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ABSTRACT

In search of new class of cytotoxic molecules we ltesigned and synthesized novel scaffold bytimkitric oxide
donating group to acridone moiety. Synthesized vdéries were evaluated for their cytotoxic potdstian
comparison with reference drugs doxorubicin (DX)aimgt Human colon cancer cell line (HT-29) by using
Sulphorhodamine-B (SRB) assay. Compound 15 extilgiped cytotoxic activity with an g value 8.6 puM.
Cytotoxic effects are presumed to be due to thegurce of nitric oxide donating group, acetyl gromg* position
and butyl side chain at 'R position. Further, we tested whether the levelsNGf production by the indicated
compounds in human colon cancer cell line were eaged with their cytotoxic effects. Good correbais were
observed when cytotoxic data of these moleculepaad with nitrite production.

Keywords: Acridone, SRB assay, Breast cancer, nitric oxide.

INTRODUCTION

Major health problem currently faced by mankindascer. Different drugs available in the markettfa treatment
of cancer diseases have serious side effects am lvannot be used continuously for long time. téchinumber of
anti-cancer drugs available for the treatment efc#jr cancer is in the market. It can be conclutteat there is an
urgent need tosearch new class of anti-cancer aif@t].

Several planar molecules containing tricyclic dinoes with different side chains have been repottegossess
significant cytotoxic and/or cytostatic potencighese tricyclic systems include anthraquinone,dawei and
xanthene. Several acridone alkaloids have beeatéblfrom plants of the Rutaceae family, acronygossesses
significant antitumor activity [5, 6]. Glyfoline,n@ther naturally occurring acridone alkaloid, waarfd to be the
most effective compound for inhibition of cellulgrowth of human leukemia HL-60 celis vitro [7]. Several
acridone derivatives with or without an alkyl sidbain connected to thal'®-position have been found to
exhibitanti-cancer properties [8-11].Another imidaacridone derivative has excellent anti-cancer amitMDR
property against a number of human cancer celsl[&@, 13]. Studies have shown that the activitgiie to DNA
intercalation [14]. Further, ithas been found ttiet cytotoxicity activity of C1311 was related tesffect on cell
cycle progression in various types of solid turmmd eukaemias [13].
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Nitric oxide (NO) is naturally generated from L-arige by the action of NO synthase (NOS) and a sigpaling
molecule involved in regulating the several physii¢ and pathologic processes [15]. High leveldNaf and its
metabolic derivatives, reactive nitrogen speciell$Rand reactive oxygen species (ROS) can modifgtfanal
proteins by S-nitrosylation, nitration, disulfiderfation, leading to bio-regulation, inactivationdacytotoxicity,
mainly in tumor cells [16]. Indeed, earlier studies/e shown that synthesized NO-donating compobads strong
cytotoxic activity against human carcinoma ceilyitro and inhibit cancer growth and metastasigivo. [17-20].

As nitric oxide plays a significant role in varioptiysiologic and pathologic processes, includingnamspecific
anti-tumor immune response. New set of NO-releasgrgpounds need to be developed to get a tissuifisgeO-
related response. This makes the opportunity teat molecules can be designed which can supplenmétnis
oxide exogenously when the body cannot produce gin@mounts to permit normal biological functions A
sequel in our research to discover new anti-caagents, we hypothesized that introduction of a M@asing
group into aN'®- alkylated acridone moiety would be capable te@asé NO in a controlled manner and might
potentiate the cytotoxic property of acridones.the present study new set of nitric oxide donatiwgidone
derivatives were designed, synthesized and testatidir cytotoxic property in cancer cells.

MATERIALS AND METHODS

All chemicals and solvents were supplied by Signtdriéh, S.D.Fine Chemicals Ltd, Bangalore IndiaaBens
were monitored by TLC and compounds were purifigdubing column chromatography with silica gel Merck
Grade 60 (230-400 mesh, 60; Merck, Germany). Mglpoints were recorded on a Tempirol hot-stage with
microscope (AGA International, India) and were umected. Nitric oxide donating acridones were abtarized
by'H- and *C-NMR in DMSO-@ solution in a 5-mm tube on a Brukerdrx 500 Fouti@nsform spectrometer
(Bruker Bioscience, USA) and tetra methyl silan®18) was used as an internal standard. Chemicaisshiére
expressed a$ (ppm) values. The spectrometer was internally édcko deuterium frequency of the solvent.
Acridones were also characterized by ESI-MS spewtoy. Collision-induced dissociation (CID) spectrare
acquired in the positive ion mode on an MDS Sciérr(cord, Ont., Canada) APl 4000 triple quadrupobessn
spectrometry with direct infusion of each acridate concentration of 10 uM in 50 % methanol, awftate of 25
ML/ min. The instrument was operated with a spralyage of 5.5 kV, a declustering potential of 50, @Vsource
temperature of 100C, a GSI value of 50 and the curtain gas set aUttfa-pure nitrogen was used as both curtain
gas and collision gas. MS/MS spectra of the praemhanolecule of each drug were acquired and maltiphction
monitoring (MRM) transition for important fragmentgere monitored as the collision energy was ranfpad 5-
100 V (step size 0.5 V). The data for the fragmenteurves represent an average of five consecatiperiments.
The nitrate/nitrite release rates from individuatidatives in the cells were determined by a catetric assay using
the nitrate/nitrite colorimetric assay kit (Sigmé&lAch, India), according to the manufacturer'srinstions.

4.2.1n-vitro cytotoxic studies by SRB assay:

The nitric oxide releasing acridone derivatives avevaluated for their cytotoxic activity againstfelient cancer
cells by using the Sulforhodamine B (SRB) assay.[li6brief, cells were cultured in RPMI 1640 supmplented
with 10 % fetal calf serum, and cultures were padssece or twice a week using trypsin EDTA to detdwdh cells
from their culture flasks. The fast-growing cellere harvested, counted and plated at suitable ntatiens in 96-
well microplates. After incubation for 24 h, thengmounds were dissolved in the culture medium tlueted to the
culture wells in triplicate and incubated further 72 hours at I under 5 % C@atmosphere. The cultures were
fixed with cold TCA and stained with 0.4% SRB dis®al in 1% acetic acid. After dissolving the bowstdin with
150 pl of 10 mM unbufferedTris base (Tris(hydroxyhydaminomethane) solution using gyratory shaker,
absorbance was measured at 540 nm using a micaplatler (Tecan). Cytotoxicity was assessed byumegsthe
concentration required to inhibit protein synthdsys50 % (i.e., 1G) as a comparison. Each value represents the
mean of triplicate experiments.

4.3. Nitrite measurementin-vitro:

The levels of nitrate/nitrite formed from individusompounds in the cells were determined by a @oletric assay
using the nitrate/nitrite colorimetric assay kiigi®a Aldrich, India), according to the manufactigénstructions.
Confluent cell monolayers (6 x ¥@ell) in 35 mm diameter Petri dishes were treatettiplicate with 25 uM NO
releasing acridone and incubated for 24 hours utideexperimental conditions. Washed twice in icktdBS and
detached with trypsin/EDTA (0.05/0.02% v/v). Celiere centrifuged for 5 min at 15,000 rpnf @) and re-
suspended in 1 mL of a 1:1 mixture of ethanol/0.BIGI. Then nitrite production was measured by ngxir®0 pul
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of cell lysates with 100 pl of Griess reagent @6awell plate, and after a (30-300) minute incutratt 37 C in the

dark, absorbance was measured at 540 nm with anTra@aoplate reader, then50 pl of cell suspensisedufor

measurement of cellular proteins. A blank was prexpdor each experimental condition in the abserfalls, and

its absorbance was subtracted from that obtaingtidrpresence of cells. Nitrite concentration wagressed as
nanomoles of nitrite per 24 h/mg of cellular protei

4.5. Synthesis and chemical characterization:

4.5.1. Ullmann Condensation (l):

To a mixture of o- chloro benzoic acid (7.8 g, OrBéles), 4-chloro aniline (5.6 g, 0.05 moles) angper powder
(0.2 g) in 60 mL isoamylalcohol, dry potassium caréite (5 g) was slowly added and the contents aléreed to
reflux for 6-8 hours on an oil bath at £8D. The isoamylalcohol was removed by steam disitiih and the mixture
was poured into one liter of hot water and acidifieith concentrated hydrochloric acid. Precipitidemed was
filtered, washed with hot water and collected. Tnede acid was dissolved in aqueous sodium raxyde
solution, boiled in the presence of activatedarcoal and filtered. On acidification ofet filtrate with
concentrated hydrochloric acid, light yellowigirecipitate was obtained which was washeth ot water
and recrystallized from aqueous methanol it@ dight yellow solid (yield 90 %, mp 180).

4.5.2. Synthesis of acridone (Il):

Five grams of 4’-chloro diphenylamine-2-carboxygicid (I) was taken into a round bottom flask andg&@ms of
polyphosphoric acid was added to it. The reactidxture was shaken well and heated on a water batB@C for

3 hours. Appearance of yellow colour indicated cbmpletion of the reaction. Then, it was pouretb ione liter
of hot water and made alkaline by liquor amiaoThe yellow precipitate that formed was filgrand
collected. The compound2-chloro acridone (Il) wasrystallized from acetic acid (yield 88%, mp 31%X).
Further, purity of the compound was checked by Ta@l the purified product was characterized by spect
methods.

'H NMR (DMSO-dg) 6 ppm:d 7.32-8.27 (m, 7H, Ar-H); 11.21 (s,1H, NH}C NMR (DMSO-dg) & ppm: 5116.52
, 125.01, 117.53, 158.23, 122.03, 144.25, 126.32,34, 178.85, 135.51, 135.(2SI-MS (m/z, %): 230.0 (100),
232.1(72), 196.2 (15), 195.2 (91), 167.2 (16).

4.5.4.N-alkylation of acridone (2):

One gram of substituted acridone was dissolved 5nnt tetrahydrofuran and then 20 ml of 6 N potassiu
hydroxide and 0.5 g (0.015 mmol) of tetra butyl aomiam bromide were added. The reaction mixture stased

at room temperature for 30 min and 1-bromo-3-ctjospane or 1-bromo-4-chloro butane (0.015 molesjedd
slowly into the reaction mixture and stirred for Rdurs at room temperature. Tetrahydrofuran wapaeded and
the aqueous layer was extracted with chloroforne dtioroform layer was washed with water and tlgawic layer
was dried over anhydrous sodium sulfate and rofsmesed. The crude product was purified by column
chromatography using the solvent system chlorofacetbne (8:1) to give a yellow solid gfalkylated acridone.

2: 'H NMR (DMSO-dg) 8 ppm:3 7.28-8.21 (m, 7H , Ar-H); 3.61 (t, 2H, N-GHCH,-CH,-Cl); 3.52 (t, 2H, N-ChH
CH,-CH,-Cl); 2.13 (M, 2H, N-CH-CH,-CH,-CI).**C NMR (DMSO-dg) & ppm: 3 115.27, 126.81 , 117.72, 153.75 ,
123.14, 143.64, 126.57, 122.28, 174.50, 135.05,983219.37, 42.56, 47.6€SI-MS (m/z, %): 307.2 (55), 309.1
(32).

4.5.5. Nitration of N-alkylated acridone (5-18):

A solution of the appropriate chloroalkyl derivaivn dry acetonitrile (2 ml) was treated portionsaviwith a
solution of AgNQ (0.34 g, 2 mmol) in dry acetonitrile (5 ml) andethvhole mixture was stirred at room
temperature for 3 hours and the reaction was madtdy TLC. The mixture was then filtered, evapedato
dryness then residue was recrystallized from absathanol.

5: 'H NMR (DMSO-d) & ppm:3 7.21-8.28 (m, 8H , Ar-H); 3.98 (t, 2H, N-GHH,-CH,-ONO,); 3.28 (t, 2H, N-
CH,-CH,-CH,- ONOy); 2.13 (m, 2H, N-CHCH,-CH,- ONO,).”*C NMR (DMSO-de) & ppm: & 115.21, 127.54 ,
117.47, 152.56 , 123.15, 143.78, 125.52, 122.88,117 134.13, 130.17, 53.12, 44.50, 46 B3I-MS (m/z, %):
299.3 (35).
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6: '"H NMR (DMSO-dg) & ppm: 7.23-8.30 (m, 7H, Ar-H), 3.93 (t, 2H, N-GKCH,-CH,-ONQ,); 3.24 (t, 2H, N-
CH,-CH,-CH,- ONOy); 2.16 (m, 2H, N-CHCH,-CH,- ONO,)."*C NMR (DMSO-d¢) & ppm: 172.40,161.086,
157.26, 144.86, 143.02,137.11, 136.43, 135.53,6534.28.14, 127.45, 126.35, 124.55, 59.67, 48.32%
ESI-MS (m/z, %): 334.6 (70).

14: *H NMR (DMSO-d¢) 8 ppm:7.20-8.31 (m, 7H, Ar-H), 3.89 (t, 2H, N-GHCH,-CH,-ONO,); 3.33 (t, 2H, N-
CH,-CH,-CH,- ONGy); 2.11 (M, 2H, N-Ch+CH,-CH,- ONQ,), 3.71 (s, 3H, OCH (*C NMR (DMSO-de) 8 ppm:

170.12,162.17, 157.28, 144.52, 143.12,135.45, 135184.45, 132.47, 128.12, 127.17, 126.47, 12458812,
47.47, 46.15, 41.1BSI-MS (m/z, %): 329.1 (66).

15: 'H NMR (DMSO-d¢) & ppm:7.22-8.34 (m, 7H, Ar-H), 3.87 (t, 2H, N-GHCH,-CH,-ONO,); 3.28 (t, 2H, N-
CH,-CH,-CH,- ONGy); 2.08 (m, 2H, N-CHCH,-CH,- ONO,), 3.61 (s, 3H, COCH (°C NMR (DMSO-dy) &
ppm: 171.17,161.18, 158.88, 146.28, 144.10,135.19, 233.34.49, 131.78, 129.11, 127.71, 126.49, 125381,
47.71, 46.45, 41.2ESI-MS (m/z, %): 342.1 (80).

RESULTS AND DISCUSSION

2.1. Chemistry:

2.1.1 Synthesis of compounds (1-18)

Nitric oxide donating acridones (1-18) were synibed according to Scheme 1. Parent acridone (II5 wa
synthesized by Ullmann condensation reaction ofl@robenzoic acid with substituted aniline to proeu
diphenylamine-2-carboxylic acid (I). Diphenylami@ezarboxylic acid (I) was then cyclized with polysphoric
acid instead of sulfuric acid in a water bath a8°1Q for three hours to give acridone (Il) with exest yields
(90%).

Further,N-alkylation of the various substituted acridondl (kas achieved by using a phase transfer catdB/BC)
because the nitrogen atom of the acridone nuclguseiakly basic nature and usually resistant to nguddl-
alkylation with alkyl halides.Stirring of substitd acridone with alkylating agents 1-bromo, 3-ablpropane or 1-
bromo, 4-chloro butane at room temperature in afhase system containing an organic solvent tediralfiyran
(THF) and 5 N aqueous potassium hydroxide (KOHutsmh in the presence of catalyst tetra butyl amiovon
bromide (TBAB) to produce good yields Nfalkyl substituted acridones. Here, the TBAB tratspthe OH ion
from the aqueous phase to the organic phase wheractual reaction takes place. The phenolateliggbianion
formed, which successively undergoes alkylatiorfaion the aromatized system. To introduce the nitriade
(NO)donating groupN-alkylated acridones were treated with silver mérén dry acetonitrile for three hours.
Physical characterization data of all synthesizsdmounds was shown in Table 1.

All the acridone derivatives were separated andfipdrby column chromatography and/or recrystatima and
dried under vacuum for more than 10 hours. Purifledvatives were characterized by usttgNMR, *C-NMR
and Mass spectrometric studies. ThReNMR spectrum of 2-chloro acridone (I1) showed e\aromatic protons
were resonated &t 7.32-8.27 ppm as multiplet and proton of NH wasormated at 11.21. Furthétd-NMR
spectrum oN-alkylated acridone (5) showed eight aromatic pistat 7.21-8.28 as multiplet. Protons of ZBNO,
resonated as triplet 4t3.98 ppm and protons of N-GHresonated as triplet 4t3.28 ppm. Multiplet at 2.13 was
assigned to two protons which are substituted edrsk carbon of propyl chain. Thus, a combinatiorcloémical
shift, spin-spin couplings and integration datangés the identification of individual hydrogen aterat aromatic
ring and alkyl chain. The assignment of protonslinthe compounds is fully supported by the intégracurves
and all the derivatives displayed the characteristiemical shifts for the acridone nucleus. Fi@NMR spectrum
of NO donating acridone (5) shown14 signals reprsg 14 magnetically dissimilar environmental aarb.
Synthesized NO releasing acridones were also aglyzy mass spectrometry (MS) under ESI conditions.
Molecular ions were observed in the form of M +Hhe data indicates that as such there is no diféerén the
fragmentation pattern among the set of NO releaaanglone derivatives. In overall, mass spectraluiees of these
acridones were similar and straight forward. Mdghe compounds yield abundant molecular ions énfdrm of M

+ H. All the bonds in th&'%side chain portion are prone to cleavage. Thisnsethe data presented in this article
also reveal the usefulness of MS for charactedratif acridone derivatives. In conclusiti, **C-NMR and mass
spectral data were consistent with the proposedtsires of acridones.

394



V. V. S. Rajendra Prasackt al Der Pharma Chemica, 2016,8 (4):391-398

Scheme 1: Synthesis of nitric oxide donating acrid® derivatives
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Table 1Physical characterization data of nitric oxile releasing acridone derivatives

CompoundNo | n R R; R; Molecular formula | Molecular weight
1 4 H H Cl G7H1eNO 285.32
2 4 H Cl Cl G;H1sCINO 318.71
3 4 H OCH Cl CigH1eNO; 315.12
4 4 H COCH Cl CigH1eNO, 327.10
5 3 H H ONG;, Ci6H14N204 298.2¢
6 3 H Cl ONQ Ci6H13CIN2O4 332.74
7 3 H OCH | ONG, Ci7H16N20s 328.32
8 3 H COCH | ONG; CigH16N20s 340.33
9 3 Cl H ONQ Ci6H13CIN2O4 332.74
10 3| OCH H ONG, Ci7H16N20s 328.32
11 3 | COChH; H ONG;, CigH16N2Os 340.3¢
12 4 H H ONG; Ci7H16N204 312.30
13 4 H Cl ONQ Ci7H15CIN,O4 346.76
14 4 H OCH | ONG, CigH18N20s 342.35
15 4 H COCH | ONG, CigH15N20s 354.36
16 4 Cl H ONG;, Ci7H15CIN,O4 346.7¢
17 4 | OCHs; H ONG, Ci1gH18N20s5 342.3¢
18 4| COCH H ONG, CigH18N20s 354.36
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2.2. Biological:

2.2.1.In-vitro cytotoxic activity:

The in-vitro cytotoxic effects were studied in comparison wigiierence drugs doxorubicin (DX) against Human
colon cancer cell line (HT-29)by using SulphorhodzrB (SRB) assay [21]. Cell lineswere incubatethveight
different concentrations (0.5 — 100 uM) for eacmpound and was used to create compound concentraigus
survival fraction curves. The response parametgy)lwas calculated for each cell line and tabulatedable 2.
The 1G;, value corresponds to the acridones concentratogieg a net 50 % loss of initial cells at the efidhe
incubation period 72 hours. Screening of selectetbaules for anticancer property has been desigmadderstand
the role of nitric oxide releasing moiety in cytgito effectiveness of acridones againstHT-29cekdims well as to
correlate the nitric oxide release rate with cykatgroperty.

Among the derivatives tested, compound 15 exhibiédakively good cytotoxic activity with an kgvalue 8.6 pM.
The activity is presumed to be due to the preseficetric oxide donating moiety, acetyl group &f position and
N'%ubstitutedbutyl chain. Cytotoxicity was slightlgduced in compound 8 with ansiGralue 12.5 pM when the
butyl chain is replaced with propyl chain. Furttet’- butyl substituted compounds 17 and 18 also shatatively
good cytotoxicity with an 1§ value9.5 and 9.1 respectively. Wherdg¥-substituted acridone derivatives
compounds 1 to 4 without nitric oxide releasingugrare fails to show cytotoxic property. The oviecgtotoxic
evaluation data reveals that nitric oxide releagjraup in acridones is essential to enhance traxit activity.

Furthermore, we tested whether the levels of N@lpeton by the indicated compounds in human cobmcer cell
line were associated with their cytotoxic propexti€he levels of nitrite/nitrate produced in thé ysates of cancer
cells were characterized by using the Griess adg@atment with lower cytotoxic compound 12 prodiitesser
levels of nitrate/nitrite in tested cells. Howevaeatment with any of the compounds (15 and 18k i good
cytotoxicity produced higher levels of nitrate/i#rin these cells. It indicates, levels of nitfattite produced by
individual derivatives were associated with thegitotoxic property against these cancer cellgitro.

Table 2: Cytotoxic activity of acridone derivativesagainst Human colon cancer cell line

Cell lines/ICs, (UM)*
Compound HT-292
1 >50
2 >50
3 >50
4 >50
5 30.6+2.¢
6 27.5+2.1
7 28.5+2.0
8 12.5+1.f
9 25.9+2.1
10 19.5+1.5
11 13.5+1.2
12 21.4+1.¢
13 14.6+1.8
14 11.2+1.2
15 8.6+1.1
16 16.8+1.1
17 9.5+1.2
18 9.1+1.0
Doxorubicin (Dx) 0.027 +0.008

Inhibitory concentrations are presented in MeanEA®
?HT-29: Human colon cancer cell line

2.2.2. Nitric oxide release:

Rate of nitric oxide release by nitric oxiderelegsiacridone derivatives were determined by meagunitrite
production in HT-29 cell lines, to investigate wheat control release of nitric oxide exogenouslyNgy-releasing
acridone derivatives improve the cytotoxic propertycridones.Nitrite production was measured hyirsgl 100 pl
of cell lysates with to 100 pl of Griess reagenaif6-well plate and after 30-300 minute of incidra@t 37 C in
the dark, absorbance was measured at 540 nm withnTricroplate reader, then 50 pl of cell suspensged for
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measurement of cellular proteins. A blank was preghdor each experimental condition in the abserialls, and
its absorbance was subtracted from that measuriaisamples. Nitrite concentration was expressathaomoles
of nitrite per 24 h/mg cellular protein. Compourids 15 and 18 were studied for their nitric oxidiease rate and
the results were shown in Table 3. Results showhrifirate levels in cell lines were between 4.481-2nM/mg
proteins per 24 hours. Among the derivatives stiid@mpound 15 is found to be better NO releasintpoute with
release rate of 5.12 nM/mg in HT-29 cell lines @2dr hours. Further, good correlations were obsewhdn
cytotoxic data of these molecules compared witfiteiproduction.

Table 3: Exogenous release of nitrite by NO-acridags in HT-29 cancer cells

Nitrite concentration was expressed as nano mole$ witrite per 24 hours/mg cell protein
Compound
HT-29
12 4.48
15 5.12
18 5.05

CONCLUSION

Current investigations were performed to understaedole nitric oxide releasing group on cytotiyi@roperties
of N*-alkylated acridone derivatives in HT-29 cell linasd also to elucidate the correlation of the mitkide
release rate with cytotoxic property. Results dleiadicate that NO donating acridones were shoandgcytotoxic
effect as well as significant rate of nitrite redeaFurther, increase in alkyl chain length by eagbon atN'’-
position enhanced the cytotoxic property of NO-@mnies. Moreover, good correlations were observednwh
cytotoxic data of these molecules compared withitaiproduction. It is also clear that presencé&l6f group could
potentiate the cytotoxic effect of the acridone\dsives.
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