfE b4k
PR AR R UE IR Rl ph 2 % A | 43 5 21 X
Tl BB 2 - A 25 TR Sl I 24 1 1 3R A2 g o B A
7T 352 M) 80) L 56 P T Ak IELG 8 o 28 56 110200, 28K MT
X 35 T kG 114) B PR A AR AR o 7y T 1S 1) BB
Pl T A] e A HAE PR AE Y, MT 2035 AD 19
i HELBR 8 22 6 AT el LA ) 2 2T e AL fig g i — A
ANGr (R SE 20 MT 93X P 52 I — T 5 E Bk i 4%
5L 3 [ T T 25 R (AR AR AR IS 25 5, R BER
7~ MT I PR AD JR97 NS 76 AD 3L Il 52 >)
ICCRE T BRI AT, BIVE A —ANRIVE )
MT A] Dhith4 s 1Bt FH 25 RO B A

M2, ARG EI  MT Xk ZE AD e
KPR R A AR 22 5, R AR T T s 2%

T R SAMPS BRI JEC i A AE B 5B 2R 4t iR AR N
1 DR A 2T Bk, SETTRZ 24 2012
AEJIREAIC, TR A S T eI, A<
WEFE AT 85 MT 9 AD I RIAYT , R0 2L A
R AR RO A

SE WK

[1] Lin L, Huang QX, Yang SS. Melatonin in Alzheimer’s
disease[J ]. Int J Mol Sci, 2013, 14(7) . 14575-14593.

[2] Hongwen H, Weiguo D, Fang H. Anti—amyloidogenic
and anti —apoplotic role of melatonin in Alzheimer
disease [ J]. Curr Neuropharmacol, 2010, 8(3).: 211-
217.

[3] Weiguo D, Fang H, Hongwen H. Melatonin and
mitochondria in aging [J]. Front Biol, 2010, 5(6):
532-539.

[4] Polimeni G, Esposito E, Bevelacqua V, et al. Role of
melatonin ~ supplementation  in  neurodegenerative
disorders[ J |. Front Biosci, 2014, 19(4) . 429-446.

[5] Tapias V, Escames G, Lépez LC, et al. Melatonin and
its brain metabolite N ( 1)-acetyl-5-methoxykynuramine
prevent mitochondrial nitric oxide synthase induction in
parkinsonian mice[J]. J Neurosci Res, 2009, 87(13):
3002-3010.

[6] ZhoulJ, ZhangS, Zhao X, etal. Melatonin impairs
NADPH oxidase assembly and decreases superoxide
anion production in microglia exposed to amyloid—betal -
42[]]. J Pineal Res, 2008, 45(2); 157-165 .

[7] Olcese JM, Cao C, Mori T, et al. Protection against
cognitive deficits and markers of neurodegeneration by
long —term oral administration of melatonin in a
transgenic model of Alzheimer disease[]]. J Pineal Res,
2009, 47(1); 82-96.

[8] Quinn J, Kulhanek D, Nowlin J, et al. Chronic
melatonin therapy fails to alter amyloid burden or
oxidative damage in old Tg2576 mice: implications for
clinical trials[J ]. Brain Res, 2005, 1037(1-2): 209-
213.

[9] Weiguo D, Fang H, Wenguo F, et al. Differential
effects of melatonin on amyloid —beta peptide 25 -35 -
induced mitochondrial dysfunction in hippocampal
neurons at different stages of culture[J]. J Pineal Res,
2010, 48(2): 117-125.

[10] ChengS, MaC, QuH, etal Differential effects of
melatonin on hippocampal neurodegeneration in different
aged accelerated senescence prone mouse—8[J]. Neuro

Endocrinol Lett, 2008, 29(1): 91-99.



838

IR A (A B4R

535 &

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Masaomi M. Characteristics of age —related behavioral
changes in senescence accelerated mouse SAMP8 and
SAMP10[J]. Exp Gerontol, 1997, 32(1-2). 139-148.
Cheng XIR, Zhou WX, Zhang YX. The behavioral,
pathological and therapeutic features of the senescence—
accelerated mouse prone 8§ strain as an Alzheimer’s
disease animal model [J]. Ageing Res Rev, 2014, 13
(1) 13-37.

Gulbrandsen TL, Sparks FT, Sutherland RJ. Interfering
with post —learning hippocampal activity does not affect
long—term consolidation of a context fear memory outside
the hippocampus[J |. Behav Brain Res, 2013, 240(2).
103-109.

Simic G, Kostovic I, Windblad B, et al. Volume and
number of neurons of the human hippocampal formation
in normal aging and Alzheimer’s disease [J].
Neurol, 1997, 379(4) . 482-494.

West MJ, Coleman PD, Flood DG, et al. Differences in

J Comp

the pattern of hippocampal neuronal loss in normal
ageing and Alzheimer’s disease[]J]. Lancet, 1994, 344
(8925): 769-772.

Davis P,  Maloney AJ.
cholinergic neurons in Alzheimer’s disease[]J]. Lancet,
1976, 2(8000) ; 1403.

Spriger JE, Tayrien MW, Lay R. Regional analysis of

Selective loss of central

age —related changes in the cholinergic system of the

(18]

[19]

[20]

[21]

[22]

hippocampal formation and basal forebrain of the rat[]].
Brain Res, 1987, 407(1). 180-184.
Hannan AJ.

differentially engages septohippocampal cholinergic and

Ransome MI, Behavioural state
GABAergic neurons in R6/1 Huntington’s disease mice
[J]. Neurobiol Learn Mem, 2012, 97(2): 261-270.
Ramirez RG, Vega RNM, Oikawa SJ, et al. Melatonin
synergizes with citalopram to induce antidepressant-like
behavior and to promote hippocampal neurogenesis in
adult mice[J |. J Pineal Res, 2014, 56(4): 450-461.
Liu J, Somera—-Molina KC, Hudson RL,

et al.

Melatonin  potentiates ~ running ~ wheel —induced
neurogenesis in the dentate gyrus of adult C3H/HeN
mice hippocampus [J]. J Pineal Res, 2013, 54 (2):
222-231.

Kireev RA, Vara E, Tresguerres JA. Growth hormone
and melatonin prevent age—related alteration in apoptosis
processes in the dentate gyrus of male rats [J].
Biogerontology, 2013, 14(4). 431-442.

Corrales A, Martinez P, Garcia S, et al. Long—term oral
administration of melatonin improves spatial learning and
memory and protects against cholinergic degeneration in
middle—aged Ts65Dn mice,
[J]. J Pineal Res, 2013, 54(3). 346-358.

(%3 X EH)

a model of Down syndrome



