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Effect of Fermented Garlic Extract Containing Nitric Oxide Metabolites

on Impairments of Memory and of Neural Plasticity in Rat Model of

Vascular Dementia

Xiaorong Zhang', Moon Se Jin!, Yoo Ji Kim!, Sun Oh Jeong!, Min Sun Kim'?*
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Rodent model for chronic cerebral hypoperfusion caused by bilateral carotid artery occlusion (BCAO) show
clinically relevant evidences for vascular dementia and impairments of synaptic plasticity in the hippocampus. The
purpose of this study was to evaluate effect of fermented garlic (F-Garlic) extract with NO metabolites on cognitive
behaviors, synaptic plasticity, and molecular events in the hippocampus following BCAO. Adult male Sprague-Dawley
rats were randomly divided three experimental groups into: control+water; BCAO+water; BCAO+F-Garlic. Animals were
treated with oral administration of F-Garlic in tap water as a drinking water after surgery for 4 weeks. On passive
avoidance test and Y-maze test, BCAO+water showed a significant decrease in step-through latency and spontaneous
alteration, indicating deficit of hippocampal memory formation but the treatment of F-Garlic significantly increased
these cognitive behaviors. In control+water, a robust increase in the amplitude of evoked field excitatory postsynaptic
potentials was observed by theta burst stimulation to hippocampal neural circuit indicating formation of long-term
potentiation (LTP) in the hippocampal CAl. BCAO+water showed a highly significant deficit in LTP induction 4 weeks
after BCAO. On other hand, daily oral administration of F-Garlic extract caused the marked preservation of LTP

induction. Moreover,

parvalbumin was markedly reduced

in the CAl, especially, in the stratum radiatum of

BCAO+water. In contrast, BCAO+F-Garlic mitigate a significantly reduction of the parvalbumin. In summary, these
results suggest that daily oral administration of F-Garlic extract can ameliorate cognitive memory deficit through the
preservation of synaptic plasticity and interneurons integrity in the hippocampus in rodent model of chronic cerebral

hypoperfusion.
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BCAO+water & (n=3)9] UiH|mAoJA = FF FH N
Aox HARA old =F2 IFAE ol&sigct. &, A
22 A AL £RE  HAYIA(Narishige Co.,
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oA =& ERANA LA ERol g M7 E A/D ¥t
7](CED 1401, Cambridge Research, London UK)Z tC]X|€3}s}
1, grig AsE 7|18 ¥ BA m272(Spike2 version 4,

Cambridge Research Ltd, London UK)o]| A AF5t9ict.

4. ¥& F759W HH(bilateral common carotid arteries
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Ald=22o d==23 (JW Pharmaceutical, Korea)o2 7tA
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oz 143t £53]n] AAMFA] (Scitech Korea Inc, Korea)2]
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6. Y-maze ZA}

BCAO Al 4% % 879X 2 719 59 94 Jes o
317] 915t Y-maze AAMNS AA|sIYTH. Y-maze ZAAF 7|3t 3
M £2(42 x 8 x 2lcm )9] Y & uj22 PHEQD she] 9o
of AYSES TAAYA I 887 A1GEA SAIES § o
& 529 olsS FA7MEte AR Z=I3(Ethovision 3.1,
Nodulus, USA)E olgatol Aatsteict. Zate] BHe 887t 2l
F7F Y-maze9] 2} armg SN F Apet WHBEY
(spontaneous alteration, %)2 M7}5tgct. ojn A 3o 2
ool Aoz solit FL 1 (AA ¥W3:  actual
alteration, & ABC, BCA, CAB £9] &A)oz2 A5yt A&
7 So7H] %42 Bee AL AAFSH] gt Tty % W
743853 (% spontaneous alteration)2 = & alteration $/(&
U &4 - 2) x 10022 &5
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3ok AZYoIH LTP] St @ 7]=

AH =29 yrethane (1.2g/kg)C2 MAIULY & ¥ THAR|
(Narishige, Japan)oll H2]& 135ttt sa@0AstoA A&
£dg % £IEZ HAlslq £&5 Y& 7iesty sfiut Cornus
ammons 1 (CAl) g49oj(AP2.5 - 3.5mm, ML 1.5 -2.5mm, DV
2.5mm from bregma) A 7]=8& ©AHE A= (impedance 5MQ,
WPIL, USA)e HYsty, A8 454 3483 (WPL USA)Z 0|
NZA7]|2 o|&3to] CA3 9 (APA.Omm, ML 3.5mm, DV
3.5mm from bregma)o]] U5t CA3 P& H7| A=5H9
CAl ddoAq S JSAIA X 9(evoked field excitatory
postsynaptic potentials, fEPSPs)S 7]|&5t9ct. o] fEPSPs=
A8 ZZ7](preamplifier, Cyber Amp 320, axon instrument)Q}
analog/digital (A/D) ¥2t7] (CED 1401, UK)Z 73535}9] Signal
2738 (Cambridge Electronic Design Co., UK)E 0]£35}9
fEPSPsE ZEHo] XAsIgct 7]1A7]2 (baseline recording)
fEPSPsS 2% 7tA0@ 2083 7|23t ohg LTPE sty st
o] CA3 99o] theta burst &9 M7|A}=ZE 18 71Ho=z 33
AXet F71Ho2 6087 71tk

LTP 42 Signal (CED, UK)¥} EXCEL (Microsoft, USA
n2O;S Agstglen] 71X715c 208 fEPSPs9| Hd XIF3
£ AF&E3SE th2(baseline mean amplitude), theta burst A= &
71849 fEPSPsY] ZEZ3tZ 7|X fEPSPs P FEHO] H|(ratio)
£ A&, %2 sHistYith &, LTP(%) = fEPSPs amplitude after
theta burst/baseline fEPSPs mean amplitude x 100.

g 7180l fyx $ AR =& 247 (D.C. LMSA,
GRASS, USA)E ol-&sto] 715830 SAAIA CAl FHo] J9
g AABEE WS TAY o2 AW ARl Cresyl-violet
zRst A2 Botol 72 3] 9lxlE Felstyrt.
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HAXZISISIAAL D Cresyl-violet G4
ZF Aol ARAEE SulE Uides LTP 7|50 3849
% =F9] phosphate buffered saline (PBS, pH 7.4)¢t 4 %
paraformaldehyde (PFA)Z 898 AARE HHSIo Y& nASH
2 dhg] S 4 % PFA 89%of 71 1A3F 30 % sucroseo|A
29 o4 wrx|slgict. Cryostat (Leica, Germany)E o]&3lo] k]
AW(40 m)E AE & AGxZAgEE QA HASHAL. &, 1%
Y 238 §A9E A204 302 AT IAFA
(Parvalbumin, 1:1000, Abcam, USA.)2 3}&49F =9 vk2-A|71 2
X}gtA|Q1 Polymer HRP anti-rabbit IgG (GBL Labs, USA)E X
2]3}3L chromogen$l 0.05% diaminobenzidine+0.1% nickle &
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7 229 sullold NE5EE A% By tHIAzZ o
HqE ohe st MEdos Bajstel 4 25 8[(20mM
Tris-HCI(pH7.5), 1% TritonX 100, 150mM NaCl, 0.5% Sodium
deoxycholate, 0.1% SDS, 1ImM EDTA, 5pg/ml leupeptin, 1
mM PMSF)oA fa#M7]E ol&sto] Zafstitt. 24jdg 9
A #2oto 45A2 Foto 2X sample ¢5-8H(2% SDS, 10%
glycerol, 5% 2-mercaptoethanol, 0.025% BPB, 60mM Tris,
pH 6.8)2 713t & 100°C heating blockolA] 587t 7[5t 3o
acol mmstol AH83ITh BCA Tl BAsMoz oo
SuFe S5 4 AF F 9UI(he W95 3§
nitrocellulose 9to]] 0]ZA]# nitrocellulose(Schleicher &
Schuell, Germany)o] o]% 1A3}Uct. 5% YA EGLM(.1%
Tween-20 in 0.02 M Tris-buffered saline, TTBS)C.2 H|E0|A
Wolure e oF] 3 UAIIA|(GFAP, 1:2000; Parvalbumin,
1:1000; Abcam, USA.)E 24A|7F SQF ¥h-25tl o] x}FgHA](1:1000)
2 gt-2-A| 7t ECL Western blotting detection
reagents(Amersham, England)2 UX|g JARX|Z 0]83519
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1. BCAO % Uhs RE53E 47 Solo] Y&z Wg

BCAO Al@ 2 3ufalolq 2lolx £Z2) 77le] @Al
=59 Q=Y UAP - 3mm)e] 7o) YR cFe obs
2(150ppm)7} FAHSS L5miSolsigct. obs LaEE
#7580 s9e 0 5o 1085 ¥ 57} F7HR00, 30
of A2 S7BIAIL o3 FAstAA Fol 2x2koluo] FAo2
325l 9lckFig. 1).
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Saline 1.5ml, PO.

Flow recordin
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F. Garlic (150ppm) 1.5ml RO.
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Flow recordin
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Fig. 1. Representative diagrams showing changes of blood flow
recorded by a laser Doppler flow meter from cerebral cortex
following the oral administration of either saline or F Garlic extract.
Arrow head indicates the time point of ether saline or F garlic extract
treatment

2. BCAO & 2581 so] ohat b LaiEeo au

2581 7lolzel wate W] Aol 25ou A £
AE 24417 Fo] 2535 AAS ANSIEOU, BCAOS HAlst
A e dEZolA we Brold 3702 ol Al

- o
ol AEAIZHe 280.5 + 25% 2 WAE| 0] 2E3]n] 7]ojo] PAE

9t 2]y BCAO+water #(n=10)9] &AE7] A]7H2 155.2 + 15
22 g vjg] sAXCE Fo5tA ZAa(x+p<0.01)s1% o,
BCAO+F-Garlic ¥ (n=10)9] &E7]= 2205 + 19.3%2 2+
i ulwste] {o5HA 245t ouk(+p<0.05), BCAO+water i}
H]iste] 59517 57151 Th#p<0.05)(Fig. 2).
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Fig. 2. Changes of passive avoidance performance in three
experimental groups. A. Schematic diagram of passive avoidance
apparatus in which electrical direct current shock (0.3mA, 3sec) was given
to foot of animal in order to formation of memory. Step through latency
as a retention memory ability was measured 24 hours after post-training.
Values are mean + S.D. of 10 in each group *significant difference
between control+water and BCAO+water or BCAO+F Garlic (*p<0.05,
**p<0.01). # significant difference between BCAO+water and BCAO+F
Garlic (#p<0.05)(one way ANOVA, Turkey's post hoc test).

3. BCAO % Y-maze 30| that obs a5&20) aw

BCAO A& 4% % 37 719j2lo] B sasee shlsh|
9lsto] 8¥7 Y-maze ZAE ANSIAS W 0 armg a3t
£ 3L x££ 20.28], BCAO+water 2 175 3§

BCAO+F-Garlic o+ 19.23]2 Algd# 7Zto] §9Jst xjol7t Q9
ot 32y Yo TAE nioste &AMoZ njg2E Fojte
AR " s EXst W7 siz3 A (spontaneous alteration
%) A HxEL 71.5 + 5.5%, BCAO+water ++2 58.2 + 3.5%,
BCAO+F-Garlic 2 64.5 + 3.7%02 tjazo W7 =3 A
28} Hlwsto| BCAO+water +(p<0.01), BCAO+F-Garlic +
(p<0.05)0 Aol o ugch 2ay
BCAO+F-Garlic #¢] ¥7 353 A4+ BCAO+water 2] F4
B} folstA £710i(p<0.05) Y-maze &&5H9 4 BT
(Fig. 3)
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4. BCAO % dfiut CAl1 QoA F71Z3HLTP) @go] tigt uts
T$ax&89 aqt

siot CA1 Yollq Z7133HLTP) @42 7193740 Holst
£ 508 AF7kaN @Aoln AFAEY] &4 U J15olo] o
sto] LTP @dAto] Z+A =t Schaffer X5 theta burst §3
o7 RAVNAFES AAISHH fEPSPs?| Z1Zo] AR o]2|gt F7h=
60% ol RI&E: LTP @io] FFEUT HEF Hn=5)4
theta burst A}=2 A fEPSPs9] X1Zy} H|w5}o] theta burst A}
= 5, 60% o] fEPSPs9] XlZo] Zt7} 160.3 + 10 %, 145.4 +
7% = Z71%]9ct. BCAO+water #(n=5)9] fEPSPs 9] AIZ2
theta burst A} RS 1095 + 5 % oW, A= 608 So z+
7 105.5 + 3%= LTP7t 7]2E9ict. BCAO+F-Garlic ¥ (n=b)
o= fEPSPs9] FZ2 x1=2AS 130.5 + 6% o0 A= 602
Sof Zt7+ 125.3 + 4% =2 LTP7} #ArE|Qict Z+ A9 LTP
4 AT E theta burst A2 60804 fEPSPs AIE HiglS &
ARoz BAM51YS o] jRrF+water &3 BCAO+water o+ 7Hof|
SO Aol7kRoi(p<0.01), F5 A5W HAl A3 457
AEF Zolol oJa sfut AFFe 715A &40l x o] s}
CAIgYolA LTP ol A== Aoz FFEHJG. 3§
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BCAO+F-Garlic 9] LTP ¥Al A jx+water 1} H]nl
sto] §9Jst ZHAE W 01Hp<0.05), BCAO+water w3} H] w5}
o] sARCRE JI3t F571E5(p<0.05)F Hct. watA ol 2
= o HaFxEE9] A7 Y AE R/ o3t sfiot AR
o 7193t #AY NP7IRAEY ASE Fach: ans By
(Fig. 4 & 5).
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Fig. 3. Changes in working memory performance in Y-maze test
following BCAO. A. Schematic diagram of Y-maze apparatus consisting
of three identical plastic arms B. Spontaneous alteration (%) was
calculated as follows. Spontaneous alteration (%) = total number of
alteration / (total number of arm entry - 2) x 100. Other notations are
the same as in Fig. 2.

Control +water

LTP

Lre -after Smin

. -before 10min

LTP
-after 60min

Control &/, i :
+ water -| ﬂ Vo 1Y/
| | L

BCAO .. R
+ water !

BCAO |
+F Garlic.‘:

5SS

[EPIPIPI. S,

Fig 4. Representative examples for potentiation of fEPSP traces from
hippocampal CA1 area following theta burst stimulation of Schaffer
collateral axons in CA3 area of three experimental groups. LTP was
evoked by three theta bursts that consisted of 5 trains of 5 pulses at 100
Hz delivered at 200ms intervals.

5. BCAOO] ©J35t afju} CAl gL natu|exxo] N &4
gt ot TaFEE9 ax

sfjoi(hippcampus)?] CAl ¥ mefojcAxo] A=A|7}
A-E  m2to|=Z(stratum pyramidale, SP%), 7|A$A7HA]
(basal dendrite)}go] YAt X3S (stratum oriens, SO%), ¥
24717 (apical dendrite)?] ¥Rl FYHIF UAF HMAE
(stratum radiatum, SRZ)3} HEBELAIIXA]Q] Fto] WA 44
-B A& (stratum lacunosum-moleculare, SME)E2 A€}
Cresyl-violet GMOA TjxF9] dfju} CAl ¥4Ho] xnjzjujcA=x

54 AGA=O AmA] Fo| dYsty AN L oA HA
o] #YstA WEE Ut BCAO+water #9] APFE9 Hatuj=
AzZZolA BCAO 4% 3 AFAR 2440 o3t 3 S5 2 &4
2 QIsto] Cresyl-violet @Mo] ZIgt M 2A(100.3 + 12.37}) &
o] WAE Ut BCAO+F-Garlic@FoIA AFAE &40 &
ZASHA Wsl7l AR OLK(75.2 +11.57]). BCAO+water w3}
Hlwsto] AGA L] 4ol FoJstA ZF4stAtHp<0.05)(Fig. 6).
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Control +water BCAO + water  BCAO + F. Garlic
Fig. 5. Changes in LTP induction in hippocampal CA1 area following
BCAO. The columns in graph show the percent changes of amplitude of
fEPSP recorded during 5min and last 60min following theta burst
stimulation to the that of fEPSP recorded during baseline. Values are
mean + SD. of 5 in each group *significant difference between
control+water and BCAO+water or BCAO+F Garlic (*p<0.05, **p<0.01).
Other notations are the same as previous figures.
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Fig. 6. histopathological changes in pyramidal cellular layer (SP) of
hippocampal CA1 area following BCAO. A, Arrows indicates chromatic
condensation of damaged neurons injured by BCAO on Cresyl violet
staining producer. B. The columns in graph represent the number of
injured neurons analyzed with image software. SP, stratum pyramidale.
Other notations are the same as in Fig. 3. Scale bar: 100mm
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6. BCAOO] 9J§t 3ful CAl 99| parvalbumin (PV) TH utyd
o] ojgt oz YeFEE9 a3t

Wolzx) et 74l 4 tiE29 sfvte] CAL Qjelolx PV &
W oo} by wge SOBOIN MWAE Zebl wusigen =
3] SOF FHo| M= 3717} A2 FEEY YJHAA oA &+
ZE Q. 323 SR FoA ARSY7IR 0NN PV Dol ot W
AFPES EQck. tiRFd} vl sto] BCAO+water +9] sfjut
CAlgY AutojA PV & WAy dh3o] @R sHA ZastA=
., 53] SO 31 SR FoME FEP7IRIA PV ol HAG
o] 895t ZHAstYtHp<0.05). BCAO+F-GarlicA3 9] CAl
Jolold PV T Rolopy vigo] ol ulste] R9shA 2
as}glon} BCAO+water 23t vlwstel 9labA 57}eteichFis.
). }HH Western blot ZAS &dtol 2t @Y afiutolA PV
o] ot WS Y At a2l PV Y way
(100%)xt ¥]wsto] #t v]wsto] BCAO+water #9] PV Thull @iy
F2 61.5 £ 55%, BCAO+F-GarlicA@+9] PV Tl Wdfe
78.1 + 7.9%=2 tjxZ# u|isle] BCAO+water =(p<0.01)7}
BCAO+F-Garlic @ Z(p<0.01)2 8oJ3t xfo]2 wgch 2y
BCAO+water &3} BCAO+F-GarlicAl @ 7o = PV Tl Hh5of
£ o3t Aol BSICHp<0.05) (Fig. 8)
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Fig. 7. Changes in PV(+) immunoreactivity in hippocampal region of
3 experimental groups. A. Representative sections of PV(+)
immunostaining in hippocampal sections. B. The bar charts depicting
changes in densitometric quantification of PV(+) immunoreactivities in the
SR layer of hippocampus CA1 subfields. Values represent the mean + S.D.
(n = 5 rats per group). Other notations are the same as previous figures.
SO, stratum oriens; SP, stratum pyramidale; SR, stratum radiatum Scale
bar: 100mm.
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Fig 8. Western blot analysis of parvalbumin (PV) protein expression
in the hippocampus of three experimental group. Other notations are
the same as previous figures.
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87 BCAO 299 w715 Aol sjot BA 37 L ¥ I
7l9jele] ZAst MY FHoR AN Yt ABF &
ool olgh AN PAkat ohg FAbste] A9 BCAO me 9y
g AEF Aolel WepgelS olsisti, BBH WRA L B
§ Auje] AR AZAZ ALY 5 A g A8/
gottol 9gatr}?. BCAO F|Rdle] ¥ WRAo] k5 AS
2% 39 37K Ay Aol 50% olst2 FAHL olF 45 olx
WA AL, S5 2ol @ wad sjup CAL JeolA
AEF g7t oS Astch CAl 9oo] AYF Aele ATP A4
of ZaEn NRAMZIN Ashy AEHA Axo] MPslol
BCAO 1ZM%E| sjub CAl Joiold AZAZe] Agw dAY
e RS et BRED, 45 oluo] AFAE &4o] |
9P, wep B A7olA BCAO 4ZAo] mASHR ololA
slob CAl 9olo] metuleESoln £AQMY do] Yeors
el 5 A &4fo] BRY e HAAPS ARt

£ d7zsold BCAO 83 o] oy LEREE (150
ppm) 18] B7 Folz 1083 YdF7 F7ktdon, 308
o A2 F7HHAL ol FASAN Sol 1AZol] Pioz
aj=ggick. HPATONA ohs La5E2L o [ A
Sojslge ) 0%z A2 Skt UNES oz ¢
5 AW 22592 ANHo2 Waste] Yuky ] P24
2 Sud o FUYLHZOIN NO- MHS S

oH

ix}

agmatine °F2-2 £o{3lH 3o} CAl J99| mjatu]chzo] AtH
2 S5 ZAAFHLT, eNOS THie Z7IA7]1 iNOS T
e oA st
ofaflo] £xfstE At (nitrate, NO3)}E HF5HH
9] nitrate reductase©] 93] NO,- o2 FAE] 1 thA] NO,-

o] 2& A=z Z 7= U} AF o)A NO AAHS
I NO 7}84<€ Z7MA7|& nitrate?} @o| Qe HE
3P0l A SRS W HERIF Aol S7HEA 4 HA
9 oA (cingulate cortex) oA MEiR o2 ZIte|1 QIA|

o] FHEYHY. & AFA AL Uhs LE 55
S olgste] uhsg AN WasH: IFolA NO AR
NO2- o] AMAE 1 AAZF WAL 2 SXE & Pt ot =
NO HiAlRIE 7Hx|L 9led, o] uhs LaEFEEFL QAAA NO
£ A4 2 AL AN

711K @ 7]ojA S AASH: y-maze?t 25A 3mlo] of
g s 71de F4ste #53W A ook HEA, R W
37 WA 2 A7) AR7kagol Basit. s58m 2t
&7

o
r

7}
E7] A3t y-maze ARl W7 3352 A 4(spontaneous
alteration %)olA] thxF¥ vlwsdto] BCAO+water <,

BCAO+F-Garlic &+ 2% {954 Z4st% ot BCAO+F-Garlic
20| BCAO+water 2 993l F7ksteick. ol2ld Akt Wy
gl A@R 3] £587 s1o2 L F3 AR |02l Za
b glon, ok WaiEEe Sot 253 719 EE o

0]
Aot &t 72 P22 BoFJch o3t ALAM:=
Xiong 5 (2006) '¥o] BCAO 3% Zof afjute] 27h7]1993 Zravt
CAl Q99| AANZ 24} Zo] Yehdg ¥ usigon, 453

1 7]ojele] Aot wel B A7t Ax|gTt

2580 R FAR J[AaPo sHupe] CAL FAHolA
{EPSPsO] |44 Z77t QAIEE LTP 941 @Ao] Batglo 2
LTP @42 sjot dolola] 71ojg Aol chat AZ7kaxel et &
gelste AEe AEED Qb0 B o ohuzt sjotol4 LTP
W SO et BRgEeE @450 2581 7] o
AE Uerdch?. 2 apola 72t Agaol LTP 24 4% $4
Koz BAM5YS o tjxt+water o H]w5to] BCAO+water o
7} BCAO+F-Garlic 9] LTP ¥A] A&t Qo|st x}o]7Hp<0.01)
9o}, BCAO+F-Garlic #3+ BCAO+water 9] LTP ¥y} H|
wato] FAACRE JOJFt FIHE(p<0.05)5F BYh APALS
X BCAOZ Qulx] b Ag2a wl@sto] BCAO 3 4%Afo]
CAl oA LTPE 40% - 77 % A4S HICHY 2 ¢19]
Zik= BCAO 797014 CAl g9 LTP A F=rt A4
oot gAbstch ol2igt AWES S BCAO 27TANA o)
o} CAL Qelo] A177kayo] ot Axshl WYPsIL obs L&
FEE9 A7 W AERAEA A% sfnt AFTY Jda B
9 A7 Fhadel 3AlE ZAATIE Bt Uk s AR
gtk SopEHO NO Bolal % 8-Br-cGMPE AXstiie
ket AIAZ ofstol A RS 2t FAY FkEn
LTP @4o] t% ¢ F7hE At 22ju NO g§/d &2(NOS) %A
AE ARG A2 M99 FZo] ZFastgint. Glutamate 4~&
A AYAE NO Folxht o] Folsteie 1 LTP @go] Hate)
A ¥2o2M NOO LTP FeHd2 T34 AldA AsxgA e
2io] g,

32 Nelissen5(2022)""0] ©2J3lH soluble guanylate
cyclase (sGC) AF=A||Ql vericiguat ¥ BAY-72 %= AF o] A
T5o] st%Z o Y2 ZFashd HIRT2 HIsHA] %2 A
Hyustgch 32y 7§ R] A AHobject location test, OLT)oj|A]
AX7IYL F7t=EI oy SjupdHoN = LTP 4ol 57HE 9l
T3 sfjutoA] NMDA »&A] O IRAFS FI7HPezHN =Y
2ok 2@ soh U AFAE] NsHLAN Boig 4 USL
FAsIAT. HEol FFAFA N dExor £iutE:= sGC S+
A CY64630] gt AFFE AolA vericiguat®t FARHA
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