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ABSTRACT:

In search for effective multi-targeting drug liganMTDLs) to address low-grade
inflammatory changes of metabolic disorders, weéonally designed some novel
glitazones-like compounds. This was achieved byonmorating prominent
pharmacophoric motifs from previously reported COX15-LOX and PPAR
ligands. Challenging our design with pre-syntheticking experiments on PPAR
showed encouraging result$n vitro tests have identified 4 compounds as
simultaneous partial PPARagonist, potent COX-2 antagonist (nanomolaggIC
values) and moderate 15-LOX inhibitor (micromol&sgd values). We envisioned
such outcome as a prototypical balanced modulatighe 3 inflammatory targetin
vitro glucose uptake assay defined six compounds a$inrsansitive and the other
two as insulin-independent glucose uptake enhanéése, they were able to induce
PPARy nuclear translocation in immunohistochemical asialy Their anti-
inflammatory potential has been translated to éffecinhibition of monocyte to
macrophage differentiation, suppression of LPS-@edu inflammatory cytokine
production in macrophages, as well as signifiégantivo anti-inflammatory activity.
Ligand co-crystallized PPARX-ray of one of MTDLs has identified new cluesttha
could serve as structural basis for its partialnéga. Docking of the most active
compounds into COX-2 and 15-LOX active sites, pinteml favorable binding
patterns, similar to those of the co-crystallizgamds. Finallyjn silico assessment of
pharmacokinetics, physicochemical properties, dikepess and ligand efficiency
indices was performed. Hence, we anticipate thatpiominent biological profile of
such series will rationalize relevant anti-inflantorg drug development endeavors.
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1. Introduction:
Inflammation is a complex and dynamic responseefertti the host against potential
threats such as pathogens or tissue insults [l1j8]associated with diverse signaling
pathways involving enzymes, membrane and cellidaeptors, transcription factors
and others, operating in an orchestrated manneotmteract the imminent threat
[2,3]. Neutrophils and tissue macrophages repregenfirst line of defense, where
they stimulate the production of a plethora ofaniimatory mediators as a result of
sensing an initial insult [4,5]. Although inflamnat is intended to be protective,
exaggerated and uncontrollable neutrophil and/@rapdages activity, in addition to
failure to achieve resolution often leads to péesistissue damage, a condition
underlying many chronic inflammatory disorders (suas psoriasis, multiple
sclerosis, and rheumatoid arthritis) [1].
On the other hand, diabetes is perceived as aifaweited disease implicating
metabolic, cardiovascular, and immune componenihtsyehough an understanding
of the underlying relating mechanisms are not c[éaf]. Recent results from our
group implicated low-grade adipose inflammationpasential underlying cause of
cardiovascular and cardiac autonomic dysfunctioso@ated with metabolic
challenge [8]. Indeed, reversal of adipose inflamomawas associated with an
improved vascular and cardiac autonomic functign [8
Among the different pathways involved in the inflmatory response, arachidonic
acid (AA) plays a major role as the biological presor for many inflammatory
mediators. Two key metabolic enzymes are involvedienerating AA derivatives,
namely: cyclooxygenase (COX) and lipoxygenase (LP¥) COX-2 expression is
induced by pro-inflammatory stimuli leading to tlyeneration of inflammatory
signaling prostaglandins (PGs) [9,10]. On the othand, LOXs catalyze the
oxygenation of polyunsaturated fatty acids (PUF#&®)h as arachidonic and linoleic
acids to give oxygenated lipid mediators that areoived in important cellular



signaling mechanisms [11]. Based on the site ofgergtion of arachidonic acid,
several mammalian LOX isoforms were discovered @agmbted 5-, 12- and 15-LOX
[11]. 5-LOX is famous for playing an impant role in the pathology of
respiratory disorders through the production ofyBirbperoxy-eicosatetraenoic acid
(5-HPETE) which is subsequently converted to lea&oes (LTs) [11].

Contrarily, 15-LOX converts polyunsaturated fattids into 15SHPETE which is
metabolized into either lipoxins or eoxins [11-1B]is necessary to mention that 5-
LOX also contributes to the synthesis of lipoxidid$13]. While lipoxins are pro-
resolving and anti-inflammatory [11-13], eoxinss(areferred to as 14,15-LTs) have
shown to be pro-inflammatory mediators speciallythia context of atherosclerosis,
adipocyte differentiation and development of olyegit2,14]. Also, eoxins were
shown to have similar actions as leukotrienes, laedce, the probability of their
implications in inflammatory and respiratory diseagould not be excluded [12,14].
Moreover, 15-LOX is hypothesized to initiate andpoomote atherosclerosis through
LDL oxidation [12,14]. It is not surprising that 4 and/or IL-13 induce the
expression of 15-LOX in cultured mast cells, mortesyand epithelial cells [12,14].
Thus, 15-LOX can be regarded as a double-edgedometiyat exert both pro- and
anti-inflammatory properties and the details of timerplay between them in
physiological and pathophysiological contexts dik lecking [12,14]. Up till this
moment, various reports indicated that 15-LOX-intioits (such as PD146176 among
others) could serve as effective therapeutics fauraber of 15-LOX-related diseases,
which include diabetes, hypertension, obesity, rateerosis and other disorders
linked to chronic adipose tissue inflammation [14].

The notion of using selective COX-2 inhibitors awi-enflammatories with minimal
gastrointestinal (Gl) side effects was very resoigan the late 1990s and early 2000s
[15,16]. However, it turned out that blocking on@OX-2 would shunt the
inflammatory pathways towards more activity of L@Xd hence blocking both COX-
2 and LOX would provide safer and more effectivéi-anflammatory activity [17—
19].

Interestingly, in vitro studies demonstrated that LOX modulators can atetiv

peroxisome proliferator-activated receptors (PPARS). Indeed, recent studias



vivoimplicated a role for interplay between LOX-deriv&d metabolites and PPAR

in mitigating post-ischemic injury in the brain [2IPPARs are subclasses of the
intracellular receptors family, that when activasedl as nuclear hormones modulating
the transcription of plenty of factors involved nmany physiological processes [22—
24]. PPAR activity was first thought to be limited to lipidetabolism and glucose
homeostasis [22-24]. However, there is ample egelaemonstrating the role of
activated PPAR in reducing the expression of pro-inflammatory magats such as
cytokines and adhesion molecules involved in ngiits recruitment to
inflammatory foci [23,25]. Moreover, PPARagonists were reported to be capable of
inhibiting the mRNA expression of COX-2 and nitogide synthase (NOS), which
further emphasizes the essential role that PPAIRys in inflammation [23,25,26].
Significantly, clinical trials examining the use pibglitazone for managing psoriasis,
multiple sclerosis, and rheumatoid arthritis argrently ongoing [19].

The last decade has withessed a paradigm shifrug discovery programs from
designing highly selective single-target ligandsntodulating a multiplicity of targets
within related signaling networks [27]. Hence, ieeking multi-targeting anti-
inflammatory leads with potential future applicaisoin metabolic disorders, we
herein report on the development of the first-iassl MTDLs as potential
simultaneous COX-2/LOX inhibitors and PPARgonists. As a proof of concept, the
designed compounds were challenged with differeépiogical assays anth silico
studies. We believe that the outcomes of this stomight aid in expanding the
knowledge on the targeting of inflammatory reactioas a valid approach of

managing metabolic disorders.

2. Results and discussion:
2.1.Rationale for the design of multi-target direcéd ligands (MTDLS):

Thiazolidine-2,4-diones (TZDs)/rhodanines constituliverse scaffolds that are
known to exert a vast array of pleiotropic benefitgluding insulin-sensitizing, anti-

inflammatory and antiproliferative activities [28}3 They were also reported to
prevent the progression of atherosclerotic lesiormatients with type 2 diabetes [31].
Over and above, telmisartan-rosiglitazone hybridemdes were evaluated as dual



PPARy agonists/angiotensin Il antagonists for managemémhetabolic syndrome
[32]. In particular, TZDs, known as high-affinity PARy agonists, have been
introduced into clinical practice for the treatmehtype 2 diabetes [33].

Thus, in our search for multi-target anti-inflamomgtleads with potential efficacy in
metabolic disorders, and based on the structuetiifes of four pleiotropic lead
compounds; LYSO-7 A) [34,35], pioglitazone B), a reported LOX-inhibiting
thiazolidinedione €) [36] and a dual COX-2 / 15-LOX inhibitoD] [37] recently
reported by our lab, we adopted a pharmacophoriecutar hybridization approach
to design and synthesize some novel triazolyl-tlidimedione/rhodanine hybrids as
potential simultaneous COX-2/LOX inhibitors and H®Aagonists. It is worth
mentioning that developing a small molecule modad¢pthese 3 targets was not
encountered before.

Over and above, the designed assembly has its pbaphoric parts rooted from
pioglitazone. It comprises the essential pharmaomphlZD or its rhodanine
bioisostere. This pharmacophore is decorated wittethoxybenzylidene group like
compoundsA and C (Figure 1), which in turn is connected to the 1,2,3-triazole
moiety. This should retain the 3-carbon atom spdmsween the oxygen of the
phenoxy- linker and nitrogen atom of the pyridimggr(as in pioglitazone) or N-1 of
the triazole nucleus (in our designed compoundghs@®ution pattern at N-1 of the
triazole ring with various aryl and aralkyl groups attempted to grant variable
electronic and lipophilic environments to investegaheir effect on the anticipated
biological activity and with the hope of achievibgtter binding interactions with the

potential biological targets.
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Figure 1. Rationale for the design of the target compounds

In addition, our design agrees with the three-medtdmework proposed by Pirat
al. to represent PPARagonist glitazones [38]. It is composed of an iagmblar head
group, TZD or rhodanine, joined to a hydrophobitttaough an aromatic linker [38].
We altered the tail group to afford chemical analdgical uniqueness while
conserving the polar head and the linker regio@. [Qur tail moiety was carefully
chosen to be 1,4-disubstituted-1,2,3-triazole whgla pharmacophore we recently
reported to show dual COX-2 and LOX inhibitory &ityi (StructureD, Figure 1)
[37]. Furthermore, target compounds were mappedvidhta benzylidene attachment
between the polar head and the linker instead efusual benzyl, which is one
distinct difference from pioglitazon&igure 1). We thought that this would be more
convenient since recent reports indicated benzy§d€ZD derivatives are endowed
with partial PPAR agonistic properties, which retain the desiredripiagological

actions while avoiding the untoward adverse eff§940].



To the best of our knowledge, the click chemisteyied 1,4-disubstituted-1,2,3-
triazoles have not been explored before for thgnckronous PPAR agonistic and
COX-2/LOX inhibitory activities. Together with theiwide-ranging biological
activities, bioorthogonal nature, being non-claaislgioisosteres of the amide group
and their propensity to be involved in hydrogen d@mdz-n stacking interactions
with potential targets [41], it would be tempting €émploy this easily accessible

structural motif into the aforementioned framework.

2.2.Pre-synthetic PPAR docking study:

To gain substantial theoretical evidence into tbeeptial PPAR agonistic activity at
the molecular level, molecular docking studies were-synthetically applied on 18
compounds that contained our proposed design. sBlaction of compounds for
PPARy crystallization and structure determination iorsilico validation was based
on its upstream occurrence in inflammatory pathw@aysce it is a nuclear receptor),
plus its implications in lipid metabolism and glsechomeostasis.

Regarding the chemical structures of the dockedpowmds, the reader is advised to
consult Scheme 1using the appropriate coding. Based on literattlve, screening
performance of PPARDEKOIS 2.0 benchmark set employing various dockows
(e.g., GOLD [ChemPLP], Glide [SP] and AutoDock Vjirehowed comparable and
nonrandom screening performance with all three idgckools [42]. This led us to
employ GOLD (ChemPLP) [43,44] as scoring function fpose prediction purposes.
Additionally, we employed two additional scoringhfitions, AutoDock Vina [45] and
AutoDock VinaXB [46], for extracting consensus ramk of our proposed
compounds.

The crystal structure of PPARco-crystallized with rosiglitazone (PDB ID: 2PRG)
was used as a model to gauge the binding affindfethe test compounds with the
enzyme. The scoring function, hydrogen bonds formil key amino acids and the
relative orientation of the docked compounds wéspect to the co-crystallized ligand
rosiglitazone were used to estimate the bindingpgmsities to the ligand binding
domain (LBD) of PPAR. Pose-retrieval experiment of the co-crystallizegnd
reproduced the key interaction pattern in the igdite of PPAR with acceptable



RMSD values (e.g., for GOLD docking RMSD = 1.25 Aupplementary
Information Figure SM1).

Examination of the predicted docking scores oftds compounds using GOLD, as
indicated inSupplementary Information Table SM1, revealed that four compounds
were superior to rosiglitazone while other compaustiowed slightly lower and
comparable scores. According to AutoDock Vina andta®ock VinaXB, the
predicted docking score3¢ble SM1) almost showed no difference, which excludes
halogen-bonding as a possible type of intermoledataraction between these poses
and the backbone of the protein. In addition, altkded compounds showed higher
predicted docking scores than the co-crystallizgahid.

The LBD of PPAR consists of 13 alpha helices and a small betat.shegvation
function 2 (AF2) is the part of the LBD that is iomant for ligand dependent
coactivator binding and is formed by helices 3-8 &elix 12 [22]. Ser289, His323,
His449 and Tyr473 are the most important conseareuho acids that are involved in
target recognition of PPARIligands [22]. Of particular interest, the formatiof a
hydrogen bond between a ligand and Tyr473 triggersormational change in the
AF2 site, which enhances the recruitment of cowr#guy factors to regulate gene
expression [22].

Most of our compounds reproduced the key hydrogerdimg interactions of the co-
crystallized ligand (rosiglitazone) via the TZDgiwith the residues His449, GIn289,
Tyrd73, His323 and Ser289, as showrFigure 2A and exemplified by compounds
5eand5j. Moreover, some compounds showed extra bindirggantions outside AF2
site as in compoungj that formed a hydrogen bond with Ser342.

It is worth mentioning that compoun&$® and 5g displayed comparable interaction
pattern to rosiglitazone in the binding site of FRAvia their TZD rings. As well,
they showed additional binding interactions withg288 and Met264 with the
bromophenyl group ddb and middle phenoxy group B8, respectivelyFigure 2B).
Regarding the relative orientation of the compouinde active site of PPARwith
respect to the co-crystallized ligand, it is clgagvident that the compounds were
perfectly accommodated by the LBD and occupiedstirae position and spatial area



as rosiglitazone (as observed whk and5j) (Figure 2A). Guided by the above-

mentioned data, it was encouraging to synthesizeetproposed structures.

Figure 2. (A) Overlay of the best-scored pose5pf(purple) andse (gold) on the co-
crystallized ligand (cyan) in the binding site &?ARy crystal structure (PDB: 2PRG).
(B) Overlay of the best-scored pose 4if (blue) onthe pose ofsg (olive) in the
binding site of the PPARCcrystal structure. The yellow dashed-lines represiee
polar contacts (H-bonding interactions). Non-pdigdrogen atoms were omitted for
clarity.

2.3. Chemistry:

The synthetic strategies for the synthesis of mesliate and target compounds are
outlined inScheme 1 The key intermediate 4-propargyloxybenzaldeyk2ewas
obtained by the alkylation of 4-hydroxy benzaldehydth propargyl bromide in the
presence of anhydrous potassium carbonate in refudry acetone. Azide-alkyne
cycloaddition of compoun@ and the appropriate aromatic azides in the presehc
catalytic amount of copper sulfate pentahydrate sowlum ascorbate in DMF/D
afforded the desired regioselective 1,4-disubstitul,2,3-triazoles3@-h) in good
yields comparable to reported ones. Knoevenagelarmsation of compound84-h)
with thiazolidene-2,4-dione or rhodanine in the sprece of catalytic amount of
piperidine generated the corresponding arylidesee$ and 6a-h, respectively. The
'H NMR of 5,6 (a-h)showed triazole €H aromatic singlet around 8.32-9.15 ppm,
along with the characteristic benzylidene CH aro@ri8-7.77 ppm. Furthermor&C
NMR of thiazolidene-2,4-dionesb&-h) displayed 2 C=0O characteristic peaks at
~168.5 and 160.1 ppm, and benzylidene CH around1#83ppm. Additionally*C

10



NMR of rhodanines@a-h) displayed a C=S characteristic peak at ~191.811ppm,
a C=0 characteristic peak at 166.8-173.7 ppm, amt\Widene CH around 143-145

ppm.

Attempts to produce arylidene triazokis and6i-j (from phenacyl azides) using the
aforementioned method were fruitless. Hence, wadddcto adopt an alternative
sequence; starting with Knoevenagel condensatiggrdduce arylideneda,b, which
were then subjected to CUAAC to produce the desiadpoundsi-j and6i-j. It is
noteworthy to indicate that the latter approachbthus to screen for the biological
activity of arylidenesda,b as well. The'H NMR of 4 (a,b) showed a propargylic
characteristic triplet in the range &13.61-3.63 ppm, doublet in the rangedof.88-
4.91 ppm, that corresponds to terminal CH and,,Qidspectively. Both protons
underwent a long range coupling of ~2.32 Hz. @ NMR of 4 (a,b) showed
propargylic characteristic peaks@ab6.2, 79.1 and 79.2 ppm corresponding to;,CH
CH and quaternary carbon, respectively. Other charatic peaks appeared at their
expected chemical shifts such as C=0 and C=S. Rhepéctra o#f (a,b) displayed
characteristic sharp acetylenic-CH stretching sréinge of 3275-3255 ¢hand G=C
stretching in the range of 2376 ¢mirhe’H NMR of 5,6 (i,j) showed triazole EH
aromatic singlet at 8.24 ppm, along with the diggppnce of propargylic terminal
CH. Furthermore™*C NMR of 5,6 (i,j) displayed the triazole and G peaks, along
with the disappearance of previously mentioned g@rmgygic CH and quaternary
carbon peaks. Moreover the IR spectra 596 (i,j) were associated with the
disappearance of ethynyl CH and=C stretching bands, clearly confirming the

formation of the triazole products.
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CHO CHO
(i) N (ii) R-N

OH R=a-h
1 2 ﬂ| 3a-h

X
z 42; X=0 X NN Saj; X=0
4b; X=S 6aj; X=S
a; R=CG 5CH2 f; R=4- CH3C6H4'
b; R=4-BrC¢H,CH,- g; R=4-OCH3CgHy4-
c; R=C5H5 h; R=4- HOOCCBH4'
d; R=4-CIC¢H,- i; R=4-CIC¢H,COCH,-
e; R=4- Br‘C6H4 j, R=4- BrC6H4COCH2

Scheme 1. Synthesis of (£)-5-(4-((1-(aryl or aralkyl)-1H-1,2,3-triazol-4-
yl)methoxy)benzylidene)thiazolidine-2,4-diones =~ (compounds  Sa-j) or  2-
thioxothiazolidin-4-one derivatives (compounds 6a-j). Reagents and conditions: 1)
Propargyl bromide, K,COs, Acetone, reflux for 2.5 h. ii) Appropriate azide,
CuS04.5H,0 (5 mole %), Sodium Ascorbate (20 mole %), DMF/ H»O, stirring
overnight. ii1) Piperidine (10 mole%), EtOH, reflux for 12 h.

2.4 .Biological evaluation:

2.4.1. Invitro COX-1 and COX-2 inhibitory assay:

All synthesized compounds were subjected tanamitro COX-1/COX-2 inhibition
assay using an ovine COX-1/human recombinant COa&2ay kit (Catalog no.
560131; Cayman Chemicals Inc. Ann Arbor, MI, USA).

The half maximal inhibitor concentrations (CpM) were determined and the
selectivity index (SI) values were calculated ag(COX-1)/ 1G5 (COX-2).

As summarized inTable 1, all synthesized compounds, with the exception of
compound5f, were more potent COX-2 inhibitors than the twdemence drugs

diclofenac and indomethacin. They also showed hi@ighan two reference drugs
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diclofenac and indomethacin. Although they showeder COX-2 inhibition in
comparison to celecoxib, they operated within thenes range of submicromolar
activity.

All compounds inhibited COX-1 in concentrations tttzae at least one order of
magnitude higher than that experienced with COMA2ich highlights the selectivity
displayed towards COX-2. Although Sl values wemdpthan that of celecoxib, yet
it could be viewed as an advantage by potentiallyicing the cardiovascular side
effects of highly selective COX-2 inhibitors [47].

For triazoles prepared from benzyl azides, we oleskethat the addition of 4-bromo
substitution enhanced both COX-2 inhibitory activand Sl values when compared to
the unsubstituted analogs. The thiazolidine-2,féiderivativebb was slightly more
potent than the rhodani&. It reached about 8 times the activity of diclaferand 5
times that of indomethacin. Intriguinglyb showed the highest Sl value (159) out of
all the synthesized compounds in the study, whadoants for almost one half that of
celecoxib activity and selectivity towards COX-2.

Within the triazole series prepared from aryl agjdewas noticed that 4-substitution
with lipophilic n-deficient orr-rich substituents as was seen with 4-brobwand6e)
and 4-methoxy%g and6g) remarkably enhanced both COX-2 inhibitory acyivand
Sl values over the unsubstituted congeners. 4-Bpboyl triazolyl compoundSe
and6e showed about 4-5 times the inhibitory activityimdomethacin with about 950
times its Sl towards COX-2. They reached abouttBr@s the inhibitory activity of
diclofenac with about 19 times its S| towards COX42Methoxyphenyl triazolyl
compounds5g and 6g showed about a 3.5-6 times the inhibitory activdy
indomethacin with about 700 and 1260 times itsd@V¥ards COX-2, respectively.
They reached about 5-8 times the inhibitory agtiwit diclofenac with about 14 and
25 times its Sl towards COX-2, respectively.

On the other hand, 4-substitition with methybf (and 6f) and carboxylic
functionalities significantly reduced COX-2 inhibiy activity and SI values in
comparison to their unsubstituted counterpartspi®&ingly, the novel propargyl
rhodanine4b showed higher COX-2 inhibitory activity and Sl wal than that of

13



propargyl thiazolidine-2,4-dionda and was among the most active compounds in the
whole study.

Cycloaddition reaction o#la and 4b with 4-substituted phenacyl azides generally
enhanced the activity with the highest differendesesved with the 4-bromo
substituted derivativesj and6;.

It is noteworthy that rhodanine derivatives demiaistl superiority in both COX-2
inhibitory activity and SI values in comparison tbeir thiazolidine-2,4-dione
counterparts, with the exception 6& and5b. A general trend was observed that

bromo-containing compounds were among the mosteaatithin the whole study.

2.4.2. Invitro 15-LOX inhibitory assay:

Compounds that showed the highestvitro COX-2 inhibitory activity éb, 5b, 5e,
59, 5j, 6b, 6e, 6g, 6and6j) were further subjected to vitro lipoxygenase inhibition
assay using soybean 15-LOX assay kit (Catalog 803700; Cayman Chemicals Inc.
Ann Arbor, MIl, USA). Both soybean LOX and human UGX are structurally
similar in terms of the presence of both C-termicetialytic domain and N-terminal
membrane binding domain [14]. Also, their catalydmmains display a high level of
conservation. More specifically, within 10 Angstraithe catalytic binding site they
show more than 50 % identity [14]. Hence, soybe@XLlhas been used by a lot of
research groups as a valid model to gauge thetyabflimany novel compounds to
inhibit human 15-LOX [14].In vitro 15-LOX enzymatic inhibitory activities are
expressed as Kg values of the tested compounds and showrTable 1 The
universal LOX inhibitor, nordihydroguaiaretic ac{tNDGA)[48,49] and selective
12/15-LOX inhibitor quercetin [50,51] were usedpasitive controls for comparison.
All ten compounds showed substantial LOX inhibitagtivity with IG5, in the range
of 3.14-5.92 uM. They operated in the same ordemafnitude as NDGA and
guercetin. All ten compounds showed superior LOKXibitory activity to that of
NDGA while displaying varying activity when compdréo quercetin. Interestingly,
the most and least potent derivativlls and 5b had almost thrice and twice the
activity of NDGA, respectively. Additionallydb was more potent than quercetin

while 5e and5g were almost equipotent to quercetin. Other comgsuappeared in
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the following descending order of activiy, 5e 6b, 6j, 5], 6g and5b. Consequently,
the above results showed that all ten compoundg Ipaemising LOX inhibitory

activity.

Table 1:1n vitro COX-1, COX-2, 15-LOX inhibitory IC 5o values and COX Sl
values of synthesized compounds.

Code IC5ouM? Sl
Structure COX-1 COX-2 15-LOX COX-lt/)
COX-2
Celecoxib 14.8 0.05 - 296
Diclofenac Na 3.9 0.8 - 4.9
Indomethacin 0.039 0.49 - 0.1
0]
e L0
N* N\
- @Nf © 4 NH 8.4 0.33 . 25.5
S
o L N
N* N
5a @Nf o SWNH 9.4 0.27 - 34.8
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e N
N N
6b Br\©\/N—/7/\ O S\«NH 13.4 011 432 1218
S

5b Br@N S\‘(NH 15.9 010  5.92 159
(0]
|
N/ \ 0O
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S
N=N o
N/ \ 0
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Quercetin - - 3.27

%Csois the concentratiopuM) needed to cause 50% inhibition of COX-1, COXr#l
15-LOX enzymatic activity. All values are expressedmean of three replicates with
standard deviation less than 10% of the mean.

PSelectivity index (SI) = 16 (COX-1)/ 1G5 (COX-2)

2.4.3. Invitro glucose uptake using rat hemi-diaphragm model:
In order to assess the antidiabetic activity of poonds that showed the highast
vitro COX and LOX inhibitory activities4b, 5b, 5e, 5g, 5j, 6b, 6e, 6g, &nd6j),
their glucose uptake potential by rat hemi-diaphramethod was measured as
previously reported [31,52,53]. The glucose contenhtthe working solution was
measured, and the glucose uptake was calculatdgk abfference between the initial
and final glucose content at 2 mg of optimized danagpcentration. The glucose
uptake by rat hemi-diaphragm was measured in d@/diiin. Data were expressed as
mean = standard error of mean (SEM) and are shoWwigure 3.
Data were analyzed using IBM SPSS software packeggsion 20.0. Statistical
analysis was done by ANOVA followed by Tukpgst hodest. Results of thia vitro
glucose uptake assay revealed that compodigiHe, 6gand 6] showed equal or
higher glucose uptake than pioglitazone withoutulins and significantly higher
uptake with insulin. Compounds] and 6i showed lower glucose uptake without
insulin than pioglitazone but equal or higher uptakith insulin. Interestingly,
compoundsb and5g showed equal or higher glucose uptake than paxmgite in an

insulin-independent fashion.
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Figure 3. In vitro glucose uptake activity of the most active commsuboth in
absence and presence of insulin using rat hemhdigpn model. Data represented
are mean + SD of three replicates. Statisticalysimwas performed using Two-way
ANOVA followed by Sidakpost hodest. A P-value < 0.05 was considered
significant. * denotes significance vs. the cormgjing effect of each compound in
absence of insulin, # denotes significance vs. dbgesponding arm of tyrode
exposure, while $ denotes significance vs. theespoonding arm of pioglitazone
treatment.

2.4.4. Immunohistochemical analysis of ligand-stimulated PARy nuclear

localization:

PPARy agonists are known to affect the sub-cellular lization of the receptor
increasing its translocation to the nucleus wittbsggquent regulation of gene
expression [54]. The ability of the synthesized poonds to induce PPARhuclear
translocation was studied in rat primary adipocyaesdescribed previoug1,55].
Four compounds were selected & 5e shown to have an insulin-sensitive glucose
uptake effect comparable to pioglitazone, &hd& 5g shown to have a significant
insulin-independent glucose uptake. The effect o8-laour exposure to 1M
concentration of each of those compounds on theeautcalization of PPARIN rat

adipocytes was compared to that of an equivalencertration of pioglitazone.
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Figure 4 shows representative micrographs of control arehtéd adipocytes.
Untreated controls (exposed to an equivalent volwheDMSO as the vehicle)
showed diffuse cytosolic PPARstaining. Adipocytes treated with pioglitazonettoe
selected test compounds showed redistribution ofARBP staining that is
superimposed with nuclear staining as depictedhénfliuorescence intensity profiles
along the line scans showed kiigure 4. This is suggestive of the ability of the
selected compounds to induce PRARIclear translocation similar to pioglitazone.
The confirmation of PPARnuclear translocation together with insulin-indegent
glucose uptake of compoun8b & 5g raise the possibility of selective targeting of
signaling pathways. We viewed such behavior asraogy to the phenomenon of
biased signaling that has been extensively destfireGPCRSs [56,57]. Theoretically
speaking, the concept of signaling selective agorian be applied to any multi-
signaling receptor, yet and up to our knowledgenmoundsSb and5g are the first

small molecule compounds reported to exhibit swedtelsior on PPAR
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Figure 4. Immunofluorescent sta|n|ng of PPAFm untreated rat primary adipocytes
and those exposed to UM of pioglitazone and different test compounds3drours.
Phase contrast cell contours are delineated inewNiticlei were stained with DAPI.
The corresponding graphs show staining intensityPfARy (green) and DAPI (blue)
along the scan line indicated on the correspongiicgographs.

2.4.5. PPARYy functional reporter gene assay:
The effect of the selected compounds showing PPAflear translocation on its
transcriptional activity was assessed using a fanat gene reporter assay[58].
Human embryonic kidney (HEK293) cells transientlyansfected with two

components: 1) a hybrid receptor comprising theeihatnal Gal4 DNA binding
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domain fused to the ligand binding domain of hurR&ARy and 2) reporter Renilla
luciferase gene functionally linked to the Gal4 togasm activation sequence. The
transfected HEK293 cells were exposed to diffex@nicentrations of pioglitazone,
4b, 5b, 5e and5g for 24 hours. Luciferase activity was measured emahpared to
basal activity in cells treated with the vehicleMBO). As shown irFigure 5, at the
highest concentration (10M), pioglitazone showed a 6-fold increase in lucfe
activity compared to vehicle. At the same conceiuna the tested compounds
showed a 2-3 fold increase, with transcriptionalivéty of 25-45% that of
pioglitazone. Based on the transcriptional respoagmartial PPAR agonistic activity

can be assumed for the tested compounds.

*

Fold Luciferase Activity

NN

_

RS Compound ID

Figure 5. Graphical representation of the increased PRAIRdiated transcriptional
activity following treatment with different conceations of pioglitazone and selected
synthetic compounds. Results are expressed ascf@dge compared to luciferase
activity in vehicle-treated cells and represented Wlean + Standard deviation.
Luciferase activity values were compared to vehidta One-way ANOVA followed
by Dunett Multiple Comparisons test. * denotes waRie < 0.05 vs. DMSO treated
cells.

2.4.6. Inhibition of monocyte to macrophage differentiation:
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It is widely recognized that early stages of théammmatory response involve
monocyte-to-macrophage differentiation [59]. Thisogess was shown to be
particularly important in the development of atlsmlerosis [60]. Interestingly,
pioglitazone was shown to modulate the M1/M2 motedjfferentiation imbalance
in obese diabetic patients increasing the putaiteinflammatory M2 polarization,
and this effect was postulated to underlie its gbecsindependent anti-atherogenic
activity [61,62]. Additionally, COX-2 expression is induced during moaytes
activation into macrophages with subsequent cautioh to the inflammatory
response and oxidant/anti-oxidant cellular imba¢af@3,64]. Of particular interest,
prostaglandin E2, via its action on EP2 and EPéptxs, was shown to stimulate the
production and release of Interleukin-10 (IL-10)cw@okine with reprogramming
effects on monocytes and macrophages [65]. Moreowacrophage activation and
adhesion was shown to be dependent on 15-LOX aictivf56]. Our previous studies
showed that compounds with dual COX-2 and LOX iithily activity were able to
inhibit monocyte-to-macrophage differentiation[3#&k such, we anticipated that the
four compounds4b, 5b, 5e, and 5gthat showed dual COX-2 and LOX inhibitory
activities together with PPARpartial agonistic activities, would maintain a gan if
not enhanced, activity against THP-1 monocyte ckfiation into macrophages.
Towards this end, we used the PMA-induced THP-Iewifitiation assay as an
acceptedn vitro model of this process [67]. The effects of theseapounds in the
assay were compared to diclofenac and pioglitazsneference compounds. Results
and 1Go values are summarized iRigure 6. Surprisingly, pioglitazone did not
produce an appreciable inhibition of PMA-inducednmoyte differentiation up to 300
MM concentration5g produced effects similar to pioglitazone yieldi@yo values in
the mM range. Diclofenac produced a concentratepeddent inhibition of the
differentiation process yielding an g¢value close to that previously reported in a
similar assay[37]5b and5e showed IGyvalues close to that of diclofenac, whilb
appeared to be more potent than diclofenac in itihgothis process. Yet, it is worth
mentioning that this assay measures the differgmtiaof monocytes into adherent

macrophages with no indication of potential diffeses in differential polarization, if
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any. Thus, a negative result might not completelg out the beneficial effect of

PPARy agonistic activity represented by pioglitazone.
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Figure 6. Inhibition of monocyte to macrophage differentiatidy diclofenac,
pioglitazone, and the selected synthetic compoumssults are represented as
percentage macrophage metabolic activity of the RddAtrol at different exposure
concentrations. 1§ values estimated by non-linear regression werepeoed using
One-way ANOVA followed by Tukey Multiple Comparisepost hodest. * denotes
a P-value < 0.05 vs. diclofenac while # denotesvalBe < 0.05 vs. pioglitazone.

2.4.7. IL-13 and TNF-a expression and 20-HETE production assay:

Previous literature consistently showed that 15-L@civation is associated with
increased cytokine production in variety of celpeég [68—70]. Specifically, both the
addition of 15-LOX arachidonate metabolites or tliei novosynthesis in monocytes
triggered cytokine production in macrophages, iditlg tumor necrosis factar-
(TNF-a), interleukin-B (IL-1pB), IL-6, and monocyte chemo-attractant protein-1].[7
Moreover, the produced ILBEL contributes to further stimulation of signaling
pathways leading to the enhancement of phosphelipgsmediated arachidonate
release and metabolism in a positive feedback [@8p We attempted to provide a
pathophysiological context for the 15-LOX inhibgoraction of our hybrid
compounds. We examined the effect of the three comgs showing the highest
activity against soybean LON vitro (4b, 5e & 5g) on TNFa and IL-13 production
in THP-1 monocytes differentiated into macrophabggsPMA, and activated by a
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lipopolysaccharide (LPS) challenge. Compared tortbgative control, LPS-treated
macrophages showed massive increases in bothoTBifd IL-13 productionFigure
7A. The increase in both cytokines’ expression wasity attenuated in cells treated
with our compounds. As well, we tested the effdcth@se compounds on the 20-
hydroxyeicosatetraenoic acid (20-HETE) production these cells as a general
indicator of arachidonate metabolism. The concéptraof 20-HETE produced in the
conditioned medium of PMA-differentiated THP-1 mopgtes that were challenged
with LPS was measured by enzyme-linked immunosarassay (ELISA). 20-HETE
production increased following LPS challenge coradao untreated controls. Cells
treated with our compounds showed reduced 20-HETdtyation indicating a

possible decrease in arachidonic acid releaselppss a result of the interruption of

the IL-1B positive feedback loog-{gure 7B).
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Figure 7. The most potent 15-LOX inhibiting compounds redagmkine production
and arachidonate metabolism in LPS-challenged PMi&rdntiated THP-1 cells. A,
representative western blotting of I3;1TNF-a, and GAPDH from THP-1 cells
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exposed to different treatment conditions. The lgaphs summarize the
guantification of three separate experiments. B;sHETE concentration in the
conditioned medium of THP-1 cells exposed to thdicated treatment conditions.
Concentration is normalized to the values measuredtreated cells challenged with
LPS. Statistical significance was measured by oag-WNOVA followed by Tukey
Multiple Comparisongost hodest. * denotes a P-value < 0.05 vs. untreatedralon
while # denotes a P-value < 0.05 vs. LPS-challervgdd.

2.4.8. Invivo anti-inflammatory assay:

Formalin-induced rat paw edema protocol as an aofissnmation model was used
to test than vivo anti-inflammatory activity of the four most acticempoundg4b,
5b, 5e and 5g)Formalin was injected subcutaneously to induflanmmation and an
oral dose of 5 mg/kg body weight of the test commuisuwas administered.

The potencies of the tested compounds relativegmegative control were identified
by measuring the percentage inhibition of edemer &fth. Celecoxib and diclofenac
sodium were used as positive controls. Intriguingly tested compounds with the
exception of4b showed equivalent inhibitory effect to celecoxibdadiclofenac.
Additionally, 4b demonstrated a statistically significant higherepaly compared to
celecoxib SupplementaryInformation Table SM2 andFigure 8).
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Figure 8. Graphical representation of vivo anti-inflammatory activities of selected
compounds in formalin-induced rat paw edema bigaéseute inflammation model).
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Results presented are Mean = SD of four replic&e&tistical analysis was performed
using One-way ANOVA followed by Tukey post hoc teétP-value < 0.05 was
considered significant. * denotes significancecedecoxib.

2.5. Structure determination of compound 4b boundd PPARy:

Recently, 5-ene rhodanine substructures have begmatized by some research
groups and drug discovery programs as promiscuigsshor pan assay interference
(PAINS) elements [30]. However, the concept of PAIN still controversial and, in
many instances, contradicts the concept of prieidegcaffolds [73,74]. Additionally,
recent reports indicated that PAINS is highly dinoal context dependent [73].
Indeed, one of the most active compounds in thidys(compoundtb) carries the ene
rhodanine substructure. Although the biologicalivagt of 4b was confirmed by
multiple lines of evidences (molecular then celiidad finallyin vivo), we wanted to
rule out any skepticism about its proven biolog@etivity and exclude the presence
of any assay artifacts. Hence, we determined thayXerystal structure of compound
4b in complex with the PPARIligand binding domain (LBD) which will give us the
chance to probe its binding mode and detect spduifiding interactions. Coordinates
and structure factors were deposited in the Prddaita Bank under accession code
6ES5A.

Experimental details can be found in the methodsis®e the crystallographic data
table describing the data processing and refineratiistics can be found in the
Supplementary Information Table SM3 and a stereo figure displaying the quality
electron density around the ligands can be fourtiéiSupplementary Information
Figure SM2. Two subunits per asymmetric unit were found aath Isubunits were
found bound to 4b in a similar manner. The ovei@ll of PPAR was similar to
most other observed structures, for exampletthibound structure displays an RMSD
to the rivoglitazone bound structure (PDB:5U5L) @#8A (over 512 @ atoms),
signifying that the binding of compountb does not induce major conformational
changes as compared to other TZD based compo@aspoundb is located in the
LBD with the ring systems of the compound locatetdMeen H3 and the beta-sheet
region and the carbon tail inserted into the hybaiyc patch below the AF2 region
(Figure 9A). 4b makes only one hydrogen bond to PRARia its non-protonated
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nitrogen atom to the protonated nitrogen backbaom af Ser342 (3.0A). All other
contacts are hydrophobic and Van der Waals interaet The double ring system of
compound4b sits between H3 and the beta sheet region makiesptcontacts with
lle281 (H3), lle341 side chain (beta-sheet), the-polar portion of Ser342 side chain
(beta-sheet), the non-polar portion of Arg288 sitk@in (H3), Leu353 side chain
(H6), and the side chain of Met364 (H7). Thesermttions can be seen kigure
9B. The carbon tail ofib makes hydrophobic interactions with H6 and H7 Wwhic
include those to the side chain of Met364, the sidain of Phe363 (H7), the side
chain of Phe360 (H7), and the side chain of Leu@¥3) as shown irFigure 9C.
Given that we also produced a docked structurébobound to PPAR that was in
excellent agreement with our X-ray crystal struefuve hypothesized that further
structural analysis of the other compounds couldcbaied out using docking

techniques.

Phe363

lle281
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Figure 9. Binding mode of 4b to PPAR as determined by X-ray crystallography
(PDB accession code 6E5A). PPAR is shown in green ribbons, compoudiol is
shown in yellow sticks, and residues of PRARthin 3.5A of the ligand are depicted
as green sticksA) Overview of the entire PPARLBD bound to4b. B) Interactions
of 4b with the beta-sheet and H3 regi@). Interactions of the carbon tail b with
residues of the hydrophobic pocket formed by Hd, I48.

2.6. Molecular Modeling:

2.6.1. Docking of compounds 4b, 5b, 5g and 5e into COX-Ztwe site
The screening performance of COX-2 DEKOIS 2.0 beratk set showed a good and
non-random result with three docking tools (e.gQL® [ChemPLP], Glide [SP] and
AutoDock Vina) [42]. Hence, we employed GOLD (ChdrRP as scoring function
for pose prediction purposes using PDB code of 1€KX3tal structure for COX-2
docking. It has been reported that variation inenolar weight can cause obvious
bias in docking performance especially when emplgympirical scoring functions,
since heavier molecules tend to produce superaesd75,76]. Minimizing such bias
would be of benefit in the context of correlatinge tdocking scores of compounds
with their biologicalin vitro activity values.
Due to variability in molecular weights of the testmpounds and in order to
eliminate this bias, score normalization strate@g \applied by dividing the docking
score by the number of heavy atoms (N) using differarithmeticweights (e.g.,
square root of N (M), cube root of N (%) and cube root of the squared N*@)y
[77]. To select the most suitable normalizatioratetyy, we evaluated the docking
screening performance employing such strategiesgus€OX-2 DEKOIS 2.0
benchmark set, and visualized the results using OPpRChemotype” plots
(Supplementary information Figures SM3-7) Besides, employing benchmarking
would enable the effective detection of activediga in a pool of their false positive

decoys.
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Since the screening performance results (basedR&®CpAUC metric) were in the
following order: N> N2> N2> original score > NSupplementary information
Figures SM3-7) Therefore, we employed ) normalization scheme for our
docking investigation on COX-2. We also used theesaormalization scheme {R)
for LOX docking experiments.

Interestingly, celecoxib and indomethacin displayleel highest and lowest docking
scores with the synthesized compounds in-betweergoth normalized and non-
normalized panels. This correlates clearly withirthie vitro activity against
recombinant COX-2 enzyme, as seesupplementary information Figures SM8
The normalized docking performance of all compouwsesms to be comparable based
on their mean values and standard deviation rarggshown inFigure SM8B.
Interestingly, regarding the non-normalized dockiitgess, the difference between
the heaviest compour@j and the lightest onéb appeared to be significant singe
lies out of the standard deviation range 6jf (Figure SM8A). However, after
employing N normalization, bott6j and4b appeared comparabl€igure SM8B)
which appeared to agree with their actual bioldgactivities.

Additionally, docking of the compounds in the aetsites of both COX-1 and COX-2
enzymes showed preference for COX-2 over COX-1s Tas not surprising since
the average molecular weights range of our comp®isd46.6 £64.5 which is higher
than average range of the diverse and represemt&®@X-1 and COX-2 ligands
reported in DEKOIS 2.0 benchmark sets (the avenaglecular weight of COX-1 and
COX-2 in DEKOIS 2.0 benchmark set are 333.8 [+ BR.&nd 373.6 [+ 50.65],
respectively) [42]. As well, it is well-recognizethat COX-2 binding site is
topologically larger than that of COX-1 and hen@ecammodates heavier ligands
[78].

Since compound4b, 5b, 5eand5g showed the highest activities in COX-2 and LOX
binding assays as well as PPARanslocation and functional reporter gene assags,

will focus on rationalizing their pose interactianghe binding sites of these targets.
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Figure 10. (A) Overlay of the ‘docking poses b (yellow sticks), the co-crystallized
ligand (cyan sticks) anBib (orange sticks) in the binding site of COX-2 (POBx2).
(B) Overlay of the docking poses 8b (orange sticks)bg (cyan sticks) andbe
(yellow sticks) in the binding site of COX-2 (PDBcx2). Polar and non-polar regions
of the binding site were presented by red and gmemored molecular surface,
respectively. Dashed lines indicate favorable adBons. Non-polar hydrogen atoms
were omitted for clarity.

The postulated binding pose @b demonstrated hydrophobic and polar contacts,
comprised by its phenoxy propargyl and rhodaningeties, respectivelyRigure
10A). The propargyl tail appeared to be packed deiplige binding cleft formed by
the side chains of Leu359, Valll6, 1le345 and AM13uch interaction pattern
resembled the favored hydrophobic contacts of tifledromethyl group of the co-
crystallized selective COX-2 inhibitor (SC-558)bait, with a deeper filling of the

propargyl group towards the hydrophobic cleft adigiy Leu531.
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The phenoxy group showed hydrophobic contacts Wtt855 and Ala577. On the
other hand, the rhodanine moiety appeared to aattkdonding donor to His90 via
the imide group and reaches a favorable hydrophodmtact with the side chain of
lle517 via the thione group. This directed the drude moiety towards the polar
region of the binding site and overlaying on théswamide group of SC-558.
The docking poses dib, 5g and5e showed comparable types of interactions in the
binding site of COX-2 Figure 10B). Their thiazolidinedionyl moieties acted as H-
bonding acceptor for the side chain of His95 via teprotonated imide and the
carbonyl group at position number two in the ring.
Also, their aromatic phenoxy moieties appeared temahstrate favorable
hydrophobic interactions with the side chains of9%hand Ala516. Their triazolyl
groups were packed between Ser353 and Val523. ipophilic tail comprised
terminal p-bromobenzyl, phenoxyphenyl and bromophenyl grogpsih, 59 and5e
respectively, filled the hydrophobic region of thieding site and packed between the
side chains of Val349, Leu352 and Ala527.
Generally, these postulated binding interactionglimfpose are obviously different
than that of its congeneric analogugs 59 and 5e, where the latter poses showed
superior scores due to more interactions and bgibse accommodations. This
observation is attributable to the fact tdathas dissimilar topological features (e.g.,
molecular weight and size) compared to the aforeéimeed 3 compounds. In
addition, the large size of COX-2 binding site @atommodate different poses of a
ligand.

2.6.2. Docking of compounds 4b, 5b, 5g and Sato 15-LOX active site:

Again, the original docking fithess showed obvidugtuations especially for the
reference compounds NDGA and quercetin, dhdInterestingly, when employing
score normalization by (), the docking fitness distribution appeared tontare

homogenous, as seenSupplementary information Figures SMQ This correlates
better with the biological activity since almost #ie compounds - including the

reference compounds - lay within the same actnahges.
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The postulated binding pose @b demonstrated mainly hydrophobic contacts in the
binding site of 15-LOX Figure 11A). The rhodanine moiety is packed between
GIn590, Glu357, lle418 and 11e593, Phe353. Alsmatplated H-bonding interaction
between the carbonyl group of the ring with GIn5d8n be observed. The
hydrophobic tail o##b comprising the phenoxy and propargyl groups padietdieen
the backbone of Glu357, His361, His366, Asn401taedide chain of 1le400
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Figure 11 (A) Overlay of the docking poses
crystallized ligand (green sticks) in the bindinge <of 15-LOX (PDB: 1lox). (B)
Overlay of the docking poses of 5b (orange stickg)(cyan sticks) and 5e (yellow
sticks) in the binding site of 15-LOX (PDB: 1loxBolar and non-polar regions of the
binding site were presented by red and green ablor@ecular surface, respectively.
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Dashed lines indicate favorable interactions. Nolaphydrogen atoms were omitted
for clarity.

Again, the postulated binding poses5f, 5g and 5e showed comparable types of
interactions in the binding site of 15-LOX mostly bydrophobic and Van der Waal
types of interactionsHigure 11B). However, their thiazolidinedione moieties acted
as H-bonding acceptor for the amidic backbone db% via the carbonyl group at
position two in the ring. Their aromatic phenoxyigties packed between the
hydrophobic side chains of Val409, Leu362, Leu368 Bhe415 indicating favorable
hydrophobic interactions. Furthermore, their trigkgroups filled the space formed
by the side chain of 1le400, Leu408 and Leu597. Tipephilic terminals of p-
bromobenzyl, phenoxyphenyl and bromophenyl groups %b, 5g and 5e
respectively, packed between the side chains ob®&uPhel75, lleu414 and the
backbone of Ala404 and Arg403; nevertheless, thmmbr and methoxy groups
appeared to be solvent exposed. No metal chelati@® observed for postulated

binding poses o4b, 5b, 5g and5e

2.7.1n slico prediction of physicochemical properties, drug-likeess,
pharmacokinetic profile and ligand efficiency metrics:

In the present work, physicochemical and pharmaetia parameters of the most
active compoundgib, 5b, 5e and 5g were calculated using Molinspiration [79],
Molsoft [80], Pre-ADMET [81] and Data warrior [8Xoftware.

Results presented fBupplementary Information Table SM4 showed that the four
compounds obeyed Lipinski's rule, with LogP vallietween 2.04 and 3.69 (<5),
MW ranging between 275 and 471 (<500) together wittmnber of HBA and HBD of
3-8 (<10) and 1 (<5), respectively. Hence, thesapmunds should not demonstrate a
problem regarding oral absorption. Moreover, thejgounds showed NROTB values
of 3-6 (<10) and TPSA values of 42.10-99.12(A140 ), indicating their potential
to be transported through biological membranes.

Molsoft software was used to calculate the soltyodnd drug-likeness model score.
Although, the drug-likeness predicted values fer st compounds ranged between -
0.73 and -0.1, yet they passed the solubility ¢Utimit with values of 0.03-0.98
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mg/L (more than 0.0001 mg/L). Since aqueous satyhd known to influence both
absorption and distribution characteristics remigka we predict that these
compounds can behave as drug-like.

Furthermorejn silico prediction of the pharmacokinetic parameters wasied out
using Pre-ADMET software. Results of the predicdME parameters are recorded
in Table SM4. Medium cell permeability in the Caco-2 cell moaels predicted for
the four compounds with values between 12.86 an8248m/s. They also can be
regarded as well-absorbed molecules due to highahuntestinal absorption values
(around 97%). Moreover, they showed low BBB permiitg (0.03-0.1) and high
binding ability to human plasma proteins (91.83%0)0As well, they were non-
inhibitors of CYP2D6 enzyme and thus interactionthvCYP2D6 inducers and/or
inhibitors should not present a problem.

Endeavors to incorporate physicochemical propeffies molecular weight, polar
surface area, lipophilicity and others), togethéhvpotency into a quantitative and
numerical framework have recently materialized iiigand efficiency indices. These
are composite and easy-to-follow prognosticatorat tivere formulated to help
increase the robustness of the drug discovery psoaad provide more favorable
outcomes. They blend potency, lipophilicity and\neatom count, thus guiding the
lead optimization process along the preclinicadiiscovery path [83].

Hence, prospective assessment of the quality ofntlost active compounds as
potential hits or leads was achieved by applicatibthese metrics, namely; Ligand
efficiency (LE), lipophilic ligand efficiency (LLE)Nnd ligand efficiency-dependent
lipophilicity index (LELP) using Data warrior softwe.

LE is a link between drug potency and its molecslae in the form of heavy (non-
hydrogen) atom count. Regarding both COX-2 and @3linhibitory activities, LE
values of the four compounds ranged from 0.25 5@ @vhich adhere to the accepted
minimum LE for lead compounds (in the range of @B} 0.3 for drug candidates
[84,85].

LLE correlates potency to lipophilicity. With thexaeption of5b and 5e anti-LOX
activity (LLE = 2.55 and 2.94, respectively), LLEalues for both enzymatic
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inhibitory activities, shown imable SM4, ranged from 3.86 to 5.82, which comply
with the optimum cut-off values for lead compourfds3) or drug candidates (5)
[85].

LELP is considered as a combined scoring functiwh lzence with greater predictive
power as it relates both molecular size and lipaptyi to potency. In addition, unlike
LE and LLE, LELP has been reported to have theitphib differentiate between
marketed drugs and unsuccessful leads not to nmeni$o high correlation with
pharmacokinetic profile and safety [86].

Interestingly, both COX and LOX inhibition affordedELP values that fulfilled the
accepted limits for leads<(.5) or marketed drugs (<10) since their valuegedn
from 2.09 to 9.23 [85]. This is in contrast3b, which showed LELP value of 10.84
for LOX inhibition, which slightly deviated from &h value reported for drug
candidates.

Enlightened by the aforementioned drug-likeness,M&Dand ligand efficiency
predictions, these compounds demonstrated theiropppteness for further lead

optimization studies.

3. Conclusion:

In this study, for the first time, we have descdibthe design of novel triazolyl-
thiazolidinedione/rhodanine hybrids as potentiaiidtaneous COX-2/LOX inhibitors
and PPAR partial agonists. We challenged our design wite-ggmthetic docking
experiments on PPARusing three docking software, which showed enapota
docking scores, interactions with key amino acidd eomparable orientation of the
docked compounds with respect to the co-crystallirgand rosiglitazone. Most of
the synthesized hybrids showed micromolar inhilitactivities towards COX-2 and
15-LOX inin vitro assaysln vitro glucose uptake assay identified compoudilolsce

as stronger glucose uptake inducers than piogliezo the presence and absence of
insulin, and compoundSb, 5g as equal or higher glucose uptake inducers in an
insulin-independent fashion, which raises the ey of selective targeting of

PPARy signaling pathways. Immunohistochemical analysis ligand-stimulated
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PPARy nuclear localization confirmed the ability of cooymds4b, 5b, 5e and5g to
induce PPAR nuclear translocation, similar to pioglitazone. riefaver, PPAR
functional reporter gene assay confirmed the gdaayanistic activity of the latter 4
compounds towards PPAR The same 4 compounds were capable to inhibit
monocyte to macrophage differentiation, which ispiaotal and early step in
inflammatory response. As expected, the most pdtgtOX inhibitors4b, 5e & 5g
reduced inflammatory cytokine production and ardchate metabolism in human
macrophage model challenged by LPS. Over and alsowepoundtb demonstrated a
statistically significant higher potency comparedcelecoxibin formalin-induced rat
paw edema assay. While, compourttis 5e and 5gshowed equivalent inhibitory
effect to the reference drugs. X-ray crystallogsapli compound4b with PPARy
showed its binding outside AF2 part of LBD, whishtlhe part responsible for the full
activation of PPAR and hence complete recruitment of downstream Bigna
molecules. Instead, it managed to pursue otheropydibic interactions with residues
in H3, H6 and H7 parts of LBD via its phenyl ringdapropargyl tail. Also, a key
hydrogen bonding interaction with Ser342 in beteshvas observed. We believe that
the presence of only one carbonyl group in rhodapirt of4b probably changed its
ability to bind to AF2 and hence might be partlgpensible for its partial agonistic
activity. Another part of the partial agonistic gty could be attributed to the
hydrophobic interactions, especially those of thepprgylic tail. Molecular docking
experiments of compoundd, 5b, 5e and5g on COX-2 and 15-LOX showed perfect
fitting in the binding pocket and noticeable intrans with key amino acids. The
docking scores after appropriate normalization elated successfully with thi
vitro biological data. Appropriate normalization was rdeal by using COX-2
DEKOIS 2 benchmark set. Moreover, drug-likenesesssent via Molinspiration,
Molsoft, Pre-ADMET and Data warrior software eluaield their full compliance with
Lipinski's rule, favorable physicochemical propestiand convenient predicted
pharmacokinetic parameters. Over and above, ligafiiciency metrics for
compoundgtb, 5b and5e were calculated and they indicated that thesen®booinds
represent promising hits/leads to pursue as palesimultaneous COX-2/LOX

inhibitors and PPAR partial agonists for management of inflammatosgodiers. We
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think that compoundgb, 5b and5e will be insightful additions to the contemporary
drug design programs directed towards inflammatissgrders with potential links to

metabolic diseases.
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4. Experimental:
4.1. Chemistry:

All chemicals were purchased from commercial sgppliand used without further
purification. Melting points were recorded on etetiterm capillary tube Stuart
melting point apparatus SMP10 and are all uncaetedtollow up of the reactions'
rates were performed by thin-layer chromatographlyC) on silica gel-precoated
aluminum sheets (Type 60 GF254; Merck; Germany)thadpots were visualized by
exposure to iodine vapors or UV-lamplaR54nm for few seconds. Infrared spectra
(IR) were recorded using KBr discs on a Shimadzd3R spectrophotometer, Faculty
of Pharmacy, Cairo University. Nuclear magnetioresice {H NMR and*C NMR)
spectra were recorded on a Jeol spectrometer (398 st the Microanalytical Unit,
Faculty of Science, University of Alexandria or cm Bruker (400 MHZz)
spectrophotometer, Faculty of Pharmacy, Cairo Usitye using deuterated
Dimethylsulfoxide (DMSOdg) as solvent. The data were recorded as chemidéd sh
expressed i (ppm) relative to Tetramethylsilane (TMS) as in@rstandard. Signal
splitting are expressed by the following abbrewiasi: s = singlet, d = doublet, t =
triplet, g = quartet and m = multiplet. The puridthe new compounds was checked
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by elemental analyses (C, H, N and S), conducteedlé&s6H 2000 CHNS/O analyzer,
Thermo Scientific at the regional center for myggiand biotechnology (RCMB),
Al-Azhar University. In addition, new compounds wedound to be>95% pure by
reversed phase HPLC analysis using Agilent 126itgf HPLC equipped with
G1311B Quaternary pump, G1329 injector and G 13IH£D VI detector. A
G1316A C18 column (4.6 x 150 mm) was used. An tpacvolume of 0.5 ml (DMF
and phosphate buffer pH 5 1:1), a flow rate of /mih and an isocratic elution of
acetonitrile in water (1:1) were applied. Analyseere monitored at 254 nm
wavelength. The preparation of appropriate azi8&83B], propargyl derivativ2 [89]

and aldehyde8(a-h) [90] were performed according to reported procedur

4.1.1. Knoevenagel condensation procedure for compounds &), 5(a-h)
and 6(a-h) :
A mixture of the appropriate aldehyd2 ¢r 3(a-h)) and thiazolidine-2,4-dione /
rhodanine (Immole) with catalytic quantity of pipkme (10 mol%) in absolute
ethanol was refluxed for 12 hours. After coolingré@m temperature overnight, the
precipitated compound was filtered, washed withdgeled ethanol and dried. The
solid was crystallized from ethanol or ethanol/DMFobtain the appropriate solid

products.

(2)-5-(4-(prop-2-yn-1-yloxy)benzylidene)thiazolidir®e4-dione(4a)

Yield 74%. m.p. 216-218 °CH NMR (400 MHz, DMSO#de): & 12.51 (s, 1H, NH,
D,O exchangeable), 7.73 (s, 1H, benzylidene-CH), 71&5J = 8.84 Hz, 2H,
benzylidene- g&H), 7.13 (d,J = 8.84 Hz, 2H, benzylidenes&H), 4.88 (dJ = 2.32
Hz, 2H, OCH), 3.61 (t,J = 2.32 Hz, 1H, ECH). **C NMR (100 MHz, DMSOdy): &
168.4, 167.9, 159.3, 132.4, 132.1, 126.6, 121.8,111779.2, 79.1, 56.2. IR (KBr): cm

1 3275.13 (ECH), 3097.68 (NH), 2376.30-2322.295C), 1732.08 (C=0), 1678.07
(amide C=0), 1639.49 (C=N), 1589.34 (C=C), 1257ak8 1022.27 (C-O-C), (C-S-
C). Anal. Calcd (%) for GH9NO3S (259.28): C, 60.22; H, 3.50; N, 5.40; S, 12.37.
Found C, 60.48; H, 3.64; N, 5.61; S, 12.52. HPIMAD: Retention time 4.93 min.

(2)-5-(4-(prop-2-yn-1-yloxy)benzylidene)-2-thioxothialidin-4-one(4b)

Yield 69%. m.p. 226-228 °CH NMR (400 MHz, DMSOs): & 13.76 (s, 1H, NH,
D,O exchangeable), 7.60 (s, 1H, benzylidene-CH), 71&7J = 8.84 Hz, 2H,
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benzylidene- g&H), 7.15 (d,J = 8.84 Hz, 2H, benzylidenes&H), 4.90 (dJ = 2.32
Hz, 2H, OCH), 3.63 (t,J = 2.32 Hz, 1H, ECH). **C NMR (100 MHz, DMSOd): 5
196.1, 170.2, 159.6, 133.0, 132.0, 126.7, 123.8,31179.2, 79.1, 56.2. IR (KBr): cm
1 3255.84 (&CH), 3001.24 (NH), 2376.30-2322.29=C), 1685.79 (amide C=0),
1640 (C=N), 1581.63 (C=C), 1246.02 and 1068.56 (C)Q(C-S-C).Anal. Calcd
(%) for Ci3HoNO,S, (275.34): C, 56.71; H, 3.29; N, 5.09; S, 23.2%urka C, 57.04;
H, 3.18; N, 5.37; S, 23.44. HPLC / DAD: Retentiond 9.5 min.

(2)-5-(4-((1-benzyl-H-1,2,3-triazol-4-yl)methoxy)benzylidene)thiazoligi2,4-dione
(5a)

Yield 83%. m.p. 178-180 °CH NMR (500 MHz, DMSOde): & 12.49 (s, 1H, NH,
D,0O exchangeable), 8.29 (s, 1H, triazoleH), 7.73 (s, 1H, benzylidene-CH),7.53 (d,
J = 8.4 Hz, 2H, benzylidene,GH), 7.37-7.28 (m, 5H, phenyr,345H), 7.17 (d,J

= 8.4 Hz, 2H, benzylidene-sGH), 5.59 (s, 2H, NCh), 5.20 (s, 2H, OCH. **C
NMR (125 MHz, DMSOsdg): 6 160.2, 143.0, 132.6, 126.4, 121.1, 116.2, 61.94.53
IR (KBr): cmi* 3140.11 (NH), 1743.65 (C=0), 1678.07 (amide C=1B35 (C=N),
1597.06 (C=C), 1249.87 and 1040 (C-O-C), (C-S-8hal. Calcd (%) for
CaoH16N4OsS (392.43): C, 61.21; H, 4.11; N, 14.28; S, 8.1dure C, 61.47; H, 4.24;
N, 14.59; S, 8.24. HPLC / DAD: Retention time 4r@a®.

(2)-5-(4-((1-(4-bromobenzyl)H-1,2,3-triazol-4-yl)methoxy)benzylidene)
thiazolidine-2,4-dion€5b)

Yield 86%. m.p. 182-184 °CH NMR (500 MHz, DMSOds): & 12.45 (s, 1H, NH,
D,O exchangeable), 8.29 (s, 1H, triazoleH), 7.73 (s, 1H, benzylidene-CH), 7.37-
7.28 (m, 4H, 4-bromophenylsG-H and benzylidene-£-H), 7.24 (d,J = 8.4 Hz, 2H,
benzylidene-geH), 7.17 (d,J = 8.4 Hz, 2H, 4-bromophenyl-;GH), 5.58 (s, 2H,
NCH,), 5.20 (s, 2H, OCH. **C NMR (125 MHz, DMSOdg): 5 168.5, 168.1, 160.2,
143.1, 132.6, 126.4, 122.0, 116.2, 61.8, 52.6.KBr(: cm™” 3136.25 (NH), 1735.93
(C=0), 1685.79 (amide C=0), 1635 (C=N), 1585.49@}-41257.59 and 1053.13 (C-
0-C), (C-S-C)Anal. Calcd (%) for GoH1sBrN,4OsS (471.33): C, 50.97; H, 3.21; N,
11.89; S, 6.80. Found C, 51.24; H, 3.39; N, 11556.71. HPLC / DAD: Retention
time 7.83 min.

(2)-5-(4-((1-phenyl-H-1,2,3-triazol-4-yl)methoxy)benzylidene)thiazolidh2 ,4-
dione(5¢)
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Yield 85%. m.p. 262-264 °CH NMR (400 MHz, DMSOde): & 12.53 (s, 1H, NH,
D,O exchangeable), 8.99 (s, 1H, triazoleH), 7.92 (d,J = 7.8 Hz, 2H, phenyl-£
H), 7.77 (s, 1H, benzylidene-CH), 7.49-7.64 (m, BEnzylidene- gsH and phenyl-
CsasH), 7.26 (d,J = 8.72 Hz, 2H, benzylidene-s6H), 5.34 (s, 2H, OCH. *C
NMR (100 MHz, DMSOek): 6 168.5, 160.1, 143.9, 137.0, 132.6, 132.2, 13(29,3]
126.5, 123.6, 120.7, 116.1, 61.7. IR (KBr): t8151.69 (NH), 1739.79 (C=0),
1693.50 (amide C=0), 1640 (C=N), 1597.06 (C=C),3123 and 1053.13 (C-O-C),
(C-S-C).Anal. Calcd (%) for GoH14N4O3S (378.41): C, 60.31; H, 3.73; N, 14.81; S,
8.47. Found C, 59.96; H, 3.88; N, 15.07; S, 8.6BLA / DAD: Retention time 5.99
min.

(2)-5-(4-((1-(4-chlorophenyl)-Hi-1,2,3-triazol-4-yl)methoxy)benzylidene)
thiazolidine-2,4-dion€5d)

Yield 80%. m.p. 243-245 °CH NMR (400 MHz, DMSOds): & 12.54 (s, 1H, NH,
D,O exchangeable), 9.02 (s, 1H, triazoleH), 7.26-7.97 (m, 9H, 4-chlorophenyl-
C.356H, benzylidene- €5 56H and benzylidene-CH), 5.35 (s, 2H, O§HC NMR
(100 MHz, DMSOsdg): 6 168.5, 160.1, 144.0, 135.8, 133.6, 132.6, 13230).3]
126.5, 123.6, 122.3, 116.1, 61.7. IR (KBr): tr8159.40 (NH), 1732.08 (C=0),
1693.5 (amide C=0), 1640 (C=N), 1589.34 (C=C), 126%and 1033.85 (C-0O-C),
(C-S-C).Anal. Calcd (%) for @H13CIN4O3S (412.85): C, 55.28; H, 3.17; N, 13.57; S,
7.77. Found C, 55.60; H, 3.08; N, 13.81; S, 7.59L& / DAD: Retention time 10.51
min.

(2)-5-(4-((1-(4-bromophenyl)Hi-1,2,3-triazol-4-
yl)methoxy)benzylidene)thiazolidine-2,4-dio(tee)

Yield 88%. m.p. 143-145 °CH NMR (400 MHz, DMSOsg): & 12.52 (s, 1H, NH,
D,O exchangeable), 8.99 (s, 1H, triazokH), 7.88 (d,J = 8.72 Hz, 2H, 4-
bromophenyl-Gs-H), 7.78 (d,J = 8.72 Hz, 2H, 4-bromophenyl,GH), 7.75 (s, 1H,
benzylidene-CH), 7.56 (dl = 8.56 Hz, 2H, benzylidene-,&H), 7.23 (d,J = 8.56
Hz, 2H, benzylidene- §-H), 5.33 (s, 2H, OCH. **C NMR (100 MHz, DMSOdg): &
168.5, 160.1, 144.1, 136.2, 133.2, 132.6, 132.85,5,2123.5, 122.5, 121.9, 116.1,
61.7. IR (KBr): cn' 3143.97 (NH), 1728.22 (C=0), 1670.35 (amide C=0§40
(C=N), 1585.49 (C=C), 1253.73 and 1072.42 (C-O{C}S-C). Anal. Calcd (%) for
C19H13BrN4OsS (457.30): C, 49.90; H, 2.87; N, 12.25; S, 7.04urd C, 49.76; H,
2.91; N, 12.47; S, 7.14. HPLC / DAD: Retention tifrifle90 min.
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(2)-5-(4-((1-(p-tolyl)-1H-1,2,3-triazol-4-yl)methoxy)benzylidene)thiazoligh2,4-
dione(5f)

Yield 90%. m.p. 248-250 °CH NMR (400 MHz, DMSOde): & 12.55 (s, 1H, NH,
D,O exchangeable), 8.92 (s, 1H, triazoleH), 7.25-7.78 (m, 9H, p-tolyl -G 56H,
benzylidene- €;56H and benzylidene-CH), 5.32 (s, 2H, OgH2.38 (s, 3H, Ch).

13C NMR (100 MHz, DMSOdg): 5 168.5, 168.0, 160.1, 143.7, 138.9, 134.8, 132.5,
132.1, 130.7, 126.4, 123.4, 121.2, 120.5, 116.17,621.0. IR (KBr): crit 3147.83
(NH), 1724.36 (C=0), 1666.50 (amide C=0),1630 (C=Nj89.34 (C=C), 1253.73
and 1026.13 (C-O-C), (C-S-C). Anal. Calcd (%) fopHisN4OsS (392.43): C, 61.21;
H, 4.11; N, 14.28; S, 8.17. Found C, 61.48; H, 4N414.70; S, 8.34. HPLC / DAD:
Retention time 8.78 min.

(2)-5-(4-((1-(4-methoxyphenyl)H-1,2,3-triazol-4-yl)methoxy)benzylidene)
thiazolidine -2,4-dion€5Q)

Yield 86%. m.p. 248-250 °CH NMR (400 MHz, DMSOds): & 12.39 (s, 1H, NH,
D,O exchangeable), 8.87 (s, 1H, triazoleH), 7.82 (d,J = 5.6, 2H, benzylidene-
Cy6H), 7.76 (s, 1H, benzylidene-CH), 7.58 M= 5.28 Hz, 2H, 4-methoxyphenyl-
Cu6H), 7.26 (d,J = 5.28 Hz, 2H, 4-methoxyphenyls&H), 7.14 (d,J = 5.6 Hz, 2H,
benzylidene- €s-H), 5.32 (s, 2H, OC}), 3.84 (s, 3H, OCH). *C NMR (100 MHz,
DMSO-g): 6 168.6, 168.4, 160.1, 159.8, 143.6, 132.5, 1313®,.41 126.5, 123.5,
122.3, 121.4, 116.1, 115.4, 61.8, 56.0. IR (KBnx'c3116.97 (NH), 1739.79 (C=0),
1685.79 (amide C=0), 1635 (C=N), 1589.34 (C=C),984 and 1022 (C-O-C), (C-
S-C). Anal. Calcd (%) for §H16N4O4S (408.43): C, 58.82; H, 3.95; N, 13.72; S,
7.85. Found C, 59.05; H, 4.02; N, 14.07; S, 7.5BL@& / DAD: Retention time 6.00
min.

(2)-4-(4-((4-((2,4-dioxothiazolidin-5-ylidene)methphenoxy)methyl)-H-1,2,3-
triazol-1-yl)benzoic acig5h)

Yield 82%. m.p. >300 °C'H NMR (400 MHz, DMSOds): & 13.28 (s, 1H, COOH,
D,0O exchangeable), 12.59 (s, 1H, NH;(Dexchangeable), 9.15 (s, 1H, triazole-C
H), 8.20 (d,J = 8.6 Hz, 2H, 4-carboxyphenylsGH), 8.13 (d,J = 8.6 Hz, 2H, 4-
carboxyphenyl- €«H), 7.82 (s, 1H, benzylidene-CH), 7.64 @= 8.68 Hz, 2H,
benzylidene- g&H), 7.30 (d,J = 8.68 Hz, 2H, benzylidenesGH), 5.41 (s, 2H,
OCHy). *C NMR (100 MHz, DMSOdg): & 168.4, 167.9, 166.8, 160.1, 144.2, 139.9,
132.6, 132.2, 131.6, 131.2, 126.4, 123.7, 121.0,412116.1, 61.7. IR (KBr): cth
3367.71-2962.66 (OH), 3143.97 (NH), 1739.79 (C=070.35 (amide C=0), 1610
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(C=N), 1589.34 (C=C), 1253.73 and 1026.13 (C-O{C}S-C). Anal. Calcd (%) for
CooH14N4OsS (422.42): C, 56.87; H, 3.34; N, 13.26; S, 7.5%urd C, 57.21; H, 3.50;
N, 12.98: S, 7.81. HPLC / DAD: Retention time 2r6in.

(2)-5-(4-((1-benzyl-H-1,2,3-triazol-4-yl)methoxy)benzylidene)-2-thioxa@tholidin-
4-one(6a)

Yield 80%. m.p. 186-188 °CH NMR (400 MHz, DMSOds): & 13.75 (s, 1H, NH,
D,O exchangeable), 8.32 (s, 1H, triazolgH), 7.62 (s, 1H, benzylidene-CH), 7.58
(d, J = 8.84 Hz, 2H, benzylidene-,gH), 7.32-7.40 (m, 5H, benzyl-Hs), 7.22 (MF
8.84 Hz, 2H, benzylidenesGH), 5.62 (s, 2H, benzyl-C#i, 5.25 (s, 2H, OCH. °C
NMR (100 MHz, DMSO+dg): 6 196.1, 170.1, 160.5, 142.9, 136.4, 133.1, 1329,3,
128.7, 128.4, 126.3, 125.4, 123.1, 116.3, 61.83.5R (KBr): cni* 3136.25 (NH),
1693.50 (C=0), 1640(C=N), 1585.49 (C=C), 1261.45,2172, and 1053.13 (C-O-C),
(C=S) and (C-S-C). Anal. Calcd (%) fordE16N4O-S, (408.49): C, 58.81; H, 3.95;
N, 13.72; S, 15.70. Found C, 59.04; H, 3.88; N9&3.S, 15.93. HPLC / DAD:
Retention time 9.44 min.

(2)-5-(4-((1-(4-bromobenzyl)H-1,2,3-triazol-4-yl) methoxy)benzylidene)-2-
thioxothiazolidin-4-on€6b)

Yield 81%. m.p. 138-140 °CH NMR (400 MHz, DMSOds): & 13.75 (s, 1H, NH,
D,0O exchangeable), 8.33 (s, 1H, triazoleH), 7.62 (s, 1H, benzylidene-CH), 7.57-
7.59 (m, 4H, 4-bromobenzylsGH and benzylidene£&H), 7.28 (d,J = 7.88 Hz,
2H, 4-bromobenzyl-&+H), 7.21 (d,J = 8.32 Hz, 2H, benzylidenesGH), 5.62 (s,
2H, benzyl-CH), 5.25 (s, 2H, OCH. *C NMR (100 MHz, DMSQdg): 5 196.1,
170.2, 160.5, 143.0, 135.8, 133.1, 132.2, 131.8,713126.3, 125.5, 123.2, 121.9,
116.3, 61.8, 52.6. IR (KBr): cm3147.83 (NH), 1708.93 (C=0), 1620 (C=N),
1589.34 (C=C), 1242.16, 1172.72, and 1049.28 (CYOLC=S) and (C-S-C). Anal.
Calcd (%) for GoH15BrN4O2S; (487.39): C, 49.29; H, 3.10; N, 11.50; S, 13.16urkd
C,49.01; H, 3.24; N, 11.78; S, 13.49. HPLC / DAXetention time 15.17 min.

(2)-5-(4-((1-phenyl-H-1,2,3-triazol-4-yl)methoxy)benzylidene)-2-thiox@holidin-
4-one(6c)

Yield 84%. m.p. 228-230 °CH NMR (400 MHz, DMSOds): & 13.70 (s, 1H, NH,
D,O exchangeable), 8.98 (s, 1H, triazoleH), 7.92 (d,J = 7.88 Hz, 2H,
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benzylidene- g¢H), 7.48-7.63 (m, 6H, benzylidene-CH and pheny);Hs22-7.27
(m, 2H, benzylidene- -H), 5.34 (s, 2H, OCh). *C NMR (100 MHz, DMSOdg): 5
196.4, 173.7, 160.3, 143.8, 137.0, 133.1, 131.D,413129.9, 129.3, 126.6, 123.5,
120.7, 116.2, 61.7. IR (KBr): ¢m3132.40 (NH), 1708.93 (C=0), 1625 (C=N),
1589.34 (C=C), 1242.16,1168.86, and 1030 (C-O-C3S) and (C-S-C). Anal. Calcd
(%) for CigH14aN4O,S, (394.47): C, 57.85; H, 3.58; N, 14.20; S, 16.26urd C,
58.07; H, 3.65; N, 14.53; S, 16.48. HPLC / DAD: &dton time 11.45 min.

(2)-5-(4-((1-(4-chlorophenyl)-Hi-1,2,3-triazol-4-yl)methoxy)benzylidene)-2-
thioxothiazolidin-4-on€6d)

Yield 92%. m.p. 268-270 °CH NMR (400 MHz, DMSO¢): & 13.70 (s, 1H, NH,
D,O exchangeable), 9.00 (s, 1H, triazolkeH), 7.96 (d,J = 8.72 Hz, 2H, 4-
chlorophenyl-G&H), 7.68 (dJ = 8.72 Hz, 2H, 4-chlorophenylsGH), 7.58-7.60 (m,
3H, benzylidene- &-H and benzylidene-CH), 7.26 (@= 8.64 Hz, 2H, benzylidene-
CasH), 5.34 (s, 2H, OCH. *C NMR (100 MHz, DMSOds): § 196.3, 170.6, 160.3,
144.1, 135.8, 133.6, 133.1, 131.8, 130.4, 126.8,62123.5, 122.4, 116.3, 61.7. IR
(KBr): cm™* 3147.83 (NH), 1708.93 (C=0), 1620 (C=N), 1589.84C), 1238.30,
1168.86 and 1025 (C-O-C), (C=S) and (C-S-C). A@Galcd (%) for GeH13CIN4O,S,
(428.91): C, 53.21; H, 3.06; N, 13.06; S, 14.95urkbC, 53.59; H, 3.19; N, 12.89; S,
15.01. HPLC / DAD: Retention time 8.33 min.

(2)-5-(4-((1-(4-bromophenyl)H-1,2,3-triazol-4-yl) methoxy)benzylidene)-2-
thioxothiazolidin-4-ond€6e)

Yield 89%. m.p. 271-273 °CH NMR (400 MHz, DMSOs): & 13.78 (s, 1H, NH,
D,O exchangeable), 9.01 (s, 1H, triazoleH), 7.90 (d,J = 11.48 Hz, 2H, 4-
bromophenyl-Gs-H), 7.81 (d,J = 11.48 Hz, 2H, 4-bromophenykL&H), 7.62 (s, 1H,
benzylidene-CH), 7.59 (dl = 8.84 Hz, 2H, benzylidene-,&H), 7.26 (d,J = 8.84
Hz, 2H, benzylidene- £-H), 5.35 (s, 2H, OCH. **C NMR (100 MHz, DMSOdg): &
196.1, 170.1, 160.4, 144.0, 136.2, 133.3, 133.2,113126.4, 123.6, 123.2, 122.6,
122.0, 116.3, 61.7. IR (KBr): cm3143.97 (NH), 1716.65 (C=0), 1639.49 (C=N),
1589.34 (C=C), 1242.16, 1168.86 and 1056.99 (C-O(C5S) and (C-S-C). Anal.
Calcd (%) for GaH13BrN4O,S, (473.36): C, 48.21; H, 2.77; N, 11.84; S, 13.55urkd
C, 48.50; H, 2.94; N, 11.99; S, 13.62. HPLC / DAZ®tention time 24.57 min.
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(2)-2-thioxo-5-(4-((1-(p-tolyl)-H-1,2,3-triazol-4-
yl)methoxy)benzylidene)thiazolidin-4-or(éf)

Yield 92%. m.p. 254-256 °CH NMR (400 MHz, DMSOde): & 13.77 (s, 1H, NH,
D,0 exchangeable), 8.92 (s, 1H, triazoleH), 7.79 (d,J = 8.32, 2H, p-tolyl-GeH),
7.61 (s, 1H, benzylidene-CH), 7.59 (d+ 8.64 Hz, 2H, benzylidene-,&H), 7.40 (d,

J = 8.32 Hz, 2H, p-tolyl-gs-H), 7.26 (d,J = 8.64 Hz, 2H, benzylidene-sGH), 5.34

(s, 2H, OCH), 2.38 (s, 3H, Ch). **C NMR (100 MHz, DMSOdg): & 196.1, 170.1,
160.4, 143.7, 138.9, 134.8, 133.1, 132.1, 131.8,713126.4, 123.4, 120.5, 116.3,
61.8, 21.0. IR (KBr): cil 3151.69 (NH), 1701.22 (C=0), 1630 (C=N), 1589.34
(C=C), 1261.45,1172.72 and 1053.13 (C-O-C), (Ca8) @-S-C). Anal. Calcd (%)
for CooH16N4O2S; (408.49): C, 58.81; H, 3.95; N, 13.72; S, 15.70urkd C, 59.09; H,
4.06; N, 13.96; S, 16.02. HPLC / DAD: Retentiondid8.11 min.

(2)-5-(4-((1-(4-methoxyphenyl)H-1,2,3-triazol-4-yl)methoxy)benzylidene)-2-
thioxothiazolidin-4-ond6g)

Yield 91%. m.p. 256-258 °CH NMR (400 MHz, DMSOds): & 13.74 (s, 1H, NH,
D,O exchangeable), 8.87 (s, 1H, triazolek, 7.81 (d,J = 8.64, 2H, benzylidene-
CyeH), 7.62 (s, 1H, benzylidene-CH), 7.59 = 8.4 Hz, 2H, 4-methoxyphenyl-
Cu6H), 7.26 (dJ = 8.4 Hz, 2H, 4-methoxyphenyls&H), 7.14 (d,J = 8.64 Hz, 2H,
benzylidene- €s-H), 5.33 (s, 2H, OC}), 3.84 (s, 3H, OCH. *C NMR (100 MHz,
DMSO-g): 6 196.1, 170.2, 160.5, 159.8, 143.5, 133.1, 1323041 126.4, 123.5,
123.0, 122.3, 116.3, 115.4, 61.8, 56.0. IR (KBnx'c3140.11 (NH), 1685.79 (C=0),
1620 (C=N), 1589.34 (C=C), 1265.30, 1180.44 andl 188} (C-O-C), (C=S) and (C-
S-C). Anal. Calcd (%) for £H16N4OsS, (424.49): C, 56.59; H, 3.80; N, 13.20; S,
15.11. Found C, 56.96; H, 3.97; N, 13.01; S, 15BBLC / DAD: Retention time
11.49 min.

(2)-4-(4-((4-((4-oxo-2-thioxothiazolidin-5-ylidene)rig/l) phenoxy)methyl)-H-
1,2,3-triazol-1-yl)benzoic acifbh)

Yield 75%. m.p. 278-280 °CH NMR (400 MHz, DMSO¢): & 13.76 (s, 1H, NH,
D,O exchangeable), 13.25 (s, 1H, COOHQODexchangeable), 9.10 (s, 1H, triazole-
Cs-H), 8.07-8.16 (m, 4H, 4-carboxyphenyl-Hs), 7.90Je 7.4 Hz, 2H, benzylidene-
CoeH), 7.59-7.62 (m, 1H, benzylidene-CH), 7.29 {Jd& 7.4 Hz, 2H, benzylidene-
CasH), 5.39 (s, 2H, OCH. *C NMR (100 MHz, DMSOde): 5 191.8, 166.8, 163.3,
160.4, 144.2, 139.9, 133.1, 132.3, 131.6, 131.D2,513123.7, 120.4, 116.3, 115.7,
61.8. IR (KBr): cnt 3376.71-2792.93 (OH), 3136.25 (NH), 1685.79 (C=0§20
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(C=N), 1577.77 (C=C), 1257.59, 1165.00 and 1041G®-C), (C=S) and (C-S-C).
Anal. Calcd (%) for GoH14aN4O4S, (438.48): C, 54.79; H, 3.22; N, 12.78; S, 14.62.
Found C, 54.85; H, 3.14; N, 13.01; S, 14.50. HPIOAD: Retention time 2.74 min.

4.1.2. Click reaction procedure for compounds 5(i,j) and @,)):
To a mixture of 4-propargyloxy-benzylidene thiadele-2,4-dione / rhodanine 4
(a,b) ( 1 mmol) and appropriate phenacyl azide (1.5 mnmmol0 mL of DMF, was
added an aqueous solution (5 mL) of sodium ascerf@06 g, 0.34 mmol) and
CuSQ.5H,0 (0.02 g, 0.085 mmol). The mixture was stirredcatm temperature for
48h. After cooling, the mixture was poured on iftégred, washed with cold water,

dried and recrystallized from ethanol/DMF.

(2)-5-(4-((2-(2-(4-chlorophenyl)-2-oxoethyl)Ht 1,2, 3-triazol-4-
yl)methoxy)benzylidene)thiazolidine-2,4-dio(ts)

Yield 90%. m.p. 265-266 °CH NMR (400 MHz, DMSOds): & 12.53 (s, 1H, NH,
D,O exchangeable), 8.24 (s, 1H, triazoleH), 8.09 (d,J = 8.4 Hz, 2H, 4-
chlorophenyl-Ge&H), 7.96 (s, 1H, benzylidene-CH), 7.70 @,= 8.4 Hz, 2H, 4-
chlorophenyl-GsH), 7.59 (d,J = 8.6 Hz, 2H, benzylidene,GH), 7.24 (d,J = 8.6
Hz, 2H, benzylidene-G-H), 6.22 (s, 2H, OCH), 5.31 (s, 2H, CO=C}. *C NMR
(100 MHz, DMSOs¢k): 6 191.8, 168.0, 162.8, 160.2, 142.7, 139.6, 13332.5,
132.1, 130.6, 129.6, 127.0, 126.4, 116.1, 61.8.3R (KBr): cnmi* 3150 (NH), 1740
(C=0), 1693.50 (amide C=0), 1625 (C=N), 1590 (C%€3%0 and 1040 (C-O-C), (C-
S-C). Anal. Calcd (%) for £H15CIN4O4S (454.89): C, 55.45; H, 3.32; N, 12.32; S,
7.05. Found C, 55.81; H, 3.45; N, 12.19; S, 7.18L8 / DAD: Retention time 6.51
min.

(2)-5-(4-((1-(2-(4-bromophenyl)-2-oxoethyl}-t 1,2, 3-triazol-4-yl)methoxy)
benzylidene)thiazolidine-2,4-dior{g))

Yield 87%. m.p. 236-238 °CH NMR (400 MHz, DMSOds): & 8.24 (s, 1H, triazole-
Cs-H), 8.00 (d,J = 7.72 Hz, 2H, 4-bromophenyl.GH), 7.96 (s, 1H, benzylidene-
CH), 7.82 (d,J = 7.72 Hz, 2H, 4-bromophenylsGH), 7.57 (d,J = 8.44 Hz, 2H,
benzylidene-gesH), 7.24 (d,J = 8.44 Hz, 2H, benzylidenesGH), 6.22 (s, 2H,
OCHy), 5.30 (s, 2H, CO=Ch). **C NMR (100 MHz, DMSOdg): & 191.9, 168.7,
162.8, 160.2, 142.7, 133.6, 132.5, 132.4, 131.9,613128.9, 126.9, 126.4, 121.4,
116.1, 61.8, 56.4. IR (KBr): cth3124.68 (NH), 1735.93 (C=0),1708.93 (amide
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C=0), 1658.78 (C=N),1589.34 (C=C), 1240 and 107@XC), (C-S-C). Anal. Calcd
(%) for CuHisBrNOsS (499.34): C, 50.51; H, 3.03; N, 11.22; S, 6.4aurid C,
50.27; H, 3.16; N, 11.49; S, 6.38. HPLC / DAD: Rtten time 7.23 min.

(2)-5-(4-((1-(2-(4-chlorophenyl)-2-oxoethyl)H 1,2,3-triazol-4-yl)methoxy)
benzylidene)-2-thioxothiazolidin-4-or{6i)

Yield 89%. m.p. 257-259 °CH NMR (400 MHz, DMSO#ds): & 13.62 (s, 1H, NH,
D,O exchangeable), 8.24 (s, 1H, triazoleH), 8.09 (d,J = 8.6 Hz, 2H, 4-
chlorophenyl-GgH), 7.69 (d,J = 8.6 Hz, 2H, 4-chlorophenylsGH), 7.57-7.59 (m,
3H, benzylidene-CH and benzylideng«H), 7.25 (d,J = 8.84 Hz, 2H, benzylidene-
CssH), 6.22 (s, 2H, OCh), 5.31 (s, 2H, CO=C}). *C NMR (100 MHz, DMSOd):

6 196.6, 191.8, 162.8, 160.4, 142.6, 139.6, 13333, 131.6, 130.6, 129.6, 127.0,
126.5, 123.8, 116.2, 61.8, 56.4. IR (KBr): tm3140.11 (NH), 1705.07
(C=0),1651.07 (C=N), 1589.34 (C=C), 1234.44, 1186and 1053.13 (C-O-C),
(C=S) and (C-S-C). Anal. Calcd (%) fopEl15CIN4OsS, (470.95): C, 53.56; H, 3.21,
N, 11.90; S, 13.62. Found C, 53.80; H, 3.39; N,1&2.S, 13.90. HPLC / DAD:
Retention time 4.22 min.

(2)-5-(4-((1-(2-(4-bromophenyl)-2-oxoethyl}t1,2,3-triazol-4-
yl)methoxy)benzylidene)-2-thioxothiazolidin-4-o()

Ysield 92%. m.p. 236-238 °CH NMR (400 MHz, DMSOds): & 8.23 (s, 1H,
triazole-G-H), 8.01 (d,J = 8.36 Hz, 2H, 4-bromophenyl,GH), 7.96 (s, 1H,
benzylidene-CH), 7.84 (d,= 8.36 Hz, 2H, 4-bromophenylsgH), 7.56 (d,J = 8.72
Hz, 2H, benzylidene-£-H), 7.23 (d,J = 8.72 Hz, 2H, benzylidenesGH), 6.21 (s,
2H, OCH), 5.30 (s, 2H, CO=CH. **C NMR (100 MHz, DMSOde): & 196.6, 167.1,
162.8, 160.1, 142.6, 133.6, 132.7, 132.5, 131.71,113130.6, 129.9, 128.9, 126.9,
116.2, 61.8, 56.4. IR (KBr): cm3136.25 (NH), 1697.36 (C=0), 1639.49 (C=N),
1589.34 (C=C), 1240, 1168.86 and 1045.42 (C-O€C3S) and (C-S-C). Anal. Calcd
(%) for GyyH1sBrN4OsS, (515.40): C, 48.94; H, 2.93; N, 10.87; S, 12.4durkd C,
49.21; H, 3.08; N, 11.12; S, 12.71. HPLC / DAD: &gton time 13.47 min.

4.2 Biological Evaluation
4.2.1. Invitro COX-1 and COX-2 inhibitory assay:

All the newly synthesized compounds were screeaethgir ability to inhibit COX-1
and COX-2 enzymem vitro. This was carried out using Cayman colorimetricXCO

(ovine) inhibitor screening assay kit (Catalog N®0131) supplied by Cayman
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chemicals, Ann Arbor, MI, USA. The preparation ehgents and testing procedures
were carried out following the instructions giventhwthe assay kit (Catalog No.

560131) and in agreement with a previously repomtethod.

4.2.2. Invitro 15-LOX inhibitory assay:
The inhibitory activity of the test compounds It Table 1 against soya bean 15-
LOX was assessed using Cayman lipoxygenase inh#xteening assay kit (Catalog
No. 760700). The preparation of reagents and ggtiacedures for determining 46
values of the tested compounds were carried olawolg the instructions given with
the assay kit (Catalog No. 760700) and in agreemetit a previously reported
method [37].

4.2.3. Invitro glucose uptake using rat hemi-diaphragm model

Procedures involving animals and their care wergdaoted in conformity with the
Guide for the Care and Use of Laboratory Animalslighed by US National Institute
of Health (NIH publication No. 83-23, revised 199&hd following the ethical
guidelines of Alexandria University on laboratorpirmals. In all tests, adequate
considerations were adopted to reduce pain or chifmd of animals. Reagent
preparation and testing procedures for glucosekeptasingin vitro rat hemi-
diaphragm model of the tested compounds were daot¢ following the instructions
in accordance with a previously reported methodrlef, Wistar rats weighing 150-
250 g were used (Experimental Animal Centre in Algkia University). All animals
accessed to food and watat libitumand were housed in 12 h dark/light cycle in a
controlled condition at 23-28C and fasted overnight. The animals were euthdnize
under ether anesthesia and diaphragms were takeswdtly avoiding trauma and
divided into two halves and weight was noted. Temikdiaphragms were then rinsed
in cold Tyrode solution (without glucose) to remosay blood clots and used
accordingly. The glucose content of the workingusohs was measured by
GOD/POD enzymatic method using VITRO SCIENT glucése The working

solutions (n=3) were categorized as follows:

* A negative control that was provided by 2 ml of dge solution with 2000 mg/I
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glucose with and without regular insulin (Novo Nigid 40 IU/ml) 5 pl
containing 0.2 units of insulin.

» Test solutions which contained 2 ml of Tyrode solutwith 2000 mg/I glucose
and 2 mg of the test compound, 5b, 5e, 5g, 5j, 6b, 6e, 6g, @nd6i with and
without regular insulin (Novo Nordisk, 40 IU/ml) @ containing 0.2 units of
insulin.

* A positive control which contained: 2 ml of Tyrodelution with 2000 mg/l
glucose and 2 mg of pioglitazone (standard) witkd anthout regular insulin
(Novo Nordisk, 40 IU/ml) 2ul containing 0.2 units of insulin.

4.2.4. Immunohistochemical analysis of ligand-stimulated PARy nuclear

localization:

Primary rat adipocytes were isolated from perivéscuadipose tissue and
differentially cultured as described previously][9QAdipocytes were seeded on sterile
coverslips in a 12-well plate at a density of 3@@lis/well. Cells were cultured in
DMEM F-12 (Lonza, Basel, Switzerland) containing/d®etal bovine serum (FBS,
Sigma, St. Louis, MO), penicillin (100 U/mL), antteptomycin (100pg/mL); and
incubated at 3T in a humidified atmosphere with 5% CO2 and 95%Farty-eight
hours post seeding, cells were incubated with M concentration of either
pioglitazone, 4b, 5b, 5e, or 5g; or the equivalemiount of the vehicle (DMSO) in
triplicates. Following a three-hour exposure inérireatment media were discarded,
cells were washed with phosphate-buffered salinBSjPand fixed with 2%
formaldehyde in PBS for 20 minutes at room tempeeatAfter rinsing with PBS,
cells were permeabilized by 0.1% Triton X-100 f@r @inutes at room temperature.
Cells were then blocked with 3% normal goat serdtbhcém, Cambridge, UK) in
PBS for one hour at room temperature followed bgubation in 1:200 rabbit
polyclonal anti-PPAR (Abcam, Cambridge, UK) in PBS containing 1% norgaat
serum overnight at °€. Cells were rinsed three times with PBS followey
incubation with 1:100 FITC-conjugated goat antikialig (Abcam, Cambridge, UK)

in PBS containing 1% normal goat serum in a ligtaep container for one hour at
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room temperature. Afterwards, cells were rinsedhwiRBS and mounted on
microscopic slides with Fluoroshield anti-fade ming medium containing DAPI
(Abcam, Cambridge, UK). Negative control slides evgrepared by omission of
either the primary or the secondary antibodiesdeSliwere left at € overnight.
FITC green fluorescence representing PRPAfRaining and DAPI nuclear staining
were recorded on an Axiovert Observer Z1 High Resmh Fluorescent Imaging
Microscope (Zeiss, Oberkochen, Germany). Fluoreseefistribution profiles along
line scans in both the FITC and DAPI channels wersegated using ImageJ software
(National Institutes of Health, Bethesda, MD) t@whcellular localization of PPAR
relative to the nucleus.

4.2.5. PPARYy functional reporter gene assay:

HEK293T cells were transiently co-transfected véthybrid receptor comprising the
N-terminal Gal4 DNA binding domain fused to thealigl binding domain of Human

PPARy. The reporter vectors comprise the Renilla lueergene functionally linked

to the Gal4 upstream activation sequence. Celle weated with vehicle (DMSO),

pioglitazone or test compounds for 24 h. Followthg incubation period, treatment
media were discarded and luciferase activity waasmed using reporter luciferase
assay kit according to the manufacturer’'s instondiand as reported earlier [58].
Luciferase activity was normalized to Renilla lecdse activity and reported as fold
induction compared to vehicle. Each experiment wagormed in triplicate and

repeated at least three times.

4.2.6. Monocyte to macrophage differentiation assay:

THP-1 cells (human acute monocytic leukaemia liega@merican Type Culture
Collection, Manassas, VA) were cultured and difféisged as described as described
previously [92]. Briefly, cells were cultured in RR1640 (Lonza, Basel,
Switzerland) containing 10% FBS, glucose (11 mmplil-glutamine (4 mmol/L),
pyruvate (1 mM), penicillin (100 U/mL), and streptgcin (100ug/mL) and incubated
at 37°C in a humidified atmosphere of 5% CO2 an%h $br (1). THP-1 monocytes
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were seeded at a density of 2 X £6lls/ml in 24-well plates. THP-1 monocytes were
differentiated into macrophages by incubation wath ng/ml of phorbol myristate-
acetate (PMA, Calbiochem, Darmstadt, Germany) #oh 293]. Following incubation
and cell attachment, supernatants were removedwaatld were washed 3x with
phosphate-buffered saline. Attached cell densitys vestimated using a MTS
colorimetric cell viability kit (Abcam, CambridgdJK). Control treatment without
PMA was used as a blank. To examine the inhibiesfgct of different drugs on the
differentiation process, THP-1 cells were incubateth different concentrations of
each drug for six hours prior to exposure to PMA&Il @iability readings of attached
macrophages in each drug treatment was normalkizétetcount after PMA exposure
following a six-hour incubation with DMSO. Diclofan was used as a reference
COX1/COX2 inhibitor for comparison of the effect thfe different compounds on
monocyte to macrophage differentiation. All expents were performed in
triplicates. GraphPad Prism software was used terohne IGo values for each
compound as the best fit non-linear regression eglaf the log [inhibitor] vs.
response curve. To confirm that the effects obskwere a result of interference with
the differentiation process rather than monocyt®toxicity, THP-1 cell viability at
different drug concentrations was assessed pridhdoexecution of the assay. No
change in cell viability was observed for differaug concentrations after 30 h
incubation.

4.2.7. IL-13 and TNF-a expression and 20-HETE production assay:
THP-1 cells were seeded at a density of 2.6 X cdls in T75 culture flasks for
western blotting experiments and 3 x°1€ells in 6-well plates for the ELISA
determination of 2-HETE experiments. TreatmentkBasere exposed to 1QM of
the corresponding drug. THP-1 cells were activatgtd 25 nM PMA for 24 hours
followed by a 72-hour challenge with 100 ng/ml LF§.the end of the challenge
period, the conditioned medium was collected frdra tell cultures in the 6-well
plates, extracted and 20-HETE concentration wassuared using an ELISA kit from
Detroit R&D Inc. (Detroit, MI, USA) according to ¢hmanufacturer instructions. For
western blotting, cells in T75 flasks were extrdctath a buffer composed of 100
mM dithiothreitol, 1% sodium dodecyl sulphate, 0.8%dium chloride, and 80 mM
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Tris hydrochloride (pH 6.8) as described previoudlyy Sodium dodecyl sulphate
polyacrylamide gel electrophoresis, blotting, andtiteody labelling was done as
described previously [8]. Primary rabbit polycloraitibodies to IL-B, TNF-a, and
GAPDH were obtained from Abcam (Cambridge, UK). 8anvere visualized using
Clarity Western ECL substrate (BioRad, Hercules,, @fSA) and a Chemidoc
imaging system (BioRad, Hercules, CA, USA). Banagity was measured using
ImageJ software (National Institutes of Health,H&stdla, MD) and normalized to the
GAPDH band density as a loading control.

4.2.8. Invivo anti-inflammatory assay:

Adult female albino rats weighing 150-250 g wereduExperimental Animal Center
in Alexandria University). All animals were accedde food and water ad libitum
and were housed in 12 h dark/light cycle in a adlgd condition at 23-25 °C. They
were allowed to acclimatize for 1 week prior to ewmentation. Procedures
involving animals and their care were conductedanformity with the Guide for the
Care and Use of Laboratory Animals published by NEgional Institute of Health
(NIH publication No. 83-23, revised 1996) and fallng the ethical guidelines of
Alexandria University on laboratory animals. In &dists, adequate considerations
were adopted to reduce pain or discomfort of arsmal

Celecoxib and diclofenac sodium (European Egypfdrarmaceutical industries,
Alexandria, Egypt), formalin 5% made from formalgidh 37% and saline (Merck,
Germany) were used. Compoundb,(5b, 5eand5g) were evaluated for their in vivo
anti-inflammatory activity applying the formalindoced rat paw edema screening

protocol as an acute inflammation model as repgstediously [94].

4.3. Protein purification, crystallization, and structure determination:

The PPAR LBB was expressed i&. coli, purified, and concentrated as described
previously [95]. Apo crystals of PPARwere created by using the hanging drop
vapour diffusion method with 500 pL well solutiommsprising 0.8-1.2M sodium
citrate and 0.1M Tris 8.0. The hanging drop was enasing 1uL protein plus 1pL

well solution. Crystals were cubic, approximaté@0microns in each dimension, and
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formed within 3 days at 18C. Crystals were soaked with a final concentratbn
2mM 4b in the crystallization well for 2 weeks. Crystalgere harvested and
transferred to well solution containing 15% ethgeglycol as a cryo-protectant.
Crystals were flash cooled by direct submersioro ihguid nitrogen and data
collection was carried out at beamline MX2 of thesialian Synchrotron. 0.1 degree
oscillations were collected using the Eiger 16Med&dr. Data was processed in XDS
[96]. Molecular replacement using Phaser [97], PDB5USL [95] as a search
model, with ligands and water molecules removeth¢cteon density fordb was
visible initial difference density maps. Two subignivere found per asymmetric unit.
Phenix.refine [98] and Coot [99] were used for mefnent and multiple rounds of
manual rebuilding. MolProbity was used for struetwalidation [100]. A Feature
Enhanced Map (FEM)R, — F electron density map was calculated using Phenix t
help reduce model bias and improve map quality Jj1&1 electron density map of the
ligand is shown inSupplementary Information Figure SM2. Coordinates and
structure factors were deposited in the Proteira[Batnk under accession code 6E5A.
Data processing and refinement statistics can bendfo inSupplementary
Information Table SM3.

4.4. Molecular modeling:

4.4.1. Preparation of protein crystal structures:
Coordinates for PPAR COX-2, COX-1 and 15-LOX crystal structures watsieged
from the Protein Data Bank (PDB codes: 2PRG, 1CXEQG and 1LOX,
respectively) and handled consequently with MolacuDperating Environment
program (MOE 2016.0802) [102]. Redundant chainsp-essential ions, water
molecules and ligands were discarded. The defagfigpation scheme was conducted
using “Structure Preparation” module with the défsettings. Bond orders, formal
charges and explicit hydrogen atoms were added ht®® d¢omplex structure.
Subsequently, the most appropriate protonatioestatd optimization of the H-bond
network were performed with the MOE ‘Protonate 30nction at standard settings
(T =300 K, pH = 7.0, ionic strength | = 0.1 malMrepared protein structures were
saved as PDB files which were further used for GQldaking. The PDB files were
converted to PDBQT files by employing a python ptcriprepare_receptor4.py
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provided by the MGLTools package (version 1.5.4) fgutoDock Vina (version
1.1.2) and Autodock VinaXB docking experiments. Tingive geometry of the
binding sites was preserved without in-place liganatein minimization.

4.4.2. Preparation of the compounds for docking:
The molecules were built and prepared by MOE 2@R0‘Molecule wash’ function
was used to generate meaningful protonation skateleprotonating strong acids and
protonating strong bases (if required). Also getega different protomers,
conformations and geometrical isomers were alloaedH 7. Energy minimization
of all molecules was performed using the MMFF94céofield at a gradient of 0.01
RMSD (i.e. if the gradient falls below RMSD, the mimization terminates). All
possible chiralities were generated (if required(l @artial charges were calculated
according to the standard parameters of the foet@. fThe resulting structures were
saved as SD file for GOLD docking experiments. Bi2 files were converted and
split into PDB files by open-Babel (version 2.3[103], which were further converted
into PDBQT files by a MGLTools (version 1.5.4) pgthscript prepare_ligand4.py
for AutoDock Vina and AutoDock VinaXB docking exjreents.

4.4.3. Docking experiments:
For GOLD (version 5.2) [43,44] docking, ChemPLP regg function was used for
docking experiments against all the above mentidaeggkts. Residues of the binding
site were defined by specifying the coordinateshaf co-crystallized ligands and
using a cutoff radius of 10 A, with the ‘detect itgvoption enabled. The scoring
function used for GOLD docking experiments was CReR The search efficiency
of the genetic algorithm was at 200%. All the dacksolutions were allowed and
saved consequently. This docking approach wasatalkidby successful pose-retrieval
of the co-crystallized ligand when docked into dawresponding binding site of the
crystal structure. All graphical representations docking poses in the binding sites
were rendered using Pymol (v1.1eval) [104] and MRDEG.0802.
For AutoDock Vina (version 1.1.2) docking again®?ARy, we again employed
default docking parameters. The size of the dockiidjwas generally 20 A x 20 A x
20 A, with a grid spacing of 1 A. In cases where tigand binding site was not

completely included in the grid box, the grid dirmems were expanded accordingly.
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By default, the docking was terminated when the imar energy difference
between the best scored pose and the worst on8 Wwea/ mol. These settings were
also employed for AutoDock VinaXB docking experirtgen

4.4.4. pROC-Chemotype plots:
pROC-Chemotype plot [105] is an automated protdbat matches and visualizes
ligand chemotype information in combination withetpROC profile obtained by
docking, without biasing or modifying the originaROC graph. Cluster number and
rank are annotated. For each bioactive molecuferrmation about the type of data
(TOD), the level of activity (LOA), and its bioaeify rank is provided, which also
serves as a molecular identifier. The clusteringhioe employed in this protocol is
based on Maximum Common Substructures (MCS) of SMalecule Subgraph
Detector (SMSD). In this study we applied the pRO@motype protocol of KNIME
[106].

4.5.1n silico prediction of physicochemical properties, drug-likaess,

pharmacokinetic profile and ligand efficiency metrics:

Compounds 4b, 5b and 5e underwent molecular properties prediction by
Molinspiration online property calculation toolkitdrug-likeness and solubility
parameter calculation by MolSoft software, ADME fiiog by PreADMET

calculator and Ligand efficiency metrics calculatlwy Data warrior software.

Notes:

The authors declare no competing financial intefBs¢ PDB code for PPARN
complex with4b is 6E5A. The authors will release the atomic cowtks and the
experimental data upon article publication.

References:

[1] S.E. Headland, L. V. Norling, The resolutionioflammation: Principles and
challenges, Semin. Immunol. 27 (2015) 149-160.
doi:10.1016/j.smim.2015.03.014.

[2] C.N. Serhan, Treating inflammation and infentia the 21st century: New
hints from decoding resolution mediators and meismas, FASEB J. 31
(2017) 1273-1288. d0i:10.1096/fj.201601222R.

[3] V.R.Jala, S.R. Bodduluri, S.R. Satpathy, Zh€tia, R.K. Sharma, B.
Haribabu, The yin and yang of leukotriene B 4 megianflammation in
cancer, Semin. Immunol. 33 (2017) 58—-64. doi:1061jc8mim.2017.09.005.

[4] C.S.N. Klose, D. Artis, Innate lymphoid cells segulators of immunity,
inflammation and tissue homeostasis., Nat. Immuhb(2016) 765—74.

54



doi:10.1038/ni.3489.

[5] C.A. Dinarello, Anti-inflammatory Agents: Presteand Future, Cell. 140
(2010) 935-950. doi:10.1016/j.cell.2010.02.043.

[6] S.M. Haffner, The Metabolic Syndrome: Inflamnoat, Diabetes Mellitus, and
Cardiovascular Disease, Am. J. Cardiol. 97 (2064)13
doi:10.1016/j.amjcard.2005.11.010.

[71 N. Esser, S. Legrand-Poels, J. Piette, A.Je8chN. Paquot, Inflammation as a
link between obesity, metabolic syndrome and typeBRetes, Diabetes Res.
Clin. Pract. 105 (2014) 141-150. doi:10.1016/j.d#s2014.04.006.

[8] O. Al-Assi, R. Ghali, A. Mroueh, A. Kaplan, Mougharbil, A.H. Eid, F.A.
Zouein, A.F. El-Yazbi, Cardiac Autonomic Neuropatig/a Result of Mild
Hypercaloric Challenge in Absence of Signs of DtebeModulation by
Antidiabetic Drugs., Oxid. Med. Cell. Longev. 20@®18) 9389784.
doi:10.1155/2018/9389784.

[9] E. Schauberger, M. Peinhaupt, T. Cazares, A.Mdsley, Lipid Mediators of
Allergic Disease: Pathways, Treatments, and Emgrghrerapeutic Targets,
Curr. Allergy Asthma Rep. 16 (2016) 48. doi:10.1/3071882-016-0628-3.

[10] F.H.G. Tessaro, T.S. Ayala, J.O. Martins, HipMediators Are Critical in
Resolving Inflammation: A Review of the Emergingl&oof Eicosanoids in
Diabetes Mellitus, Biomed Res. Int. 2015 (2015).1-8
doi:10.1155/2015/568408.

[11] R. Mashima, T. Okuyama, Redox Biology The roldipoxygenases in
pathophysiology new insights and future perspectives, Redox Bi¢R015)
297-310. d0i:10.1016/j.redox.2015.08.006.

[12] J.A. Ackermann, K. Hofheinz, M.M. Zaiss, G.dftke, The double-edged role
of 12/15-lipoxygenase during inflammation and immtyrBiochim. Biophys.
Acta - Mol. Cell Biol. Lipids. 1862 (2017) 371-381.
doi:10.1016/j.bbalip.2016.07.014.

[13] N. Sharma-walia, J. Chandrasekharan, Lipoxmasure&amp;#39;s way to
resolve inflammation, J. Inflamm. Res. (2015) 1&4i:10.2147/JIR.S90380.

[14] H. Sadeghian, A. Jabbari, 15-Lipoxygenasehitbrs: a patent review, Expert
Opin. Ther. Pat. 26 (2016) 65—88. doi:10.1517/135432016.1113259.

[15] C.D. Funk, Prostaglandins and Leukotrienesvakates in Eicosanoid Biology,
Science (80-. ). 294 (2001) 1871-1875. doi:10.19@éhce.294.5548.1871.

[16] C. Patrono, B. Rocca, Nonsteroidal antiinflaatany drugs: Past, present and
future, Pharmacol. Res. 59 (2009) 285-289. doi1B4.phrs.2009.01.011.

[17] S. Fiorucci, R. Meli, M. Bucci, G. Cirino, Duenhibitors of cyclooxygenase
and 5-lipoxygenase. A new avenue in anti-inflammatberapy? 1
1Abbreviations: NSAIDs, nonsteroidal anti-inflammmat drugs; COX,
cyclooxygenase; LT, leukotriene; 5-LOX, 5-lipoxygee; PG, prostaglandin;
DFU, 5,5-dimet, Biochem. Pharmacol. 62 (2001) 143i38.
doi:10.1016/S0006-2952(01)00747-X.

[18] C. Charlier, C. Michaux, Dual inhibition of cpoxygenase-2 (COX-2) and 5-
lipoxygenase (5-LOX) as a new strategy to provafersnon-steroidal anti-
inflammatory drugs, Eur. J. Med. Chem. 38 (2003-&569.
doi:10.1016/S0223-5234(03)00115-6.

55



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

T. Hanke, D. Merk, D. Steinhilber, G. Geisgjar, M. Schubert-Zsilavecz,
Small molecules with anti-inflammatory propertiaslinical development,
Pharmacol. Ther. 157 (2016) 163-187. doi:10.10dl&drmthera.2015.11.011.
Q. Li, Y.-P. Cheon, A. Kannan, S. Shanker, Bagchi, M.K. Bagchi, A novel
pathway involving progesterone receptor, 12/15)ygenase-derived
eicosanoids, and peroxisome proliferator-activaéegptor gamma regulates
implantation in mice., J. Biol. Chem. 279 (2004510-81.
doi:10.1074/jbc.M311773200.

J. Han, L. Sun, Y. Xu, H. Liang, Y. Cheng, Aettion of PPAR by 12/15-
lipoxygenase during cerebral ischemia-reperfusnjury, Int. J. Mol. Med. 35
(2015) 195-201. doi:10.3892/ijmm.2014.1998.

A.J. Kroker, J.B. Bruning, Review of the Sttwi@al and Dynamic Mechanisms
of PPARYy Partial Agonism, PPAR Res. 2015 (2015) 1-15.
doi:10.1155/2015/816856.

M.B. Wright, M. Bortolini, M. Tadayyon, M. Bagt, Minireview: Challenges
and Opportunities in Development of PPAR Agonibts|. Endocrinol. 28
(2014) 1756-1768. doi:10.1210/me.2013-1427.

S. Yasmin, V. Jayaprakash, Thiazolidinedioaed PPAR orchestra as
antidiabetic agents: From past to present, Eedl. Chem. 126 (2017) 879—
893. do0i:10.1016/j.ejmech.2016.12.020.

V. Capra, M. Back, S.S. Barbieri, M. CameraTEemoli, G.E. Rovati,
Eicosanoids and Their Drugs in Cardiovascular BiesaFocus on
Atherosclerosis and Stroke, Med. Res. Rev. 33 (P863-438.
doi:10.1002/med.21251.

M.T. Mansouri, B. Naghizadeh, B. Ghorbanzadé¢hRajabi, M.
Pashmforoush, Pharmacological evidence for systandgeripheral
antinociceptive activities of pioglitazone in treg formalin test: Role of
PPARy and nitric oxide, Eur. J. Pharmacol. 805 (201 A%
doi:10.1016/j.ejphar.2017.03.007.

A. Bornot, U. Bauer, A. Brown, M. Firth, C. Hawell, O. Engkvist,
Systematic exploration of dual-acting modulatoosrfra combined medicinal
chemistry and biology perspective, J. Med. Chem(288.3) 1197-1210.
doi:10.1021/jm301653f.

N. Chadha, M.S. Bahia, M. Kaur, O. Silakarnidzolidine-2,4-dione
derivatives: Programmed chemical weapons for keyepr targets of various
pathological conditions, Bioorganic Med. Chem. 2381(5) 2953-2974.
doi:10.1016/j.omc.2015.03.071.

M.J. Naim, M.J. Alam, S. Ahmad, F. Nawaz, MriSastava, M. Sahu, O.
Alam, Therapeutic journey of 2,4-thiazolidinediorassa versatile scaffold: An
insight into structure activity relationship, Edr.Med. Chem. 129 (2017) 218-
250. d0i:10.1016/j.ejmech.2017.02.031.

D. Kaminskyy, A. Kryshchyshyn, R. Lesyk, 5-Eddhiazolidinones — An
efficient tool in medicinal chemistry, Eur. J. M&hem. 140 (2017) 542-594.
doi:10.1016/j.ejmech.2017.09.031.

B.R.P. Kumar, M. Soni, S.S. Kumar, K. Singh, Ratil, R.B.N. Baig, L.
Adhikary, Synthesis, glucose uptake activity amddtre-activity relationships

56



[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

of some novel glitazones incorporated with glyca®matic and alicyclic
amine moieties via two carbon acyl linker, EutMéd. Chem. 46 (2011) 835—
844. doi:10.1016/j.ejmech.2010.12.019.

A.G. Chittiboyina, C.S. Mizuno, P. V. Desai, Ratny, T.W. Kurtz, H.A.
Pershadsingh, R.C. Speth, V. Karamyan, M.A. AvBgsign, synthesis, and
docking studies of novel telmisartan—glitazone d/analogs for the treatment
of metabolic syndrome, Med. Chem. Res. 18 (2009)-680.
doi:10.1007/s00044-008-9152-x.

T. Yoshioka, T. Fujita, T. Kanai, Y. Aizawa, Kurumada, K. Hasegawa, H.
Horikoshi, Studies on hindered phenols and anatbgdypolipidemic and
hypoglycemic agents with ability to inhibit lipickepxidation, J. Med. Chem.
32 (1989) 421-428. doi:10.1021/jm00122a022.

M. Rudnicki, G.L. Tripodi, R. Ferrer, L. Bosddl.G.R. Pitta, I.R. Pitta, D.S.P.
Abdalla, New thiazolidinediones affect endothetiall activation and
angiogenesis, Eur. J. Pharmacol. 782 (2016) 98-106.
doi:10.1016/j.ejphar.2016.04.038.

J.R. Santin, F.D.T. Uchba, M.D.C.A. Lima, M.Rabello, I.D. Machado, M.Z.
Hernandes, A.A. Amato, F.A. Milton, P. Webb, F.CRANeves, S.L. Galdino,
I.R. Pitta, S.H.P. Farsky, Chemical synthesis, darktudies and biological
effects of a pan peroxisome proliferator-activatsceptor agonist and
cyclooxygenase inhibitor, Eur. J. Pharm. Sci. 48L3) 689-697.
doi:10.1016/j.ejps.2012.12.029.

J.H. Choi, J.G. Park, H.J. Jeon, M.S. Kim, MLRe, M.N. Lee, S. Sonn, J.H.
Kim, M.H. Lee, M.S. Choi, Y.B. Park, O.S. Kwon, T.®ong, W.S. Lee, H.B.
Shim, D.H. Shin, G.T. Oh, 5-(4-Hydroxy-2,3,5-trirhglbenzylidene)
thiazolidine-2,4-dione attenuates atherosclerasssiply by reducing
monocyte recruitment to the lesion, Exp. Mol. Mé8.(2011) 471-478.
doi:10.3858/emm.2011.43.8.053.

G. Moussa, R. Alaaeddine, L.M. Alaeddine, RasNra, A.S.F. Belal, A. Ismail,
A.F. El-Yazbi, Y.S. Abdel-Ghany, A. Hazzaa, Novktk modifiable
thioquinazolinones as anti-inflammatory agents:igressynthesis, biological
evaluation and docking study, Eur. J. Med. Chem. (2018) 635-650.
doi:10.1016/j.ejmech.2017.12.065.

C. Pirat, A. Farce, N. Lebégue, N. RenaultFGrman, R. Millet, S. Yous, S.
Speca, P. Berthelot, P. Desreumaux, P. Chavattgefiiag Peroxisome
Proliferator-Activated Receptors (PPARS): Developtred Modulators, J.
Med. Chem. 55 (2012) 4027-4061. doi:10.1021/jm10%36

S. Yasmin, F. Capone, A. Laghezza, F.D. Fat,oiodice, V. Vijayan, V.
Devadasan, S.K. Mondal, O. Atll, M. Baysal, A.KttRaik, V. Jayaprakash, A.
Lavecchia, Novel Benzylidene Thiazolidinedione Datives as Partial PPAR
Agonists and their Antidiabetic Effects on Type alietes, Sci. Rep. 7 (2017)
1-17. doi:10.1038/s41598-017-14776-0.

J.C. Silva, F.A. César, E.M. de Oliveira, W.Wurato, G.L. Tripodi, G.
Castilho, A. Machado-Lima, B. de las Heras, L. Bp3d.M. Rabello, M.Z.
Hernandes, M.G.R. Pitta, |.R. Pitta, M. Passar®lliRudnicki, D.S.P.
Abdalla, New PPAR partial agonist improves obesity-induced metabolic

57



[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

alterations and atherosclerosis in LDLr—/— miceafacol. Res. 104 (2016)
49-60. doi:10.1016/j.phrs.2015.12.010.

A. Massarotti, S. Aprile, V. Mercalli, E. D@rosso, G. Grosa, G. Sorba, G.C.
Tron, Are 1,4- and 1,5-Disubstituted 1,2,3-Triaza&ood Pharmacophoric
Groups?, ChemMedChem. 9 (2014) 2497-2508. doi:0@/tthdc.201402233.
M.R. Bauer, T.M. Ibrahim, S.M. Vogel, F.M. Bdder, Evaluation and
Optimization of Virtual Screening Workflows with B&IS 2.0 — A Public
Library of Challenging Docking Benchmark Sets, Ae@®. Inf. Model. 53
(2013) 1447-1462. d0i:10.1021/ci400115b.

G. Jones, P. Willett, R.C. Glen, A.R. Leach,TRylor, Development and
validation of a genetic algorithm for flexible dacgl1Edited by F. E. Cohen,
J. Mol. Biol. 267 (1997) 727—748. doi:https://dogd0.1006/jmbi.1996.0897.
O. Korb, T. Stutzle, T.E. Exner, Empirical $iog Functions for Advanced
Proteir-Ligand Docking with PLANTS, J. Chem. Inf. ModebB 42009) 84

96. doi:10.1021/ci800298z.

O. Trott, A.J. Olson, AutoDock Vina: Improvirige speed and accuracy of
docking with a new scoring function, efficient optzation, and
multithreading, J. Comput. Chem. 31 (2009) 455-4161:10.1002/jcc.21334.
M.R. Koebel, G. Schmadeke, R.G. Posner, $m8ita, AutoDock VinaXB:
implementation of XBSF, new empirical halogen bendring function, into
AutoDock Vina, J. Cheminform. 8 (2016) 27. doi:11B6/s13321-016-0139-1.
C. Patrono, Cardiovascular Effects of NonstabAnti-inflammatory Drugs,
Curr. Cardiol. Rep. 18 (2016) 25. doi:10.1007/s5:886-0702-4.

Q.H. Chen, P.N. Praveen Rao, E.E. Knaus, Samshand biological evaluation
of a novel class of rofecoxib analogues as duabittdrs of cyclooxygenases
(COXs) and lipoxygenases (LOXs), Bioorganic Mede@h 14 (2006) 7898—
7909. doi:10.1016/j.bmc.2006.07.047.

R.O. Meyers, J.D. Lambert, N. Hajicek, A. Poak, J.A. Kalaitzis, R.T. Dorr,
Synthesis, characterization, and anti-melanomaigctf tetra-O-substituted
analogs of nordihydroguaiaretic acid, Bioorg. MEtlem. Lett. 19 (2009)
4752—-4755. doi:10.1016/j.bmcl.2009.06.063.

I. Schneider, F. Bucar, Lipoxygenase inhilstinom natural plant sources. Part
1: Medicinal plants with inhibitory activity on arhidonate 5 lipoxygenase and
5 lipoxygenase [sol] cyclooxygenase, Phyther. R852005) 81-102.

C.D. Sadik, H. Sies, T. Schewe, Inhibitionl&klipoxygenases by flavonoids:
Structure-activity relations and mode of actiomd@iem. Pharmacol. 65 (2003)
773-781. doi:10.1016/S0006-2952(02)01621-0.

E. Walaas, O. Walaas, EFFECT OF INSULIN ON RBIAPHRAGM

UNDER ANAEROBIC CONDITIONS, J. Biol. Chem. . 195982) 367-373.
K. Kar, U. Krithika, Mithuna, P. Basu, S. Seash Kumar, A. Reji, B.R.
Prashantha Kumar, Design, synthesis and glucos&eipictivity of some
novel glitazones., Bioorg. Chem. 56 (2014) 27-33.
doi:10.1016/j.bioorg.2014.05.006.

T. Umemoto, Y. Fujiki, Ligand-dependent nuclegioplasmic shuttling of
peroxisome proliferator-activated receptors, PRARd PPAR, Genes to
Cells. 17 (2012) 576-596. d0i:10.1111/j.1365-24@3201607 .X.

58



[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

V. Maresca, E. Flori, E. Camera, B. Bellei,A&pite, M. Ludovici, C.
Catricala, G. Cardinali, M. Picardo, LinkingdSH with PPAR in B16-F10
melanoma, Pigment Cell Melanoma Res. 26 (2013) 12B8-
doi:10.1111/j.1755-148X.2012.01042.X.

B. Bosier, E. Hermans, Promises of Biased &8ligg in the Development of
Improved Therapeultics, in: Biased Signal. Phy$blarmacol. Ther., Elsevier,
2014: pp. 251-292. doi:10.1016/B978-0-12-41146@E08-2.

R.M. Cooke, A.J.H. Brown, F.H. Marshall, JNason, Structures of G
protein-coupled receptors reveal new opportunfoesirug discovery, Drug
Discov. Today. 20 (2015) 1355-1364. doi:10.10164pds.2015.08.003.

H. Kojo, M. Fukagawa, K. Tajima, A. Suzuki, Fujimura, 1. Aramori, K.
Hayashi, S. Nishimura, Evaluation of Human Peraxisd’roliferator-
Activated Receptor (PPAR) Subtype Selectivity &faiety of Anti-
inflammatory Drugs Based on a Novel Assay for PB@R J. Pharmacol. Sci.
93 (2003) 347-355. doi:10.1254/jphs.93.347.

C. Auffray, D. Fogg, M. Garfa, G. Elain, O.idd.ambert, S. Kayal, S.
Sarnacki, A. Cumano, G. Lauvau, F. Geissmann, Manig of blood vessels
and tissues by a population of monocytes with platgpbehavior., Science.
317 (2007) 666—70. doi:10.1126/science.1142883.

K.J. Moore, |. Tabas, Macrophages in the pg#imesis of atherosclerosis, Cell.
145 (2011) 341-355. doi:10.1016/j.cell.2011.04.005.

N. Satoh, A. Shimatsu, A. Himeno, Y. SasakiYamakage, K. Yamada, T.
Suganami, Y. Ogawa, Unbalanced M1/M2 phenotypesapperal blood
monocytes in obese diabetic patients: Effect ofiimzone, Diabetes Care. 33
(2010) 2010. doi:10.2337/dc09-1315.

M.A. Bouhlel, B. Derudas, E. Rigamonti, R. B&t, J. Brozek, S. Haulon, C.
Zawadzki, B. Jude, G. Torpier, N. Marx, B. Sta@sChinetti-Gbaguidi,
PPARy Activation Primes Human Monocytes into AlternatMe
Macrophages with Anti-inflammatory Properties, Qé#tab. 6 (2007) 137—
143. doi:10.1016/j.cmet.2007.06.010.

S. Wallner, M. Grandl, T. Konovalova, A. Siger, T. Kopf, M. Peer, E. Ors0,
G. Liebisch, G. Schmitz, Monocyte to macrophagédehtiation goes along
with modulation of the plasmalogen pattern throtrghscriptional regulation,
PL0S One. 9 (2014). doi:10.1371/journal.pone.002410

F.O. Martinez, S. Gordon, M. Locati, A. Mangow, Transcriptional Profiling
of the Human Monocyte-to-Macrophage Differentiateomd Polarization: New
Molecules and Patterns of Gene Expression, J. lnina@i7 (2006) 7303—
7311. doi:10.4049/jimmunol.177.10.7303.

K. Németh, A. Leelahavanichkul, P.S.T. YuenMRayer, A. Parmelee, K. Doi,
P.G. Robey, K. Leelahavanichkul, B.H. Koller, JBfown, X. Hu, I. Jelinek,
R.A. Star, E. Mezey, Bone marrow stromal cellsratge sepsis via
prostaglandin E2—dependent reprogramming of hostaphages to increase
their interleukin-10 production, Nat. Med. 15 (20@2-49.
doi:10.1038/nm.1905.

D.M. Nikolic, M.C. Gong, J. Turk, S.R. PostlaSs A scavenger receptor-
mediated macrophage adhesion requires couplinglam-independent

59



[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

phospholipase A(2) and 12/15-lipoxygenase to RadGut42 activation., J.
Biol. Chem. 282 (2007) 33405-11. doi:10.1074/jbdMi¥33200.

H. Sakamoto, M. Aikawa, C.C. Hill, D. Weiss,.R/ Taylor, P. Libby, R.T.
Lee, Biomechanical strain induces class a scaveegeptor expression in
human monocyte/macrophages and THP-1 cells: a fmterechanism of
increased atherosclerosis in hypertension., Citicmal04 (2001) 109-114.
doi:10.1161/hc2701.091070.

L. Zhang, Y. Li, M. Chen, X. Su, D. Yi, P. LD. Zhu, 15-LO/15-HETE
mediated vascular adventitia fibrosis via p38 MAB&pendent TGIB-, J.

Cell. Physiol. 229 (2014) 245-57. doi:10.1002/j¢d.23.

C. Abrial, S. Grassin-Delyle, H. Salvator, Brollo, E. Naline, P. Deuvillier,
15-Lipoxygenases regulate the production of chenegkin human lung
macrophages., Br. J. Pharmacol. 172 (2015) 431%80.0.1111/bph.13210.
C. Liu, D. Xu, L. Liu, F. Schain, A. Brunnstrg M. Bjorkholm, H.-E.
Claesson, J. Sjoberg, 15-Lipoxygenase-1 inducesession and release of
chemokines in cultured human lung epithelial cefsn. J. Physiol. Lung Cell.
Mol. Physiol. 297 (2009) L196-203. doi:10.1152/ajpy.00036.2008.

Y. Wen, J. Gu, S.K. Chakrabarti, K. Aylor,Marshall, Y. Takahashi, T.
Yoshimoto, J.L. Nadler, The role of 12/15-lipoxygse in the expression of
interleukin-6 and tumor necrosis factor-alpha ircrophages., Endocrinology.
148 (2007) 1313-22. doi:10.1210/en.2006-0665.

J.N. Walters, J.S. Bickford, D.E. Beachy, KN&wsom, J.-D.H. Herlihy, M. V.
Peck, X. Qiu, H.S. Nick, cPLA(&2)gene activation by ILfiis dependent on
an upstream kinase pathway, enzymatic activatiohndamvnstream 15-
lipoxygenase activity: a positive feedback loope|ICSignal. 23 (2011) 1944—
51. doi:10.1016/j.cellsig.2011.07.002.

E. Gilberg, M. Gitschow, J. Bajorath, X-ray®ttures of Target-Ligand
Complexes Containing Compounds with Assay IntenfeeePotential, J. Med.
Chem. 61 (2018) 1276-1284. doi:10.1021/acs.jmedcH#t 780.

T. Mendgen, C. Steuer, C.D. Klein, Privileggdaffolds or Promiscuous
Binders: A Comparative Study on Rhodanines andtBeleeterocycles in
Medicinal Chemistry, J. Med. Chem. 55 (2012) 743-75
doi:10.1021/jm201243p.

T.M. Ibrahim, M.R. Bauer, F.M. Boeckler, Apjagg DEKOIS 2.0 in structure-
based virtual screening to probe the impact of gnatpon procedures and score
normalization, J. Cheminform. 7 (2015) 21. doi:11®6/s13321-015-0074-6.
G. Carta, A.J.S. Knox, D.G. Lloyd, UnbiasingoBing Functions:A New
Normalization and Rescoring Strategy, J. Chem.Ntafdel. 47 (2007) 1564—
1571. doi:10.1021/ci600471m.

Y. Pan, N. Huang, S. Cho, A.D. MacKerell, Ciglesation of Molecular
Weight during Compound Selection in Virtual Tar@etsed Database
Screening, J. Chem. Inf. Comput. Sci. 43 (2003)-2G2.
doi:10.1021/ci020055f.

C. Charlier, C. Michaux, Dual inhibition of cipoxygenase-2 ( COX-2 ) and 5-
lipoxygenase ( 5-LOX ) as a new strategy to prowaker non-steroidal anti-
inflammatory drugs, 38 (2003) 645—659. doi:10.180223-5234(03)00115-6.

60



[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

Molinspiration Cheminformatics, http://www.mospiration.com/cgi-
bin/properties, (n.d.).

M.L.L. C., http://molsoft.com/mprop/, (n.d.).
http://preadmet.bmdrc.org/adme-prediction/d(n
http://www.openmolecules.org/datawarrior/ (.

C. Abad-Zapatero, Ligand efficiency indices &ffective drug discovery,
Expert Opin. Drug Discov. 2 (2007) 469-488. doiiB1.7/17460441.2.4.469.
A.L. Hopkins, C.R. Groom, A. Alex, Ligand etfency: a useful metric for lead
selection, Drug Discov. Today. 9 (2004) 430-431:1d01016/S1359-
6446(04)03069-7.

A.L. Hopkins, G.M. Keseru, P.D. Leeson, D.eR, C.H. Reynolds, The role
of ligand efficiency metrics in drug discovery, NBev. Drug Discov. 13
(2014) 105-121. doi:10.1038/nrd4163.

M.E. Kavanagh, M.R. Doddareddy, M. KassiougTevelopment of CNS-
active LRRK2 inhibitors using property-directed iopsation, Bioorg. Med.
Chem. Lett. 23 (2013) 3690—-3696. doi:10.1016/j.b2txd3.04.086.

I. Wilkening, G. del Signore, C.P.R. Hackerdmat, Synthesis of
phosphonamidate peptides by Staudinger reactiossytdted phosphinic
acids and esters, Chem. Commun. 47 (2011) 349-351.
doi:10.1039/C0CC02472D.

E.L. Myers, R.T. Raines, A Phosphine-Media@gghversion of Azides into
Diazo Compounds, Angew. Chemie Int. Ed. 48 (20@%H32-2363.
doi:10.1002/anie.200804689.

H.H. Kinfe, Y.H. Belay, Synthesis and BiologlEvaluation of Novel
Thiosemicarbazone — Triazole Hybrid Compounds Aalamnal Agents, South
African J. Chem. 66 (2013) 130-135.

K. Lal, P. Yadav, A. Kumar, Synthesis, chaesiztation and antimicrobial
activity of 4-((1-benzyl/phenyl-1H-1,2,3-triazolyymethoxy)benzaldehyde
analogues, Med. Chem. Res. 25 (2016) 644—-652.@&D07/s00044-016-
1515-0.

M.E. Fernyhough, J.L. Vierck, G.J. Hausmarg.mir, E.K. Okine, M. V.
Dodson, Primary adipocyte culture: Adipocyte peafion methods may lead
to a new understanding of adipose tissue growthdandlopment,
Cytotechnology. 46 (2004) 163-172. doi:10.1007/480805-2602-0.

S.B. Vasamsetti, S. Karnewar, A.K. KanugulaRAThatipalli, J.M. Kumar, S.
Kotamraju, Metformin Inhibits Monocyte-to-MacropleBifferentiation via
AMPK-Mediated Inhibition of STAT3 Activation: Poté&al Role in
Atherosclerosis, Diabetes. 64 (2015) 2028-2041183337/db14-1225.
E.K. Park, H.S. Jung, H.l. Yang, M.C. Yoo, Kim, K.S. Kim, Optimized
THP-1 differentiation is required for the detectmiresponses to weak stimuli,
Inflamm. Res. 56 (2007) 45-50. doi:10.1007/s00007-6115-5.

M. Fereidoni, A. Ahmadiani, S. Semnanian, ldvan, An accurate and simple
method for measurement of paw edema, J. Pharmimdtol. Methods. 43
(2000) 11-14. doi:10.1016/S1056-8719(00)00089-7.

H. Rajapaksha, H. Bhatia, K. Wegener, N. Retky, J.B. Bruning, X-ray
crystal structure of rivoglitazone bound to PRAd&d PPAR subtype

61



selectivity of TZDs, Biochim. Biophys. Acta - GeéBubj. 1861 (2017) 1981—
1991. doi:10.1016/j.bbagen.2017.05.008.

[96] W. Kabsch, Xds, Acta Crystallogr. Sect. D BiGrystallogr. 66 (2010) 125—
132. d0i:10.1107/S0907444909047337.

[97] A.J. McCoy, Solving structures of protein cdeyes by molecular replacement
with Phaser, Acta Crystallogr. Sect. D Biol. Crylsigr. 63 (2006) 32—-41.
doi:10.1107/S0907444906045975.

[98] P. V. Afonine, R.W. Grosse-Kunstleve, N. E&al.J. Headd, N.W. Moriarty,
M. Mustyakimov, T.C. Terwilliger, A. Urzhumtsev,HP.Zwart, P.D. Adams,
Towards automated crystallographic structure refiert with phenix.refine,
Acta Crystallogr. Sect. D Biol. Crystallogr. 68 (Z) 352—-367.
doi:10.1107/S0907444912001308.

[99] P. Emsley, B. Lohkamp, W.G. Scott, K. Cowtkeatures and development of
Coot, Acta Crystallogr. Sect. D Biol. Crystallog6é (2010) 486-501.
doi:10.1107/S0907444910007493.

[100] C.J. Williams, J.J. Headd, N.W. Moriarty, M.Brisant, L.L. Videau, L.N.
Deis, V. Verma, D.A. Keedy, B.J. Hintze, V.B. Ché&nJain, S.M. Lewis,
W.B. Arendall, J. Snoeyink, P.D. Adams, S.C. Lov&l5. Richardson, D.C.
Richardson, MolProbity: More and better referenagador improved all-atom
structure validation, Protein Sci. 27 (2018) 293%-310i:10.1002/pro.3330.

[101] P. V. Afonine, N.W. Moriarty, M. Mustyakimo. V. Sobolev, T.C.
Terwilliger, D. Turk, A. Urzhumtsev, P.D. Adams, MEFeature-enhanced
map, Acta Crystallogr. Sect. D Biol. Crystallogt. (2015) 646—666.
doi:10.1107/S1399004714028132.

[102] N. Demirbas, S.A. Karaoglu, A. Demirbas, KanSak, Synthesis and
antimicrobial activities of some new 1-(5-phenylamil,3,4]thiadiazol-2-
yl)methyl-5-o0x0-[1,2,4]triazole and 1-(4-phenylidxo-[1,2,4]triazol-3-
yl)methyl-5-oxo- [1,2,4]triazole derivatives, Eur.Med. Chem. 39 (2004)
793-804. doi:https://doi.org/10.1016/j.ejmech.2084007.

[103] N.M. O’'Boyle, M. Banck, C.A. James, C. Morlely. Vandermeersch, G.R.
Hutchison, Open Babel: An open chemical toolboxXZleminform. 3 (2011)
33. doi:10.1186/1758-2946-3-33.

[104] L. Delano Scientific, The PyMOL Molecular tsics System, Version
1.1eval, (2008).

[105] T.M. Ibrahim, M.R. Bauer, A. Dorr, E. Veyislog F.M. Boeckler, pROC-
Chemotype Plots Enhance the Interpretability ofd@@marking Results in
Structure-Based Virtual Screening, J. Chem. InfdMo55 (2015) 2297-2307.
doi:10.1021/acs.jcim.5b00475.

[106] M.R. Berthold, N. Cebron, F. Dill, T.R. Gaéki T. Kotter, T. Meinl, P. Ohl, C.
Sieb, K. Thiel, B. Wiswedel, KNIME: The KonstanZdnmation Miner BT -
Data Analysis, Machine Learning and Applicatioms,G. Preisach, H.
Burkhardt, L. Schmidt-Thieme, R. Decker (Eds.),igger Berlin Heidelberg,
Berlin, Heidelberg, 2008: pp. 319-326.

62



Resear ch highlights:

A novel series of 1,2,3-triazolyl-thiazolidinedione/rhodanine hybrids was
rationally designed as multi-target glitazone-like PPARy partial agonistsCOX-2
and 15-LOX inhibitors.

COX-2 and 15-LOX in vitro assays identified 10 compounds as dual inhibitors.
Glucose uptake assay recognized 6 compounds as insulin-sensitive and 2
compounds as insulin-independent uptake enhancers.

PPARy agonistic activity was confirmed via reporter assay and
immunohistochemical analysis.

4 Compounds showed potent inhibition of monocyte to macrophage
differentiation as well as high in vivo anti-inflammatory activity.

Crystal structure of PPARy ligand binding domain (LBD) in complex with the
most active compound has been solved and demonstrated partial agonistic
behavior.



