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Graphical abstract

Coumaperine, a minor amide alkaloid, present in white piper, its analogs (11 derivatives) were
synthesized in less number of synthetic steps and evaluated for NF-xB (a key transcription factor
often associated with severa inflammatory disorders and different types of cancer) inhibitory
activity. They found to effectively inhibit NF-xB proteinsin L428 cellsin vitro, with a potential

to be used as anti-inflammatory compounds.
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Abstract

Coumaperine (an amide alkaloid, present in whipepiand its derivatives were synthesized and
investigated for their cytotoxicity againstHedgkitymphoma—derived L428—<¢ells and A549
lunhg—adenocarcinoma cells and their WNB- inhibitory activity. It was found that the
coumaperine derivatives CP-9 and CP-38 suppressBNBubunits p50 and p65 in nuclear

fractions by western blot and by N luciferase reporter gene assay in a dose dependen



manner. Confirmation of these results was obtalmedonfocal microscopy. CP-9, CP-32 and
CP-38 also exhibited dose dependent cell cytottyxioi a L428 cells expressing constitutively
active NFkB and in A549 cells, with an IC50 value of 43.2§/ml, 0.39 pg/ml and 16.85
pa/ml respectively against L428 cells and 57.15m,g69.1 pg/ml and 63.2 pg/ml respectively
against A549 cells. In addition, the coumaperinevdéves show remarkable inhibitory activity
on the cancer cell migration assay against A54§ motenocarcinoma cells at the concentrations
of 5 pg/ml, 10 pg/ml, and 5 pg/ml of CP-9, CP-32d a@P-38 respectively. Aromatic
substituents and number of olefinic double bordirofcoumaperine derivatives found to
influenced the inhibitory activity. In luciferaseeporter gene assay, di-olefin conjugated
coumaperine derivatives, CP-38, CP-32 and PIP égdithigher inhibitory activity than their
corresponding tri-olefin conjugated coumaperineivdgives, CP-102, CP-146 and PIP-155
respectively. CP-32 with a stronger electron dawptigroup (-N(CH)2) showed better
inhibitienry inhibitory activity in luciferase repter gene assay and in cell proliferation of L428
cells. Simple coumaperine derivative (CP-9, withsnbstituent) effectively inhibited A549 cells
proliferation and migration than the other coumapederivatives. CP-9 and CP-38 diminish
significantly the NFxB subunits (p50 and p65) of L428 cells in nucleactions at the dosage
of 10 pg/ml and 30 pg/ml respectively. Which clgathows that CP-9 and CP-38 inactivate the
NF-kB pathway in vitro.
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1. Introduction



Nuclear factorkB (NF-xB), a key transcription factor regulates variousage involves in

inflammation, cell proliferation and apoptosis [[L-Bbreormal-activation—of NB—is—often

ing it

as—a—validated—drug—target{#-10]. Typically, MB- exists in its inactive form as a protein

complex with its inhibitor protein IkB in the cytlgsm of resting cells. Activation of NkB
occurs through a cascade of pro-inflammatory eyéedsling to the translocation of NdB from

the cytoplasm to nucleus either through the classicalternative pathway [3, 9]. Dysregulation
of NF-kB is witnessed in several diseased states, hemdgtion of these activation pathway
through various synthetic and natural products hbgen developed, underscoring it as a
validated drug target [7-10]. Since natural produlchve been the source of inspiration for
various anticancer agents, it is not surprising tha inhibitors developed against XB- are
enriched with several natural products includingypleenols (quercetin, curcumin, epigenin and
resveratrol) and terpenoids (helenalin, partheeolid costunolide and
thionupharidines/thionuphlutidines) [9, 12]. Nevmtess, lack of any clinical candidate against
this target further demand the identification ofvnehemical entities, especially natural product
based inhibitors [7, 12]. Piperinefigure 1) an amide alkaloid, a major constituenthdéck
(Piper nigrumLinn) and long Piper longumLinn) pepper, was identified as a potent K-
inhibitor [13] in lung (adenocarcinoma derived A548lls [14], and prostate cancer cells
(LNCaP, PC-3 and DU-145) [15]. Furthermore, piperis known to inhibit LPS-mediated
activation of NF«B proteins [16]. It is also know to exhibit a widariety of biological activities
[17-19], including antioxidant [20, 21], anti-inflfamatory [22, 23], antimutagenic [24] and

antitumor [25] activity. Coumaperin&igure 1), a piperine type amide alkaloid present in white



piper Piper nigrumLinn.) also possess interesting biological activitike lhepatocarcinogenesis
in rat models [26, 27]. Unlike piperine, coumpaperis present in lower concentration [28],
which makes its isolation not only challenging lalso became a bottle-neck for various
biological studies. In order to circumvent thisuation, we developed an efficient method to
access coumparine and its analogs and study thedaacer properties. Herein, we report the
synthesis and cytotoxic effect of coumparine asddgrivatives against L428 and A549 cancer
cell lines and study their NkB inhibition pathway in vitro.
<oj©/\/\)‘\0 /@/N'O
° Piperine (PIP) HO Coumaperine (CP)

cytotoxic against heptacarcinogensis
Kitano et al., 2000/%%

(potent NF-xB inhibitor)
Pradeep et al., 200479

Figure 1. Structure of amide alkaloids, piperine and coumapdound inPiper species

2. Materials and Methods

2.1 Materials

All commercially obtained reagents/solvents for sgathesis of coumaperine and its derivatives
were used as received without further purificatiochemicals were purchased from
Spectrochef, SRL®, Acros Organic® RANKEM®, Fisher Scientifit. ane-used-as—received
withoutfurther—purification. Unless stated otheseyji reactions were conducted in oven-dried
glassware and under normal atmospheric conditions.

Antibodies against p65, Rel B, p50 and p52 weraiobt from Santa Cruz Biotechnology, Anti-
mouse and anti-rabbit IgG peroxidase was obtaired fackson Immuno Research. The @nti-

actin monoclonal antibody from MP Biomedicals, Adeflour®-488 conjugated goat anti-mouse



IlgG and CyM3 -conjugated goat anti-rabbit IgG were obtaineanfiMolecular Probes Inc. and

Jackson Immuno Research Laboratories Inc. respdgtivid DAPI was obtained from Sigma.

2.2 NMR, IR, High resolution mass spectrometry, igedting point characterization

'H NMR and**C NMR spectra were recorded on Bruker 500 MHz spewtter operating with
the'*C resonance frequency of 125 MHz and proton resmnfrequency of 500 MHz or Bruker
400 MHz spectrometer operating with tHi€ resonance frequency of 100 MHz and proton
resonance frequency of 400 MHz. Data fromtHeNMR spectroscopy are reported as chemical
shift (6 ppm) with the corresponding integration valuesu@mg constantsJj are reported in
hertz (Hz). Standard abbreviations indicating nplittity were used as follows: s (singlet), br
(broad), d (doublet), t (triplet), q (quartet) amd(multiplet). Data from*C NMR spectra are
reported in terms of chemical shift fpm).

IR spectra were recorded in Thermo Scientific Netdexus 470 FT-IR spectrometer and band
positions are reported in reciprocal centimetean@es were made as pellet with KBr and
recorded.

High-resolution mass spectral data in Electrospoayzation mode were recorded on Agilant
6520 (Q-TOF) mass spectrometer in positive (ESdh)mode.

Melting points were recorded with REMI DDMS 2545heT instrument is calibrated with

benzoic acid before the measurement.

2.3 Cell culture



Hodgkin’s lymphoma (HL)—derived L428 cells lackBa, therefore NFR<B is constitutively
activated and expressed in the nucleus [6, 29].cElie are maintained in RPMI 1640. The Lung
Adenocarcinoma derived A549 cell lines were maigdi and DMEM medium. Media was
supplemented with 10% heat-inactivated fetal boge®m, 1% L-glutamine, and 1% Pen- Strep
(Beit Haemek, Israel). A549 cells were passagetiypginization.

2.4 Cell viability by XTT assay

Cell survival was measured by a tetrazolium-formaXaT assay kit (Beit Haemek) in 96-well
plates. 3 x 1bL428 cells/well in 20Qu medium were treated with different concentratiofs
coumaperine derivativdsr 48 h at 37 °C. Similarly, 3 x 1@ung-adenocarcinoma A549 cells
were seeded in 96-well plates. After the formatodrmonolayer (24 h) the cells were treated
with different doses of coumaperine derivativ€$T solution (40ul) was added, and the plates

were again incubated for 4 h at 37 °C. Absorbanae niead at 450 nm by an ELISA reader.

2.5 Luciferase-NFeB reporter gene assay

L428 cells stable transfectants with the luciferbB$exB-Luc reporter gene were generated as
described in Ozeet al., 2009 [12] and were maintained in 50§/ml of G418. L428 cells (f0
per well) expressing the luciferase-B-reporter gene were incubated in 1 ml of medium
containing the solvent (DMSO) with different cont@ations of coumaperine derivatives for 2 h.
Cells were then harvested, lysed and monitored lyciderase reporter assay kit (Promega)
according to the manufacturer’s instructions. Measwents were carried out using a
luminometer at 300 nm. Data were normalized to ffeein concentration in each lysate as

measured by the Bradford method (BioRad).



2.6 Cell migration assay

The metastatic potential of the cells depends dweroproperties such as on their migration
ability. To investigate how coumaperine derivatiedfect the cell migration, A549 human lung

carcinoma cells were seeded on 6-well plates wittmaumaperine derivatives. After the

formation of the monolayer (24 h), coumaperine\dgivesand the vehicle were added and the

monolayers were scratched. After 48 h the resutt®wecorded.

2.7 Western blot analysis

Nuclear and cytoplasmic protein lysates (10 Xddlls per sample) were prepared. Briefly, 10 x
10 cells per samples were incubated for 2 hours diffierent concentrations of coumaperine
derivatives, after incubation, cells were collectgdcentrifuged at 1000 g for 5 min at @.
Then the cell pellet was washed with 1x PBS fan&s. Then protease inhibitor 3.2 mg/ml (PI
cocktail tablets, Roche) was added to the celBuffer A, containing Tris 1M, NaCl 5M, EDTA
0.5 M and allowed in ice for 15 min. Then the lgsatvere sheared several times through a
21Agauge needle, followed by centrifugation at 13,00fdr 10 min at 4 °C. The supernatant
(cytosolic fraction) was collected and stored 4t °8, then remaining cell pellet was washed
again with 1x PBS for 3 times at 2000 g for 5 mi®dC. Then 40 pl buffer B (Tris 1M, NaCl
5M, MgCl,) was added and kept in ice for 3 min, then 10 (BMfNaCl was added, allowed in
ice for 25 min, and centrifuged at 13,000 g forr8h 4 °C. The supernatant was collected
(nuclear fraction). Protein quantification of lysatwas determined by the Bradford method
(BioRad). RIPA lysis buffer containing (10 mM Tp#$l 8.0, 100 mM NaCl, 5 mM EGTA, 0.1%
SDS, 1% NP40, 45 mM pB-mercaptoethanol, 50 mM NaF) was added to lysates #he

guantification of protein and Protein lysatesy@Pwere separated in 10% SDS-polyacrylamide



gel and blotted onto nitrocellulose membranes. if@mbranes were incubated with several
primary antibodies and subsequently with peroxideded anti-mouse or anti-rabbit 1gG.

Protein bands were detected by chemiluminesceriteB@GL (Amersham).

2.8 Immunocytochemistry

Cellular localization of NReB subunits in treated L428 cells was done in expenits where the
cells were incubated for 2 h at 37 °C with coumaggederivatives CP-9 and CP-38. After
incubation, the cells were cyto-centrifuged (Shan@gtospin 4) at 900 rpm for 5 min and fixed
in 8% formalin for 20 min. Samples of these cellsravincubated separately with antibodies
against p65 and p50 and then with their respedtu@escent anti-mouse or anti-rabbit I1gG-
peroxidase-linked secondary antibody, and the mscleas stained with DAPI and the signals

were detected using Olympus FV1000-1X81 confocaroscope.

2.9 Statistical analysis
The results are representatives of three indepé¢redg@eriments. For reporter gene assay, each

sample was tested in triplicate.

3. Results

3.1 Synthesis of coumaperine and its derivatives

In order to generate coumaperine derivatives fauctiire activity relationship studies, it is

necessary to have a robust methodology for theapaéipn. Methodologies reported in the
literature for the preparation of coumaperine, #sdderivatives were associated with several

limitations: A number of synthetic steps to theg&dr expensive reagents, or tedious synthetic



procedure [30-33]. In order to have easy accessumaperine and its derivatives, we modified
the literature procedure [34] to overcome the afeetioned difficulties.

Ry
Rs CHO

(o] R4 R,

(o}
S i) SOCl,, benzene ~ R, 4 A N
NJ]\ OH reflux - /ij\ "O - n

i) H’ DCE, TEA, RT base, DMSO, RT R4

1 3 12-99% Rz
n=1,2

Whenn=1

CP= R;=OH,R,=H,Ry=H, R, =H base = KOH or t-BuOK
CP9=R;=H,R;=H,R;=H,R4=H

CP-10= R;{=0CH3;, R,=0CH;, R;=H,R;=H
CP-27 = Ry =0CHj, R, =0CHj;,R3=0CH;, R4 =H
CP-32= R;{=N(CH3);,R,=H,R;=H,R4=H
CP-38= R{=0CH3,R;=H,R;=H,R4=H
CP-50 = Ry = OCHj3;, R, = H, R; = OCH3, R4 OCH;
CP-158= Ry =0Ac,R,=H,R;=H,R4 =

CP-184 = R4 = Ocyclopentyl, R, =H, R3—H R4=H
PIP= R;=R;=-OCH,0-,R,=H,R; =

When n =2

CP-102= R{=0CH;3;,R,=H,R;=H,R4=H
CP-146 = R; =N(CH3),,R,=H,R;=H,R;4=H
PIP-155= Ry =R3=-OCH,0-,R,=H,R;=H

Scheme 1General reaction scheme for the synthesis of cpanrae and its derivatives.

Coumaperine and its derivatives were prepared ftastonic acid (or sorbic acid), piperidine
and benzaldehyde (or substituted benzaldehyde)firétt crotonic acid (or sorbic acid) is
converted to the corresponding acid chloride blux@ig over thionyl chloride andeacted with
piperidine to form crotonyl piperidine amid@&)( It is then reacted with benzaldehyde (or
substituted benzaldehyde) in the presence of a @&3&l or t-BuOK), to achieve the target
molecule (detail synthetic procedure is given il)EBollowing the above described procedure,
coumaperine and its derivatives, showrigure 2 were synthesized. Attempt to synthesize the
nitro derivative was not successful. Changing getion conditionsiz performing the reaction

at elevated temperature (90-110 °C), with differeases (KCOs; or NaH) or solvents (DMF,



toluene or NMP) were not fruitful. Piperine (PIPasvisolated from black pepper by following

the modified literature procedure [3
extraction. All the compounds were characterizedspgctroscopic techniquetH( NMR, **C
NMR, IR and GC-MS). The unreported compounds, CPEH-50, CP-184 and CP-146 were

additionally characterized by HRMS.
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Figure 2. Coumaperine derivatives synthesized.

3.2 Screening-of coumaperine derivatives for irttohiof NF«B in a reporter gene assay.
In order to understand whether coumaperine andets/ativesinhibit the NF«B in reporter

gene assay, different concentration of coumapeaing its derivatives (10-50 pg/ml) were



incubated with L428 cells constitutively expressMg«B and the luciferase- NkB reporter

gene for 2 h. A dose dependent inhibition of RB-was observedl@able 1).

Table 1. Effect of coumaperine derivatives on KXB-luciferase reporter gene assay. Triplicate

wells of L428 cells expressing the luciferase-RB--reporter gene were incubated with

Coumaperine derivatives with solvent and a positive control, Nuphar agtr{12] for 2 h. The

cells were then harvested and lysed; cell extraet® monitored by a luciferase reporter assay

kit. NF-«B-luciferase activity in control cells was taken H30%. The average and standard

deviation of three independent experiments are sha@P-9, CP-38 and CP-32 showed the

better inhibition at lower doses.

% NF-xB inhibition—Luciferase activity

Cor:s;:nd Structure Concentration of coumaperine derivatives in pg/mL
10pg/mL 20pg/mL  30pg/mL 40pg/mL 5@4mL
[e]
CP-9 @M)LNO 71.9% 73.9% 82.2% 85.9% 88.29
[e]
CP WU 68.4% 79.6% 89.8% 91.5% 92.29
HO
(o]
CP-38 OWLO 69.7% 76.3% 77.2% 86.9% 89.9%
H;CO
(o]
CP-184 WN 57.6% 61.7% 63.2% 69.7% 72.2%
Q. @
(o]
N N
CP-32 | ,c. O 95.5% 96.6% 97.3% 97.7% 97.9%
N
|
CH;




CP-10 43.4% 67.5% | 73.92% 78.9% 80.19
OCH;3
[}
N ¥ N
CP-50 O 39.2% 52.9% 59.2% 59.8% 62.9%
H;CO OCH,
OCHj;
[}
H,CO X N
CP-27 O 34.1% 44.6% 53.1% 56.9% 59.89
H,CO
OCHj;
[e]
CP-158 o NNy 70.3% 71.4% 75.3% 78.1% 80.1%
H, ™ O
(o)
PIP <OJ©/VVL.O 67.3% 67.5% 85.1% 86.6% 90.2%
o
(o]
PIP-155 <° NN O 34.0% 56.6% 65.8% 71.0% 71.2%
(o]
[¢]
CP-102 | _ NN O 26.4% 34.0% 44.8% 50.7% 51.8%
o
o)
N N
CP-146 | o ()| 372% | 562% | 56.8%| 57.2% 59.9%

3.3 Cytotoxic effect of coumaperine derivativesTL&P-32, CP-3&®n cell proliferation

To investigate the potential inhibition of coumdperderivatives on cancer cell proliferation,

they were incubated with L428 and A549 cells iplicate for 48 h and the treatment was

evaluated using the XTT assay. Control cells repre$00% survival. The average and standard

deviation of three independent experiments are shdimw Figures 3a-h. Coumaperine

derivatives CP-9, CP-32 and CP-38 markedly inhibitell proliferation in a dose dependent
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manner against L428 cells with the IC50 value o283ug/ml, 0.39 ug/ml and 16.85 pg/mi

respectively. The IC50 values against A549 cellsewieund to be at the concentrations of 57.15

ng/ml, 69.1 pg/ml and 63.2 pg/ml respectivétiglres 4a-h.
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Figure 3. Cytotoxic effect of coumaperine derivatives a) CBral 38; b) CP-32 against L428
cell proliferation. L428 cells were incubated f@& H in triplicate with different concentrations of
coumaperine derivatives. Cell survival was measbned tetrazolium-formazan XTT assay Kkit.
Control cells represent 100% survival. The averags standard deviation of three independent

experiments are shown.
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XTT 48 hrs CP32 with A549 Cells

120% - b
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20% -

Control DMSO 1l 75ug/ml 80pg/ml 85ug/ml 90ug/ml

Concentrations of CP32 pg/ml

Figure 4. Cytotoxic effect of coumaperine derivatives a) CBr@l 38; b) CP-32 on A549 cell
proliferation. A549 cells were seeded and incub&be@4 h to form a monolayer. Then the cells
were incubated for 48 hrs in triplicate with di#et concentrations of coumaperine derivatives.
Cell survival was measured by a tetrazolium-formaxd T assay kit. Control cells represent

100% survival. The average and standard deviafitree independent experiments are shown.

3.4 Effect of Coumaperine derivatives CP-9, CP-88 &P-380n the inhibition of A549 cell
migration

In the cell migration assay, the vehicle (DMSO#teel cells mostly closed the wound after 48 h
incubation, in contrast to coumaperine derivativesated cells, where wound closure was

prevented Eigure 5a-g at the concentration of 5ug/mL, 10pg/mL and 5gohCP-9, CP-32,



and CP-38 respectively which clearly shows thaséhmompounds inhibited A549 cell migration

in culture.

Control |

DMSO 1l

cpP3g
2ug/ml

CcP38 e 7
Spg/ml [0

Figure 5. Wound-scratch assay: Effect of coumaperine dexiga)) CP-9, b) CP-32 and c) CP-
38 on the A54%ell migration. A549 cell monolayers were "scratthand were grown in the
absence (control) or presence of coumaperine demga(2-10pug/ml) respectively for 48 h.
Coumaperine derivatives prevented the cells froosiof the wound (Representative of three

independent experiments).



3.5 Western Blot Analysis: Monitoring the expressid NF«B subunits (p50, p65 and RelB) on
coumaperine derivatives (CP-9, CP-32, CP-38) trdatgtosolic and nuclear fraction.

The degree of expression of proteins such as g ,apd RelB, both in cytosolic and nuclear
extracts of coumaperine derivatiiesated and untreated L428 cells were determineddsgern
blot. The results show that the MB- subunits p50 and p65 were diminished mainly i@ th
nucleus upon coumaperine derivatives CP-9 and CRez8ment and the dose response was

observed starting from 2.5 pg/ml to 10 pg/mlgbres 6a, ¢ whereas CP-32 did not show

prominent reduction of these proteifsgure 6b).
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Figure 6. Western-blot analysis monitors the expression il proteins, p50, p65 and RelB,

both in cytosolic and nuclear extracts: Coumamederivativesa) CP-9, b) CP-32 and c) CP-38

treatment decreases the quantity of nucleaxBsubunits Western blot of the NikB subunits

in L428 cells that were incubated with coumapemieeivatives at different concentrations or

with vehicle (DMSO; Control) for 2 h. Cytosolic anduclear extracts were prepared and

western blots were run with antibodies against g% and Rel B. Antg-actin and Lamin B

was used as loading control (Representative @eadt three independent experiments).

The active compounds inhibited only the classicBhdB pathway but not the alternative one

(RelB)



3.6 Confocal Microscopic Studies: Nuclear localiaat of NF«B subunits (p50 and p65) in
L428 cells treated with CP-9 and CP-38

Further support to the western blot results coma® fhuclear localization studies, the immuno-
cytochemical comparison of treated and untreatezBleklls with CP-9 and CP-38 was carried
out. Interestingly, the coumaperine derivative C&18 CP-38 treated cells shows the depletion
of constitutive NF<B subunits from the nuclei of most treated cella ilose dependent manner.
The depletion of NReB subunits was found to be at the concentratioriOgig/ml and 30ug/ml

of CP-9 and CP-38 respectively and was comparalileat of control cellsKigure 7a-b).
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Figure 7. Confocal microscopic image: Coumaperine derivati@s9 and CP-38 treatment

Control

DMSO 1ul

CP9 10pg/ml

CP3830ug/ml

depletes the nuclear NéB subunits a) p50 and b) p65. L-428 cells treatéd %0 pg/ml of CP-

9 and 30 pg/mL of CP-38 were cyto-centrifuged (SloanCytospin 4) at 900 rpm for 5 min and
fixed in 8% formalin for 20 minutes. Then the cellsre incubated with antibodies against p65
and p50, followed by their respective fluorescestomdary antibodies, and the nucleus were
stained with DAPI and the signals were detectechgqusDlympus FV1000-1X81 confocal

microscope.



Discussion

With the synthesized compounds in hand, we dectdestudy their cytotoxic effect against
canhcer—cel-lines—Hodgkin's lymphoma-derived L428ls and-tung-adenocarcinoma-—derived
A549 cell and their NkeB inhibition pathway. Piperine is known to exhibityriad biological
activities including, anti-inflammatory and antitor activities [14], arises in part due to its
antioxidant activity, correlated to the presencepbénolic moiety, Michael acceptor unit and
conjugated double bonds. Piperlongumine, an anati@osrtant pepper alkaloid presentRiper
longumL., is found to be selectively toxic to cancerle@l vitro andin vivo [36], also possess
phenolic moiety, Michael acceptor unit (two) andnjogated double bonds. Hence, it is
anticipated that the coumaperine and its derivatipessessing the aforementioned structural
features may also show anti-inflammatory and asieer activity.

Several pepper alkaloids are shown to be a potéatBNinhibitor. Piperlongumine and several
of its analogs have been found to effectively itk (1IC5o = 1.76 uM (0.56 pg/ml), 1.89-6.06
KM (0.6-1.92 pg/ml) respectively) constitutive exgsion of NF-kB in A549 cells [37]. Further,
piperlongumine effectively inhibited DNA binding tadty of NF-«xB in A549 cells in
concentration dependent manner with maximum inbipiactivity at 25 uM (7.92 pg/ml) [37].
There are plethora reports in which piperine isashto inhibit NF«B activation in several cell
lines. In RAW 264.7 cells, piperine (at 100 pg/msignificantly reduced the LPS-mediated NF-
kB activation (by ~75%) in a luciferase reporter@assay [16]. It also significantly inhibited (at
100 pg/ml) ILB1 inducedNF-«xB activation (by ~90%) in human OA chondrocytes|[22

The synthesized compounds were initially screermdtifeir NF«xB inhibitory activity using

luciferase reporter gene assay with various conggos (results summarized Trable 1). The



simplest coumaperine derivative, CP-9 without amlystituted substituent on the aromatic ring
{EP-9), exhibited 71.9% inhibition at 10 pg/ml,roduction of —OH or -OMe group at tipara
position (CP and CP-38) lead to marginal decreaghea activity, 68.4% and 69.7% inhibitions
respectively at 10 pg/ml. However, replacing —OMéw-Ocyclopentyl group decreasesd the
activity significantly (69.7 to 57.6%), suggestiadoulkier hydrophobic group is not acceptable
at this position. Incorporation of more than ondegroup with respect tpara methoxy group
viz dimethoxy in the case of CP-10 and trimethoxy gswas in the case of CP-50 and CP-27
decreases the activity, suggesting, unsubstit{@9) or monosubstitution (CP-38) is optimal
for the desired activity. Replacing electron domgtimethyl group in CP-38 (-OMe) with
electron withdrawing acetyl (—Ac) group as in CRB180Ac) leads to marginal improvement in
the activity (69.7 to 71.4%). Further, the effeftelectron donating substituent was studied
using

-N(CHs), group. To our surprise, we observed excellentoitdry activity (95.5% at 10 pg/ml),
suggesting, a stronger electron donating substitorgmgs beneficial activity.

Next, we turned our attention to the influence afmier of olefinic double bonds, and
incorporated an additional olefinic double bondGB-38, CP-32 and PIP, which respectively
gave the compounds CP-102, CP-146 and PIP-158h&lthree compounds, CP-102, 146 and
PIP-155 (tri-olefin conjugated) showed lesser digtithan their di-olefin conjugated counter
parts Table 1). Thus, increasing the number of olefinic doubtendb from di to tri-olefin
conjugation decreases the activity. Taken togethasubstitution/monosubstitution (gara
position) and di-olefin conjugated coumaperine \a#ives showed better inhibition of N&B in

a luciferase reporter gene assay. Based on thesabbibition study, the compounds, CP-9, CP-



32 and CP-38 were chosen for further biologicatlistsiincluding, inhibition of cell proliferation

(L428 and A549 cells) and cell migration (A549 selind NFxB inhibition pathway.

In order to study the effect of coumaperine deivest on cell proliferation CP-9, CP-32 and CP-
38 were incubated with cancer cell lines L428 aighlly resistant A549. All the compounds
inhibited cell proliferation markedly in a dose degent mannerFHgure 3 and 4. Against
L428 cells, CP-32 (IC50: 0.39 pug/ml) exhibited beihhibition-ef-cell-proliferation than CP-38
(IC50: 16.85ug/ml) and CP-9 (IC50: 43.25ug/ml). Tierence in inhibitory activity may be
correlated to electron donating ability of sub&ittion the aromatic moiety. CP-32 with stronger
electron donating group —N(GH showed better inhibitory activity than CP-38 and-€ with
relatively weaker electron donating groups, -Q@Hd —H respectively (-N(CHt > -OMe > H).
Against A549 cells, the simple coumaperine dernatiCP-9 (with no substituent on the
aromatic moiety) exhibited better inhibition (IC3%.15 pg/mly»-efcell-proliferation than CP-32
(IC50: 69.1pg/ml) and CP-38 (IC50: 63.2ug/ml) wakectron donating substituents -N(g4
and —OMe respectively. Thus, inhibitory activity @jumaperine derivatives, CP-9, CP-32 and
CP-38 against A549 cells is just reverse to L42Bs.cén other words, inhibitory activity of
coumaperine derivatives with a weaker electron tingasubstituent (on the aromatic moiety)
showed better inhibitory activity than coumaperiegivatives with a stronger electron donating
substituent (-H > -OCk> -N(CH),).

CP-9, CP-32 and CP-38 were then evaluated for itdrib of A549 cell migration. The

coumaperine derivativasere added to the monolayer of A549-Human-Lungisamsa-cells and

scratched to study their ability to inhibit cell gration, CP-9 and CP-38 exhibited better

inhibition ef-cell-migration-atlewer-concentratigh pg/ml) than CP-32 (10 pg/mliFigure 5).



The above results indicate that the coumaperinevatere with a weaker electron donating
substituent (CP-9, -H and CP-38, -OMe), showedebetihibition -agairst-A549-cell-migration
than a stronger electron donating substituent (ZRN(CH;),).

Coumaperine derivatives were then studied for itibio of NF-xB proteins of L428 cells. CP-9,
CP-32 and CP-38 were treated with L428 cells aedniiclear and cytoplasmic protein lysates
were prepared and expressions of RB-subunits were analyzed by western blot. CP-9GRd
38 suppress significantly the p50 and p65 subuoath in cytosolic and nuclear fractions at the
dosage of 10 pg/ml, 30 pg/ml respectivedig(re 6a, 9. But, CP-32 did not show prominent
reduction of these proteinEigure 6b). Suggesting that coumaperine derivatives witheaker
electron donor (-H > -OCH> -N(CHg),) may beneficial for inhibition of NkB subunits (p50
and p65). In addition to western blot analysis,itiebition of NF«B subunits (p50 and p65) by
coumaperine derivatives (CP-9, CP-32 and CP-38)amafirmed by nuclear localization using
confocal microscopyie-tnages. The immuno-cytochamoomparison of treated and untreated
L428 cells shows, depletion of NéB subunits such as p50 and p65 from the nuclei a$tm
treated cells in a dose dependent manner (10 pghdl 30 pg/ml of CP-9 and CP-38
respectively) and was comparable to that of cordetls (confocal microscopic imagdsgure

7). Which clearly indicates C-P9 and CP-38 inacasdhe NFxB pathway in vitro.

4. Conclusion

Understanding inhibition pathway of NiEB, a key transcription factor often associated with
several diseased states including cancer, by smalecules is crucial for design and
development of efficient inhibitors for biologicirgets. Coumaperine and its derivatives were

synthesized and investigated for inhibition of NB-pathway and evaluated for cytotoxicity



against cancer cell lines—Hedgkin'stymphoma—dadiv 428-cells andHunrgadene-careiroma
derived A549 cells—nitial Screening againstintn-of NF-kB reporter gene (of L428 cells)

showsed, coumaperine derivatives inhibited cortstély expressing NReB by-a-+reportergene
assay in a dose dependent manrer—The Substitmetiteoaromatic moiety and number of
olefinic double bond influenced the inhibitory adly. CP-32 with a stronger electron donating
group (-N(CH),) showed highest inhibitoractivity (at 10 pg/ml) among the coumaperine
derivatives tested—Fhe Introduction of more thae anethoxy group (compare CP-10 with 27
and 50) to the aromatic ring and increasing the bermof olefinic double bond (from two to
three, compare CP-32, 38 and PIP with CP-146, 408, PIP-15 respectively) decrease the
inhibitory activity. Based on luciferase assay gtudP-9, 32 and 38 were further evaluated for
inhibition of L428 and A549 cell proliferation-caarceells(L428-and-A549)-proliferation and
A549 cell migration{A549). They exhibited dose éeg@ent activity—+a-the Cell proliferation
study shows that coumaperine derivatives exhibit@ehplementary inhibitory pattern against
L428 and A549 cells. CP-32 with a stronger electonating showed better inhibition (IC50:
0.39 pg/ml) than simple coumaperine derivative Ci4éh no substituent) (IC50: 43.25 pg/ml)
against L428 cell proliferation. Against A549 ceghisliferation, simple coumaperine derivative,
CP-9 showed better inhibition (IC50: 57.15 pg/niian CP-32 (IC50: 69.1 pg/ml). The cell
migration study-shewed revealed that CP-9 and 3bited A549 cell migration at lower
concentration (5 pg/ml) than CP-32 (10 pg/ml). Bfiect of coumaperine derivatives, CP-9,
32, and 38 on inhibition of NkB irhibitien pathway was studieda western blot and confocal
microscopy. CP-9 and CP-38 suppress #-subunits p50 and p65 both in cytosolic and
nuclear fractions ir a concentration dependent miawhereas CP-32 did not show prominent

reduction of these proteins. CP-9 and CP-38 dihip80 and p65 proteins significantly at the



dosage of 10 pg/ml and 30 pg/ml respectively. Weckemle that coumaperine derivatives, CP-9
and CP-38 strongly inactivate the NB- pathway in vitro, with a potential to be usedaasi-

inflammatory compounds.
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Highlights:

Coumaperine (a minor component of white pepper) rarely investigated for synthesis and
biological activities.

Coumaperine (CP) derivatives, synthesized in less number of synthetic steps and biological
activities evaluated.

NF-xB, akey transcriptor, often associated with several disease, including cancer.

Coumaperine derivatives (CP-9, 32 and 38) effectively inhibited NF-kB protein of L428 cells
and cancer cell (L428 and A549) proliferation.

CP-9 and CP-38 strongly inactivate the NF-xB pathway in vitro, with a potential to be used as
anti-inflammatory compounds.



