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ABSTRACT

Introduction: We earlier reported on anti-mycobacterial and monoamine oxida-
se (MAO) inhibitory activity of 3, 5-diaryl-2-pyrazoline 1-carbothioamides with
structural similarities to Mycobactin. The same thirty two compounds have been
evaluated for Acetylcholinesterase (AChE) inhibitory activity in a search for dual
inhibitors against MAO-B/AChE which may have potential therapeutic utility in
Alzheimer Disease (AD).

Materials and Methods: Each compound was evaluated for its ability to inhibit
hAChE and hBuChE using Ellman’s spectrophotometric method.

Results: All the compounds inhibited AChE and BuChE at nM to low uM con-
centration. Compounds c1-¢7 were highly selective towards AChE, ¢3, ¢5-7 being
mixed-type reversible and the rest being non-competitive irreversible. Compounds
¢12-17 were highly selective towards BuChE, ¢12, ¢14-17 being mixed-type rever-
sible and ¢13 being noncompetitive irreversible. Of the selective inhibitors of rat li-
ver MAO-B cl11-17 reported earlier, ¢11 was selective for AChE while ¢12-17 were
selective for BuChE.

Keywords: mycobactin analogues, aryl carbothioamide pyrazolines, MAO inhibi-
tors.

OZET

Giris: Kimyasal yap1 olarak Mikobaktine benzeyen 3, 5-diaril-2-pirazolin 1-karbo-
tiyoamid tilirevlerinin anti-mikobakteriyel ve monoamin oksidaz (MAO) inhibitor
aktiviteleri grubumuzca daha 6nce yayinlanmistir. Ayni grup bilesiklerin, MAO-B/
Asetilkolinesteraz (AChE) inhibisyonu agisindan dual etkili inhibitor arayis: cerce-
vesinde AChE inhibitor aktiviteleri bu ¢alismada incelenmistir. Bu sekilde dual et-
kili bir inhibitdr Alzheimer Hastaliginin tedavisi i¢in yol gosterici olacaktir.

Materyal ve Metod: Her bilesigin hAChE ve hBuChE enzimlerini inhibe edebil-
me yetenegi Ellman’nin spektrofotometrik yontemi kullanilarak degerlendirilmis-
tir.

Sonugclar: Test edilen otuz iki bilesigin tamami: nM-Mm konsantrasyonlarinda
AChE ve BuChE enzimlerini inhibe etmistir. Bunlardan AChE enzimine kars1 se-
lektif olan 7’sinden (c1-7) 4’1 (¢3, 5-7) karisik tipte tersinir inhibisyona, geri kalan-
lar1 ise yarigmasiz tipte tersinmez inhibisyona yol agmistir. BuChE enzimine kars1
selektif olan 6’sindan (c12-17) 5°i (¢12, ¢14-17) karisik tipte tersinir inhibisyona, di-
geri (c13) ise yarismasiz tipte tersinmez inhibisyona yol agmistir. Daha 6nceden si-
¢an karaciger kaynaklit MAO-B enziminin selektif inhibitorii oldugu bildirilen 7 bi-
lesikten potent olaninin (c¢11) AChE enzimine karsi geri kalan 6’sinin (c12-17) ise
BuChE enzimine kars1 selektif oldugu saptanmistir.

Anahtar Kelimeler: mikobaktin analoglari, aril karbotiyoamid pirazolinler, MAO
inhibitorleri.
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Introduction

Alzheimer’s disease (AD) is the most common neuro-
degenerative dementia in elderly people, is characteri-
zed by the presence of senile plaques and neurofibril-
lary tangles in the brain and is associated with cogniti-
ve dysfunction and progressive deterioration of memory
and learning processes as a result of cholinergic deficit
[1,2]. Severe loss of basal forebrain cholinergic cells par-
ticularly in neocortex, hippocampus, and amygdala has
been suggested to lead to diminished level of the trans-
mitter acetylcholine (ACh) [3]. Inhibitors of AChE and
BuChE that raise ACh level in brain have been success-
ful in treatment of certain symptoms of AD [4,5].

Drugs which are selective against isoforms of a particu-
lar biological target but nonselective against two or more
targets are very useful in multifactorial disorders such
as the neurodegenerative diseases (Alzheimer and Par-
kinson) [6]. Design strategy and advantages of dual in-
hibitors in neurodegenerative disorders have been exten-
sively reviewed by Andrea Cavalli et al [7]. Ladostigil,
which has pharmacophoric features of both rivastigmine
(AChEI) and rasagline (MAO-BI) (Figure 1), is in phase
II clinical trials for the treatment of dementia with PD-
like symptoms and depression [8]. Similarly dual inhibi-
tory activity of 3, 5-diaryl-2-pyrazoline-1-thiocarbmoyl
derivatives against MAO/AChE has been reported [9].
They presumed the presence of (i) hydrazine pharma-
cophore of isocarbaxazid in ring nitrogen of pyrazoli-
ne and (ii) carbamate pharmacophore of rivastigmine in
thiocarbamoyl group at IN position of pyrazoline. [9].

We here report the acetylcholinesterase inhibitory ac-
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Figure 1. (a) Structure of Ladostigil, a dual inhibitor of
MAO/AChHE. (b) Pharmacophoric features of isocarbo-
xazide and rivastigmine in compound 3 (carbamate su-
perimposed on thiocarbamate).
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tivity of the thirty two 3, 5-diaryl-2-pyrazoline-1-
thiocarbamoyl derivatives which were synthesized as
analogues of Mycobactin [10] and which have been pre-
viously reported as potent MAO inhibitors [11].

Materials and methods

Materials

3, 5-diaryl-2-pyrazoline-1-thiocarbamoyl derivatives
(1-32) were synthesized as reported earlier [10]. Human
AChE (recombinant, expressed in HEK 293 cells, lyop-
hilized powder containing phosphate buffer salt, 2000
U/mg protein) was purchased from Sigma-Aldrich (Ger-
many). One unit is defined as amount of enzyme that
hydrolyzes 1.0 umole of acetylcholine to choline and
acetate per minute at pH 8.0 at 37°C. Activity of AChE
from electric eel on acetylcholine is 30-100 times that
on butyrylcholine. BuChE from equine serum (lyop-
hilized powder, highly purified containing buffer salts,
900 U/mg protein) was purchased from Sigma-Aldrich
(Germany). One unit was defined as amount of enzyme
that hydrolyzes 1.0 pmole of butyrylcholine to choline
and butyrate per minute at pH 8.0 at 37°C. Activity on
butyrylcholine was 2.5 times that on acetylcholine. All
other chemicals were purchased from Sigma—Aldrich or
Merck (Germany).

Methods

Each freshly synthesized compound was dissolved in di-
methyl sulfoxide (DMSO) and used in the range of 0.10-
20,000 nM for inhibition of human AChE and equine
serum BuChE using Ellman’s spectrophotometric met-
hod [12]. AChE and BuChE activities were assayed at
25 °C, in 50 mM 3-(N-Morpholino)-propanesulfonic
acid (MOPS) buffer (pH 8.0) containing 0.05-0.50
mM butyrylcholine or acetylcholine, 0.125 mM 5,
5’-dithiobis-(2-nitrobenzoic acid) (Ellman’s reagent or
DTNB) and 0.1-20,000 nM of inhibitor. Reaction was
initiated by addition of enzyme (0.02 U/mL) and the inc-
rease in 4412 was measured, using a Shimadzu 1701 PC
spectrophotometer equipped with a Peltier unit. The
DMSO content of the assay mixture, 2% v/v, had no ef-
fect on enzyme activity. Initial rates were calculated con-
sidering éTNB (412 nm) = 14.2 mM™ em™! [13]. Each as-
say was repeated at least three times. Lineweaver-Burk
plots were generated for each compound in the absence
of inhibitor and at least at three different concentrations
of inhibitor. Slopes of the lines were replotted against
inhibition constant (Ki). Reversibility of inhibition was
assessed by dialysis performed over 24h at 25°C relative
to a 100 mM MOPS buffer (pH 8.0) capable of restoring
98-100% of the activity.

Results and Discussion

All the compounds were active against both AChE and
BuChE at nM to low uM concentration. IC, values in
nM with Selectivity Index (7, . and ST, ) and K, va-

AChE BuChE-
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Table 1. Structure of 3, 5-diaryl-1-carbothioamide-pyrazoline derivatives (c1-32)*
*adopted from reference [11]

*Each value represents the mean+SEM of three independent ASSAYS .
®Selectivity Index for Acetylcholinesterase (BuChE/AChE)

¢Selectivity Index for Butylcholinesterase (AChE/BuChE)

R

Compound R R R’ j R’ R R
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c 13 -H -H -H -H -0H -H -H
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cl19 -0H -H -H -OAde -0H -H -Dhie
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c 25 -0OH -H -H -H OH LOlle -H
c 2% -0OH -H -A0H -H -E -Ohle -H
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c -OH OH H -OMe -OH -Ohde -
e i -OH -H i -H -OH Ml -t
c il -OH -H 0H -H -H -Me -H
c 32 -0OH H -H A0 e -OH Ale H

lues in nM with inhibition type and reversibility are pre-  with S/, between 263 and 96. Compound cl4 in-

sented in Table 2 and Table 3, respectively. Compo-  hibited BuChE with S7, .~ of 391.69. Compound c3
unds c1-11 and ¢18-24 were selective towards AChE, of  (Ki=12.93+0.20 nM) was a potent AChE inhibitor.
which €3, ¢5-7, ¢18 were mixed-type reversible and ¢l1-  Structure activity relationship for AChE inhibitory will
2, ¢4, ¢8-17 were noncompetitive irreversible. Compo-  be discussed with reference to ¢3. Hydroxy substituti-
unds ¢12-17 and ¢25-30 were selective against BUChE,  on in ortho position of ring A, electron rich substitution
of which ¢12, ¢14-17 and ¢25-28 were mixed-type rever- (chloro > methoxy >hydroxyl, in order of decreasing ac-
sible and ¢13, ¢29-30 were non-competitive irreversible. tivity) in para position of ring B and presence of unsubs-
Compounds c1-7 were potent AChE inhibitors at con- tituted phenyl ring C were optimal for activity. Repla-
centration 12.93+0.20 nM (3) to 41.56£1.30 nM (1) cing phenyl ring B with thiophene (¢8) or furan ring (c9)
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Table 2.1C_ values for inhibition of recombinanthAChE and equine BuChE enzymes by 3, 5-diaryl-1-carbothioamide-
pyrazoline derivatives (c1-32)

IC e For ACKE® e Fowr B ChHE® B Shaucs” selectivily

o inM) M)
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o 5539004 3333047258 SRS a7 Selective for ACHE
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P 36 51 195 6713779 18407 05l Sebeclive for ACHE
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o 18 474, 34417.33 6043 13l 2097 1274 0aTRs Selective for ACHE
=0 490, 11419.59 10 M0l 63 T [EX) st Seleclive for ACHE
s GEE 698 I =11 L N Sebective for AChE
& 11100 Dk, 2o A0 A2 AR (T o ias Sebective for ACHE
o3 1240,3455.67 1079667436274 70 LT Sebective for ACHE
G § S (4 47 e i 200 (g, B9 1080 =y Sebeciive for ACHE
o 1312333439577 4071244159 QORT s Saleclive for BuChE
= 13060.004 180,28 T AT T (TG x18 Sebeclive for BaCHE
o TR 480.7054. 26 [ToE N8 Sebective for BaChE
e 1335333445501 BIS0TEI043 00453 07 Sabective for BaChE
cw 13380, 15725000 53 585 TRa30.32 00437 2 Selective for BaChE
& 14326,67 4057, 55 1326 6T e6R 07 D 0,50 Selective for BRChE
o 442060, 00| 17595 2250047791 29 LT L9% Moreselecive
s A5TE6ETAAIEL AL BAORE TRl A0 50 054D L&Y Mon-selective
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Table 3. Kinetic parameters for inhibition of recombinant hAChE and equine BuChE enzymes by 3, 5-diaryl-1-
carbothioamide-pyrazoline derivatives (c1-32).

*Each value represents the mean=SEM of three independent assays.
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reduced potency to 8 and 10 fold respectively. In ring C,
ortho (c14-17) or para (¢25-26, ¢29-30) substitution re-
duced potency drastically between 68-119 and 400-462
fold, respectively. Disubstitution in ring A or B or both
with unsubstituted or monosubstitution in C decreased
potency between 12-1453 fold.

Compounds c12-17 were potent BuChE inhibitors at con-
centration between 2.254+0.14 nM (c14) and 10.16+0.29
nM (c13) with S, ., between 391.69 and 97.90. ¢31
and ¢32 inhibited nonselectively and were active at pM
concentration. SAR for BuChE inhibitory activity will
be discussed with reference to c14 (K =2.25+0.14 nM).
Hydroxyl substitution in ortho position of ring A and
ring B and a methoxy or methyl substitution in para po-

sition (methoxy or methyl) of ring C were optimal for

activity. When ring C is unsubstituted (c1-10) or absent
(c11) potency decreased between 651-1779 fold. Met-
hoxy or methyl substitution in ortho position of ring C
(€25-26, ¢29-30) decreased the potency 87-303 fold. Di-
substitution in ring A or B or both with no substitution or
monosubstitution in C decreased potency 127-6192 fold.

Needed structural features for selectivity towards AChE
are ortho-hydroxy functional group in ring A with elect-
ron rich functional group in either para or ortho position
of ring B and an unsubstituted ring C and for selectivity
towards BuChE are a substitution in ring C preferably at
para position or at ortho position.

We previously reported [11] ¢1-10 and ¢18-24 to be selec-
tive inhibitors for rat liver MAO-A, ¢11-17 to be selective
inhibitors for rat liver MAO-B and ¢25-32 to be nonse-
lective and inhibit both MAO-A and MAO-B (Table 4).

Table 4. Anticholinesterase and monoamine oxidase inhibitory activity of compounds 1-7 and 11-17.

*Each value represents the mean+SEM of three independent assays.

badopted from reference [11]
‘Values are in uM against erythrocyte AchE from [4]

4Values are in uM against plasma BuChE from [4]
ovasc Res. 52: 181-198.

Code ICsq for ICs, for IC o for IC5; for Dual inhibitors
AChE® BuChE® MAO-A™ | MAO-B* proposed
(n)f) (nM) (uM) (nMM)
c] 81.00=154 49 1623 50
cl 72332208 20.0523.56
c3 23.47+1.17 23.18=1.58 AChE/MAOQ-A
type
C4 58.30=3.04 58.10+3.63
c3 30.20=0.72 §7.22+5.80
c§ 33.66=0.51 74.2026.76
c7 30.64=1.00 2.8420.19 AChE/MAQ-A
tvpe
cll 483.20+6.79 19.45+1.02 AChE/MAO-B
vpe
ci2 11.58=0.43 35.55=3.10
c13 21.39=1.36 48.60=3 80
cl4 6.31=0.34 40.78+3.66 BuChE/MAQ-
B type
c 15 9.85=0.068 41.10=3.50
clé 6452037 37.70=3.05
c 17 16.91=0.17 46.12=3.70
Phenothiazine 30.16=3.14
Ethopropazine 1534=199
Rivastigmine | 1223=134°
Donepexzil 2.45=030°
Pargyline 3.85=0.23°
Selegiline 2.01=0_15°
Clorgyline 2 05019
Moclobemide 3 902019
Turk J Biochem, 2010; 35 (2) ; 91-98. 96 Jayaprakash et al.



“

H ?‘}—-.N
)=S

c3
ACHKEL  ICs 2347=1.17 oM
MAQ-AI ICs 23.18=158 uM
i =
Z OH
OH Ny
=5
HaM
cll
ACKET ICsp 483 20=6.70 aM
MAO-BI ICs 19 45=1 02 pM

H 3\1"'“
)=s

c7
ACHFI IC:s 30.64=1.00 nM
MAO-AL IC:s 2.84=0.19 uM
; .= HO
L =
OH N-
Je=5
HN
OCH,
cl4
BuChEI ICs 6 310 34 nh
MAO-AT ICs 40.78=3 66 pM

Figure 2. Structures of proposed dual inhibitors and their IC, values.

Our present study revealed that c1-7 had dual inhibitory
activity against MAO-A and AChE, c12-17 had dual in-
hibitory activity against MAO-B and BuChE, and cl1
had dual inhibitory activity against MAO-B and AChE
(Table 4) In order to have a dual activity molecule sho-
uld display balanced activity profile against both targets
[6]. No compound displayed such balanced activity pro-
file against MAO/AChE. However c¢3, ¢7, cl1 and cl4
could serve as potential leads for the design and deve-
lopment of dual inhibitors of MAO-A/AChE, MAO-B/
AChE and MAO-B/BuChE, respectively (Figure 2).

Conclusion

All compounds tested were potent inhibitors of cholines-
terase but very much less of monoamine oxidase. Work
on other modifications c3, ¢ 11 and c14 that could provi-
de a dual inhibitor with balanced activity profile is cur-
rently in progress.
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