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Highlights:

HMPH scavenged free radicals and protected the ipmbrane.

Reduced the LPS-induced ROS/nitrite and Td\ifelease inn vitro assays.
Inhibited MPO, nitrite and leucocyte infiltration inflammatory rat models.
Protected bone deformation and reduced acute andichinflammation.

Acts as an immunomodulator and inhibited T&lF-



Abstract
A synthetic small molecule, 1-[ktindol-3-yl)methylene]-2-phenylhydrazine (HMPH) was

conveniently synthesised by a one-step reactionrifiggh and characterised by
chromatographic and spectroscopic methods. HMPMescged free radicals and inhibited
lipopolysaccharide (LPS)-induced ROS generation B release in RAW-264.7 cells
without signs of any detectable cytotoxicity. HMmthibited lipid peroxidation (LPO) with
ICso Of 135 £ 9 as against 58 + 8 uM fortocopherol. Further, HMPH (>50 pM)
significantly reduced the LPS-induced TNFR<€lease in mouse peritoneal macrophages and
in human peripheral blood mononuclear cells (PBMEH#YIPH did not show any visible
signs of toxicity in rats up to 400 mg/kg/intrageneal and 2000 mg/kg/oral. HMPH at 25
and 50 mg/kg attenuated neutrophil infiltration aim-pouch lavage and bronchoalveolar
lavage (BAL) in rat models. HMPH also reduced mpelmxidase (MPO), nitrite and TNE-
in air-pouch lavage in addition to MPO in plasm&PH reduced acute paw-inflammation
in carrageenan-induced paw-edema. HMPH consistahdisreased both ipsilateral and
contralateral paw inflammation, minimised the dadi scores of arthritis, prevented body
weight (B.wt.) loss, attenuated serum C-reactivagin (C-RP) and rheumatoid factors (RF)
in rat model of adjuvant-induced arthritis. Histtpaogy and radio-graphical reports show
that HMPH reduced bone erosion in both ipsilataral contralateral paw joints. Failure to
inhibit COX suggests that effectiveness of HMPHyath acute and chronic inflammation is
mediated by a multimodal mechanism involving motiataof immunity, attenuating TNE;

protecting bone attrition and reducing oxidativess.
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iNOS, inducible NOS (nitric oxide synthasg)NAME, .-N®-nitroarginine methyl ester; LOX, lipoxygenase;
LPO, lipid peroxidation; LPS, lipopolysaccharid®4DA, malondialdehyde; MPO, myeloperoxidase; MTT, 3-
(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazatiubromide; NSAIDS, non-steroidal anti-inflammatatyugs;
OECD, organisation for economic co-operation angetigment; PBMCs, peripheral blood mononuclearsgell
PG, prostaglandin; RF, rheumatoid factor; ROS, trea®xygen species; SEM, standard error mean; TBAR
thiobarbituric acid reactive substances; TLR-4| liké receptor-4; TNFx, tumour necrosis factor alfa; WBC,
white blood cells.



1. Introduction

Inflammatory responses address a wide variety gfous stimuli such as infections,
antigens and physical/chemical injuries. NSAIDsareng the most prominent class of anti-
inflammatory drugs, chiefly acting via COX inhilmti with antipyretic, analgesic and anti-
inflammatory actions [1]. On the other hand, theapel inhibition of COX-1 largely
accounts for undesirable effects such as gastestinal ulcers (Gl ulcers) [2]. COX-2
specific inhibitors like celecoxib reduces the risk Gl ulcer but result in cardiovascular
adverse events [3]. Aspirin irreversibly acetylat€©X, whereas the propionic acid
derivatives (ibuprofen, naproxen etc.), acetic ad@livatives (ketorolac, diclofenac etc.),
enolic acids (piroxicam) and fenamic acids (mefeigaatid) compete reversibly with the
arachidonic acid at the active site of COX-1 andX€@[4]. Apart from COXs, histamine,
serotonin, bradykinin, leukotrienes (LTs) and th&atglet activating factors (PAFS)
participate in the inflammatory process [5, 6]. frtammatory LTs aggravate asthma and

LT-receptor antagonists (montelukast and zafirlgka$enuate asthma symptoms [7].

Cytokines such as TNF and interleukins (IL) [5] cal®orchestrate chronic
inflammation. TNFe blockers treat chronic inflammatory conditions;luding rheumatoid
arthritis (RA), juvenile idiopathic arthritis, psasis and psoriatic arthritis, ankylosing
spondylitis, and Crohn's disease [6]. RA is an iauttune disease driven largely by activated
T cells, producing T cell-derived cytokines suchHLa% and TNFe. The human recombinant
IL-1 receptor antagonist (IL-1ra; anakinra) inhsbstructural damage in RA [8]. TNE-

blockers (infliximab, etanercept etc.) are disea®ehfying anti-rheumatic drugs (DMARDS)

[9].

Indole derivatives have been widely screened far-iaflammatory activity via
AMPK activation [10, 11] and inhibition of multiplpathways in inflammation [12]. Our

research group has reported dual COX-LOX inhibitgith anti-inflammatory activity; E.g.



1-ox0-2-(2H-pyrrolium-1-yl)-1H-indene-3-olate, DHPOwith anti-oxidant, free radical
scavenger activity and AMPK activating ability 3[114]. Similar compounds were later
reported to be anti-inflammatory through inhibiti@f NF«B and IL-6 pathways [15].
HMPH, the subject of this paper, also showed a@@X mediated mechanism of action via
TNF-o inhibition and immune modulating potential in badbhute and chronic models of

inflammation.

2. Materials and Methods
2.1. Materials

Indole-3-carboxaldehyde, phenyl hydrazine, 2,2-eipi-1-picrylhydrazyl (DPPH),
2,2-azino-bis-(3-ethylbenzothiazoline-6-sulphonaida or ABTS, Lipopolysaccharide from
Escherichia coli 0111:B4 (LPS, Cat# L4391), Ficoll Histopaque (Cat®771), Ortho
dianisidine hydrochloride, 2,7-dichlorofluorescentiacetate (DCFH-DA), Diphenylene
iodonium (DPI), Nb-nitro-L-arginine methyl ester hydrochloride (L-NAMhydrochloride),
A- carrageenan, INF-and Dulbecco’s modified Eagle’s medium (DMEM, C&#7777)
were purchased from Sigma-Aldrich Co., USA. 3-(dimethylthiazol-2-yl)-2,5-diphenyl
tertrazolium bromide or MTT procured from HiMedialoratories, Mumbai, India, Foetal
Bovine Serum (FBS) was obtained from Invitrogen&iovices India Pvt. Ltd., Bengaluru,
India (Gibco® Cat# 10270), Heparinized vacutaiment BD India Pvt. Ltd., Bengaluru,
India (Cat# 367671), Tissue culture accessorieg Wwescured from Greiner Bio-One GmbH,
Frickenhausen, Germany. All other chemicals oreatgpurchased were of analytical grade.

Diclofenac sodium was obtained as a gift samplefitetero Drugs Ltd., Hyderabad, India.

2.2. Methods
2.2.1. Synthesis, characterization, purity assessment and molecular property prediction

2.2.1.1 Procedure for Synthesis of HMPH. HMPH was synthesized by a convenient one-step
reaction. (Fig. 1). Briefly, equimolar quantitie$ indole-3-carboxaldehydel) and phenyl
hydrazine 2) were dissolved in ethanol, refluxed for 2 h iegence of glacial acetic acid



(catalyst), cooled, filtered, washed with cold ethlarecrystallized from ethanol and dried, to
yield 1-((1H-indol-3-yl)methylene)-2-phenylhydraeifHMPH; 3) with high purity.
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Fig. 1. Synthetic pathway of HMPHEthanol, glacial acetic acid, reflux, 2 h.

2.2.1.2 Characterization and purity assessment. Reaction was monitored by thin layer
chromatography (Merck Silica Gel 60 F254 TLC platasd detected by UV light€ 254
nm)/iodine vapors. Melting point was determined &iHR spectrum was recorded on
Shimadzu FT-IR 8300 IR-spectrophotometer betweef04O0 crit. Proton nuclear
magnetic resonance spectroscopy (1H NMR) was redoah a Bruker Ascend 400 MHz
spectrometer (Internal standard: Tetramethylsilaki@ss spectrum (MS) was recorded using
electrospray ionization (ESI) source and m/z rats reported.

The analytical purity of HMPH (1 mg/ml) was assesby HPLC system equipped
with dual pump LC-20AD binary system, photodiodeagir(PDA) detector SPD-M20A at
320 nm (Shimadzu Corporation, Japan), Mergkréverse-phase, operating at a flow rate of
1.0 ml/min and injection volume of 20 pl. Two puniipear gradient programs were
employed; pump A - 0.1 % formic acid in water (vand pump B - acetonitrile. Initially, a
gradient elution from 10 % of B changing to 70 %swan for 25 min followed by 10 % of B
for an additional 10 min. Purity of HMPH was estslhéd from the chomatographic peak and
retention time @. Physical and spectral properties of HMPH: Brosvystals; Yield-67.00
%; R- 0.85; m.p. 155 -156C; FT-IR:(KBr, Vmax): 3365 cm (NH stretching) and 1630 ¢m
! imine (C=N) linkage'H NMR: (400 MHz, DMSO€6): & (ppm); 6.64 (t, 1H), 7.01 (d, 2H),

7.12 (m, 4H), 7.39 (d, 1H), 7.60 (s, 1H), 8.101(d, azomethine-CH), 8.23 (d, 1H), 9.79 (s,



1H, NH-hydrazine) 11.29 (s, 1H, NH-indole); MS-E$®t/z 235; HPLC purity: > 99 %;
retention time ¢ = 26.81 min.

2.2.1.3. Prediction of molecular properties. The molecular properties of HMPH were
predicted by a free online tool “Calculation of Moular Properties” Molinspiration

cheminformatics_(www.molinspiration.com) and arenguarized in Table 1.

Table 1

Predicted Molecular Properties of HMPH.

Molecular , a b ¢  Lipinski's
Compound Weight miLogP  n-rotb n-OHNH n-ON Violation
Lipinski's Rule <500 <5 <5 <5 <10 <1
HMPH 235 4,914 3 2 3 0

®n-rotb - number of rotatable bonds:OHNH - number of hydrogen bond dondirs:ON - number of hydrogen
bond acceptors.

Further, we investigated HMPH for its effect agaimfiammation byin vitro andin

vivo methods.

2.2.2. In Vvitro screening assays

2.2.2.1. Cell culture maintenance. The murine macrophages (RAW 264.7) purchased from
National Centre for Cell Science (NCCS), Pune, dndias maintained in DMEM culture
medium containing 10 % FBS and 1 % penicillin-stoepycin, at 37C in 95 % air and 5 %

COyin COzincubator (NU-5510E, NuAire Inc., USA).

2.2.2.2. Cytotoxicity assay. HMPH was tested for cytotoxicity by MTT assay aparted

earlier [16] with slight modifications. Briefly, RA 264.7 cells were seeded (5 x*10
cells/well) in a sterile clear flat-bottom 96-welate and was treated with HMPH (from 7.8
to 1000uM) for 24 h. MTT reagent (50 ul, 1 mg/ml in ste®®S, pH 7.4) was then added to
all wells except blank and incubated for 4 h. Thmurple formazan dye generated by

mitochondrial dehydrogenase (only in live cells)swhssolved by adding 100 ul of 100 %



DMSO to wells, mixed on a plate-shaker for 10 mmad @bsorbance measured- (540 nm)
using microplate reader (ELx800, BioTek Instruments, USA). The percentage viability
was calculated [formula: ((absorbance of test campo- absorbance of blank)/(absorbance

of MTT control — absorbance of blank))x100].

2.2.2.3. Reactive oxygen species (ROS) and nitrite inhibition assay. The assay was performed
in RAW 264.7 murine macrophages by reported metheitls slight modifications [15].
Cells were seeded (5 x “1€ells/well) in a sterile black flat-bottom 96-wellate. After 24 h,
cells were treated with HMPH (0.5 to 500 uM) aniérence standard (L-NAME 100 uM for
nitrite and DPI 5 pM for ROS inhibition respectiyglin triplicates. Two hours after
incubation, cells were challenged with LPS 10 pgfmkcept blank wells) for 20 h,
supernatant collected in a sterile clear flat-batt®6-well plate for nitrite estimation using
Griess reagent. Intracellular ROS was estimateddalng 100 uM of DCFH-DA to wells of
black well plate, incubated for 1 h, washed onch wierile HBSS and the fluorescence was
measured using microplate reader (FLx800, BioTedtrimment Inc., USA) at excitatiok=

485 nm and emissidg= 530 nm.

2.2.2.4. Freeradical scavenging activity. Stable radicals DPPH and ABTS were employed
for the assay [14]. Methanolic solution of HMPHt¢4500 uM) was added to 100 uM DPPH
methanolic solution, incubated in dark for 20 minr@om temperature. DPPH reacts with
electron-donating molecules (test/standard comps)uimdming a colorless 2, 2'-diphenyl-1-
picrylhydrazine, with absorbance fat 517 nm) decreasing in proportion to activity.
Methanolic solutions of HMPH (4 to 500 uM) were ubated with 100 uM ABTS
[prepared from 2 mM ABTS and 0.17 mM potassium piéase in 20 mM phosphate buffer
of pH 7.4] at room temperature for 10 min in dakksorbance was measuréd-(734 nm)
with curcumin as reference standard in both DPP#i ABTS assays. The experiment was

performed in triplicates and égwere calculated.



2.2.25. Lipid peroxidation assay. Healthy rat brain was isolated and 10 % w/v homagen
was prepared in ice cold 1.15 % KCI, centrifuged0d0 rpm/10 min/4 °C), 20Ql of
supernatant mixed with 400 ul of freshly prepareddus sulphate (2 Mm) in presence or
absence of test/standard and incubated &C3for 30 min. Reaction was stopped by adding
800 ul of ice cold TBA-TCA reagent (0.375 % w/VIBA, 15 % w/v of TCA and 200 pl of
0.25 N HCI). The resulting mixture was heated at80for 30 min in water bath and pink
chromogen was formed by TBA and malondialdehyde gylPeaction. Reaction mixture
was cooled, centrifuged (5000 x g at@, 10 min) and supernatant plated (100 pl each) in
triplicate into 96-well plate and absorbancé= 540 nm) read on a plate reader [17].
Inhibition of iron-induced LPO by HMPH and-tocopherol (as reference standard) are

expressed as  l§g values.

2.2.2.6. COX enzyme inhibition assay. HMPH at 0.25, 2.5, 25 and 25, in methanol, was
tested for COX-2 inhibition by following manufactuts instructions (COX colorimetric

inhibitor screening assay kit, Cayman Chemical#TG&1050).

2.2.2.7. TNF-estimation in mouse peritoneal macrophages. Monolayers of macrophages were
prepared according to published method with brieidiincations [18]. Peritoneal exudate
cells (PEC) harvested from peritoneal lavage withmb aliquots of chilled incomplete

medium were transferred to 96 well plates (2 X ddlls/ 200 pl/well) and incubated at 37 °C
for 2 h in humidified CQ@incubator. Non-adherent cells were removed by wacaspiration,

and adherent cells were washed three times wittmwserum-free medium and incubated
overnight in complete medium for allowing macropgsdo spread, then primed with 150

U/ml IFN-y for 12 h and inoculated with HMPH (25, 50, 100 &@® uM), with or without



LPS (10 ng/ml) for 24 h at 37 °C in 5% g@cubator. LPS-induced TNé&-release was

estimated by ELISA as per manufacturer’s instrungtigeBioscience, Cat# 88-7324-88).

2.2.2.8. TNF-a estimation in human peripheral blood mononuclear cells (PBMCs). Peripheral
blood, withdrawn in a heparinized vacutainer fromealthy human volunteer was subject to
gradient centrifuge (30 min at 100 x g/4 °C) invang-out bucket over Ficoll Histopaque
[19]. Whitish buffy coat was aspirated and washeide with sterile DMEM containing 1 %
penicillin-streptomycin-amphotericin-B solution. FMEs were re-suspended at 2.5 ¥ p@r

ml in DMEM containing 10 % FBS and were incubat2d (x 10 cells/ 200 pl/well) with or
without HMPH at different concentrations for 24rhhumidified 5% CQ, with or without
100 ng/ml LPS. TNFe in supernatant was estimated by sandwich ELISAovohg

manufacturer’s instructions (eBioscience, Cat# 886¢88).

2.2.3. In vivo screening assays

2.2.3.1. Animals. All experiments employed Sprague-Dawley rats dfiezitsex, 180-230 g,
obtained from Central Animal Research Facility, Mpah University, housed in plastic cages
with 12 h light/dark cycle at 26 + 1 °C and 50 £&humidity and fed with standard food
pellet and wateld libitum. The experimental protocol was approved by théitirienal

Animal Ethical Committee (Ref No. IAEC/KMC/55/2013)

2.2.3.2. Acute toxicity test. Acute toxicity was evaluated as per OECD 420 guesl Rats
were administered a maximum dose of 2000 mg/kdyoeadd were observed individually

every 30 min up to 4 h and subsequently every @e8 b4 days for signs of toxicity.

2.2.3.3. Drug treatment regimen. HMPH at 12.5, 25 and 50 mg/kg, was administerecht®
(n=6, per group) by intraperitoneal route onceydil0.25 % w/v CMC as suspension (Table

2). Diclofenac sodium (10 mg/kg) was used as refsrestandard.



Table 2

Treatment regimen of HMPH in individual studies.

Days of Dose

Experiments Treatment Schedule Dose of HMPH

Carrageenan-induced acute paw edema 5 days yaoph 25 and 50 mg/kg
Carrageenan-induced acute air-pouch 5 days Peggic  12.5, 25 and 50 mg/kg
LPS-induced acute lung inflammation 5 days Pytaadtic 25 and 50 mg/kg
CFA-induced arthritis 14 days Treatment 12.5a88 50 mg/kg

PonNdREIZ

2.2.3.4. Carrageenan-induced paw-edema. HMPH was administered to SD-rats for five days
before carrageenan challenge. On fifth day, 15 afier HMPH dosing, 0.1 ml of freshly
prepared carrageenan (1 % w/v in normal saline)injasted to left hind paw (sub-plantar).
Paw volumes were measured at 0 (basal reading, 3,and ¥ hour after carrageenan
challenge using digital plethysmometer (37140; Bgsile S.R.L., Italy). Paw volumes of
test and control rats, at each time points, westetefor statistically significant differences

[20].

2.2.3.5. Carrageenan-induced air-pouch model in rats. Air-pouch inflammation was
developed as per established protocol [21] withamimodifications. On day 1, air-pouch
was developed by injecting 20 ml of sterile-air @utaneously, through 0.22 mm syringe
filter unit (Millipore, USA) to the shaved dorsahg (below neck region). To maintain the
air-pouch, 10 ml of air was injected into the sasaek on day 3 and 5. On day 5, after 30 min
of HMPH administration (Table 2), 2 ml of 1% w/vrageenan was injected to each air-
pouch to trigger inflammation in all groups excewiive controls, which received normal
saline. Blood was collected from retro orbital plexafter 6 h of carrageen-induction. Blood,
air-pouch-lavage and spleen (after sacrifice) ctdl@, to test the inflammatory markers
(section 2.2.3.8 to 2.2.3.11). TNF4n lavage was estimated by ELISA according to

manufacturer’s instructions (Cat# RTAO0O, QuantikifidSA kit, R&D Systems).



2.2.3.6. LPS-induced lung inflammation model. A standard method was followed with some
modifications [22]. Thirty min after HMPH/diclofenatreatment (Table 2), rats were
challenged with 50 pg/ml/kg of LPS in normal salime intra-tracheal route. Rats were
euthanized after 4h of LPS instillation and BAL leoted for differential cell count

estimation (sections 2.2.3.9).

2.2.3.7. CFA-induced arthritis model. CFA was freshly prepared witiMycobacterium
butyricum (Product# 264010, DIFCO) as suspension in paraiffiiMerck). On day 1, rats
received intraplantar injections (left hind paw§pd. ml of 5 mg/ml of CFA. Naive controls
received 0.1 ml paraffin oil. Rats were dividedimtifferent treatment groups based on left-
hind paw-volume on day 7. Treatment with HMPH aradodenac (Table 2) continued from
day 14 to 21. B.wt., clinical scoring, ipsilaterahd contralateral paw volumes were
measured on day 1, 7, 14 and 21. Percentage claByet. was calculated [formula: ((day
‘X" B.wt. — day 1 B.wt.)/day 1 B.wt.) x 100]. Thesgerity of arthritis was evaluated by [a]
macroscopically by clinical scoring [b] radiographchanges and [c] hematological
parameters using Veterinary Blood Cell Counter (RXXIBVET, Erma Inc., Tokyo, Japan).
Rats were sacrificed on day 22 and the spleen, ubyrrain were isolated, blotted dry,
weighed and tested for inflammatory markers (saecé@.3.8, 2.2.3.10 and 11). Serum C-RP
(Cat# MBS268328, MyBioSource, USA), RF (Cat# MBS2B8, MyBioSource) and TNE-
(Cat# RTAOO, Quantikine ELISA kit, R&D Systems) weestimated as per manufacturer

instructions [21, 23, 24].

2.2.3.7.1. Clinical scoring and evaluation of arthritis development. From day 7 onwards
arthritis was evaluated by macroscopic parameteas as ability to walk, redness of skin and
swelling at ankle/wrist. Severity of arthritis wasored by grading each paw from 0 to 4
based on erythema, swelling and deformity of joj&g.

0 = No erythema or swelling



1 = Slight erythema or swelling of one of the toegingers

2 = Erythema and swelling of more than one toengelr

3 = Erythema and swelling of the ankle or wrist

4 = Complete erythema and swelling of toes/fingand ankle/wrist and inability to bend

ankle/wrist. (Example — If all 4 legs are scoreidhest possible arthritic index is 16).

2.2.3.7.2. Radiological and histopathological analysis. On day 21, rats were anesthetized and
radiographs of the ipsilateral and contralateralpavere taken using x-ray (Model 2100,
Kodak Co., Japan; 60 kV peak, 8 mA, exposure 0e@8fecus distance = 40-50 inches) [21].
Rats were sacrificed (day 22) by cervical dislamatihind paw ankles amputated,
fixed in 10 % neutral-buffered formalin, decalcdfiean 10 % formic acid, dehydrated,
processed and embedded in paraffin. Five microtiosecwere stained (hematoxylin and
eosin) and evaluated in a blinded manner for hadtagogical assessment of cellular
infiltration, synovial hyperplasia, pannus formati®one and cartilage erosion of ankle joints

[23].

2.2.3.8. Blood collection and processing. In carrageenan-induced air-pouch model, blood was
withdrawn from retro-orbital plexus at 6 h afterregeenan into tubes with 10 %-EDTA

to prevent coagulation. On day 21, in CFA-inducetirdis model, blood was collected in
centrifuge tubes with and without#£DTA. Plasma was separated by centrifugation (8000
rpm; 10 min, at 4 °C) using cooling micro-centriétufMIKRO 22R, Andreas Hettich GmbH

& Co.KG, Germany) and serum was separated (ceg&jflb000 rpm for 12 min).
Plasma/serum aliquots were stored in -80 °C beéstenation of inflammatory markers.
Whole blood was processed for hematological analysfore plasma/serum separation using
the Veterinary Blood Cell Counter (PCE-210VET, Erme., Japan). Percentage Cell count

changes were calculated.



2.2.3.9. Collection and processing of lavages. Rats were sacrificed after 6 h of carrageenan
challenge, the air-pouch washed 3 times with ®hdhilled sterile saline, lavage collected
with gentle massage, volume measured and totabdgte count measured by a Veterinary
Blood Cell Counter. In LPS-induced lung inflammationodel, rats were euthanized (by
ketamine and xylaxine injection) and lung-lavages wallected (by washing 3 times with 5
ml ice-cold HBSS) and centrifuged (4500 rpm/10 nn5C). The pellet obtained was re-
suspended in 2 ml of HBSS, and total leukocyte t@stimated. Aliquots of lavages were
stored at -80 °C for further analysis. Percentdggnge in both air-pouch and lung lavage
was calculated [formula: (absolute cell count ofleaat/average cell count of carrageenan

control or LPS control) x 100].

2.2.3.10. Splenomegaly and thymus atrophy. Splenomegaly was assessed by the ratio of
spleen weight to B.wt. Inhibition of thymus atropligs determined from changes in the ratio

of thymus weight/ brain weight [23].

2.2.3.11. MPO and nitrite activity. MPO in lavages and serum was determined by theadeth
reported previously with minor changes [26]. Byefl25 ul of O-dianisidine HCI (ODA,
1.67 mg/10 ml in 50 mM phosphate buffer, pH 6) eanihg 0.5 % v/v hydrogen peroxide
was added to 25 pl of lavage/serum, incubated@amB in dark at room temperature, 25 pl
of 4M H,SO, was added to stop reaction and absorbance waslegc@= 490 nm) using
microplate reader. Nitrite levels were estimatedath lavage-fluid and in serum by using

Griess Reagent.

2.2.3.12. Satistical Analysis. Statistical analysis was performed by using GraghPasm
6.01. Data are represented as mean + SEM and &lbg one-way and two-way ANOVA

followed by Dunnett’s multiple comparison test (3% = statistically significant).



3. Results and discussion

3.1. Cytoprotective effect of HMPH on RAW 264.7 murine macrophages
HMPH was non-toxic to RAW 264.7 macrophages withgl€xceeding 1000 puM.

Therefore 0.5 to 500 uM was considered saférfertro experiments.

3.2. LPS-induced in vitro inflammation in RAW 264.7 cell lines

HMPH dose-dependently decreased LPS-induced eRtiacenitrite and
intracellular-ROS in RAW 264.7 cells (Table 3),dicating a protective role by attenuating
the LPS-TLR4 inflammatory signaling cascade at mwacentrations [27]. ROS and nitrite

release were comparable to that of DPI and L-NAKSpectively.

Table 3

IC 50 value of HMPH for ROS inhibition and nitrite inliiion assay.

Sl. Compounds Invitro ROS In vitro Nitrite
No. inhibition inhibition

1. DPI (5uM) 90 + 3% -

2. L-NAME (100uM) - 35+ 2%

3. HMPH 1Gp 3.5+ 0.7 uM IGoof 2.4 £ 0.4 uM

3.3. Freeradical scavenging property of HMPH

HMPH scavenged DPPH and ABTS radicals in a dosertdisnt manner (data not
shown), with 1@, comparable to curcumin. HMPH scavenged DPPH ri&dicaore
powerfully than curcumin (Table 4). The electroanfer ability of HMPH in the scavenging
process of ABTS radical anion was less than cumu@sy of HMPH= 298 = 40 Vs
curcumin= 48 + 4 uM, Table 4). Antioxidant propedly HMPH may play a role in anti-

inflammatory activity [14].

3.4. Inhibition of lipid peroxidation by HMPH



HMPH inhibited LPO in rat brain with comparableiedicy toa-tocopherol (Table 4).
LPO significantly contributes to inflammation anancer. Apart from anti-oxidant property,

HMPH also inhibits iron-catalysed lipid peroxidatjavhich is implied in inflammation [17].

Table 4

IC 50 values of HMPH for DPPH/ABTS free radical scavewggassay and lipid peroxidation inhibition assay.

DPPH freeradical ABTSfreeradical Lipid peroxidation

Sl. No. Compounds scavenging Assay ~ scavenging Assay ~ Assay

1. a-Tocopherol - - 58 £8 uM
2. Curcumin 44 £ 5 uM 48 + 4 yM -
3. HMPH 29 £ 6 uM 298 + 40 uM 135+ 9 uM

Data presented as mean + SEM (n=3).

3.5. The action of HMPH on COX-2 enzyme

Antioxidant property of HMPH raised questions abis role in COX inhibition.
COX-1 plays a homoeostatic role while COX-2 is icithle in acute inflammation, while
HMPH, up to 25 uM did not inhibit COX-2. Even at®fM, COX-2 inhibition was just 20

%.

3.6. Prevention of TNF-a release in mouse peritoneal macrophages and in human PBMCs

The insignificant COX enzyme inhibition and profoudecrease in LPS-induced
nitrite and ROS in murine macrophages by HMPH togesuggests a probable mode of
action via LPS-TLR and TNF pathway. Therefore, HM®&s tested for inhibiting TNE-in
mouse peritoneal-macrophages and in human PBMCs.

Macrophages release many chemokines, which plapriat roles in homeostasis
and inflammation. Among chemotactic cytokines, T&Fplays an important immune-
regulatory role [28, 29]. The mouse peritoneal-raphage is a very important player in
infections, inflammatory morphology and pathologgsiodles the maintenance of immune

response [30-33].



PBMCs (a primary cell line) is the chief componenthe immune system that fights
infections. PBMCs include lymphocytes, monocyted aendritic cells. The lymphocyte
population consists of T-cells (CD4 and C8B-cells and NK-cells, which play a major
role in immune defence. During LPS-challenge, mgtex:and macrophages are the first to
get activated, which in turn produces IB; TNF-o and IL-6 [34, 35].

LPS triggers the innate immune system by bindingB® (LPS-binding protein, an
acute-phase protein) and catalysing the transf&P& to membrane-bound CD14 (mCD14,
a 55-kDa glycoprotein) expressed on the surfagearfocytes. LPS is released into the lipid
bilayer from CD14. LBP disintegrates the LPS aggteg into smaller units during
intercalation into phospholipid cell matrix. Subsenqtly, the free-LPS binds to receptors
such as chemokine receptor-4 [36]. This inflammatoigger activates the TLR signaling,
followed by activation of NReB signal-transduction pathways [36, 37]. HMPH dose
dependently (50 to 200 uM) attenuated LPS-induclé&-a release significantly in mouse
peritoneal macrophages (Fig. 2a) and in human PBWZs 2b). HMPH decreased TNFE-
release probably by interfering with TLR/NdB cascade in both mouse peritoneal

macrophages and in human PBMCs, thereby stabilimngune system.
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Fig. 2. Effect of HMPH (25 to 200 mg/kg) on LPS-induced T (a) mouse peritoneal macrophages and (b)
human PBMCs. Data presented as mean + SEM (n=8D.8p vs naive control ankip<0.05 vs TNFa control
(one-way ANOVA followed by Dunnett’s multiple comjigons test).

3.7. The safety profile of HMPH in Rats



HMPH neither produced any death nor any visible gyms of toxicity in rats up to
72 h at 2000 mg/kg/oral and 400 mg/kg/intraperigdrmse. Results suggest that HMPH has

a large window of safety.

3.8. Inhibition of acute paw inflammation by HMPH

After ascertaining thein vitro anti-inflammatory activity mediated via TNE-
pathway, HMPH was tested fam vivo activity with positive results in carrageenan-inedc
paw edema. (Fig. 3). HMPH, at 25 and 50 mg/kg dasekiced the paw-volume at all time-
points and was significant at"& (Fig. 3). The local inflammation was significanteduced
by diclofenac at 1, 2, 3 and 5 h. However, inhdntof inflammation began to decline from
the 8" h, probably because of systemic clearance obfdichc (diclofenac plasmad varies
from 1 to 4.5 h after single dose and half-lifeli8 h) [38]. Unlike diclofenac, the activity in
HMPH was significant particularly after the thirdur, possibly indicating a delayed onset

and prolonged duration of action, thereby predgarrole in chronic therapy.
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Fig. 3. Attenuation of carrageenan-induced acute paw inflation by HMPH (25 and 50mg/kg) and diclofenac
(10 mg/kg). Figure depicts changes in the paw velyml) at various time points. Data presented aamie
SEM (n=6). $p<0.001 vs naive controk.p <0.05 vs carrageenan control (Two-way ANOVA fol&d by
Dunnett’s multiple comparisons test).

3.9. Attenuation of inflammatory markersin air-pouch model
This model of acute inflammation represents a prymianmunological response to

invading pathogens and help understand the locdlsystemic effects of compounds on



immune cells and inflammatory mediators [20]. Tldofwing sections (3.9.1. to 3.9.3.)
discuss the effects of HMPH action on MPO, nitritBlF-o and differential cell count in air-

pouch lavage.

3.9.1. Reduction of splenomegaly in air-pouch model by HMPH
HMPH, at all tested doses mildly attenuated splesgaty, though not significantly
(p>0.05, data not shown). Splenomegaly in carrageeontrol indicates immunological

response [23], which was annulled significantlydaglofenac.

3.9.2. Reversal of elevated MPO and nitrite by HMPH in air-pouch model

Elevated nitrite and MPO in air-pouch lavage arabkpla indicate an immunological
response. MPO helps neutralize invading pathogedssaa marker of leukocyte infiltration
to the site of inflammation. HMPH dose-depended#dgreased MPO in both plasma and air-
pouch lavage (Fig. 4a and 4b) but more signifigamtlair-pouch lavage (Fig. 4b) which was
comparable to diclofenac. MPO is normally presentthe inactive form in circulating
neutrophils. On reaching the site of inflammatinautrophils undergo activation. It releases
a low concentration of MPO which is available foeximum biological activity. During
neutrophil transit, MPO may also accumulate indtéd-plasma [26]; which we observed in
our study (Fig. 4a).

The rise in nitrite levels in the lavage is throu§fOS [39]. HMPH significantly

reduced the elevated nitrite levels in the lav&ag. 4c), probably by iINOS inhibition.



120
140 b $
g 1204 o 100 —
g s g
o 1004 — &~ 80
= |
g £
% 7 T 60
o 2
8 60 - o
= o 404
52 401 =
2
204 204
0 % 0 %
c 120+
100 ..?._ E@ Naive Control
Q
[«)]
2 0 Carrageenan Control
&
= E3 Diclo, 10
£ 50+ *
o HMPH, 12.5
£
2 B3 HMPH, 25
ES 204
E= HMPH, 50
» LB

Fig. 4. Effect of HMPH (12.5 to 50 mg/kg) on MPO and nérin both (a) plasma and (b and c) in air-pouch
lavage. Percentage change was calculated witlecesp carrageenan-control. Data presented as tn&kiv
(n=5). $p<0.05 vs naive control am<0.05 vs carrageenan control (one-way ANOVA fokaWby Dunnett’s
multiple comparisons test).

3.9.3. Inhibition of celular infiltration in air-pouch lavage by HMPH

Air-pouch is self-possessed of a lining of cellattbonsists primarily of macrophages
and fibroblasts, which produces an inflammatoryngtamatous reaction characterized by
marked production of inflammatory mediators in lig@d40]. HMPH significantly and dose
dependently decreased the total WBC count (Fig.aba) differential counts (lymphocytes
and monocytes) in air-pouch lavage (Fig. 5b and Bbge absolute cell counts in naive-
control and carrageenan-control were found to Bet1.24 and 27.3 + 2.72 x ¥l in total
WBC, 0.93 + 0.17 and 21 + 1.68 x40l in total lymphocytes and 0.07 + 0.0 and 1.9.250
x 10*/ul in monocytes respectively. HMPH (25 and 50 kgykignificantly decreased TNF-
a in air-pouch lavage (Fig. 5d), whereas diclofefailed [20]. TNFe. may be the primary

cytokine which is synthesized by activated macrgelaand neutrophils during cell injury.



TNF-q, in turn, activates the release of other pro-inflammatory iateds which are also
responsible for autoimmune disorders [41]. Antlanimatory action of HMPH is probably
the result of attenuating TNé-in air-pouch lavage (Fig. 5d). Probably, HMPH oals
modulates the immune system by suppressing not ttrdytotal WBC count, but also

lymphocytes and monocytes in the lavage (Fig. Barisl 5c¢).
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(n=5). *p<0.05 vs carrageenan control (one-way ANOVA fokaWby Dunnett's multiple comparisons test).

3.10. The effect of HMPH on cellular-infiltration in bronchoal veolar lavage
LPS induces cellular responses that develop syngtdrohronic lung function-injury
in rats, which is similar to those caused by orgahist exposure in humans. Intra-tracheal

LPS-induction elevated the cellular response rafigcproportionately in BAL fluid [42].



LPS-treatment increased total WBC, lymphocytes gnadiulocytes count in the BAL by 20-
25 % compared to naive control. The absolute aalhtin naive-control and LPS-control
were 0.6 + 0.1 and 2.1 + 0.2 x3j0l for WBC, 0.35 + 0.1 and 1.2 + 0.1 x @l for total

lymphocytes and 0.15 + 0.0 and 1.0 + 0.1 X/1Dfor granulocytes respectively. HMPH
produced a dose dependent attenuation of lungninflation by reducing total WBC and
differential cell counts in BAL fluid (Fig. 6). Mamum activity was observed at HMPH 50

mg/kg (Fig. 6a and 6c¢), indicating the inhibitioihchemotaxis during inflammation.
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Fig. 6. Effect of HMPH (25 and 50 mg/kg) and diclofenac (h@/kg) on (a) total WBC count, (b) lymphocytes
and (c) granulocytes in BAL. Percentage change eaéulated by considering respective LPS-control @3
%. Data presented as mean + SEM (n¥%6p<0.05 vs LPS control (one-way ANOVA followed by fnett's
multiple comparisons test).

3.11. HMPH attenuated the severity of arthritis
HMPH, having demonstrated activity in acute and-aalte models of inflammation,
by attenuating leukocyte-infiltration and limitingNF-a, we thought it appropriate to

consider the action of HMPH in chronic inflammatiorlated to immune mediated



phenomena. AIA in rats was chosen because it tipanents of both local and systemic
inflammation [23]. AIA pathology resembles humathatis involving cartilage destruction

and bone resorption [43], which are easily notiteat our study. HMPH attenuated acute
and chronic inflammation and facilitated recovergy &easured by decreasing paw
inflammation, diminishing arthritic markers, incs@ag clinical scores and mitigating joint

damage. The results are discussed in sectionsl3d 3.11.4.

3.11.1. Effect of HMPH on body weight, clinical scoring and paw inflammation AlA model

HMPH reversed (after 6 days of treatment) basic pggms of arthritis such as
decrease in B.wt. and increase in clinical scori(fgg. 7a and 7b). HMPH also reduced
leukocyte count (Fig. 8), thymus weight (Fig. 9adl attenuated splenomegaly.

In AIA model, development of paw-inflammation igpbasic, i.e., acute phase (day 1
to 8) and chronic phase (day 9 to 21). Contralbgga inflammation develops durind®
week after CFA injection (probably an immunologicakponse) [44]. In our experiment,
HMPH significantly decreased the increased paw melun both ipsilateral (Fig. 7c) and
contralateral paws (Fig. 7d) from day 14 onwarddjdating that HMPH is effective against

both acute and chronic inflammation as well as imeamediated inflammation.
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Fig. 7. Results of HMPH (12.5 to 50 mg/kg) and diclofena® (ng/kg) treatment on (a) % change in body
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parameters have been compared with respective dAycéntrol. Data presented as mean = SEM (n=6).
$p<0.05 vs naive controkp<0.05 vs AIA control (two-way ANOVA followed by Dwnett's multiple
comparison test).

3.11.2. Immunological support of HMPH in AlA rats

AlA is characterized by leukocytosis (lymphocysps monocytosis and
granulocytosis), with extensive systemic neutraph[R3]. HMPH (25 and 50 mg/kg)
decreased the percentage WBC, lymphocytes, morseyteé granulocytes (Fig. 8) on day
21, suggesting an immuno-modulatory activity. HMBH mg/kg profoundly decreased
lymphocytes and monocytes (Fig 8b and 8c). Howedietpfenac did not have any impact
on leucocyte count. The absolute cell count in @a@iantrol and AlA-control were 7.0 £ 0.5
and 11.0 + 1.3 x Tl for total WBCs, 5.0 + 0.7 and 7.0 + 0.8 %10 for lymphocytes, 0.9
+ 0.1 and 1.7 + 0.4 x %@l for monocytes and 0.4 + 0.09 and 1.9 + 0.5 %/ lCfor

granulocytes respectively.
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3.11.3. Effect of HMPH on serum C-RP, RF and TNF-« in AlA rats

HMPH (12.5 and 50 mg/kg) reduced the elevated s&tdRP, whereas diclofenac
did not (Fig. 9b). C-RP is an acute-phase proteadyced by hepatocytes that rises during
tissue trauma, bacterial infections and inflammataactions like rheumatoid arthritis in
cartilage and bone [21, 23].

HMPH (50 mg/kg) and diclofenac attenuated RF sigaiftly (Fig. 9¢). In the present
study there was more than a three-fold increaseRnn AlA-control, implying a greater-
probability of articular destruction with suspectad¢oimmune disease [21].

TNF-a levels being lower in the serum than in the inflaatory tissues, we were not

surprised to find that TNk-was below detectable limits (Fig. 9d) [20]. We ebh®d an



increase in TNFx in HMPH and diclofenac treated arthritic animatwever, the similar
nature of HMPH and diclofenac in raising TNFsuggests that they share some mechanistic

elements [24].
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Fig. 9. Effect of HMPH (12.5 to 50 mg/kg) and diclofena® (hg/kg) on (a) thymus atrophy ratio, (b) serum C-
RP, (c) serum RF and (d) serum TMF-Data presented as mean * SEM (n=5). $p<0.05 Vsena
control *xp<0.05 vs AIA control (one-way ANOVA followed by Duett’'s multiple comparison test).

3.11.4. HMPH improved radiographic and histopathological statusin AlA model

Both HMPH (50 mg/kg) and diclofenac diminished stiffisue swelling, cystic
enlargement of bone, extensive erosion and boneudaen as per radiographic impression
and histopathological study. The differences welestantial when compared to AlA-control.

The efficacy of HMPH is comparable to diclofenac.
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Fig. 10Effect of HMPH on radiographic impressions in AlAts (representative from each group of
treatments). On day 21, Ipsilateral and contradditeind paw images were captured under anaesthddia.
intensity of swelling and bone distortion was aseaty with respect to naive control.
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Fig. 11.Effect of HMPH on hind paw joint histopathology (®yial joint) in AlA rats (representative from each
group of treatments). In naive control group, theck arrows indicate normal surfaces of synoviahtjevith
normal joint space and synovium. In AIA control gpo black arrow indicates destructed synovial jeiuith
reduced joint space (one surface pushing towaelstier forming pannus) indicates the presence of dense
inflammatory cells (lymphocytes and plasma celis)diclofenac 10mg/kg treatment, the black arromdidate
normal surfaces of synovial joint an& indicates presence of mild inflammation. In HMPI@ Bg/kg
treatment, the black arrow indicates normal surfgfcg/novial joint andk depicts mild inflammation and mild
joint destruction+ sign).
4. Conclusion

HMPH was synthesised by an easy one-step syntimetibod under mild laboratory
conditions with high yields. HMPH with low toxicitwas effective against both acute and
chronic inflammation inin vitro andin vivo models. The immune-modulatory effect of
HMPH was significant in blood and body fluids aethkite of inflammation. HMPH was
similar to diclofenac in efficacy and more effeetivn chronic inflammatory conditions.
HMPH reduced joint inflammation and bone erosiothvain efficacy that was comparable to

diclofenac. However, HMPH does not operate via COiMike diclofenac. Molecular



mechanistic study revealed that HMPH might be dpegamore through an immuno-
modulatory mechanism, via TLR/TNk-pathway. To sum up, easy inexpensive synthetic
route with high yield, favorable chemical charastiss, low toxicity and high efficacy via
non-COX mediated pathway suggests that HMPH coeldtbdied further as a potential lead

for chronic inflammatory condition.
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