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Effect of Ghrelin on Memory Impairment in a Rat Model of Vascular Dementia

Park, Jong-Min - Kim, Youn-Jung

College of Nursing Science, Kyung Hee University, Seoul, Korea

Purpose: The purpose of this study was to identify the effect of ghrelin on memory impairment in a rat model of vascular dementia induced by
chronic cerebral hypoperfusion. Methods: Randomized controlled groups and the posttest design were used. We established the representative
animal model of vascular dementia caused by bilateral common carotid artery occlusion and administered 80 pg/kg ghrelin intraperitoneally for 4
weeks, First, behavioral studies were performed to evaluate spatial memory. Second, we used molecular biology techniques to determine wheth-
er ghrelin ameliorates the damage to the structure and function of the white matter and hippocampus, which are crucial to learning and memo-
ry. Results: Ghrelin improved the spatial memory impairment in the Y-maze and Morris water maze test. In the white matter, demyelination and
atrophy of the corpus callosum were significantly decreased in the ghrelin-treated group. In the hippocampus, ghrelin increased the length of
hippocampal microvessels and reduced the microvessels pathology. Further, we confirmed angiogenesis enhancement through the fact that
ghrelin treatment increased vascular endothelial growth factor (VEGF)-related protein levels, which are the most powerful mediators of angio-
genesis in the hippocampus. Conclusion: We found that ghrelin affected the damaged myelin sheaths and microvessels by increasing angiogene-
sis, which then led to neuroprotection and improved memory function. We suggest that further studies continue to accumulate evidence of the
effect of ghrelin, Further, we believe that the development of therapeutic interventions that increase ghrelin may contribute to memory im-
provement in patients with vascular dementia.
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APHo] &go] FubEtka eld Qi) FRPY AT Ang
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o} AR, AlA 7E
273, 7¥x1E71(dendrite) “1‘:7} A3 HiAEIO) o] Lpeht
719 &40l FEHE7]. F= ol2fdh &4 ti=2 % (cerebral
cortex), du}hippocampus), A= (white matter)ol|A] YeptH
719 &4, 712 doll, BAllE, 387159 A 2 FdES
FEAIZIGHL

VaD9] AFA
A X]afl(subcortical dementia), €33 x|l (mixed dementia),
A A} wldA] B ket e AR EyE H (ce-
rebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy [CADASIL])S©] Qt}8]. o]e} Zo]
VaDE tdet VdE S48S veiiZ] wize] AW 287179 o]
Sl B AIEA| TS floto] Hdet T2 RHo] JidEo] At
=] ek EAHQ VaD BE FF 2559 M (bilateral
common carotid artery occlusion [BCCAOD)Z%o]ct BCCAO &
4 45 2EFHE YTHoE AFsto] ] o] AERE &
Tob, dix2d 2 sinte] &4, HAzEe] wodgel nAlde
715 oVd & A VaDe} ARG HeEPgElE Yehy7] w2l &
FollA 7P gl AREE|AL 9.
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A 5 =HEIEEE AN 4§l Bl APt ikl &
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A0 2 Food and Drug Administration (FDA) £91-& HES OFE-O
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endothelial growth factor [VEGF]), ﬁé?‘l‘Lﬂ-JJ’\é A RARF4=EA2

(vascular endothelial growth factor receptor 2 [VEGFR2]), &3
W] Atshal 4349 § A (endothelial nitric oxide synthase)& 57HA|
7 Az deo] WEl= F¥ A (angiogenesis) ZH-& H556
ReH21]. oleloll edd ] &4l mAES] Holu A E (astor—
cyte) S AaAA AFNSE FAAZTH2Z]. T ARETES
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2, A7 oy

AREEL 11530 3 Wistar 218 TR0} Ralgls e
T13(an online random number generator, www.randomizer.or) <
olgsto] B9 thEF(sham, n=7), ¥F 255 HMT(VaD,

n=6), 4= 255 HA 9l 7Y FojF(VaD+ghrelin, n=7)2

TR aPgeigict B o] R S AP A = Al A
Wt A9 Qlonz antar|s Asly] olda, AYE BA

(power analysis) 2.2 APJ5l7| oj{QE 2 FFExF 2 837 3
of gk FrIt gle wf £ B4HS o]83 Oxt FA WS ol8gh
FEE 5 Ay WhHol Ak WAl (resource equation) W& 0183}
o] ArrslgrH23]. QA AFHE (error degrees of freedom)7} 10
oot ZAfolle At gholl = & 4 AL, 20 oVIH A F
o APt Bt At gholl A Y=
HSE 9slo] 9} AFSE 10~20AF0|2 SX]5k= o] A-s|ch
QA AHEE F vk o] Aol AR 2F Ay (treatment
degree of freedom)E WA A4ISIE QA AR Fho] 182 HA
Sl A=) flsted 2 OF B 7ukeRle] F7t dasi. whetA
FE 255 HHoZ Qg AFTE] 20% W2 4R A
ko] ZF 7 G guE| F 270k E Aol ARRSISioY, e
T 29 dixdolM 2utg], ¥F 2559 HAToA 3uke, FF
S5 A 9l Jdd RojglolA 2ut2)7t Abgste] & TolelE
St gou}a 2 Al FIsysleitk(Figure 1). AlE7|7F 59 334
2 = 50£2%= frAlsHH, W5 F71(1241F light/12
F dark, light turn on 6 am)7} 28=]= 730 -8351HA Ag

ZHEQH B3t 3 A AAEA AT 4 YRS sl

] gonE BB

#|(replacement), Ad=& —’,\—94 ﬁi(reduction)
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Assessed for eligibility (n=27)

Randomized (n=27)

Sham group (n=9)

Vascular dementia
group (n=9)

Vascular dementia with ghrelin
treatment group (n=9)

Sham surgery

Bilateral common carotid artery occlusion surgery

Excluded (n=2)
Deaths due to surgery

Excluded (n=3)
Deaths due to surgery

Excluded (n=2)
Deaths due to surgery

PBS injection for 4 weeks

PBS injection for 4 weeks

80 ng/kg of ghrelin injection
for 4 weeks

Post test
Behavioral studies & molecular biological studies

Analyzed (n=7)

Analyzed (n=6)

Analyzed (n=7)

PBS=phosphate buffered saline.

Figure 1. Flow of the study.
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225 I M £~=(bilateral common carotid artery

occlusion [BCCAQ])
&5 255 M S5 VaD oAt A7 eE, et
A FQ FE B4 fARRE ¥igtE SEAA AT
ot A s 53}04 ﬂl

o O ok QEEmMS LEA|
NaE ZAAEA et | 59 2
3 A}(Black Silk, Ailee Company Limited, Busan,
Republic of Korea)E ©0]-835}0] 9t8o 2 &= ¥ AZSIQL o]

s

YERe £4R AT G BA] gkl e BaE Syl
GOl eBEY AR Ageh Shelch I BY F R
EF HolA WS AT B3 Aesiel 53 L 4GL Ak
spstela wesigict
2) 22l £0f

% £2%9 WA 9 18 Kol Zol] BCCAO 44 105
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S e opilst ¥l a2 80 pg/kg (Peptides International, Incor—
poration, Louisville, KY, USA)& 1 ml9] QAte &= Al
(phosphate buffered saline, PBS; Gibco Laboratories, Grand Is—
lands, NY, USA)ll =06 45 3t ujdd 22 ARRtel] 57 U] Fof
(intraperitoneal injection)3}gth 2o] tixs ¥ &= L2 =0 5
M B Ul FARR % 55 E=

& 225lo] 1 ml9] PBSE U3 HO R 45 7+ Fsi3ich
4

=208

3)

0

% AlS

(1) Y-12 HAAHY-maze test)

Y-u]2 ZHAks ©@7] 719 5 shuel 37t A
QIgk AAEA TEE Fof oy goll AREIITH24]. YRR 43
H YA w|2% 2749 o] 4o] 25 cm, ¥#°] 14 cm, WH| 5 cm
O 72 FU 7= (12002 ofFoiA Ut HA= Z47te] Z& A, B,
C ¥gdoz xgsta FE C FYolM AlErsto] 527 13] A&
A &ZolA ste] ] F2YS 715515t 2 Aol Frofsix] ¢
AAtolA Z o] FRE AlFOIA] 2 AeiolM Aoz

] = < 07]"3]'7]

Kele: |
L.

https://doi.org/10.4040/jkan.2019.49.3.317



JA0| e A/0f 2| 7|9 240 ]3]

rr
tol

ot

22 F9| R} nze AvtoldS
295198 wjut 91A519ck w(alternation) = A—B—C =
Zkz} 7)) ZE K40 2 Bl AQS waln,

)
22 A9 710) 5] £24% arige Wi S3ET wolg

3T

o

A (%) = (el Zol S0t F 3l4-2)x100

(2) % 1|2 AAHMorris water maze test [MWMI)

7% U2 A S5t 71958 k| 91d dAEA Y-
njE AAPE 2 thagol ojojA] 7U7t AIEIQITH2E]. 5 n|=
+ E(22220)0] AR 98 F(F7 200 cm, =°| 35 cm)el| 4
% Aoks Z2A wHE7] fisto] EX1E 1 kgs F7Istol EFY
SHA 9HEAL, AR F S 3ol oM 15 em Zlolol ol
SHE vhET 9 Holls thFeh Mt B AlZPE A7t
FAEo] Qlof F7E 3tE 71996kt Bfol HES sk, vlY
2 HFE7E Aol € oM F3 ZRI(SMART video tracking
system, Pan-Lab, Barcelona, Spain) Z&13S 0]-£35}0] 9] &
ZE FAEste] Aol AFS Ao o]gslit & HAb= 6Y
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7] 95to] 300% H,0, (Sigma-Aldrich, St.Louis, MO, USA)&
/1002 3M5to] 3027t WHEAIZITE 123l 1%9] 4

W (bovine serum albumin [BSA]) (Vector Laboratories, Burlin—
game, CA, USA)ol| F&olA 2417 B2t ¥hSAIZAT, 1AF A 2=
anti-NeuN (Neuronal marker; 1:1000; Millipore, Bedford, MA,
USA), anti-MBP (myelin basic protein; 1:200; Abcam, Cam—
bridge, MA, USA), anti-GFAP (glial fibrillary acidic protein;
1:500; Abcam, Cambridge, MA, USA), anti-RECA-1 (rat endo—
thelial cell antibody; 1:500; Abcam, Cambridge, MA, USA)E X}
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2 ACoIA 24A17F B WRSAIFIAL, Thg ' 54 33] AlESI
t} a8]3 2%} gH&Q1 anti-mouse immunoglobin (Ig) G (1:200;
Vector Laboratories, Burlingame, CA, USA), anti-rat IgG (1:200;
Vector Laboratories, Burlingame, CA, USA), anti-goat IgG
(1:200; Vector Laboratories, Burlingame, CA, USA)E Ar&ol|A]
2AIZE S0F BESAIZITE 005M PBSof| 554 33] AJA & b o]
ABC (avidin—biotin complex, Vector Laboratories, Burlingame,
CA, USA)&HollA] 1AI7F ERt BHSAIZITE A& &, 1S lsto]
diaminobenzidine (DAB)<S &-8-5k11 Q1= DAB kit (Vector Labo—
ratories, Burlingame, CA, USA)E AFE5}0] 7} o 7ho]] 5USH A
Tt BREAIFT Eto|ud] ZAS Y4 (dehydration) A7l ¥ 7
H &Sgpolu s Hlnh 27 Al Fekau|A(BX51, Olympus,
Tokyo, Japan)S.2 EFslal A 4= F7, =Fe] 77 57, vlAl
dto] Zlo] Ak M-S 91519 Image—Pro Plus version 6.3 (Me—
dia Cybernetics, Silver Spring, MD, USA) Z 2 133 AMR51SICH
HlARE] BLol= 2|4 b7l Y o)d& Adsto] B4& Algsialont
alinkcornu ammonis [CAD) 1 9l o2 Fo2 /=0 Q7]

2ol A o] EM(total analysis)& A|3¥5Hch

Jolr

(2) WAL H (Immunofluorsescence)
HAEFH S A9 Tl FF MAE o]8ao], FF FAS
AESH= AoR EX wlEo] ExfE dhol= ol 1RF &R

2+ RECA-13} VEGFR2 (1:500; Bioworld, Louis Park, MN,
USA)E SAlol| 4TollA] 24A17F B<F ¥HSAIF|AL, Th ' 54 3
3] AlEsISIT) 2x1 FAlolE %8 MA(fluorochrome) 7t A=
Qlo] oJ&F=& LollA 2xF FAIQ1 Alexa Fluor 488 (1:1000; Abcam,
Cambridge, MA, USA)S &20llM 2ARF 5 HHEAIR] & PBSE
ARgste] 54 53] FE5] AlAskaL, xS &Tto|E FTkio
2o} AXAZ & 4, 6-diamidino-2-phenylindole (DAPL; Vector
Laboratories, Burlingame, CA, USA)Z 7#] A5 ot A
R % Hul7d(E400, Nikon, Tokyo, Japan)& Argsto] RS

Fgolgict

(3) YAEEZ (Western blot)
JrHESL thild s HojA 37| H=2 Eefste], goz A
A LA 9reS Boto] B giEe] 4s 7T £ e

WHolct s 9o 2EE #ASK & ThilE HRFSLE Al
LEIE=

Z F7] o]%=(sodium dodecylsulfate polyacrylamide gel electro—

phoresis)= &5F0] 80 VZ 20, 123 100 V2 1A]7F 2087 3

71¥E Balste] Zau)<dE|dl(Polyvinylidene difluoride; Merck
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Millipore, Darmstadt, Germany)® 92 A7|9SA|ZL) o] & ¢
27o] Hole ke BSAd HHARRl & 1R} FH| 2= anti-VEGF
(1:500; Abcam, Cambridge, MA, USA), anti-VEGFR2, an—
ti-pAKT (1:500; Cell Signaling, Beverly, MA, USA)E 4TojlA
5F249F ok x|t & 0]oJA] Horseradish Peroxidase (HRP)Q}
A3k 2%} 3| anti-mouse IgG-HRP (1:5000; Santa Cruz, San
Antonio, Texas, USA), goat anti—rabbit [gG-HRP (1:5000; Santa
Cruz, San Antonio, Texas, USA)E 2AIte]l Z2A A-&3)9ich 1
T, PE s I AAHER AE Al2"(Bio—Rad laborato-
ries, Richmond, CA, USA)& AF&sto] Bf &EdlioA 10 & &¢F
3 3] AES & uro] thilE W] ¢FS AolA ZE(Agfa,
Mortsel, Belgium) 2.2 &7t} THlEo] k& %8l flal, =
< ol 1A} FFZ B-actin (1:5000, Sigma Aldrich, St Louis,
MO, USA)S AH&sto] §A| AL ZIsto] & thilal ool gt
fxzo 2 AEolGich BEo &% Tl W E A7HsHo]
Image J 142q (US. National Institutes of Health, Bethesda, MD,
USA)= g3ttt

A& SPSS version 230 (IBM SPSS, IL,
USA)S ol§3igith BE Almt B+ EEOAE Uehiglon]

o
rE
o
>~
>
ofo
ol
ol
Q

o}
ARgSEo] Z4He] R/ BARE AlfsIgieH, S

SHEA] 2] 5 ALE B0l Scheffed] 273 WAE RSttt

g Fhgekt

A+ 21
1. 71844

1) 7+

Y-n2E 53 A0 37 HY 7195 Es S aE o
T (70.57%) 3 2551 A
2E5 HMZ(5717%) BTk E}THp<00D).

Table 1. Results of the Behavior Test

Aol Az 2ol BETFA008)T 5 L5 Hl 9 1Y
F2 emEn sal(1968) R0 EobH(p
<001) 7H1e R|X]=]ict(Table 1).

2) 7142
Aol o ARl 2991 w@F(corpus callosum) A, B, C 99&
2735 FA9] B 2o hEF9460 um), ¥5 255 HA
T(@6.80 um), ¥F 255 HA 9 T Foj (9445 pm)7t
o xtol7t ARAEH(p=009), F7F FA A} F5 2559 HA
2 OPY Rojde FF 25T HMFET f5HA =of
(p=017) 713 29] B714 12 KX=EQAc}H(Figure 20).
wFollA] A7) sxstel| Fagt Hdghs s Wizl MBPE
olgsto] GuE oo AJehaQl FUE H|E (relative optical
density ratio)2 29] ti&+(018), ¥Z 255 HM(012), &
L2559 g 2 add Foj2(0.17)7Hl xHolzt e
5 2559 HA 3 Oy RojE
¥F 255 fMFEt GoleHA Eol(p=034) 71 29 ®
7Hd 2= RIRI= A (Figure 2D).

3)7t4 3
simtol A NeuNell oJaff GME ABAE & 2| dx2d
(1256370), ¥& 25591 HM4F(132007), F& 2551 M4
% 2Ed Foit(115.2570)kell folgh xtol7t gloiM(p=440) 7t
A 39 ¥714d 12 717k =Igich(Figure 2A).
utollA] mA|Ee] X7} E= RECA-10] oJs GAE nAd
S B dixZ(12007)), ¥F 551 M (20007H), &
S5 {4 2 g2 FoiF(13.2570) 7ol fost ztol7t 9l
tl(p=007), F7} 248 dap ¢F 2559 s 9 1
Bojie 5 2559 HMEt GOk FHol(p=022) 7t
39] ¥71d 2= RIR|=|{ch(Figure 2B).
sliutollAe] RECA-1e] SJsf A njAEe Zol= 29 of
(263202 pm), ¥& 259 FMF(197975 um), T 2%
A 9 g FoiF (243807 um)7Hol| F2gt xkol7k Q91

r
o

(X
fr

il

Sham (n=7) VaD (n=6) VaD+ghrelin (n=7)
Variable F o Scheffe
M=SEM M=SEM M=SEM
Y-maze (% of alternation) 70.57+1.51 57.1742.40 72.14+2.25 15.01 <.001 a,ob
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VaD=vascular dementia; M=mean; SEM=Standard error of mean; MWM=Morris water maze test.
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MBP=myelin basic protein; VEGF=vascular endothelial growth factor; VEGFR2=vascular endothelial growth factor receptor 2.

Figure 2. Results of the immunohistochemistry analysis. (A) Staining by NeuN in the hippocampus. (B) Staining by RECA-1 in the hippocampus. (C)
Photomicrographs of callosal thickness in the corpus callosum. (D) Staining by MBP in the corpus callosum. (E) Double immunofluorescence staining for
VEGF and RECA-1 demonstrates their localization in the hippocampus. Scale bar represents 100 um. * means p<.05 when compared to the VaD group.
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VaD=vascular dementia; VEGF=vascular endothelial growth factor; VEGFR2=vascular endothelial growth factor receptor 2; pAKT= phos-
pho-protein kinase B.

Figure 3. Result of western blot analysis. (A) Western blot analysis of VEGF, VEGFR2, and pAKT. (B) Expression level of VEGF in the hippo-
campus. (C) Expression level of VEGFR2 in the hippocampus. (D) Expression level of pAKT in the hippocampus.
* means p<.05 when compared to the VaD group.
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