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Inhibitory Effects of of Tacrine Derivatives on Activity of Prostanoids Biosynthesis
Prostaglandin Biosynthesis: A Potential Use for Degenerative
Brain Disease Treatment

Hea Soon Shin®
College of Pharmacy, Duksung Women's Univenrsity, Seoul 132-714, Korea

Abstract — Tacrine analogues for degenerative brain disease treatments have been designed. A series of diazaanthrine

derivatives as novel analogues of tacrine has been prepared through the alkyl substitution and the ring expansion. They

were expected to retain anti-inflammatory activity by inhibition of prostaglandin production with reduction of side effect as

the selective prostaglandin synthase inhibitor. Prostaglandin synthase expression is associated with the deposition of beta-

amyloid protein in neuritic plaques in brain inflammation. Therefore selective prostaglandin synthase blockade is important

for the prevention and treatment of alzheimer's disease. To evaluate inhibitory effect of prostaglandin synthase, synthetic

tacrine derivatives were screened with accumulation of prostaglandin biosynthesis by lipopolysaccharide in aspirin-treated

murine macrophage cell. Most of synthetic compounds have shown significant prostaglandin synthase activities i vitro
screening with 84.3~33.6% inhibition of the prostaglandin E, production at 10 pg/ml.

Keywords [ tacrine derivatives, prostaglandin synthase inhibitor
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e 78 glom 11 54 o] BErFsS AEAE AL
AR e A7 QAR ol (neurofibrillary tangle)2t
AZ 22l AAHkneuritic plaques)?]th. o= B-amyloid2] & 2o]]
oty AAG Zlo® Rafgo] & AT 2 (amyloid protein
precursor, APP)°] B-secretaseol] &3l 23l d & 2 2717
B2 39~437)19] ohr|iAkEo] A ME SAE7] wiZolt). 1907
W Alois Alzheimer7} 22 sF 8249 ¥ 7 Ao E AHA
Q1 d=zslo|walg Held 54 ol J2dr YT 3 Ws)
7} okg®] BREg o] wEH T Okas) Pasinetti 55 &%
5395 ZH= PGS-2 AAA)7} B-APP W3S 7247 B-APP
AWV HZE 2489 Bamyloid®] A7} Fare AAA7)= A
2 kR sjdbg 4 ok Basin 5D west gxsloln A
8 5420 Q% senile plaque)®] TN amyloid T 0|2
of 9%} B o-l-antichymotrypsind} o-2-macroglobulin®} 2+
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AN = Aoz ZAR o A AnE Sty

g=so|m g X 8A)2A 1993 75 FDAAM Hx 59
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o) #1¢! Cognex(tacrine, tetrahydroaminoacridiney= A0
= blood brain barriers €A F3sh= Aol JloH W7
7t Fot 19 43] Eg3ljo} sk HARE FAMY #2808
A Bk & 30% AE7 FAR S E 749 alanine aminotrans-
feraseZ S7MAIRCEN 5SS doFlo] Ruso] A= =
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FA AAAZE Aricept(donepezi)7} A E 251, 200013 o
Exelon(rivastigmine), 2001'¢lli= Reminyl(galantamine)®] 5<]
Hk @A) AR FQ1 obME RS 54 AAATF= S
FE FEATE FEo] QLo dxstoin gk HEs A
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=2 v|AHEo|EA 3134 (nonsteroidal antiinflammatory drug,
NSAIDY} A2 RE 35 & vehhe 71o8&da 4=
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Fig. 1 - Structure of tacrine analogues.

fetal bovine serum(FBS), penicillin-streptomycin 2 trypsin-
EDTA 5& Gibco-BRL(Grand Island, NY)ollA ++9]&te] AR
3} t}. Murine macropharge RAW 264.7 M| X 39 A|X
F28 oA F-oFgk o™ prostaglandin EA(PGE,) ¥ PGE,-
acetylcholinesterase tracerv= Cayman chemical Co(Ann Arbor,
MDel| A % 3+4 of. Aspirin(acetylsalicylic acid), lipopolysac-
charide(LPS, E. coli 0111: B4), arachidonic acid(AA), dimetyl-
sulfoxide(DMSO) 5-2] A]2kS Sigma chemical Co(St. Louis.
MOYIM Tdste] ARE3I o™ 7|El B AloFe2 AR B
5 AokE AR 71E dzstoldEt X8 AR tacrine
FEA2 Harvey9l 22 W o210 23e Xale] 4
gt FFEES 9%l diste] PGSl tist AsiEAdE veld 5
U=AIE RIS A 3HEES 300 MHz Gemini Varian
NMR spectrometer £} Perkin-Elmer FT-IR spectrometer GX
2 Agilent 6890 GC 2 5973 MS 5-& AMgdlo] FxERIE &
Aol ARE-3IITHEFig. 1). ‘

Mz wliek 3 AEXE

PGS7} 2H8l =)= A2l murine macropharge RAW 264.7
AEZ 5% CO, 37°C Wi%F7]olA DMEM, 100 units/m/
penicillin, 100 pg/ml streptomycin X 10% FBS7} -2 HliX]
2 2~3Y A oE A wjekstalon 2~33] A AEXE
Ao o] &3t nigtel] R MEE 2l de 0.25%
trypsin-EDTA £ 02 k7] o] Ratd o g el F2A|Z]

S AQEE st 38 AEg 3 FBS7F a3 A o
& DMEMC.2 50x10* celym/} S1=5 AEAIZIC o] AE
Mol ofAM U S HFFL7} 500 uMe] HEE Hrlste] AT
o FHESR= PGS 48 w7t Aoz Ageigict. o] A
NE 96 well MFulokEe] 2 wellell 200 wWe 7114 5% CO,,
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37°CollM 4A1ZF Zot wioketn M EE plate] Z} well BFE

off B&AF T, 25 A|ZE PBS(phosphate buffered saline)
2 33] AT & 7} well EH 2%0E AEE A AN
3t

LPSoi|l ol&l S prostaglandin synthase Xs{&3} &5

Azt B2Eo] Qe 7t welle] 1pg/ mle LPSE 373t
10% FBS-DMEM<: 200 w4 ¥ 3ich. ojwl thxtoll= LPS7}

1= ujAEke ¥k LPS7F ¥5k9 i 2 weldt & DMSO
o %l AMAEE I Az, 37°C, 5% CO, =1 3l
A 18A3F wlekste) 1 AdE S 3]st RElE PGE,3S
FAARAAUS ARgate] st F, Azt BaE o
A= plated] Zh wellel A 358 FF A3 &7 PGE,-
acetylcholine-esterase tracerZ o] d=-ollA] 1842} wljekst &
wellell ‘Folgl -8 "ojul1 0.05% tween 20-PBSE. 2}
welts: 58] A1%3}3L Ellman A%} 160 W 2 wellell ¥ 5 7
ARE wekstel 405 nmellM F3=E S7YSICh PGE, B53F
o7 Age st 7 AEE A wildY F9 PGE,
A3%E T3 PGE,Sl AHS 4% HEle} w59k ¥
A YehlE B A%AE Al 7 AIE wjokdel] g
¥ PGE,®} ¥ ANstgltt. 4@ LPST 71 vl
2 100% B4 8T, LPSS} ASA T obed 7hehA] 4 &
& 0% 8 FEreE Wrlth 100% #73>- LPSE A3t
T H2EHA] ok ol AAdE PGE,S AolE 7|EC R 3t
o 7t Alg2) % Asiake Toiict. BT xS duplicate
2 33) o) B AgS AL

Prostaglandin synthase-1 & -29| IC,, @t &3

PGS-2 F22d2 wioks HEAES7) 5X10° cellmlE %
g 96 well AJZujkate] z+ wellell 10 png/mie] LPSE e
343l 3%2] FBS7} &H+¥l DMEM %] 200 wE ¥ 5% CO,,
37°CoA] wieksle] PGS-28F PGS-1 448 8-/ 1zt 164)7F
B9 wjokst &, PBSE AIEE A3 7t wellell FBS7H 3
Hx) ¢ DMEM Hi%] 200 wE ¥ AHAEE HF A
sto 5~15w3F 37°CollA WAt HEFEr} 10 pMe] &
L8 AAE AHsta 15~2087F AuieFsiel e PGS-1 84
20 A, | A% sk & tAMEE ARSI v
8 T A% NS It a4 dRA el o
2} ELISA plate reader® ©]83lo] 4% 504 nmE EF7h=
wioE feld PGEZ ABsSltt. PGE,S] =k F4= W
sle} Fieole] IAE YeRE EF HFAE o)gst] 74 A
3 vkl el PGE,S] §s Attt 7 sgEEe
ICy= AAS AH|shx] @2 tixTolr] A% PGEl theh
AAE A3t A3 Tl W% PGEZ2] AR1ZHE % A3
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g 7 F ARSIt AET I diE7 2 duplicate® 33 ]

Choline’d A13AEE2 A= T 4xo)A 34238t
= g=slo|HAs g A0 F Bamyloid FH-& A7),
y &ojlA] WEE = B-APPE AgA0R AP A7 F
9A4do] ZxE I vk AEE 74 ARl AAE 714 E 3l
T2 ERERE RO Ao #she PGS A4S Adlste
B-amyloid®] %2hs AAet d=stolm A2 LA 715 A
AT T AREARE vebd 7 IEAE g8 Bt g
A% SR EY £9F AN A9ER1 PGS-2 AlAlE
PGS-1¢] A2 A3 A, Aol I AT 8 &
3t AFolA PG AP S Welishs &858 AdAlE 4
5 7 o Q7] wiEe) 71 d=slojmdd X)8AQ tacrine

ZZ Harvey?] EAWH) ujet 7283 & Al=silet. 3%
SPERA o5l dist AT HAAHLE PG} HEEE
murine macropharge RAW 264.7 M|¥35 o|8815t}. Y4
7 #42 LPSE Agfgez A fied PGSE QlIste] PG A%
o] AAle A Ak 100% B LPSE A2jet
I} AslA] o Felld Y PGE,Y Aol & 710 E 31
zt Age] % Asgt= Tttt

Fig. 201 Vet e} o], tacrine 7% C8l alkyl piperidone
groupS =918 BRIEE(1~7)9 2484 ASEE 10 pyg/ml
9] F5olA 84.3112.3~33.6122.7% F 52 PGE, 44 <A
92 Jeh 1, 283 tacrine 7% C, DS AA3}0
methoxy group®® x|kl SIRMEE(8~9)2 80.5.14.62~79.5
+2.75% 4=2] PGS &4 AAEaHE VeIt o dixT
02 A9 celecoxib?}l indomethacing IC5, %ol Z+ 0.7 ng/
m/#} 2.1 pg/miE YR} PGE, S a0 2 oJAE).
T3k, Fig, 200l UeR) A8Ax} PGS-2 ©]9)9] tyrosine kinase
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Fig. 2 -~ % Inhibitory activity of tacrine analogues (1~9) on pro-
staglandin synthase in LPS-stimulated RAW 264.7 cell at
10 pg/ml.
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Fig. 3 —% Inhibitory activity of tacrine analogues (1~9) on pro-
staglandin synthase-2 in LPS-stimulated murine macro-
pharge cell with 10 uM arachidonic acid.

9} 22 e ZAAsel ot 2-go] ohdg Q53] fsted
PGS-29] AHAR) ABAEE 33130t McGeer -2 PGS-
2 e Ak 9EE et PGS-27F 5ol aA
2Rl HoIE 3P| whtol| &=slo|wy HAge] 28 Bt &
HHog F23 2L PGS2 AeAdolztn B mdh v} Qr}l?
wta] PGS-13} PGS-2 isoform 3 o= Zeof B} 23] A
S ZertE wdsly] Hste] e AFHTE Fg. 3
el glet. o4 M| 3 (macropharge cell)oll LPS 10 ug/miZ 16
A|IZE vijekste] PGS-2 S FEAIZ F AAS Ao ex
AME = prostagladin®] WA EE §4AY BAHE o838}
o AT 4 FEAE IC,, S AAS AR 2
T Mgk 78 PGE, 4322 Ao)|25¢€ % PGE, 4
A AA&E TE & AT Fig. 39 AT o)A tacrine
T2 C#ol alkyl piperidone groupg =% SIEEQA~7)S
58.616.8~75.3148.9% AshsoE vlwd Foy S AR
PGSell digh Aaj2hg-& vepiglch. o] & 83&E 4, 5,6 L 7
< 2561 7.8~46.4111.5% Adlso] YERIA o} w|ekshial
PGS Aaj2-8-& HY ¥ 70 SAFITE 1)1 tacrine
T#Z C, D& 943510} methoxy groupl & #|3Hd F3ES
(8~9)2 78.8-8.5~83.413.4% Az o= veRio] 71 7335t
PGS A3l &84S Rt dizekE?) celecoxib?} indomethacin
o] EXAFANE 9%6%2} 86% ANE T UeRIA PGS Ak
B4 IC,, #2 F 2 2F 0.1 ng/mi~3 ug/ml ©13k% AATE
et

Table Iof| Uebd AP A9} o] tacrine 73 C#oll alkyl
piperidone groupg £3 ILEE1~7Y PGS-2 24 1IC;,
= 3E 12 32.54126.78 ug/miz, 35S 2= 49.62+17.47
pug/miz, 3}8E 32 44.34110.57 pgmiZ AALESISL, 31
4,5, 6 2 72 % Afgko] 50% o5tz YEhsty| Wl IC,,
e 7 4 ATk 282 tacrine & C, DS A4k
methoxy group® 2 X3¢ SRHE-E(8~9)Y) PGS-2 43 IC;,
= 3I5ME 80] 25.76+47.44 ng/mi=, FTHE 9= 29.48+25.67

Table 1-IC;; values for tacrine analogues on PGS-1 and PGS-2
inhibitory activity in murine macropharge cells

1Cs (ug/mi)
Compounds -

PGS-1 PGS-2 Ratio*

1 54.67+46.58 32.54£26.78 1.7£2.2

2 45.887+28.33 49.62+17.47 1.1+2.3

3 48.23+46.40 44.34+10.57 1.0+£0.6
8 64.87+18.69 25.76+47.44 2.5x234
9 70.42+23.66 29.48+25.67 2.4+13.8
ibuprofen 3.263+2.738 1.727+0.045 1.9+18.5
indomethacin 0.073+1.061 0.068x0.015 1.0£14.9

The data show mean=+the S.D. for three determinations calculated
from the means of triplicate determinations. *The ratio means
the ICy, values for the compounds on PGS-1 relative to PGS-2
activity.

pg/miEA PGS-2 @A) Melio] FAlske Azt gl=d
o} oo StEEe Aol fARE Ay AR 2
BE PGS-2 @A 593 Hol Ag9 AHTI} H& Ao
g et

24 O'Banion 5] el th2H gd=slolniy HAGS
Uehf= CA3 hippocampal neuron® microglia® £413t A1}
PGS-1¢] ¥dlo] Frlsll o™ PGS-1 MeiAo] 74k njAHZ
o|=A FAA}F £ AAETNES Bty HusigtBY
PGS-1 A#j&/d 9] £4& HsliM= aspirin A A2 E oA &
& MEZE ARESISITE PGS-1 A& ] o= Table 19 U
ERgio) g8 17 2 9 32 1C;, #ke) 54.67+46.5829)
45.88+28.33 2 48.23146.40 pg/miE ¥)iw 3 4222 PGS-1
Al UeRdTh 33HE 4, 5, 6 2 72 PGS-2 AsEA 9
4 A7) rP R IC,, 38 AFE £ flgle 3E
87} 9= IC,, #to] 64.87118.69%, 70.42+23.66 ug/miZ thi
okt AER PGS-1 A#lE-S eIt

Rogers 59 ®ilo] W= A7 A 8ol asprin®]vt
indomethacin 59 H|AHZo|EA] A=A 9 Eolr} A
o] dEINE 7IE U EIS Ayt B vk QI
t}20 &8 Aisen 52 S=3to|m A3 41eA] indomethacin
= A%t Ao o] FEo] dxslojuRge] Has A
AlZ 4= 9lor} whEo) prednisolones @7} (ISt B
7T Sk g, PGS-2 e (PGS-1/PGS-2)9) IC,
# vl & (ratio) Table Ioll Yrepd vl o] 33HE 17} 2
2 32 1.7 1.1 %2 1.0 274E PGS-1 AgA] &gio] wr} 7
3 AoR TS 83 9= 258 24%F PGS-2 A=A =
ol ¥ A3t Ao K. Y9} 2 APANE FI
tacrine 7% C#°l methoxy groupe] & =0} 9lg w9}
tacrine 7% C, D& A43t5 methoxy groupl 2 X[
TEEFN PGS-2 A3l 3 & o $54EE ¢ 4 A
Rt
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19 & AoE wdgr), 0|9} 2 BHelA & ), tacrine
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N

o fo

o

HAtel &

B AT ad=29eAw 227] 237 (R04-2003-000-10138-
0) Ao FEA7 ) o]of] A=),

Al
L

1) Korea National Statistical Office. Statistical Yearbook, 2002 .

2) Anderson, K., Launer, L. ]J., Ott, A., Hoes, A. W, Breteler, M.
M. and Hofman, A. : Do nonsteroidal anti-inflammatory drugs
decrease the risk for Alzheimer's disease? The Rotterdam
Study. Neurology 45, 1441 (1995).

3) Combs, C. K., Johnson, D. E., Karlo, J. C., Cannady, S. B. and
Landreth, G. E. : Inflammatory mechanism in Alzheimer's
disease: inhibition of B-amyloid-stimulated proinflammatory
responses and neurotoxicity by PPAR gamma agonists. J.
Neurosci. 20, 558 (2000).

4) Grundman, M., Corey-Bloom, J. and Thal, L. J. : Perspectives
in clinical Alzheimer's disease research and the development
of antidementia drugs. J. Newral. Transm. Suppl. 53, 255
(1998)

5) Oka, A. and Takashima, S. : Introduction of cyclooxygenase 2
in brains of patients with Down's syndrome and dementia of
Alzheimer type: specific localization in affected neurones and
axons. Neuroreport 8, 1161 (1997).

6) Pasinetti, G. M.
Alzheimer's disease: experimental approaches and clinical
interventions. J. Neurosci. Res. 54, 1 (1998).

7) Kish, S. J., Mastrogiacomo, E, Guttman, M., Furukawa, Y,
Taanman, J. W, Dozic, S., Pandolfo, M., Lamarche, J.,
DiStefano, L. and Chang, L. J. : Decreased brain protein levels

: Cyclooxygenase and inflammation in

of cytochrome oxidase subunits in Alzheimer's disease and in

Vol. 49. No. 1. 2005

hereditary spinocerebellar ataxia disorders: a nonspecific
change? J. Neurochem. 72, 700 (1997).

8) Montine, T. J., Sidel], K. R., Crews, B. C., Markesbery, W. R.,
Marnett, L. J., Roberts, L. J. and Morrow, J. D. : Elevated CSF
prostaglandin E, levels in patients with probable AD.
Neurology 53, 1495 (1999).

9) Kiminobu, S., Tolga, U., Vinod, K. and Hari, M. : New anti-
inflammatory treatment strategy in Alzheimer's disease. Jpn. J.
Pharmacol. 82, 85 (2000).

10) Tocco, G., Freire-Moar, J., Schreiber, S. S., Sakhi, S. H., Aisen,
P S. and Pasinetti, G. M. : Maturational regulation and regional
induction of cyclooxygenase-2 in rat brain: implications for
Alzheimer's disease. Exp. Neurol. 144, 339 (1997).

11) McGeer, P. L., Schulzer, M. and McGeer, E. G. : Arthritis and
anti-inflammatory agents as possible protective factors for
Alzheimer's disease: a review of 17 epidemiologic studies.
Neurology 47, 425 (1996).

12) Dray, F, Mamasd, S. and Bizzini, B. : Problems of PGE antisera
specificity. Meth. Enzymol. 86, 258 (1982).

13) Chanmugam, P, Feng, L., Lioy, S., Jang, B., Boudreau, M., Yu,
G., Lee, J., Kwon, H., Beppy, T., Yoshida, M., Xia, Y., Wilson,
C. B. and Hwang, D. : Radicinol, a protein tyrosine kinase
inhibitor, suppresses the expression of mitogen-inducible
cyclooxygenase in macrophages stimulated with lipopolysacch -
aride and in experimental glomerulo-nephritis. J. Biol. Chem.
270, 5418 (1995).

14) Lap, H., Cristiana, P, David, W, Dushyant, P, P, Paul, S. A. and
Pasinetti, G. M. : Regional distribution of cyclooxygenase-2 in
the hippocampal formation Alzheimer's disease. J. Neurosci.
Res. 57, 295 (1999).

15) Herschman, H. R. : Prostaglandin synthase 2. Biochim.
Biophys. Acta 1299, 125 (1996).

16) McKenna, M. T., Proctor, G. R., Young, L. C. and Harvey, A. L. :
Novel tacrine analogues for potential use against Alzheimer's
disease: Potent and selective acetylcholinesterase inhibitors
and 5-HT uptake inhibitors. J. Med. Chem. 40, 3516 (1997).

17) Yasojima, K., Schwab, C., Mcgeer, E. G. and Mcgeer, P L. :
Distribution of cyclooxygenase-1 and cyclooxygenase-2 mRNAs
and proteins in human brain and peripheral organs. Brain. Res.
830, 226 (1999).

18) Yermakova, A. V, Rollins, J., Callahan, L. M., Rogers, J. and
O'Banion. M. K. : Cyclooxygenase-1 in human Alzheimer and
control brain: quantitative analysis of expression by microglia
and CA3 hippocampal neurons. J. Neurpathol. Exp. Neuol. 58,
1135 (1999).

19) O'Banion, M. K., Chang, J. W, Kaplan, M. D., Yermakova, A.
and Coleman, P D.
cyclooxygenase-2: relevance to Alzheimer disease. Adv. Exp.
Med. Biol. 433, 177 (1997).

: Glial and neuronal expression of



108 A8 =

20) Rogers, J., Kirby, L. C., Hempelman, S. R., Berry, D. L, Alzheimer's disease: implications for therpy. Am. J. Psychiat.
McGeer, P L., Kaszinak, A. W, Zalinski, J., Cofeld, M., 151, 1105 (1994).
Mansukhani, L., Willson, P and Korgan, E : Clinical trial of 22) Lukiw, W. J. and Bazan, N. G. : Cyclooxygenase 2 RNA
indometacin in Alzheimer's disease. Neurology 43, 1609 message adundance. stability and hypervariability in sporadic
(1993). Alzheimer neocortex. J. Neurosci. Res. 50, 937 (1997).

21) Aisen, J. S. and Davis, K. L. : Inflammatory mechanism in

J. Pharm. Soc. Korea



