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Abstract:

Depending on our previous observations, some congsof pentanoic acid were designed
and synthesized. Characterization of the synthdstmenpounds was done by mass, NMR
and IR spectroscopy as well as elemental analfsmng the synthesized moleculesSEB-
0x0-2-[(nitrobenzene-4-yl sulfonyl) amino]-5-(pelayino) pentanoic acidQpd 11) was
found as a lead and potent inhibitor of matrix riepaoteinase-2 (MMP-2). Molecular
modeling and enzyme inhibition studies were donedofirm the interaction or inhibitory
potential of this compound. Thereafter, the biotayji screening was done through
cytotoxicity, anti-invasion and apoptosis-relatagays. Docking analysis revealed tGaid

11 interact with the target molecule MMP-2 and wittM®-9. However, enzyme inhibition
assay showed 3-fold MMP-2 inhibition compared to RHg. Cytotoxicity assay showed the
inhibitory potential ofCpd 11 against K562 cell line having égvalue of 17.9+0.01 uM after
48 h of incubation. The cell death was apoptotinature as revealed from the annexin V and
sub-G1lcell cycle arrest assay. Besides t@igd 11 also exhibited dose dependent anti-
invasive activity into K562 cell line. On the otheaind, flow cytometry and western blot data
revealedCpd 11 induced downregulation of MMP-2 in K562 cell liredter 48 h of
incubation that might be linked with the anti-inias and apoptotic activity furthermore.
Therefore, the overall results validated each ntetand make this molecule as a potent
MMP-2 inhibitor that blocked the invasion and coblihg apoptosis at later stages in K562

cells sparing the normal ones.

Keywords: pentanoic acid, MMP-2 inhibition, enzyme assay, papsis, cytotoxicity,

molecular docking study



1. Introduction

Metalloproteinases are associated with a varietypathological and cellular functions
including matrix degradation during cancer celllpeoation and migration [1]Till now, 26
different matrix metalloproteinases (MMPs) are tifeed. These are categorized into six
subgroups (namely collagenases, gelatinases, wysais| stromelysins, membrane type
MMPs and other MMPs). Overexpression of MMPs iateal to a number of diseases such as
cardiovascular and neurological disorders as wsllitlee formation of cancer through
uncontrolled cellular proliferation, invasion andetastasis [2-4]. Among these MMPs,
MMP-2 is found to be upregulated in most of thecems particularly in leukemia where the
leukemic cells proliferate in an uncontrollable man[5]. In leukemia, leukemic cell blasts
occur in an excess amount which later triggerssiorainto various tissues [6]. Regarding
this, MMP-2 expression plays a role in the increlagessel density found in the bone marrow
of leukemia patients by acceleratimyvitro endothelial cell migration [7]. Moreover, the cell
surface association between MMP-2 and integrirfisuad to be involved in the growth and
progression of acute and chronic myeloid leukenelisc[8]. Therefore, designing and
synthesizing MMP-2 inhibitors may be a valuableatgtgy for blocking the leukemia cell
growth. However, very few MMP-2 inhibitors have heeeported to control leukemia
particularly [9-12]. Apart from this, most of the NiP-2 inhibitors either failed to induce
apoptosis against leukemia or lacks their targetifipity.

In this context, some compounds of pentanoic aenkhbeen designed and synthesized to
judge their MMP-2 inhibitory properties along witlytotoxic and apoptotic featuress far

as our earlier observations were concerned, a numbgotent and selective MMP-2
inhibitors over other MMPs were reported [13, Hdwever, none of these derivatives were
able to generate cytotoxicity in cancer cells (sashA549 and MDA-MB-231 cell lines, etc)

at a lower dose (data not shown). Some of thesegpoonds were found to be partially



cytotoxic in chronic myeloid leukemia K562 cell dirover the other MMP-2 secretive cells
like A549 (non-small cell lung cancer cell line)DM-MB-231 (breast cancer cell line) (data
not shown).lt may be assumed that poor solubility of these poumds due to the
hydrophobic aryl functions may hinder the cellyd@rmeability and in turn, may result in a
low degree of cytotoxicity though a higher MMP-aiioition was achieved. In search of the
better cytotoxicity, some new compounds were deslgand synthesized to achieve the
better solubility Fig. 1). It may also be assumed that due to free carbmagid function
these analogs may bind to the zinc ion at the MVi#tR/e site as evidenced in our earlier
observations [13, 14]. In this article, only thedhyphobic aryl substituent directed towards
the S1 pocket was modified with the smaller substituenenhhance the solubility criteria

without altering other structural features.
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Fig. 1. Molecular modification of pentanoic acids for aching) higher solubility

Among the designed and synthesized molecules, é¢bd tompound was obtained by

analyzing the results of enzyme assay and cytatgxicofiling against a variety of cancer



cell lines (such as A-549, MDA-MB-231, U-937 and 6&) keeping peripheral blood
mononuclear cells (PBMC) as the positive controbrébver, MMP-2 expression analysis
and invasion assay were performed in K562 cell tipapplying the best active molecule as
these molecules exhibited comparatively bettertoyioity in K-562 cell line. Besides this,
the apoptotic efficacy of the best active MMP-2iloitor was also analyzed to establish the
cytotoxic property in chronic myeloid leukemia.

2. Results and discussion

2.1. Synthesis

Derivatives of pentanoic aci€pd 5-12) were prepared according to Scheme 1.
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Scheme 1Synthetic route of the designed molecules

The 4-Nitrobenzenesulfonyl chloridd)(was condensed with L(+)-glutamic acid2) (in
presence of 2(N) sodium hydroxide solution to abt&iN-(4'-nitrobenzenesulphonyl)-L(+)-
glutamic acid 8). The diacid 8 was cyclized with acetyl chloride to get 1-(4'-
nitrobenzenesulphonyl)-5-oxopyrrolidine-2-carbogylacid @#). The monoacid 4) was
treated with different amines to get the desiredtg®oic acidsg-12). All the final products
were characterized by maskNMR, *C NMR and FTIR spectroscopy as well as elemental
analyses. The physicochemical properties of thesgoundsd¢pd 5-12 are shown iTable

1.



Table 1.Physicochemical parameters of the final compougslé 512)

Cpd? R M.P.(°C) % Yield Molecular Formula MW

5 H 181-183 63.24 C11H13N30;S 331.30
6 Me 206-208 81.91 GH1sN3O;S 345.33
7 Et 219-221 78.72 C13H17/N30;S 359.36
8 i-Pr 235-237 92.06 GH1oN3O;S 373.38
9 n-But 209-211 89.25 Ci5H21N30;S 387.41
10 I-But 204-206 76.86 (sH21N30,S 387.41
11 n-Pent 215-217 86.82 Ci6H23N307S 401.44
12 Benz 191-193 88.24 16H19N307S 421.43

4Compound number

2.2. Enzyme inhibition study

In enzyme inhibition study, MMP kits were taken amedposed to the synthesized
compounds. Then the chromogenic substrate waseapgpfter sufficient time of exposure.
The concentration of these substrates was detéstets absorbance value at 410 nm in a
microplate photometer. A gradual decrease in thgsorance indicated the compound
induced inhibition of the MMPs action. As far attMMP-2 and MMP-9 inhibitory
activities of these final compound€fdd 5-12) were concerned, some compounds show
MMP-2 selectivity over MMP-9 enzym&pds 5, 6, 8 and12) whereas other compounds are
nonselectiveCpd 7, 9, 10 and11) (Table 2). The Cpd5 without having any substitution at
the R position Table 2) results in 4.24 folds MMP-2 selectivity over MMPwhereas
substitution with the methyl grou€pd 6) at R position Table 2) yields about 2 folds loss
in MMP-2 inhibition compared t€pd 5 though it shows 2.63 folds selectivity over MMP-9.
Increasing the linear alkyl chain length (such #syleat R position,Table 2) results in

nonselectivity rather it§pd 7) shows the better affinity towards MMP-9 compatedMP-
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2. Substitution with the branched alkyl functiorRaposition (such aspropyl, Cpd 8) shows
more or less similar inhibitory profile comparedtte ethyl analogGpd 7). It also shows
2.82 folds MMP-2 selectivity over MMP-9. Increasingre linearity (chain length) with the
n-butyl function Cpd 9) at the R position yields nonselectivity whereeanohing (such as
butyl, Cpd 10) rather exhibits comparatively better affinity tasds MMP-9. For the higher
linear alkyl substitution (such asbutyl andn-pentyl at R position,Table 2), the MMP-2
inhibitory activity is found to be more or less dan. Moreover, then-pentyl function Cpd

11) at the R positionTable 2) also yields nonselectivity. Interestingly, aryhttion (such as
benzyl,Cpd 12) at the R positionTable 2) yields potent MMP-2 inhibition and more than
25 folds selectivity over MMP-9. Therefore, it mhg assumed that smaller alkyl groups
(methyl, ethyl) at R position favor MMP-2 inhibiticand selectivity over MMP-9 whereas
the higher bulky and linear substitution (such rabutyl, n-pentyl) disfavors MMP-2
selectivity. Moreover, the bulky branched alkyl stfution (such as-butyl) at R position
disfavors activity. Interestingly, it is noticedatharyl substitution (such as benzyl) at R
position may be necessary for maintaining the high®P-2 inhibitory potency as well as
selectivity over MMP-9.

Besides this, MMP-1, MMP-8, MMP-12 and MMP-14 ibiory assays were also done.
The results of the other enzyme (apart from gedagnsub group) inhibitory assays indicated
that theCpd 5 and Cpd 12 having the inhibitory potential against the otiiPs than
gelatinase (Table 3) where@pd 11 shows the lower specificity upon the inhibitiontbe

other MMPs than gelatinase subgroup enzymes.



Table 2. Enzyme inhibitory activity and cytotoxic activifyrofile of pentanoic acidCpds
5-12)

Cpd® MMP-2  MMP-9 Cytotoxicity (IC s0)°

(ICs9)°  (ICso)”

A-549 MDA-MB-  K-562 U-937 PBMC
231

5 1.65+0.52 7.00+0.7 >500 >500 >500 >500 >1000
6 2.85+0.2 7.50+0.73 >500 >500 >500 >500 >1000
7 5.34+0.23 4.80+0.81221.10+0.09 >500 >500 89.37+0.12 >1000
8 2.12+0.33 5.97+0.43 >500 >500 19.80+0.2 95.12+0.23 >1000
9 4.07+0.11 6.36+0.56 276.10+0.12 >500 19.70+0.32 94.01+0.19  >1000
10 8.52+0.04 5.14+0.03 >500 >500 42.45+0.23 93.76+0.05 >1000
11 4.80+0.03 6.80+0.04205.80+0.1 162.00+0.1317.90+0.04 32.14+0.07 >1000
12 0.21+0.02 6.37+0.07 342.60+0.09 174.80+0.09 23.41+0.02 102.33+0.03 >1000

aCompound numbePActivity in pM; *Values taken after 48 h of incubation

Table 3. MMP-1, MMP-8, MMP-12, MMP-14 enzyme inhibitory aaty of pentanoic acids

(Cpds 512)
Cpd® Enzyme Inhibition (IC 5)°

MMP-1 MMP-8 MMP-12 MMP-14
5 >500 198.9+0.12 100.1+0.92 76.3+0.04
6 >500 401.1+0.23 >500 >500
7 >500 298.5+£0.03 109.1+0.03 87.1+0.06
8 >500 >500 493.2+0.53 301.1+0.1
9 >500 345.8+0.04 198.3+0.01 111.35+0.09
10 >500 483.1+0.32 >500 309.3£0.12
11 >500 >500 493.25+0.98 435.8+0.1
12 >500 172.80+0.14 95.2+0.88 109.0+0.02

4Compound number



2.3. Cytotoxicity assay

In cytotoxicity assay, cells were incubated withke taynthesized compounds. After the
exposure, MTT was added which forms crystal viotdbration in live cells after addition of
DMSO. A gradual decrease in the absorbance of thstat violet coloration indicated
compound induced cellular death. All these syn#teekicompounds are screened against
some cancer cell lines (A-549, MDA-MB-231, K-562datJ-937) for their possible
cytotoxicity along with normal peripheral blood noouclear cell (PBMC) to judge whether
these analogs are cytotoxic or not. All these camps are found to be inactive in normal
cell line PBMC (> 1000 puM).

Regarding the cytotoxic activity in A-549 cell linmost of these compounds are inactive
(Cpds 5 6, 8 and10) whereas some of them exhibit cytotoxicity in hapses Cpds 7, 9, 11
and 12). It is interesting to notice that compounds waikher linear alkyl (straight chain)
functions (such as ethyi:butyl, n-pentyl) or aryl function (such as benzyl) may retain /54
inhibitory activity at high doses. Branching at RRgosition completely abolishes the activity
profile as far as the A-549 inhibition is concerrned500 pM). The higher linear (straight)
function (such asr-pentyl, Cpd 11) is the highest cytotoxic in A-549 cell line gC=
205.8+0.1 uM) whereas incorporation of aryl funestguch as benzyCpd 12) may reduce
the activity (1Go = 342.6+£0.09 uM). Therefore, regarding the cytatibx in A-549 cell line,
the higher linear (straight chain) alkyl substiatiat R position {able 2) is favored
compared to the aryl function. Regarding MDA-MB-284ll cytotoxicity, only the highly
linear n-pentyl (Cpd 11) and the benzylGpd 12) analogs retain cytotoxicity in high doses
(ICs0 = 162+0.13 and 174.8+0.09 uM respectively). Thanefit may be assumed that
pentyl substitution Cpd 11) should be optimum to retain MDA-MB-231 cellulartatoxicity

in high dose.



Compared to A-549 and MDA-MB 231 cell lines, thesempounds are found to be better
effective in K-562 and U-937 cell lines. Regardihg cytotoxic profile in K-562 cell line,
the SAR data suggests that the smaller groupsasiblydrogenGpd 5), methyl Cpd 6) and
ethyl Cpd 7) at the R positionTable 2) result in inactivity. Interestingly, branchingtae R
position with thei-propyl moiety Cpd 8) result in effective inhibition against K-562 g
19.8+0.2 uM) whereas increasing the length withithetyl function ¢pd 10) at R position
yields more than 2 folds reduction in cytotoxici(yCsp = 42.45+0.23 uM). The
corresponding linear alkyl function, i.en;butyl (Cpd 9) results in more or less similar
activity (1Cso = 19.7+0.32 uM) compared to thropyl analog Cpd 8).Increasing the chain
length with the n-pentyl functionCpd 11) at the R position is found to be similar active
(IC50 = 17.920.04 puM) compared to the i-prop@pd 8) andn-butyl analog Cpd 9). Apart
from linear and branched alkyl substitution at Bipon, interestingly, it is observed that the
aryl function such as the benzyl moieGpd 12) produces comparatively effective inhibition
(ICs50 = 23.41+0.02 uM). Therefore, it may be assumetldhd function may be important at
this position to maintain the cytotoxic profile whas long chain alkyl functions (namedy
pentyl) impart the highest cytotoxicity as far as thelsgagnine analogs are concerned.
These compound<pds 5-12) are also screened against U-937 cell line. ExCgpuat 5 and

6, other analogsQpds 7-12) exhibit moderate activity against U-937 cell litteough the
cytotoxicity of these molecule<pds 7-12) over U-937 is found better compared to the
cytotoxicity in A-549 and MDA-MB-231 cell lines. Is interesting to notice that compounds
with no substitution and smaller alkyl (methyl) stitution Cpds 5-6) are inactive in U-937
cell line whereas increasing the chain length anl#tibess either linear or branched alkyl
functions Cpds 710) at R position yield cytotoxic feature though nacls difference is
observed regarding the cytotoxicity among themerkstingly, the bulky linear group at the

R position (such as-pentyl: Cpd 11) is found to exhibit 3 folds higher potency G-
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32.14+£0.07 pM) compared to the lesser alkyl fumdi@Cpds 7-10). Moreover, the aryl
moiety such as the benzyl substituti@pd 12) at the R positionTable 2) yields more than
3 folds loss in U-937 cytotoxicity (Kg = 102.33+0.03 uM) compared to thegentyl analog
(Cpd 112).

Therefore, combining results of all these cytotoadativities found in these different cell
lines, it may be assumed that thepentyl analog Cpd 11) is the best one regarding
producing cytotoxic effects in all these four dafles though it produces nonselectivity in
MMP assay Table 2). As a resultCpd 11 was taken into consideration for further biologica
screening.

2.4. DNA nick generation assay

The 4',6-diamidino-2-phenylindole (DAPI) was usedstain nicked DNA, if any. Nicked
DNA showed increased fluorescence of DAPI, whiahdbwvith the nicked region of DNA.
As Cpd 11 shows the best cytotoxic efficacy in K-562 catidlj it was further studied in K-
562 cells for DNA nick generation. After stainingtivDAPI the fixed cells either untreated
or treated witifCpd 11 were visualized under fluorescence microscope.flidoescence was
observed in K562 cell ling={g. 2A). Detectable increased fluorescence of DAPI wasdo
after 48 h in K562 cells when treated with incragsiloses (2.5-10 uM) @pd 11 (Fig. 2B-
2D). This dose dependent increase in fluorescen&Adfl indicates that thi€pd 11 bears

the ability to bring nick in cellular DNA which & hallmark feature of apoptosis.
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(D)

Fig. 2. Fluorescence imaging of K562 cells after DAPI gtagn K562 cells was being treated
with Cpd 11 at the doses of (A) OuM (B) 2.5uM (C) 5uM (D) 10j8Md stained with DAPI

to observe DNA nick generation. Arrow indicateskeid DNA with intense fluorescence.

2.5. Apoptotic assay after annexinV/propidium iodide staining

Flow cytometry by dual staining of annexin V anegdium iodide (PI) is a technique by
which apoptotic or necrotic cell death percentagyéding calculated. The increase in both
annexin-V positive and Pl negative cells indicadyeapoptosis and both annexin-V and PI
positive cells indicate late apoptosis when flowoayetric data are being analyzed after dual
staining with annexin V-FITC and PI. The flow cytetnic analysis reveals a progressive
increase in the annexinV-FITC positive populatidncells as compared to the untreated

control (Fig. 3). Cpd 11 induces almost upto 300 fold both early and l&iéutar apoptosis

12



when compared with the untreated control. This datggests the state of drug induced

apoptosis.

Gate: (P1 in al
g P N

q Cate: (P1 in all

(D)

Fig. 3. AnnexinV-FITC/PI assay. Flow cytometric analysisealK562 either (A) untreated or

treated with (B) 2.5 uM (C) 5 uM and (D) 10 uM dade€pd 11.

2.6. Cdll cycle assay

Cell cycle stages were being identified throughwfloytometry after Pl staining followed by
RNAse treatment. The increase in sub-G1 cell pajman cell cycle indicated cellular
apoptosis and arrest. In this experiment, flow mgtric analysis indicates a significant
increase in sub diploid cell population (sub-G1)K&62 cell line after the treatment of the
Cpd 11 An increase of sub-diploid cell population (sutb}3@rom 1% (at O uM dose) to
4.6% (in 10 pM dose) suggests that tBpd 11 has the potentiality to block the cell

progression and survivability by arresting the &fzell cycle arrestHig. 4).
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(A) (B)

Fig. 4. Cell cycle analysis after Pl stainin@pd 11 at the doses of (A) 0 uM (B) 2.5 uM (C)
5 uM and (D) 10 uM was given to K562 cells and &ibeell cycle arrest (M8) was in flow
cytometry after being stained with Pl. G1, G1/S @&IM stages are designated as M3, M6,

M7 respectively.
2.7. Invasion assay of K562 cell line

The anti-invasiveness of the synthesized compowadsevaluated by a fluorimetric QCM
EC Matrix Cell Invasion Assay kit (Millipore, USA)ased on Boyden chamber principle.
Modulation in the invasion process of K562 celkliwas performed and the percentages of
invaded cells are graphically presented Rig. 5A. The inhibition was found to be
12.40+1.15%, 14.20+0.9%, 24.10+0.182% after inducof 2.5 uM, 5 uM and 10 pM of

Cpd 11 treatment respectivelfFig. 5A) which shows highly significant®<0.001) when
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compared to untreated control (0+£1.35%). Thesaltesdicate that th€pd 11 has the

potentiality to be anti-invasive against K562 diglé.
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Fig. 5.Invasion assay and MMP-2 expression analysisInvasion assay of K562 cells after
being treated with 0, 2.5, 5 and 10 uM @©pd 11 for 24 hours.Data are expressed as
percentage of control and presented as mean £/5{.001 were considered as statistically
significant.(B) Western blots of MMP-2 anf-tubulin were being don€C) Relative band
intensities of MMP-2 andg-tubulin are calculated3-tubulin was being used for loading
correction. Data were expressed as percentage mifotaand presented as mean + SD.
¥P<0.001 are considered as statistically significéd} Flow cytometric analysis of MMP-2
expression analysis. V2-L and V2-R were being aered as MMP-2 negative and MMP-2

positive cells respectively.

2.8. MMP2 expression assay and western blot analysis
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MMP-2 expression was analyzed through westernasidtflow cytometry. Western blot was
done to confirm theCpd 11 induced downregulation of MMP-2. Results of westetot
analysis indicatedpd 11 downregulated the expression of MMP-2 after 48 Imduction
(Fig. 5B). Band intensity was found to be lowered afteatiment ofCpd 11 which is highly
significant P<0.001) Fig. 50).

Furthermore, flow cytometry was done to chéiid 11 induced modulation of MMP-2
expression. Untreated @pd 11treated cells were fixed and stained with MMP-Zlzody.
Thereafter, cells were stained with the secondamyibady labeled with fluorescein
isothiocyanate (FITC). The MMP-2 positive cell ptaiion was found to be inhibited after
treatment withCpd 11 Flow cytometric data revealed that at 2.5 uM,Ns and 10 uM of
Cpd 11 treatment 26.30%, 18.90% and 15.60% cells wersandoto MMP-2 positive
respectively whereas the untreated one showed 9®#¥MP-2 positivity (Fig. 5D).
Therefore, this data indicates that the synthesilezdl compound Gpd 11) has the
potentiality to inhibit the MMP-2 expression almogtto 80.10% at the highest dose (10 uM)
which is significant.

2.9. Molecular docking study

The ligand-enzyme interaction study of these comdsuCpd 5-12) with both MMP-2 and
MMP-9 was done by molecular docking where the paldir binding site and affinity of the
ligand for the specific enzyme was calculated amdrpreted. All these compounds were

docked into the active site of MMP-2 and MMPHY. 6).
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(B)

Fig. 6. Docked conformation of compound€dd 5-12) along with the structure-based
hydrophobic contour map in A) MMP-2 enzyme (pdb:(\j, B) MMP-9 enzyme (pdb:
20W1)

Regarding the docking interactions of these comgs@pd 5-12) with both these enzymes,
it is noticed that all these compounds coordinaita the catalytic ZA" ion at the active site
of these enzymes through the carboxylic acid fancfrig. 6A andFig. 6B). The 2D view of
docking interactions for all these compoun@pd 5-12) with both MMP-2 and MMP-9

individually are shown ifrig. 7 andFig. 8 respectively.
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Fig. 7. Molecular docking interaction of compound3pd 5-12) with MMP-2 enzyme (pdb:
1HOV)

18



> . @
- g_n/ o D
3 5«0/9
= g
<
3 ° X

Fig. 8. Molecular docking interaction of compound3pd 5-12) with MMP-9 enzyme (pdb:
20W1)
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Here, the ligand-enzyme interaction suggests tmatcarboxyl group of these compounds
(Cpd 5-12) is making a salt bridge with the catalytic zinc bmth MMP-2 (PDB: 1HOV) and
MMP-9 (PDB: 20W1) enzymes. In case of MMP-2, theboayl groups of these compounds
(Cpd 5-12) interacts with Zn166Hig. 7) whereas the same carboxyl group interacts with
Zn444 of MMP-9 Fig. 8) at the enzyme active site. TipeNitrophenylsulfonyl function
enters into the hydrophobic Sdocket of MMP-2 enzyme formed by Leu82, Leu83,1Val
Tyrl42, llel41, Prol40, Alal39 and LeulXsg 6 andFig. 7) whereas the same function
enters into the hydrophobic pocket formed by thdnamacid residues namely Tyr423,
Metd422, Tyr420, Leu397, Ala4l7, Leud418, Val398 dmli397 Fig. 8). Regarding the
docking interaction with the MMP-2 enzymEig. 7), exceptCpd 6 and9, phenyl group
associated with the sulphonyl function of other poomds Cpds 5, 7, 8, 10, 11 and 12)
forms arn-n interaction with His120 amino acid residue aténeyme active site. Apart from
n-w interaction, the phenyl group is found to foragation interaction with catalytic Zhion
(Fig. 7). In some of these compoundSpd 5, 7, 11), the nitro group forms salt bridge
interaction with the negatively charged Glul21 amacid residue. Some compoun@pd

6, 9, 12) forms n-cation interaction with His120 by the nitro grospbstituted at thgara
position of the phenyl ring. Regarding the hydro@pemding interaction, it is observed that
one of the sulphonyl oxygen atoms acts as a hydrdgad acceptor function through
interacting with the backbone amino acid residues83 and Ala84 for compounds 8, 10 and
12 (Fig. 7). Moreover, backbone amino acid Ala84 is also tbtm form a hydrogen bond
with the amide function adjacent to the sulfonybugy Cpd 5-9, 11-12). The long chain
alkyl functions associated with the carboxamide ugraend towards the SZyocket
surrounded by hydrophobic amino acid residues named85, Ala88, Pro89, Alal25 and
Phe87 Fig. 6 and Fig. 7). Ala86 is another important backbone amino aegldue that is

found to form hydrogen bonding interaction with tb&bonyl group of the carboxamide
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function Cpd 5-8, 12). Due to the higher flexibility of the higher alkijinction adjacent to
the carboxamide group, the carbonyl group may fagdrogen bonding interaction with

His85 (Cpd 10) or His120 Cpd 11).

Regarding the molecular docking study of these aamgds with MMP-9, The-nitrophenyl
group associated with the sulphonyl group entdrstime hydrophobic Shocket surrounded
by amino acid residues Tyr423, His401, Tyr420, 18543Leu418, Val398 Kig. 6).
Moreover, the phenyl group is found to interactmitis401 amino acid residue throumx
stacking interactionGpd 5-6, 8-10). For Cpds 7 and 11, a n-cation interaction is noticed
between the nitro group and His401 amino acid tes{ig. 8). One of the sulphonyl oxygen
atom forms hydrogen bonding interaction with bacid@mino acids Leul8&pd 7) or
Ala89 (Cpd 9, 11) (Fig. 8). Again, the amide group of the carboxamide moigtfjound to
form hydrogen bonding interaction with Gly186dd 5-6, 8). The long chain alkyl function
due to higher flexibility tends towards the hydroplt S2 pocket formed by amino acid

residues namely Gly186, Leul87, Leul88, His190@lyd 78 Fig. 6 andFig. 8).

3. Conclusion

In the present work, an MMP-2 targeted pentanoid &aving good cytotoxicity against
leukemia cell line has been identified as the |&msked on our earlier observations [13, 14],
some new pentanoic acid analogs were designed wmtesized keeping in mind the
solubility factor compared to the earlier analogB.these analogs exhibited the gelatinase
inhibition in lower micromolar concentration aswias presumed that these analogs were
structurally related to the earlier reported computsu The major issue is to judge whether the
cytotoxicity has been achieved or not by incorgagathe nitro function in the phenyl ring at
the para position of the aryl moiety. Interestinglijese newer analogs exhibited higher
cytotoxicity compared to the earlier reported agald14] though these newer analogs

showed lesser gelatinase inhibition over the earkported compounds. Among all these
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synthesized compounds, thgentyl analogCpd 11) may be considered as the lead as this
compound produces comparatively better cytotoxafilger over other analogs in this series.
Fluorescence imaging indicated tiggid 11 induced nicked DNA of K562 cell line which is
a hallmark of apoptosis. Flow cytometric analysiglges also reveal that the compou@gd

11) induced cytotoxicity was apoptotic in nature assignificant number of cells are
annexinV positive. This apoptotic efficacy is fugthbeing confirmed by cell cycle assay as
the n-pentyl analogQpd 11) may arrest the sub-G1 stage of cell cycle ingniicant
proportion. Besides the apoptotic property, @ 11 is being found to block the invasion
of K562 cell line as evidenced by the matrigel siea assay.

Molecular docking analysis reveals a significantefaction of this compound with both
MMP-2 and MMP-9. However, the enzymatic study iatiis all these compounds including
Cpd 11to have more or less inhibitory activity only on NW2 over MMP-9. Besides this,
flow cytometry and western blot analysis show digant inhibition of MMP-2 expression
after Cpd 11 exposure against K562 cell line. Early studiesseferal workers have
suggested that MMP-2 downregulation might be linketth the anti-invasive and apoptotic
cell death property of cancer cells [15-19]. Theref our compoundQpd 11) which is
found to be a nonspecific inhibitor of MMP-2 and MM might lead to generate the anti-
invasive and apoptotic nature of the compound ay&i662 cell line. As all these molecules
have better solubility compared to the earlier reggb molecules [14], these may exhibit
better cytotoxicity against cancer cell lines suh K-562 and U-937. However, their
gelatinase inhibitory activity may be lower as gjekase inhibition may be mainly dependent
on the bulky hydrophobic aryl group directed toveatide S1pocket. Due to the presence of
carboxylic acid function as zinc binding group,glenolecules exhibit gelatinase inhibition
but due to the presence of fvaitrophenyl group instead of bulky higher aryl ¢tion, these

molecules show lower gelatinase inhibition. Therefdhe lower hydrophobic character is
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the main reason controlling the cytotoxicity of skemolecules. Even though all these
compoundsCpd 5-12) exhibit lower gelatinase inhibition, compoundgshnigher linear or
branched chain alkyl and aryl functior@3od 8-12) exhibit cytotoxicity against K-562 and U-
937 cell lines. Interestingly, it may be the lodgm alkyl g-pentyl) function ofCpd 11 that
may be able to bind properly with both these MMRfi MMP-9 enzymes and produce
nonselective gelatinase inhibition. The unique eg&iad linearn-pentyl function may,
therefore, be able to exhibit cytotoxic featurenglovith the downregulation and reduced
expression of the MMP-2 enzyme. Therefore, thislstmay help to validate the mechanism
of MMP-2 inhibition mediated cytotoxicity againstironic myeloid leukemia cell line
(K562). Regarding this, there is no significant mund has been reported so far which is
found to be a potent MMP-2 inhibitor and also angpsis inducing agents against leukemia
cells [9-12]. Therefore, this study particularly enges the significance. Furthermore, this
analysis may be taken into consideration for adeagxploration of the lead candidate to
design the better gelatinase inhibitor with thehleigcytotoxic profile in future.

4. Experimental section

4.1. Chemicals and reagents

All major chemicals/culture/antibodies media weré tbhe analytical/extra-pure grade.
Dulbecco’s modified Eagle medium (DMEM), fetal bo&i serum (FBS), penicillin-
streptomycin-neomycin (PSN) antibiotics, trypsindaethylenediamine tetraacetic acid
(EDTA) were obtained from Gibco BRL (Grand Islaidly, USA). Tissue culture plastic
wares were purchased from BD Bioscience (USA).

All organic solvents used were of HPLC grade. [3-Btdimethyl-thiazol-2-yl)-2, S-
diphenyltetrazolium bromide (MTT), propidium iodidel), 4', 6-diamidino-2- phenylindole
(DAPI) etc were purchased from Sigma Aldrich (USA)Annexin V-FITC apoptosis

detection kit was purchased from Calbiochem, Geymahe MMP-2 and MMP-9 enzyme
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assay kit were purchased from Enzo Life Sciencert@tional, Inc. (Plymouth Meeting, PA,
USA). Anti-MMP-2 monoclonal antibodies and antid#tb secondary antibody were
purchased from Santa Cruz Biotechnology Inc, USKAe Primary antibodies d-tubulin
and FITC-conjugated secondary antibody were obdafr@am Cell Signalling Tech (USA).
The DAB substrate system was purchased from Amyés8a.

4.2. Synthesis

The designed compounds were synthesized and cearact Chemical reactions were
checked by analytical thin layer chromatography@J lusing silica gel G plates (TLC silica
gel GRs4 Merck, Germany). Spots were developed using iodimember. Melting points
were uncorrected and measured on a capillary gghtnt apparatus and mel-temp electro-
thermal apparatus. These were checked in CTRONI@Bald melting point apparatus.
Optical rotations of compounds were seen in Pagimer type 141 polarimeter. Mass
spectroscopic analysis was done in an LC MS/MSunsnt [The LC, Agilent coupled to
Electrospray ion (ESI) mass spectrometer having sMBEsinter Quantitative Analysis
software], Nuclear magnetic resonance (NMR) spetéi@ obtained from an AC Bruker 400
MHz FT-NMR spectrometer with tetramethylsilane (TM@&s the internal standard.
Compounds were dissolved in dimethyl sulfoxide-@BMGO-d6). Splitting patterns are
mentioned as s (singlet), d (doublet), t (tripladd m (multiplet).’*C NMR of these
compounds was performed in Bruker 400 MHz FT-NMRcmpmeter. Infrared (IR) spectra
were recorded on a Bruker alpha 11960095 FT-IRunstnt. Elemental analyses of these
compounds were conducted in a PerkinElmer 2400e$¢ériCHNS/O Elemental Analyzer.
As the diacid 8) and the monoacid4) were reported earlier [20], general procedures fo
preparations of these compounds are not discussed h

4.2.1. General procedure for preparation of pentanoic acid analogs (Cpd 5-12):
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The monoacid4) was subjected to amination with some amines tdlgedesired products
(Cpd 5-12. In a conical flask, a slurry of the monoacid gmund @) was prepared in 20 mi
distilled water. Excess amines are added indivigui these suspensions. The reaction
mixture was kept overnight and heated on a watén ba remove the unreacted excess
amines. Finally, the mixture was cooled down tommaemperature. 6(N) hydrochloric acid
was added dropwise to the reaction mixture in anbiath for liberation of pentanoic acids.
The precipitate was filtered off and washed witkdowater thoroughly to obtain the desired
compoundsCpd 5-12). These compounds were recrystallized with haamdhwith charcoal
treatment.

All the final products were characterized throughssispectroscop! NMR, **C NMR and
FTIR analysis as well as elemental analysis. Theséytical data are given below:

4.2.2. (25)-5-amino-5-oxo-2-[ (nitrobenzene-4-yl sulfonyl) amino] pentanoic acid (5)

Yield 63.24%, mp 181-188, MS (ESI Positive) m/z [M+H: 332.06."H NMR (DMSO-ds,
400 MHz, ppm)3 8.40-8.37 (dJ) = 8.8 Hz, 2 Ar-H),5 8.02-8.00 (dJ) = 8.8 Hz, 2 Ar-H)d
7.26 (m, 1H, SGNH), & 6.75 (s, 2H, CONb), & 3.78 (m, 1H, CH) 2.09-2.05 (tJ = 7.2
Hz, 2H, CH), 5 1.91-1.63 (m, 2H, CH. **C NMR (DMSO-d6, 101 MHz, ppm) 173.47,
172.80, 149.84, 147.18, 128.54, 124.80, 55.86,831268.14. Anal. Calc. for gH;13N30;S:

C, 39.88; H, 3.96; N, 12.68; S, 9.68. Found. C140H, 3.79; N, 12.89; S, 9.86. FTIR (KBr,
cml): 3324 (NH str of SGNH), 3125 (NH str Of CONH), 3041 (Ar-C-H str), 2857825
(ali C-H str), 1685 (CO str of COOH), 1565, 1518=Distr of Ar-NQAsym.), 1428 (ali C-H

def), 1334, 1228 (S=0 str of 98H), 855, 834, 798, 724 (Ar C-H def)

4.2.3. (29)-5-0x0-2-[ (nitrobenzene-4-yl sulfonyl) amino] -5-(methylamino) pentanoic acid (6)

Yield 81.91%, mp 206-268, MS (ESI Positive) m/z [M+8: 346.10, [M+H+Na'] 368.10.
'H NMR (DMSO-d6, 400 MHz, ppm) 8.61-8.59 (m, 1H, CONH) 8.40-8.38 (d,) = 8.8
Hz, 2 Ar-H), 8.02-8.00 (d,) = 8.8 Hz, 2 Ar-H),06 7.70-7.69 (m, 1H, SIH), 6 3.80-3.79
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(m, 3H, CHy), 3 3.45-3.40 (m, 1H, CH)§ 2.09-2.05 (tJ = 7.6 Hz, 2H, Ch), 5 1.94-1.62 (m,
2H, CH). *C NMR (DMSO-d6, 101 MHz, ppm) 172.79, 171.70, 149.84, 147.13, 128.51,
124.79, 55.76, 31.24, 28.20, 25.88. Anal. Calc. @gsH15N30;S: C, 41.74; H, 4.38; N,
12.17; S, 9.29. Found. C, 41.42; H, 4.69; N, 12259.51. FTIR (KBr, cil): 3372 (NH str
of SONH), 3254 (NH str of CONH), 3068 (Ar CH str), 298dli CH strAsym), 2867 (ali
CH str), 1712 (CO str of COOH), 1582 (N=0 str ofld@,Asym.), 1428 (ali C-H def), 1298

(asym. S=0 str of SDIH), 1137 (sym. S=0 str of SAH), 958, 865, 826, 756 (Ar C-H def)

4.2.4. (29)-5-0x0-2-[ (nitrobenzene-4-yl sulfonyl) amino] -5-(ethylamino) pentanoic acid (7)
Yield 78.72%, mp 219-22C, MS (ESI Positive) m/z [M+H: 360.0, [M+H+Na'] 382.0.
'H NMR (DMSO-d6, 400 MHz, ppm) 8.61-8.59 (m, 1H, CONH) 8.40-8.38 (d,) = 8.8
Hz, 2 Ar-H), 3 8.02-8.00 (dJ = 8.4 Hz, 2 Ar-H),8 7.78-7.75 (m, 1H, SH), 3 3.83-3.78
(m, 1H, CH),3 3.05-2.95 (m, 2H, N-CH1), 8 2.11-2.01 (m, 2H, Ch), & 1.94-1.62 (m, 2H,
CH,), 5 0.98-0.94 (tJ = 7.2 Hz, 3H, Ch). *C NMR (DMSO-d6, 101 MHz, ppm) 172.78,
170.90, 149.83, 147.19, 128.53, 124.79, 55.80,33B71.38, 28.26, 15.09. Anal. Calc. for
Ci3H17N3O;S: C, 43.45; H, 4.77; N, 11.69; S, 8.92. Found4&83; H, 5.07; N, 12.03; S,
8.76. FTIR (KBr, crit): 3334 (NH str of SGNH), 3220 (NH str of CONH), 3015 (Ar CH
str), 2845, 2812 (ali CH str), 1674 (CO str of COQ1b63 (N=0 str of Ar-N@Asym), 1462
(ali C-H def), 1266 (asym. S=0 str of CH), 1134 (sym. S=0 str of SOH), 943, 862,

824, 786 (Ar C-H def)

4.2.5. (29)-5-0x0-2-[ (nitrobenzene-4-yl sulfonyl) amino] -5-(isopropylamino) pentanoic acid
(8)

Yield 92.60%, mp 235-23C, MS (ESI Positive) m/z [M+H: 374.0."H NMR (DMSO-ds,
400 MHz, ppm)3 8.59 (m, 1H, CONH)3 8.40-8.38 (dJ) = 8.8 Hz, 2 Ar-H), 8.02-8.00 (d,

= 8.8 Hz, 2 Ar-H), 7.68-7.66 (m, 1H, SBH), 3.81-3.78 (m, 1H, CH dfPropyl), 3.74-3.71
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(m, 1H, CH), 2.08-2.04 (| = 7.8 Hz, 2H, CH), 1.93-1.61 (m, 2H, C}), 1.01-0.98 (m, 6H,
2CHs). *C NMR (DMSO-d6, 101 MHz, ppmd 172.74, 170.26, 149.82, 147.19, 128.54,
124.75, 55.83, 40.66, 31.51, 28.34, 22.76. Analc.Gar C;4H19N30;S: C, 45.03; H, 5.13;
N, 11.29; S, 8.59. Found. C, 45.23; H, 4.85; N8&0S, 8.78. FTIR (KBr, cif): 3360 (NH
str of SQNH), 3246 (NH str of CONH), 3025 (Ar CH str), 288&li CH strAsym), 1695
(CO str of COOH), 1549, 1519 (C=C str of Ar), 13840 str of SGNH), 1261 (CO str and

OH def of COOH), 1125 (sym. S=0 str of M), 824, 733 (Ar C-H def)

4.2.6. (25)-5-0x0-2-[ (nitrobenzene-4-yl sulfonyl) amino] -5-(butylamino) pentanoic acid (9)
Yield 89.25%, mp 209-2PC, MS (ESI Positive) m/z [M+H: 388.0.*H NMR (DMSO-ds,
400 MHz, ppm): 8.60-8.59 (m, 1H, CONH), 8.40-8.38 (= 8.4 Hz, 2 Ar-H), 8.02-8.00
(d,J = 8.8 Hz, 2 Ar-H), 7.76-7.73 (m, 1H, $H), 3.81 (m, 1H, CH), 3.00-2.94 (m, 2H, N-
CH,-1), 1.93-1.61 (m, 2H, CH, 1.34-1.21 (m, 4H, N-CH2 and N-CH-3), 0.87-0.83 (t] =
7.0 Hz, 3H, CH). *C NMR (DMSO-d6, 101 MHz, ppm) 172.78, 171.05, 149.80, 147.21,
128.54, 124.75, 55.82, 38.58, 31.61, 31.41, 28.B8.99, 14.05. Anal. Calc. for
Ci15H21N30;S: C, 46.50; H, 5.46; N, 10.85; S, 8.28. Found4€&27; H, 5.32; N, 11.18; S,
8.16. FTIR (KBr, crit): 3312 (NH str of SGNH), 3120 (NH str of CONH), 2965, 2935 (Ar
CH str), 2833 (ali CH str), 1682 (CO str of COOH}12 (C=C str of Ar), 1298, 1185 (S=0

str of SQNH), 842, 798, 735 (Ar C-H def)

4.2.7. (29-5-ox0-2-[ (nitrobenzene-4-yl sulfonyl) amino] -5-(isobutylamino) pentanoic acid
(10)

Yield 76.86%, mp 204-26€, MS (ESI Positive) m/z [M+H: 388.10.*H NMR (DMSO-d6,
400 MHz, ppm):d 8.61-8.59 (m, 1H, CONH), 8.40-8.38 (#l= 8.8 Hz, 2 Ar-H), 8.02-8.00
(d,J = 8.8 Hz, 2 Ar-H), 7.79-7.77 (m, 1H, $KH), 3.81-3.80 (m, 1H, CH), 2.84-2.77 (m,

2H, N-CH-1), 2.13-2.09 (t]) = 7.4 Hz, 2H, CH), 1.94-1.85 (m, 1H, CH dfButyl), 1.71-
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1.58 (m, 2H, CH), 0.81-0.79 (m, 6H, 2CH. **C NMR (DMSO-d6, 101 MHz, ppmp
172.77, 171.18, 149.82, 147.21, 128.55, 124.7845516.45, 31.42, 28.46, 28.42, 20.53.
Anal. Calc. for GsH21N30;S: C, 46.50; H, 5.46; N, 10.85; S, 8.28. Found4&79; H, 5.82;
N, 10.48; S, 8.54. FTIR (KBr, cf): 3325 (NH str of SGNH), 3155 (NH str of CONH),
3036 (Ar CH str), 2871, 2826 (ali CH strAsym), 174@0 str of COOH), 1562 (N=0O str of
Ar-NO,), 1438 (C=C str of Ar), 1316, 1137 (S=O str of 86, 916, 872, 794, 712 (Ar C-H

def)

4.2.8. (25)-5-0x0-2-[ (nitrobenzene-4-yl sulfonyl) amino] -5-(pentylamino) pentanoic acid (11)
Yield 86.82%, mp 215-2£T, MS (ESI Positive) m/z [M+H: 402.00, [M+H+Na'] 424.00.
'H NMR (DMSO-d6, 400 MHz, ppm)> 8.60-8.58 (m, 1H, CONH), 8.40-8.38 (@= 8.8
Hz, 2 Ar-H), 8.02-8.00 (dJ = 8.8 Hz, 2 Ar-H), 7.76-7.74 (m, 1H, $H), 3.81-3.80 (m,
1H, CH), 3.02-2.90 (m, 2H, N-GHl), 2.10-2.04 (m, 2H, C§), 1.93-1.61 (m, 2H, C}),
1.37-1.16 (m, 6H, N-CKH2, N-CH-3 and N-CH-4), 0.87-0.83 (tJ = 7.0 Hz, 3H, Ch). °C
NMR (DMSO-d6, 101 MHz, ppmd 172.78, 171.01, 149.82, 147.21, 128.54, 124.7T8%5
38.87, 31.40, 29.19, 29.05, 28.34, 22.28, 14.3@lADalc. for GeH23N30;S: C, 47.87; H,
5.77; N, 10.47; S, 7.99. Found. C, 46.60; H, 518910.08; S, 8.26. FTIR (KBr, C'llr): 3362
(NH str of SQNH), 3192 (NH str of CONH), 3025 (Ar CH str), 28@&i CH str), 1683 (CO
str of COOH), 1582, 1525 (N=0O str of Ar-NYp 1437 (Ali C-H def), 1358, 1142 (S=0O str of

SO:NH), 968, 878, 826, 741 (Ar C-H def)

4.2.9. (29)-5-0x0-2-[ (nitrobenzene-4-yl sulfonyl) amino] -5-(benzylamino) pentanoic acid (12)
Yield 88.24%, mp 191-198, MS (ESI Positive) m/z [M+H: 422.00.*H NMR (DMSO-d6,
400 MHz, ppm):d 8.61 (m, 1H, CONH), 8.39-8.37 (d,= 8.8 Hz, 2 Ar-H), 8.34-8.32 (m,
1H, SQNH), 8.02-7.99 (d,J = 8.4 Hz, 2 Ar-H), 7.32-7.28 (f, = 7.0 Hz, 2 Ar-H of benzyl),

7.24-7.20 (tJ = 7.4 Hz, 3 Ar-H of benzyl), 4.22-4.20 (m, 2H, ¢#&f benzyl), 3.83 (m, 1H,
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CH), 2.19-2.16 (t) = 7.4 Hz, 2H, CH), 1.96-1.68 (m, 2H, CH. **C NMR (DMSO-d6, 101
MHz, ppm) & 172.76, 171.32, 149.84, 147.21, 139.95, 128.7@.542 127.60, 127.17,
124.79, 55.84, 42.47, 31.40, 28.33. Anal. CalcGaH:10Ns0;S: C, 51.30; H, 4.54; N, 9.97;
S, 7.61. Found. C, 51.45; H, 4.89; N, 10.13; S37MTIR (KBr, cm'): 3307 (NH str of
SO:NH), 3112 (NH str of CONH), 3026 (Ar CH str), 2832807 (ali CH str), 1695 (CO str
of COOH), 1532 (N=0 str of Ar-N§), 1345, 1178 (S=0O str of SBH), 845, 798, 724 (Ar

C-H def)

4.3. Matrix metalloproteinase (MMP) inhibition assay

MMPs (MMP-2, MMP-8, MMP-9, MMP-12 and MMP-14) inhilon assays were carried
out using MMP inhibitor prfiling kits (Enzo Life Science International, Inc.lymouth
Meeting, PA, USA) following the manufacturer's mrodl. The concentration of chromogenic
substrates was detected by its absorbance valddGtnm in a microplate photometer
(Thermo Scientific Multiscan FC, USA). Enzyme réas were performed at 3T for 1 h

in a 100 ml final volume of solutions with at least concentrations of inhibitors (except the
control) in triplicate. Ater addition of the substrate, the increase in dlasme was recorded
at 1 min time intervals for 30 minutes at 410nmhvithie help of the microplate photometer
(Thermo  Scienfic  Multiscan FC, USA). An inhibitor, N-isobutyl-N<{4
methoxyphenylsulfonyl)glycylhydroxamic acid (NNGMjgs included as a prototype control
inhibitor. The concentrations of compounds thawme 50% inhibition of enzymatic activity
(ICsq) were determined by semi-logarithmic dose-respmhsts.

4.4. Cél lines

Human cancer cell line, A549 (non-small cell lurapcer cell line), MDA-MB-231 (breast
cancer cell line), K562 (chronic myeloid leukem&l dine), U937 (acute leukemia cell line)
were collected from National Centre for Cell Scegneune, India. Human normal peripheral
blood mononuclear cell (PBMC) was isolated frommak healthy human. A549, and MDA-
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MB-231 cells were cultured in DMEM and K562, U937daPBMC were cultured in RPMI-
1640 with 10% heat inactivated foetal bovine serfBS) and 1% antibiotic (PSN) and
maintained at 37°C with 5% G@n a humidified incubator. Adherent cells (A54diDA-
MB-231) were harvested with 0.025% trypsin and Ol EDTA in phosphate buffer
saline, plated at required cell numbers and alloveeddhere for minimum ~ 24h before
treatment.

4.5. Treatment with the synthesized compounds

For MTT assay, the cell lines were exposed to fmhesized compound€pd 5-12) with
different concentrations at %2 in DMEM or RPMI-1640 supplemented with the seruss.
positive control, equal volume of medium was adietthe untreated cells.

4.6. Cell viability assay

Cell viability was determined using MTT assay. ByieA549, MDA-MB-231, K562, U937
and PBMC cells were seeded in 96 well plates @raity of 1x18cells per well. These cells
were allowed to settle for 24 h before treatmerite Eells were treated with synthesized
compounds €pd 5-Cpd 12) for 48 h with 5% CQ@at 3PC. Cell viability was measured by
MTT assay. The control values corresponding touthteeated cells were taken as 100% and
the viability data of the treated ones were exm@sss the percentage of control. TheylC
values were determined as the concentration tloicesl the cell viability by 50%. Among
all the synthesized compounds, the lead compoGpd (L1) was found after analyzing the
ICsovalues.

4.7. DNA nick generation assay

K562 cells (~2x1t) were plated in 40 mm culture dish and allowedjtow for 24 h. Both
untreated and treated (I8pd 11 at the dose of 2.5, 5 and 10 uM) cells were ctdtt@and

fixed with 70% chilled ethanol for 1 h. Thereaftdre fixed cells were rinsed twice with PBS
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and stained with 10 uM DAPI for 30 min to determdrag induced DNA nick generation, if

any, under a fluorescence microscope (Zeiss Axtici@CFL).
4.8. Apoptotic assay by flow cytometry after annexin V/PI staining

The apoptosis assay was done by using an annekiif @-apoptosis detection kit which was
purchased from Calbiochem, Germany. Briefly, the6XBells (~2x1f) were treated with

the Cpd 11 for 48 h. Cells were harvested and washed withsphate buffer saline (PBS).
The harvested cells were incubated with annexinlMGH100 ng/ml) and PI (50 ug/ml) at
room temp for 15 min in the dark and analyzed usinACS Calibur (BD Bioscience)

taking minimum 10,000 cells in each sample.
4.9. Cdl cycleanalysis

Briefly, ~2 x 1¢ K562 cells were seeded and treated with@pel 11 for 24 h. Cells were
recovered, washed twice with cold PBS and fixedQfo chilled ethanol. Cells were washed
twice in PBS, incubated for 1 h at room temp wi@®1g/ml RNAse A. After that, 50 pg/ml
Pl was added and cells were incubated for 15 mithendark and were analyzed using a
FACS calibur flow cytometer (BD Bioscience) [21]e thousand events were analysed for
each sample using the appropriate gating to selagte cell population and the same gate

was used for all these samples.

4.10. Invasion assay

Inhibitory effect of theCpd 11, if any, on K562 cells was estimated through fion@tric
QCM EC Matrix cell invasion assay (ECM 555, Millig). Briefly, K562 cells (1X19
cells/ml) were starved overnight in FBS-free medice cells were harvested and
resuspended in each well of the insert within FE&® fmedia with 5% bovine serum albumin
(BSA). The lower tray which is called the feedaytrcontained media with 5% FBS as a

chemoattractant. Th€pd 11 with the concentrations of 2.5, 5 and 10 uM wadeddin
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triplicates to these cells and incubated for 2dking an untreated control. Invasive cells are
able to invade through a basement layer of matexirane solution and cross the pores of
polycarbonate membranes to adhere at the bottaheahserts. The cell detachment solution
was used to dissociate the adhered cells. CyQuaniyeRvas used to detect the detached
cells. The fluorescence was measured with a mutienmicroplate reader at 480 nm
excitation and 520 nm emission (SpectraMax, MokecDlevices, USA) spectra.

4.11. MMP-2 expression analysis

The K562 cells (1x1%ells/ml) were plated and after 24 h, incubatedh\&it5, 5, 10 uM of
Cpd 11 (except the untreated control). After 48 h of tteanpound treatment cells were
collected and washed with PBS and fixed in 70%lexthiethanol. After 1 hour of fixation,
cells were washed with PBS and exposed to blockoigtion (PBS containing 5% bovine
serum albumin and 0.2% Tween 20) for 1 h at roampteThe cells were washed with PBS
and incubated overnight with anti- MMP-2 primarytibady (1: 250 dilutions), washed with
PBS and subsequently treated with the secondampoalyt tagged with FITC (1:250
dilutions) for 1 h [13, 14, 22]. Thereafter, thdlsevere washed once with PBS and analyzed

in flow cytometry for MMP2 expression modulatiohany.
4.12. Cell extract and protein isolation

K562 cells (~2x18) were plated in 90 mm culture dish and were albwegrow for 48 h.
Following theCpd 11 treatment, cells were collected and washed twitke we cold PBS.
These cells were lysed in 20 pl of ice-cold lysifér, made up of 10 mM Tris—HCI, pH 7.5,
1 mM MgCh, 1 mM EDTA, 0.1 mM PMSF, 5 mM-mercaptoethanol, 0.5% CHAPS and
10% glycerol. Cells were incubated for 30 min omand centrifuged for 30 min at 5000 g at

4°C. After centrifugation, the supernatant was cofidand stored at -2 for further use.

4.13. Western blot analysis

32



For western blot analyses, an equal amount (50ofi)e protein was loaded and samples
were denatured in 12% SDS-PAGE for MMP2 and 159 ftubulin. The separated proteins
were transferred separately onto PVDF membranesvesr@ probed with anti-MMP-2
(1:1000), and antip tubulin (1:2000) primary antibodies overnight 4€4ollowed by 1 h
incubation with ALKP conjugated secondary antib@tlyp00) and were developed by DAB
substrate system [23pB tubulin was used as housekeeping gene control.ulmiviot of
proteins of interest was analyzed in three sepasateof experiments. Quantification of
proteins by calculating the band intensities wasedoy densitometry using image J software
[24].

4.14. Molecular docking study

Molecular docking study of all these molecul€pd 5-12) was performed by Glide docking
tool [25-26] of Schrédinger [27] software. The NMRBIlution structure of MMP-2 (PDB ID:
1HOV) and the crystal structure of MMP-9 (PDB IDDW/1), collected from Protein Data
Bank [28], were considered for predicting the bingdpattern of these moleculeSpd 5-12)

at the active site of these enzymes. These comgowrce energy minimized and prepared
by using theLigPrep module of Schrodinger software. By using Epik-loasenization
process, all probable ionization states of eacheouté were generated. These enzymes
(MMP-2 and MMP-9) were minimized using the OPLS200%ce field and theorotein
preparation wizard of Schrodinger software for docking study. Zinoinating histidine
amino acid residue was assigned an epsilon pratonstiate whereas the two other histidines
were provided a delta protonation states [14]. Ddpey on the inbound ligand molecule,
generation of a grid box of 15Ax15Ax15A size wasieoFinally, these prepared molecules
(Cpd 5-12 were docked into the enzyme active sites by usiregGlide tool through XP
mode. Depending on the highest docking score, ¢lsedocked conformation of every ligand

was chosen.
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4.15. Satistical analysis

All these data reported were the arithmetic meandata of independent experiments
performed in triplicate where each group was siRumber. Results were expressed as mean
+ SD (standard deviation) unless otherwise sta®¢atistical analysis was made by the one-
way analysis of variance (ANOVA) with LSD post-hdoest using SPSS 16 software.

Statistical significance was considereds0.001.
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Figure Legend

Fig. 1. Molecular modification of pentanoic acids for aching) higher solubility.

Fig. 2. Fluorescence imaging of K562 cells after DAPI stagjn K562 cells was being treated
with Cpd 11 at the doses of (A) OuM (B) 2.5uM (C) 5uM (D) 10j8Md stained with DAPI
to observe DNA nick generation. Arrow indicateskeid DNA with intense fluorescence.
Fig. 3. AnnexinV-FITC/Pl assay. Flow cytometric analysideafK562 cells either (A)

untreated or treated with (B) 2.5 uM (C) 5 uM abl {0 uM dose o€pd 11

Fig. 4. Cell cycle analysis after Pl staininGpd 11 at the doses of (A) OuM (B) 2.5uM (C)
5uM and (D) 10uM was given to K562 cells and sulz€licycle arrest (M8) was in flow
cytometry after being stained with Pl. G1, G1/S &®&IM stages are designated as M3, M6,
M7 respectively.

Fig. 5. Invasion assay and MMP-2 expression analysis. ii@dsion assay of K562 cells after
being treated with 0, 2.5, 5 and 10 uM ©pd 11 for 24 hours. Data are expressed as
percentage of control and presented as mean £/5f.001 were considered as statistically
significant. (B) Western blots of MMP-2 an@ttubulin were done. (C) Relative band
intensities of MMP-2 andB3-tubulin were calculatedp-tubulin was used for loading
correction. Data were expressed as percentage rafotaand presented as mean = SD.
¥P<0.001 are considered as statistically significéd} Flow cytometric analysis of MMP-2
expression analysis. V2-L and V2-R were being aered as MMP-2 negative and MMP-2
positive cells respectively.

Fig. 6. Docked conformation of compound€dd 5-12) along with the structure-based
hydrophobic contour map in A) MMP-2 enzyme (pdb:Q\j, B) MMP-9 enzyme (pdb:
20W1)

Fig. 7. Molecular docking interaction of compound3pd 5-12) with MMP-2 enzyme (pdb:

1HOV)
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Fig. 8. Molecular docking interaction of compound3pd 5-12) with MMP-9 enzyme (pdb:

20W1)

Table Legend
Table 1.Physicochemical parameters of the final compougsl$ 512)
Table 2. Enzyme inhibitory activity and cytotoxic activifyrofile of pentanoic acidCpds

5-12)

Table 3. MMP-1, MMP-8, MMP-12, MMP-14 enzyme inhibitory agty pentanoic acids

(Cpds 512
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Highlights

» Some pentanoic acid derivatives reported as MMP-2 inhibitors
» Then-pentyl analog showed highest cytotoxicity in various cancer cell lines
» Then-pentyl compound effectively arrests sub-G1 cell cycle

» n-Pentyl analog induced MMP-2 downregulation in K562 cell line



