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Inhibitory Effect of Tyrphostin AG126 on Brain Synaptosomal
Dysfunction Induced by Cholesterol Oxidation Products

Ki-Moo Hong, MD, Jeong-Ho Han, MD, Doo-Eung Kim, MD,
Jin-Ho Song, PhD? Chung-Soo Lee, MD?

Department of Neurology, Seoul Veterans Hospital, Seoul, Korea
Department of Pharmacolog)®, College of Medicine, Chung-Ang University, Seoul, Korea

Background: Formation of cholesterol oxidation products is a suggested mechanism of neurodegenerative
disorders. Neuronal cell death is mediated by an increased release of excitotoxic glutamate from the presynaptic
nerve endings. Tyrosine-specific protein kinases modulate neurotransmitter release at the nerve terminals. Tyrphostin
AGI126 has anti-inflammatory and cytoprotective effects. However, it remains uncertain whether tyrphostin AG126
has a preventive effect on the alteration of nerve terminal function induced by cholesterol oxidation products.
Methods: The present study was performed to assess the effect of cholesterol oxidation products against nerve
terminal function using synaptosomes isolated from rat cerebrum. We determined the preventive effect of
tyrphostin AG126 against oxysterol toxicity by measuring the effects on the glutamate release, depolarization of
the membrane potential, changes in Ca*" levels, and Na'/K"-ATPase activity.

Results: Synaptosomes treated with 7-ketocholesterol or 25-hydroxycholesterol exhibited a sustained release of
glutamate, depolarization of membrane potential, early rapid increase in cellular Ca®* levels and decrease in
Na'/K'-ATPase activity. Those responses were concentration-dependent. Treatment of tyrphostin AG126 interfered
with alteration of synaptosomal functions and decrease in Na*/K"-ATPase activity induced by 7-ketocholesterol or
25-hydroxycholesterol.

Conclusions: The results show that 7-ketocholesterol and 25-hydroxycholesterol seem to cause the release of
glutamate by inducing depolarization of the membrane potential and early rapid increase in cellular Ca®" levels
and by inactivating Na'/K"-ATPase in the cerebral synaptosomes. Treatment of tyrphostin AG126 may prevent
the oxysterol-induced nerve terminal dysfunction.
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Aaast ol weel SpE $EH° Alshe LDLO]
7ML AFEE dod 4= Qlvk'® LDLe] 4Fshed lipid

hydroperoxide, aldehydes, Z#]|<HE A8} A E(7—keto—
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cholesterol®} 25—hydroxycholesterol #& Fdl~HZ 213
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1. As

Tyrphostin AG126 [(3—hydroxy—4—nitrobenzylidene)
malononitrile],  7—ketocholesterol, 25—hydroxycholesterol,
glutamate dehydrogenase, safranine O, fura—2—acetoxy—
methyl ester, tris—ATP, Percoll®} 7|E} A3 Sigma—
Aldrich Inc. (St. Louis, MO, USA)°l|lA 43kt

2. Synaptosome F&

7% Sprague Dawley BF(F-A ¢F 150 g) tlHZ5E
synaptosome S FE3IALHS F& 9GS 4Co A =4
oAl o]FoAt). &S UlHE 98)9] 320 mM sucrose, pH
7.4 &Nl Y1, 228 fg (s} VTR 123 g v,
A elE 3000 gollA 2% Al EEleisinh S 14,500
gl 123 94 EeletaL, folxl HHES 8 mle 320 mM
sucrose, pH 7.4°] HAEAATE HENE 3%, 10%, 23%2]
PercollZ 4% 2] 8-(3 ml: Percoll, 320 mM sucrose,
1 mM EDTA, 0.25 mM DL—dithiothreitol, pH 7.4) $Jell Z4]
2= 51 32,500 gellA 73 4] BE]8I3iTE 10% Percoll 7
23% Percoll band A}e]oll 4] synaptosomes B3, HEPES
25 (140 mM NaHCOs, 1 mM MgCls, 1.2 mM NaH,PO,,
10 mM glucose, 10 mM HEPES, pH 7.4)%} 4131 30 ml7}
A 3 o 27,000 gollA] 108 94 E2slgich JAES
¢ 3 mle] HEPES ¢Hs-ljell @Eéfal, Bio—Rad A1°KH(Bio—
Rad laboratories, Hercules, CA, USA)& o]&3lo] thiz

FEE SS90,

N

¥# = Japan SLC, Inc. (Haruno Production Facility,
Tokyo, Japan)ollAl U3 8H 9] &), AR 9 HF2
w5 NIH 71#(No. 80—23)3} tigrelas| Al sEA A%
(20009) 9l F=3te] Aldskeltt. AF= AA S 2571 A
(25£1°C) =31 12417 THA 0 & vl lo] 2 w)i= S AollA|
B9 AIEE Fste] Sl

3. Synaptosome®l A glutamate F2]¢] 4

SynaptosomedlA 2% glutamate”} glutamate dehydro—
genase®ll ©J3f AksHA goln|ies) Hol we} NADP' =456
NADPH7} A== 21 o] &-38to] F3d=Astelx 5743t
3tE® Synaptosome (0.5 mg ¥ & F/ml)S 16 pM



ZY2HZE A A E 93] FdE ¥ Synaptosome 7]%5o]4tel W X]= Tyrphostin AG1269] A &3}

bovine serum albumin®] £} $Ji= HEPES 291(140 mM
NaHCOs, 1 mM MgCl,, 1.2 mM NaH,PO,, 10 mM glucose,
10 mM HEPES, pH 7.4)°l] &&slar o]oJA tyrphostin
AG126%5 3718k 208 A2 § 7—ketocholesterol S X7}k
&%k Wkl 2 mM NADP*, 50 units/ml glutamate
dehydrogenase, 1 mM CaCl,E $10]o] 78}l fluorescence
microplate reader (SPECTRAFLUOR, TECAN, Salzburg,
Austria)ollA] d3<] W3S 7] 3 340 nm, W& I 460
nmellA SA33Ick

4. Synaptosome “Fd9]1e] 54

Synaptosome £2(0.5 mg T %/ml)S 16 uM bovine
serum albumin®] £ $)+= HEPES ¢54(140 mM NaHCOs,
1 mM MgCly, 1.2 mM NaH:PO,, 10 mM glucose, 10 mM
HEPES, pH 7.4)°l &g3}al o]o]A tyrphostin AG126%
A7ksle] 208 Ax]g] § 7—ketocholesterol 715+t
Hk-g-Nof| 50 uM safranine OF €Il 4% WFSAIZ & 1 mM
CaCl® Wil thA] 37 HhSAIZAT: 2Rl e] wisle] up2
& go] WzlE of7] 9 485 nm, W& I 535 nmellA] SA
apolcE”

5. Synaptosome Ca’t & W3}e]

||\

3

Synaptosome #2(0.5 mg @& F/ml)S 5 pM fura—
2/AM, 16 uM bovine serum albumin®] £¢] 9= HEPES
25 (140 mM NaHCO;, 1 mM MgCls, 1.2 mM NaH,POy,
10 mM glucose, 10 mM HEPES, pH 7.4)el Y1 37°CollA
308 WHSAIA fura—28 F-SHAIFHTE ©]oJA] tyrphostin
AG126%5 3718k 208 A2 § 7—ketocholesterol S X7}k
SH3it). Fura—27) $-81E synaptosome 80| E9] =
HEPES ¢Hsole] 1 mM CaClE Wil 2% ¥ ¥isle] uje
@@e] WskE o17] 34 360 nm, W= 3 505 nmoll A 54
3Hth® 3] W3l= magnetic stirrer’} FFE O] Q=
luminescence spectrophotometer (Aminco—Bowman Series
2, Aminco—Bowman, Rochester, NY, USA)ol|lx 43513t}

6. Na™/K* ATPase &4 =

o2l

Synaptosome +%(0.1 mg @& d/mb)S WHSAN(100
mM NaCl, 20 mM KCI, 2 mM MgCls, 50 mM Tris—HCI
buffer, pH 7.4)°ll AEA)ZT} Synaptosome &9l tyrpho—

stin AG126< ¥o] 37°CollA 2087+ 2] 5 7—ketochole—
sterolE 78kl 308 WHSAATE WS- tris—ATP(HF
FE 2 mMDE F7Fete] whgoe] S 1 mio] HA g 5
37°CollA 10% ¥EAZ ) 1 mle] X718 15% trichloroacetic
acidE gol ¥-8-5 TRA7]AL ¥-E-4& 1000 gollA] 1032 4]
ik A1 mDS Fste] FElE FI0PDe =
ZA3I3cE Na'/K* ATPase 2%+ nmol Pi liberated/mg
protein/min ©. & FAIEF3AT]

7. B4
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q
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olzl AnE ] LA AElate] A4 frolds
A7 freldol AAFEH AR Ao E ikt vlulE
91%F Duncan’s test& ste] FJek 1+ 248 vlaLE siqlch 2k

5= PuEEEeAl® #7185k

a 3
1. ™% synaptosome©l|4] glutamate®] 2]

Sol|2~HlE A3 E(7—ketocholesterol #}F 25—hydroxy —
cholesterol)©] AU 750 YeEl= 54 835 549
A7t 3 synaptosomes ©]-83te] £249318Itk Synap—
tosome®ll A glutamate 7]1% 27} ¥-g- A7kl whE} Eofut
= %S B9lom, 7—ketocholesterol@ #2|5}531S W A7
TE 544 249 glutamate?] FE)7F £ %, =F Aol
uke} S718I e Fig. 1). 100 uM 7—ketocholesterol 2 60%-
7+ A2 313E W glutamate f+2]7} tiazdl] vlste] <F 39% &
71slsitt. v Fd2~EE A ER] 25—hydroxycholes —
terol= synaptosome®l|A] glutamate §-215 57 H

A tyrosine kinase SAIAI7} A1 ET A Fel~HE
Akshd Eol o8l fikE glutamate 2ol HIX= S %
AFsISITE. Tyrphostin AG126 (1—5 pM)<2 100 pM 7—keto—
cholesterol®} 25—hydroxycholesterol®l] ]3] §2% gluta—
mate S JABIATHFig. 2). ©]2]3F koA tyrphostin
AG126% 25—hydroxycholesterol ¥t} 7—ketocholesterol2]
g0l ¥ 2 A 3= BTk Tyrphostin AG126 (1-5 pM)
A= synaptosomeoll A glutamate 215 S7A71A4] 23k
o, 7|1% fre] F% ¥ske} vsselsivk(Fig. 2).

2. Synaptosome %2 W3}
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Figure 1. 7-Ketocholesterol (KC) induces glutamate release
from synaptosomes. Cerebral synaptosomes (0.5 mg protein/ml)
were treated with 10-100 pM KC for 60 minutes and the
amount of glutamate released was measured. The arbitrary
unit 20 in relative fluorescence represents the 18.99 nano-
mole of glutamate. Data are meantSEM (n=4). 'p<0.05 com-
pared to control.
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Figure 2. Effect of tyrphostin AG126 (AG) on 7-ketocholesterol-
induced glutamate release. Cerebral synaptosomes (0.5 mg
protein/ml) were pre-treated with 1-5 pM AG for 30 minutes,
exposed to 100 pM 7-ketocholesterol (KC) or 25-hydroxy-
cholesterol (HC) for 60 minutes, and the amount of glutamate
released was measured. Data represent meantSEM (n=5).
*p<0.05 compared to control; and *p<0.05 compared to KC
or HC alone.
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Figure 3. 7-Ketocholesterol (KC) changes the synaptosomal
membrane potential. Cerebral synaptosomes (0.5 mg protein/ml)
were treated with 10-100 pM KC for 60 minutes and changes
in synaptosomal membrane potential were measured. Data re-
present meantSEM (n=4). "p<0.05 compared to control.

7—Ketocholesterol& *2|$F synaptosomeol|A] =F1¢]
3= ZAREIAYE Synaptosomeo] KY S2 A9l 3 mM
4—aminopyrines A3 vl 2] Do) o]Fo|A=
AL g 4= ATk 10—100 pM 7—ketocholesterol
synaptosome®l| A 2]a}3lS wl BHA9)7 Et=Elom, H7t
203t Huo] Wsprb S o] % Fhhshe AEs Bt
(Fig. 3).

7—Ketocholesterolol] €]3+ glutamate 2ol WA= tyr—
phostin AG1262] Al 317} synaptosome ZA Lol thak oA
Gl A HIZEEA=A] ZARISITE 100 pM 7—ketocholesterol
=lgjell w2 synaptosome “F$] WSh= tyrphostin AG126
(1-5 pMDell 23l A= ATKFig. 4). Tyrphostin AG126 (1-5
uM) S ©H= 223k synaptosomeol A 9] 2HA9] Wk s}
H] =313t

3. Synaptosomedl|A] Ca*" % W3}

7—Ketocholesterol #|2]%}+ synaptosomedl| A Ca®* %
Wals ALY Synaptosomedl 7—ketocholesterolE
A28t S W synaptosome W 2y =71 Frlelglon,
7—ketocholesterol 7} $ 5%l Hd Fxdl =313t}
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Figure 4. Effect of tyrphostin AG126 (AG) on 7-ketochole-
sterol-induced synaptosomal membrane potential changes. Cere-
bral synaptosomes (0.5 mg protein/ml) were pre-treated with
1-5 pM AG or 3 mM 4-aminopyrine (4AP) for 30 minutes,
exposed to 100 uM 7-ketocholesterol (KC) for 20 minutes,
and changes in synaptosomal membrane potential were measured.
Data represent meantSEM (n=5). “p<0.05 compared to control;
and *p<0.05 compared to KC alone.
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Figure 5. 7-Ketocholesterol (KC) induces changes in synapto-
somal Ca" levels. Cerebral synaptosomes (0.5 mg protein/ml)
were treated with 10-100 uM KC for 60 minutes and changes
in synaptosomal Ca*" levels were measured. The arbitrary
unit 5 in relative fluorescence represents the 5.08 nanomole
of Ca®. Data are meantSEM (n=4). "p<0.05 compared to
control.
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Figure 6. Effect of tyrphostin AG126 (AG) on 7-ketochole-
sterol-induced changes in synaptosomal Ca®" levels. Cerebral
synaptosomes (0.5 mg protein/ml) were pre-treated with 1-5
uM AG or 10 pM nifedipine (Nif) for 30 minutes, exposed
to 100 uM 7-ketocholesterol (KC) for 5 minutes, and changes
in synaptosomal Ca®* levels were measured. Data represent
meantSEM (n=5). "p<0.05 compared to control; and *p<0.05
compared to KC alone.
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(Fig. 5) 7— Ketocholesteroloﬂ -Jﬂ synaptosome s

=7
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7—Ketocholesterololl €3} glutamate &0l P]X+= tyr—
phostin AG1262] A B3} synaptosome ZHg 5% Z719l)
gk A mFoll A HIZEEA] AREITE 100 pM 7—
ketocholesterol Aol W& synaptosome 2 5% S/
tyrphostin AG126°1 ]l A= 1ek(Fig. 6). Tyrphostin
AG126 (1-5 pM)S @5 A 2|3}t synaptosomel| A 2] Zr
FEE tjxe} vssEsich

4. Synaptosome Na'/K*—ATPase?] &Al3}

FHzEHE A ES 223 synaptosomel 4] Na'/
K*—ATPase 4 ¥3}= 325199t} SynaptosomeS 100 uM
7—ketocholesterol H+= 25—hydroxycholesterol 2 30 2]

39S wll Na™/KF—ATPase &Alo] ZH2} 34%, 30% 7H4-313ict
(Fig. 7, 8).

7—Ketocholesterolell 2]3}F glutamate f-2]ol] "W)X= AG126
o] A &= Na'/K*—ATPase /ol d&x|o] B34}
ATPase 4 W3lE S35tk Na'/KF —ATPase 4ol Tk
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Figure 7. Effect of tyrphostin AG126 (AG) on 7-ketochole-
sterol-induced decrease in Na'/K'-ATPase activity. Cerebral
synaptosomes (0.1 mg protein/ml) were pre-treated with 1-10
uM AG for 20 minutes, exposed to 100 pM 7-ketocholesterol
(KC) for 30 minutes, and Na"/K'-ATPase activity was mea-
sured. Data represent meantSEM (n=5). "p<0.05 compared
to control; and *p<0.05 compared to KC alone.

100 uM 7—ketocholesterol %= 25—hydroxycholesterol2]
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Figure 8. Effect of tyrphostin AG126 (AG) on 25-hydroxy-
cholesterol-induced decrease in Na'/K'-ATPase activity. Cere-
bral synaptosomes (0.1 mg protein/ml) were pre-treated with
1-10 pM AG for 20 minutes, exposed to 100 uM 25-hydroxy-
cholesterol (HC) for 30 min, and Na'/K'-ATPase activity
was measured. Data represent meantSEM (n=5). *p<0.05 com-
pared to control; and *p<0.05 compared to HC alone.
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oA & o] 7—ketocholesterol, 25—hydroxycholesterol<
synaptosome Na*/K*—ATPase &4 SAIE F3l| glutamate
el A= 2398 UERE Zlo2 ARSI

A tyrosine kinase™ AR 2] ol J&&
S yelditk 28y Sre family tyrosine kinase SJAIAE=
Z7oll we} @24 synaptosome glutamate 2ol 7]
e a3, 5 37 B oA 235 Yepdoh P Tyr—
phostin AG126e #9ZF % AEHT G35 2k lriar o
4] 9tk o|24 tyrphostin AG126-2 7] ofalA|3Eol A
HA T AEH wZol] w2 AETR] S oJAIgtaL>
FFANA BT w2 I} 27Fe] &4 Aslgh
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AEC ok AE 75l ol YehlE S 984
23l QIt). olE stz B AFE FIsolen, A9
AI= tyrphostin AG1269] synaptosome©l| 4] 7—ketochole —
sterol®} 25—hydroxycholesterololl ]38+ glutamate 2, Al
yuh g, Ca't FE T7HE foleh JAIE 5 les B
o] =it} TS tyrphostin AG126©] Na™/K*—ATPase &4 7+
25 HHAIA FHZEE ABPAAE wEol o8k gutamate
g Asd 7 Avkar FA=HATE

Glutamate= AFEA| 7501 d3 444k A S71E o]
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