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Cxidized low-density hpoproteins (LDLs) accumulate in the vascular wall and promoie local inflare-
mation, which contributes {o the progression of the atheromatous plague. The key role of myeloper-
oxidase (MPQO) in this process is related to its ability io modify APQO B-100 in the intima and at the
surface of endothelal cells. A series of 3-{amincalkyl}-5-fluorsindole analogues was designed and
synthesized by exploiiing the structure-based docking of 5-flucroiryplamine, a known MPO inhibitor,
In vitro assays were used to study the effects of these compounds on the inhibition of MPO-mediated
taurine chiorination and oxidation of LIDLs. The kinetics of the interaction between the MPO redox
intermediates, Compounds I and I, and these inhibitors was also investigated. The most potend
molecules possessed g 4- or S-carbon aminoalkyl side chain and no substituent on the amino group. The
maode of binding of these analogues and the mechanism of inhibition is discussed with respect to the
structure of MPO and #s halogenation and peroxidase cycles.

introduciion

The heme cnzyme, myeloperoxidase (EC 1.11.1.7, MP(OY),
is one of the key players in ibe first line of the nonspecific
immnune defense systern.” In the presence of hydrogen per-
oxide and halide ions, MPO catalyzes the syathesis of hypo-
halous acids {e.g., hypochlorous acid, HOCT. These oxidizing
and halogenating corapounds kill and destruct foreign micro-
organisms, MPO s packed in the azurophilic granules of
{phagocytosing) polvmorphonuciear loukooyies in relatively
high concentrations {typically up to 5% of cell dry weight)and
is released Into the phagosomes that contain the endocyiosed
pathogens. However, MPO can also be refeased outside the
phagocytes’ and contribute to tissue damage at sites of
inflammation. In addition to its beneficial role in microbial
killing, MPO is reported to be involved in a growing sumber
of diseases because of its ability to generate reaction products
that can oxidize many types of biomolecule (lipids, proteins,
DINA, ete)

MPQ can mfluence disease pathogenesis in two ways: In the
first, MPQ is directly involved at the origin of the disease;™ in
the second, MPO acts to worsen symptoms associated with
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inflammatory conditions.®'° Several of these pathologies
present major problems for public health at a global level.
To investigate the invoivement of MPO in cardiovasenlar
disease, we focused our attention on atherosclerosis. Itis well~
known that MPO oxidizes the apolipoprotein (APO) B- 100 of
low~-density lipoproteins (LD Ls), thereby contributing to the
development of atherosclerosis.” Indeed, LDLs oxidized by
MPO (Mox-LDL) can induce foam cell formation and tripger
inflarnraatory responses in monocytes and endothelial celis, 2
The interaction between MPQO and LD is facilitated by clee-
Lrostatic interactions as MPQ is strongly basic' at physiclog-
ical pH, whereas LDLs are negatively charged. In addition, it
has been shown that MPO can oxidize the APO Al of high-
density lipoproteins (HDLs), thus impairing reverse choles-
terd teansport, ™ Because of these deleterious effects, devel-
opment of therapentic strategies aimed af inhibiting MPQO is
rieeded.”® However, despite several attempts, there are stili no
molecuies with sufficient in vitro and/or in vivo inhibiting
properties. 5

We recently assessed the MPO inhibiting effects of com-
monly used anti-inflammatory drugs.” Flufenamic acid (1,
Figure 1} was identified as a good candidate, which inhibited
both HOC! prodaction and LDL exidation.” However, these
resulis were only observed at high concentrations, rendering
finfenamic acid unusable because of its toxic adverse sffects at
these doses, Analogous corapounds were also investigated bui
none had better inhibitory activity,’® Hkely because their
negative charge dampened the interaction between MPO and
anionic LDEs™ We, therefore, bypothesized that positively
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Figare 1. General structure of Qufonaoe acd (1), rvptamine

chargad compounds could overcome this problem and in
addition wouald aliow more favorable interactions with anio-
nic amine acid residues at the active site of MPQO.

Jarischko el al, {20035) showed that tryptamine {2) denva-
tives aet as substrates and imhibiiors of MPO. Dervatives that
carry & metabohcaliv stable substivdent on position 3 of the
indole ring, such as chiorine (S-chlorotryptamine, 3} or fuo-
e {S-fluoretrypiaming, 33, were shows to be efficiont rever-
sible intbitors I nrust be noted that the stability of the
aromatic moiety of potential inhibitors is orucial becuuse the
indole ring s subject to oxidation by MPO. particniarly on
pasition 3.7 Substitution by alectron-withdrawing groups
makes the indole mofety very fragile and prone o clewvage
between (-2 and C-3, This bus been demonstrated W nh
melatonin, whish possesses are OMe grosp on position 375
A provmsing MPO drug candidate must be a stable mo]eu.ie

and good substrate so that administered doses and the risk of

adverse effects cun be kept as s‘mi as posaible,
By exploiting the positioas of S-4he plarmne obiained
g, we designed : naiogm:s that

froim sinuciure-based docks

could bave additional bermctions with the wotive site of the
heme egzyme. Two sirategies were foliowed, name I‘; vay ;i‘w

the length of the aminealky! side chain and adding 5
ents of ditferent sizes to the amino @ m;: of the xsdc h“n‘
These unadogues were then sypthesleed and thew capactiy 1o
inhubit recombinany MPO, prodoced in CHC }nw}l,mec W
measured. We report the effect of these new compounds on
MPQO-medinied tavriae chiorimation and § {}i oaidation and
ou the lufgractics with e “Compound |7 aod "Compound
17 redex inermediates of MPO, We also propose @ mecha-
nisyn for the iehibition.

Besolts

Docking Experiments. Indole and trypfamine derivatives
have been reportad to be reversible inhibitors of huoronn
MPO with S-Bocrotryptamine baing the most effective.”
These findings prompied us to perform a rational structure-
based design of new trypilamine derivatives based on the
docking of S-Heorotryptamane. The reliability of the docking
procedurs was p;*:\(m.}s,v assessed by comparing the docking
of sahicyihydroxamic acid with its position in the crystal
structore of the MPO complex.'®

The best pose of 3-lluoraivyplamine (Figure 24) featured
stacking of the indele S-membered ring onio the pyrrole ring
I3 of the horse. Stacking was also observed In the coysial
strpeture of the MPO sicuctoee 1o compiex with salioviby.
droxamic acid. In addidon te the stacking, one salt bridge
was formed with Glul02 and ose bydrogen bond with
Thr 6, No hydrogen bond was obseoved batween the tndole
NH group and the protetn. Another poss featured a hydro-
gen hond but at the expense of the stacking, Intevestingly,
empty pockets remained aronad the docked ligand s wnd conld

dervatives (2,3,4) and S-fluoroindole-3-alkviamioe devivatives {31

A

Fipure 2. (A) Best pose of S-luorotryptaming (4} generated by the
Glide docking ,)rnamvu i"hc ,mwd S dcgmiud a8 x-_,:;k ‘\Ia‘.i‘ ]mr‘

for ..t t]h. cen lcr ni {h». heme. {B) ‘e"if:w imm LtL‘ enirgnce {.}I‘ the
shannel of the bost pose of S-uorotryptanune (4) with o repres:

of the moleoular su : uf l‘“‘,‘ 1-! dein and
sphobic, negatively charg
_'.§1 were accouied for desipn the S~§‘-u=>r\>i' yptannoe anaiopues,

i’h ‘}“ ?h-:;-’t,, Lﬁ‘l.‘fr:t? Pl o407, md meé copid tx m-»d
with chemical groups so <i\ti) o additional bydrophobic
inieractions between the ligand and the binding site. Oa the
hasis of these ebservations, we developed two strategies for
creating the anaiogues; (':}\a;u\']‘] 2 the lenpth of the alkyl side
chadu sod (i} adding different alkyl or ovebe sabsiliconis on
the side chain sitrogen. The amine group of Sflscrotrypt-
wmine that bears a positive charge at pm;m% ogical pH was
conserved se as 1o keep the potential foamaiion of an lonie
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“ Compounds ave classified firs fobowi sy of the sude chain
and the substituenis, then, respeciivel 2 onn- o dizuh-
stitution of the amine group, The g, value s the mesn = 8D of 3
inclependent experiments,

interaction with Gio 102 and/or the propionde heme group or
even to reach further negatively ¢h em.ed residues, such as
Glulie, Asp2ld, or the Cerminus of Aladd {see Fipure 2By
The potentinl binding modes of these designed t.s}mpmmd:i
were snabvzed by dockeng.

Nide Chain Length Varlations, The number of carbons in
the alkyl side chatn of S-lerotryptarmoe (compound 4) was
redified, Componnd 34, with a 4dcarbos side chain Jengh,
was pred k.t to have the same affinily as the componnds

hl] ad 2, 3 and Scarbon <itf‘i‘b{4 l‘i and 41). Tt predicted
affinity was 1.3 keal/mel greater than that of the f-carbon-
chain compound uimpm.mi &) {see Table 1}. The poses
found {or compound 34 showed & stacking arrangement
with the pyrrole ring I of the bame and the formation ()f two
salt bridges with Glei2 and the beme propiopate groap
{Figure 3A} Compared to 3-flnoretryptamine hinding, the
indole moeiety penetrated deeper into the pocketon top t\i‘thc
beme and the faorine atom was closer o the heme

There were several hydrophobic coutacts wath Phet9 'md
with the aliphatic ¢chain of one of the heme propionates. With
the I~carbon-chain {6), there was Jess stacking and one salt
bridge was kst bot one additional hyvdrogen bond was formed
between the indole NH group and the heme (Figure 3B), The
fluorine atom was oot oriented loward the iron atom, The
compotrd bearing 2 6-carboo side chain (48} featured poses
in which either the stucking was lost and the side chain
atirogen made ¢ salt bridge with Glolio located at the
eatrance of the catulytic pecket or shifted stacking and the

T
g
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Figwre 3. (A) Docking poses of cowmpound 34 '.i‘ ustrating the
stacking with pyrrole {) of the heme and the jonic ST

Huloz, {BY Dockung poses of compound € and 34 iilustrating the
absence of fonic nteraction and the poor staching of compound &
compared 1o compound 34, The poses are pencal ted by the Ghde
doaki am, Com p*\-m\w & and 34 ave depicted a5 green and
grey sHe »spec* ively. The small blue sphere u.dsc,a*% the lneation
of the fara0 1on at the center o{ {he heme.

indale NH hyidrogen bonds to the propiowic group were
mainiained but no salt bridge was formed.

Agniso Groug Side {'hain Subsitiuents, by acother at ‘rnp:‘
i raprove the poteviey of - E}m“‘q}ir}}ﬂ' nine, e offest of
adding different substi nue;m to the side chain amino group was
anabyzed. Corspounds wath bBuear or brasched alked group
substitutions on the side chain nitrogen had predicted scoring
afues olose to those of vosubstinuied compounds (see Table 1),
Compound 20 bad a score 1 keal/mol more favorable than
Shorotrypiamine (4). 1ts best pose showed hydrogens bonding
¢ thie propiovic acid group and formation of 2 sall bridge with
Ghai2, Hydeophobic contacts mainly invelved Phe%9, Prolds,
Pheidb, Pheld?, Phes(?, Leudl s, and Leud2

We also probed ovelic groups as substitpents on the aminoe
group of the side chain in order o infroduce new interactions

and to reduce or avord the eneegy peaalty Hrompmoinlization of
rotatable bonds upon binding of alod substitnents, Two frag-
ments were used: Byrrolidiny and Neethyipiperaziny] moieties.
Corapound 33 had the raost favorable epergy (8.5 koal/imed)
The docked positions of this conzpound featured stacking with
the heme pyrrele ring 1, one hvdrogen bond with the propionic
group, an clectrosiatic nteraction with Gla 12 (aot a salt bridge),
and hyils op robac contacts with Phedd?,

The analyws of the binding modes predicted by docking of
these analogues and thetr binding energy values encouraged
us 1o synthesize thens for further evalpatio

21
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Seheme 1. Svathess of Compound 6
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*Reagents and conditions (1} NHLOH B, pyridine, () HL PAA0 HOEL B6OH )

Schieme 2. Synthesis of Substituied 3-{Aminomathyipudoles”

“ Rengenis sad conditions: {1 fomaldebyde (37 wi % agueows selunon), acetis actd, diokane,

Scheme 3. Svaibesis of the Intermediate Alcohols and Unsubstituted 3-(CAminocaikayhindoles n = 2 and 3 4 and 15)°
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Cheraistry, Compound $ was {)‘CL}_-{![L(- as mdionted w (for example, Y53% versus V2% for the syvathesis of %), The
Schere 1. Ths cart bony} groop of the commmerciatly available starting aleobiols % and W were transformed o th 237 ruesyinie
S-ﬂu(}1‘0irzdoic-"-u"E\oxa]dt‘.hydv‘ was transformed into the derivatives m good vields by adding methanesulfonyi chioride at
corresponding oxime 1o give compm:nd 5.7 Hydrogenation roop empeninre m the presence of toethylarmoe, Mesylate

of the atter, cmzl}v:fﬂ‘ v PaAC 10% in the presences of HOL mroups wers then copverted into amdoalkanes to g com-
ied Lo compound 6. ponds 13 and 4, which were hvdrogenated using P us

For theseries of indoies subsiituted by amisonwethy] meieties, atalyst to create compounds 4 and 15 {Scheme 3.7
wuinoaliviations of comenercially available S-Buoroindole Tosyuthesnze compounds 16 10 31, winch were sabsituted
were performed astog the Masnich reaction, Lo, in the pres- on the aliphatic miroges atom, mesyiate derivatives 11 and
ence of secondary amines and formaldehyde, 1*"\‘1&%4 1 in the 12 were added to the corresponding amines in dinxane at
syrihesis of compounds 7 and 8 {Schere 20,77 100 °C {Scheme 415

Tor the synihcs{es wting from floore-3-{hydrogyativi) To obwin 3-daumaoboatyipdfloore-3 Hdndole oxalate
indoles. a general procedure based on the Fisker indole SVE- 34, the mesviate group in 12 was comverted o miile 329
thesis was applied nsing 4-fluorophenyihvdrazine lydrochloride which was further hydrobyzed by KOH in +BuOH to give
aod dibydrofiume or dibydropyran for the ring foruation step. cactoxamide 335 Resduction of the araide ssing LiAHL in
To anprove the resulis {or this step, we performed the reas- dierane led 1o the desired amine 34 1_‘\"&;hfme ‘i} A
sion described by Campos and collesgues under microwave.™ The synthesis of L‘(}mpou‘id -’:'ﬁ foli

These conditions led 1o shorter reacton tioes and Ingher f’iﬂ thetic path as for the ind
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viihesis of Compound 417
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e
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apdeonditions (P IMREAL-RL OHLCL, ~78°C G 4-

d-hvdroxvhexanal 36, which was obiained by the reduction
of scaprolactone 35 wsing EHBAL-H (Scheme 63 The al-
dehvde was then subjecied to a Fisher reaction with 4-fhioro-
phenylhydrazine 1}}\1;'&1,10‘ sde, giving the aloohol 37, which
was Rurther converted into the 1 "“-&}rt ¢ 38 A nucisoplulic
sabstitation was performed on compound 38 wsing NaCN,
and the resulting niirte 3% was then hvdrolyzed into the
amide 48 After reduciion of the latter by LIAIH,, the fingd
componnd (41} was izolated as s oxalate sali

Tinal I). the fluorotryplamine derivative with 6 methvlens
*'"‘{}..i]'h in the side chain was obiained, starting Hrom oyclo-
octanone 42 afier 3 Bacver—Vilhger rearmangement and maduc-

tion ui the resuiling lactone 43 into aldehvde 44 (Scheme 73,77
The psual synthetic scherae was then used, as for compound
4 synthesis,

Bislegical Activity. A microplate reader was gsad 1o moni
or inhibition of MPQG-mediated uu.m: chloringtion in a
bigh throughput screening roode.™ Table 1 lisis the 1Cx
values of the '3-{am1.30;1%}..»1\--5-- Teoreindole analogaes. The
presetited Iy valoes clearly demonstraie that the capaciiy
of the investigated compounds 1o inhibit MPO-mediated
chlorination was nwdulated by the leagth of the aminoalkyl

[1 S 3 e
N ""»\\»)
I

(Y NalUN, H-0, DAL 00 °0; 61y KO +F

Guoraphe

« {iv) NalUN, HoO, DMA, 1000 () KO, mBuDH: (vl U

BeON 32
@l . - -CONH, 33

T HzNiiz 34 {oxatae)
wH: (s LIATH,, dioxane, 10070
, o R
(i) F\\/ 2 ; NN

0}_ ----- R {ma 38
‘w TER=CON 33
"“"'”"R'—"C-GNH. 40

TH,NH, 41 (oxalaie)

nyvibvdvaxine hvdvochioride, Ha80,, DMA: (n} methanesu
£, disnane, 100 °C,

uifony chlonde.

side chain on posiion 3 of S-luoreindole, as weil as by the
atkyl gronps substitubog s aminn group, Componnd 41
h @ S-carbon nonsubstituted side chain was the most
efficient inhubitor. Lengthening the side chain from p = |
100w Aancreased the inhibitory paieney. With the excepbon
of spbstitution by dimethyl or p&rml. inyl groups, substitu-
tion of the side chain aitrogen did not improve the inhibition,
Compound 27 with g 3-carbon chain and & Bty substitaent
cispinvad the wankest acnvity. A closer aualysis of com.
pounds that had the same side chain lengih but different
substiipents revealed striking features, Among the molecules
with a 2-carbon side chatn, compound 22 with & pyeeohdine

and compnid W witha din u,tm..nmm group exhibited the
greatest activity, In this series, the size of the alkyl subsiit-

dergs {exeept for very bulky wronps) apparently dd oot
iffect the inhibitory Pl; tenoy {eomponnd 193 1o the 3-carbon
side chain series, the unsubstituied indole 15 had the most
wiibitory activily, o this series, the volume of the substit-
aents did not s i’f{i}ﬁ{,d}hi» change the nterscuon with MPO
{as for 2-carbon side \na R ‘m,l sondes). Fieally, amoeng ati the
fluoroiry yptamine deyi 5, the T-earbon chain compounds
displayed marginal inh ;lmu- v RCHVIBCs,
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Schieme 7. Sypthes

sis of Compound 487
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Jut by MPOSCE .0,

B i R, R

3 i H H

? i 5H, CaHs

B E Nemethyipiperazinyl

4 2 1 H

1 2 CH; H
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measuring the whibion of the LDL
P00, 100, and 3 oM u‘c‘.&uprnn'l‘u{
Information). " 1Cs, velues were cslonlaied from agmotd owrves ob—
tained by (-mmx--ing the inhibition “(_E~ seven concenirations (5.0, 7.5,

FR0, 2540, SO0, 5000, 10000 oM},

I values caloulated by
oxidation 4 three coneen

To measure MPO-dependent LDL oxidation, which s a
contributiay facior jo atherogonesis, an BLIBA was recently
developed, based on a mouse monoclonal antibody (Mab
AGY) that speaifically recognizes MPO-oxidized APO B- 160
on LIL.Y Table 2 Lists the 1Cs; values for the inhibition of
LDL extdaiion by the difforond componads, Most of the
conipounds described in tlus stady effectively inkibited LDL
axidaiios at submicromolar concentrations. Corapoonds 34
and 41 and, to a lesser extent, 24 and 27, showed the best
inhibttion profie. Other compounds wi S-carbon side
chain also exhibited rather good inlubitory setivity fexcept

corapourad 18), For comparison, indoles with a 2-earbon side

mmann e,

26 GO DIRALH, OF
) Nati, DMEO, 1t ¢

Sowdilpve o7 @,

Lo RN, 47

Vi) b = ‘hﬁq 48 {oxalate}

TR (i A-thaorophs e hvidrochloride,

it n My, PaAC B, EuGHL
chain had less ishibitory potency and cotnpom*tis with @
f-earbon side chaw were weak inhibitors of LDL oxdanon.

Two compounds, En,v.e::\u. attracted attention. Compound
27 had a peor inhibiiory effect on MPO-mediated taurine
chlorinastion bui was an exocllend jehibitor of LDL oxda-
aon, Io contrast, compoennd 22 had a small effect on LDBL
oxidation {except at the higher concentration} despite a
mnrked effect on the chlorination actvity of MPQO,

oo redox intermeadiaies sre relevant inthe enzymaology of
MEPO, namely Compound T and Compound {1 Because
trvptamine devivatives have been shown o act as reversible
inbibitors and interact with both redes intermesdistes,
wis paportant 1o afso stody the divect ruteraction of the most
efficient inhibitors {compounds 34 and 41) with Compound |
and Coraponnd 11 ‘s,} seque ma: -mxiag stopped-Tlow spec-
{TOSCOpY ('!-'-'iqui‘i‘ § aud 617 Compound | is formed by the
reaction of hvdrogen peronide with the ferric state of Mi’()
{Figure 41 Theteby. the OO bond 18 cleaved heterolyt
caily, forming o redoy ntermediate called Compoond L h
ihis fast reaction, Fe(lil) s onidized 1o an onoferrvl specics
fFediVi=0] asd the porphyrin t¢ ihe corvesponding
s-oabon radisal (reaction i Flgwe 4) ('m,p sured | s
deficient in two electrons and restoration of the ferng state
can be secomplished by either direct fwo-electron reduction
by babdes {C17 or Br ) thereby forraing the cotesponding
hypohaloes ands {reaction 2 i Figwre 4), or by twe o
glectron reduction steps mediated by aromatic cleciron
donors Onchuding indole derivatives vig (‘:ompvm‘d i
[V O (reactinas Jand 4 in ¥ L.Jreél; The talogena-
tion cyele inchudes reactions | and 2, whereas the perodidase
cycle includes reactions 1, 3, and 4. It is iroportant to note
& t(‘mr;\(u'xi H cannet oxadize ehloride or bronade.

Flgwres § and 6 demounstrate the kingnes of ihe reactions
between compound 34 and MPO Compound T and Come
pound I Very similar Ume traces were observed wath
corgposnd 43 {pet shown) The mhibitors acted as ong-
glectron donors to both redox intermediates of MPOL big-
ure 3 depiets the divect transition of Compound { to Com-
vowd H medisted by oxidation of <-o-r3-pc:an;ci 34, The

caction was mogophasic (Figure 58), and from the Hoear
f‘k})ti‘dﬂ"‘f} of kape values on subsiraic concenira .,m‘s, dp-
patent bimolecniar rates (hd of (1.1 4 0.1y x 10" M™
{corapoursd 34) and {80 4 0.0 x 107 M7 mpuqsd
41} were caleniated {(Figove 5C) The high intercept clearly
darcomsratad that Co m]mumi i wits pot stabie but further
i wghied by ¥ g,u-f' A and 68 that

2o

formed. This
HE R 3{3;‘!"}-_1“'33 wransinon of O nmp(u i 1 to

show the direg

native MPO mediated by compound 34 with a clear isos bc:,m
point. The apparent bimolecalar rate constants {ky) were
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Faiivy

Copgound

Figaree 4, Scheme of chlorination eycle aud peroxidase cycle of myslopsroxidase (MPO). Architesture of heme and conserved distal residuss
His95 and Arg239 was oblained from X.ray structure (PDE: 1CXP). At the heme edge {S-meso bridge between pyreol rings A and D),
subsirales bind and donate electrons, Inreaction {1} forsic MPO is oxidized by hydrogen peroxide to Compound 1 ie., oxoiron{¥V) porphyrin
radical cation]. In reaction {2}, Compound { is directly reduced back fo the resting statc by chioride {or bromide} thereby releasing
hypochlorous {or kypobromous) acid. Reactions (1} and (2} constitute the halogenation cycle. In reaction (3}, Compound I i3 reduced to
Compound 11 {i.e, protemated oxoiron(IV)] by a one-glectron donor {e.g., an indode derivative). Inmaction (4}, Compound H s reduced 1o the
native siate thereby cxidizing a second substrate molecule, Reactions (1}, (3}, and (4} constituie the peroxidase cycle. Note that Compound 11

cannot oxidize chloride or bromide.

360 M e {componnd 34) and 506 M 's ™ {corepound 41)
{Figure 6C}. The ky/k, ratios of 305558 and 19767 suggest that
Compound 1 reduction wag the rate Hmiting dep in the per-
oxidase cycie. Bothinhibitors were exceliont slectron donors for
Compeound I, but poor substrates for Cornpound 11

Driscussion and Conclusions

We nsed structyre-based docking of $-fluorctryptamine (4}
in the active site of MPO {o design derivatives with potent
rahdbitory action against MPO (see Table | and 2). Allthe de-
sigmed derivatives could be docked into the active site porket,
The best poses feamred stacking between the indole and the
pyrrole modeties although this interaction was not ideal in
all cases. The docking energy binding values of these com-
pouncs ranged berween 3.3 and 8.3 keal/mol with a value
of 6.5 keal/mol for S-fluorctryptamine (4). Given the ¢iffi-
culty in evaluating affinity using the scoring functions devel-
oped for the docking programs, we couid aot reliably dis-
criminate between the different ligands, and as a result, ali the
desipaed cormpounds were synthesized aad their 1Cs values
were measnred.

In unsubstituted compounds, the distance between the
indole moisty and the side chain nitrogen atom appeared to
be an important paramster for binding to, and inhibition of,
MPO. Lengthening the side chain from 1 to 5 carbons increased
the inhibitory potency by 2 orders of magnitade. The docked

poaes provide a tenfative explanation for the high 1Cs; value
for the 1-carbom side chain; becanse of the short alkyl cha,
the nitrogen group cannof reach the negatively charged
Giul02 to form a salt bridge, as observed for the 2-, 3+, 4-,
and S-carbon ¢ide chains, However, a further increase toa
S-carbon side chain again increased the 1Csg.

In contrast, in 2~ and 3-carbon side chain compounds, the
inhibitory potency decreased when the sidechainamine group
was substituied with Enear alkyl substituents of increasiag
length. In most cases, compounds with an N-substituted side
chain showed higher ICs values compared to unsubstituied
componds with the saree side chain leagth, However, com-
pounds with two sabstiteents had mors {avorable inhibitory
properties compared to those with just one linear substituent
{e.g., compare compound 13 with compound 21 or compound
27 with corepound 29). The docked poses suggest that disub-
stituted amino groups fit better into the hydrophobic pocket
of MPQ.

Compounds with cyclic substituents were not potent -
bibitors, with the exception of compound 22. The experimen-
tal data and the docked binding modes suggest that the steric
hindrance on the side chain amino group and the flexibility of
the substitusnts may be uportant factors for the structure—
activity relationship.

There was no clear correlation between the caleulated dock-
ing binding energies and the 24 values derived from the two in
vitre inhibition assays. This ilhustrates that molecular docking
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Figare 5. Reaction of MPO Compound | withcompound 34 {pH 7.4 and 25 °C}. {A) Spectral changes upon reaction of 2 M MPO Compound
Twith 10 M componnd 34, First spectrum afler nuixing corresponds to Compound T subsequent spectra were recorded after 1.3, 3.8, 6.4, 8.5,
11.5, 14.1, and 16.6 ms. Arrows indicate speciral changes. (B} Typical time trace and i3t of MPO Compoand I formation followed at 456 nm,
{C} Pseudo-first-order raie constants for MPO Compound { reduction plotted against compound 34 concentration.

may behelpful in predicting binding modes of amolecule to an
active site but cannotf casily be used for ranking the inhibitory
capacity. In the present study, the inhibiting molecules were
also substrates and their efficiency to interact with MPO
Compounds T and IT depended zlso on the redox potential
of the bound molecule {tself, which is nol necessarily corre-
tated with the binding affinity. As & result of the poor scoring
correlation, “induced-fit” studies were undertaken for two com-
pounds selected as the lsast and most potent inhibitors (27 and
34). Docked poses differed only by the positions of their side
chains and the scored affinity shifted from —6.8 to —5.8 and
from —6.6 10 —7.6 keal/mol for compounds 27 and 34, respec-
uvely. This observation suggests that “mduced-fit” effects could
be portant for binding of fiuorotryptamine analogues,
Inhibition parameters for LDL oxidation arc relevant
because they refisct the potential in vivo effects of the com-
pounds {see Table 2}, One of the most striking observations is
that substifution by N-methylpiperazinyl in the compounds
with 2-carbon side chains increased the ishibifory potency in
comparison with structarally closely related compounds in
terms of chain length and steric hindrance {for example,
compare compounds 22 and 23). Compound 23 was the
weaxest in 165 series in the MPO chlorination inhibition assay
{see Tabie 1) but bad a very good activity in the inhibition of
LDL oxidation {see Table 2). The reason for this sudden
increase in LD oxidation inhibitory activity for compound
23 i unknown and roight be ascribed to the presence of a
second nitrogen. The sccond important observation is the
very marked activity of compounds 34 and 41, which was

corroborated by the inhibition of taurine chiorination. A
relationship befwesn inhibition of taurine chlorination and
of LD ~caidation is obvious for the most poterd indibltors,
This demonstrates that these different molecules wereable to
ishibit LDL oxidation in spite of the binding between MPO
and LDL.® Binding of MPC to LDL dudag LD oxidation
is responsible for the oxidative modification of APO B-100in
plasma. However, this event could also block the catalytic site
of the enzyme and, therefore, interfere with enzyroatic inhibi-
tion by providing some protective effect.’® The heme group of
MPQ that is responasible for the enzymatic activity is indeed
located in a distal hvdrophobic cavity with a narrow oval-
shaped opening.” This characteristic might explain the ob-
served differences in the inhibition of MPC-mediated taurine
chiorination and L. oxidation. As far agbinding to LDL is
concerned, the lipophilicity of potentinhibitors seems to bean
important factor, Indesd, the formation of a complex macro-
molecuiar struciure between MPO and LDL, mainly through
glectrostatic interactions, may modify the chemical and steric
requireraents for good penctxation of subsirates and/or in-
hihitors fto the heme cavity. Parameters such as charge and
Hpophilicity of compounds have already been evoked o
expiain similar resalts,®*°

The transient kinstics study demonstrated that the probed
compounds act as ¢leciron donors of both relevant redox inter-
mediates of MPO, namely Compound T and Compound 1.
Pretatled Hoetic parameters could be elucidated for the meost
potent inhibitors, compounds 34 and 43. Substrates for MPO
{halides or aromatic compounds) have been demonstrated to
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456 nm. {C) Pseudo-first-order rate constants for MPO Compound I reduction plotisd against compound 34 concentration.

bind and deliver electrons at the entrance to the distal heme
pocket near the S-meso bridge (hetween pyrrol ring A and D;
ses Fignre 4),*% which is supported by the presented docking
data. Tt is reasonable to aseurmns that substrate binding siies af
Compounds I and II are identical. This sssumption is based
on the fact that structural differences in the heme pocket even
between (high-spin} ferric MPO and its (low-spin) cyanide
complex are negligible. *® The cyanide compiex of a perox-
idase is 2 suliable meodel for the (low-epin) oxolemyl-state of
Componnd T and Compound 717 Conseguently, the ob-
served differences between the apparent reaction rates, &y
and &y, must be the result of differences in the redox
properties of Compound 1 and Compound I1. Because of
the very high reduction potentiad of MPO Compound §, both
rahdbitors were rapidly oxidized, thersby dirsctly reducing
Compound I to Compound T1% Conmpared to Compound 1,
Compound 1 is & weaker oxidant, as reflected by hiph ks/fky
ratios. Similar findiogs have been reporied for S-fiuorcicyp-
tamine, suggesting that these compounds act as reversible
inhibitors.® Because of their marked efficiency in one-slec
tron reduction of Compound 1, they shift MPO from the
chiorination oydle to the peroxidase cycle (Figure 4} because
Compound i1 is it able to oxidize chioride or bromide. The
MPO-typical high difference in reduction potentials betwesn
Compounds I and I {which is not observed in homelogous
lactoperoxidase or eosinophil peroxidase) guaranices that a
high percentage of MPO stays as Compound 11 and that other

human herne peroxidases cannol oxidize these inhibitors, Asa
resulf, the new tryplamine analogues decrease the pool of
native MPO and Compound T responsible for the oxidative
damage and do not inferfere with homolopous peroxidases.

In conclusion, a series of 3-{aminoalkyl-5-fluorcindole
analogues was designed using structure-based docking of
S-fhiorotryptaming, These compounds were synthesized and
assessed 1 vitro, Some of these compounds showed songder-
able potency for mhibition of taurine chiorination and of
LDL exidation mediated by MPO. The more potent mole-
cules possess 3 4- or S-carbon lengih side chain and no sub-
stitient on the side chain nitrogen. These are the first mole-
cules that have been shown to inhibit LDL oxidation in vitro
at nanomolar concentrations, thus providing an excellent
basis for further development of drugs targeting MPO, The
discrepancies observed in the different MPO inhibition assays
{Table 1 and Table 2} provide insight into the interaction
betwesn MPO and LOLs duering LDL oxidation, which can
be further studied in in vivo experiments.

Fxperimental Section

Drocking Experiments. Protein and Ligand Preparstion. The
K-ray siructure of human myeloperoxzidase complexed o cya-
ride and tiocyanate (P18 code: IDNW) was used as the darged
structure to endeavor the docking siudies.™ The Xeray water
and CN and SCN™ molecuies were removed from the active
site. The Hgand input files were prepared according fo the
following procedure. The inital 30 structures of the HBgands
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were gencrated using Corina, ™! and the ligand partial charges
ware psentbed using the OPLS force-field as performed by
Glide,™ As part of an effective 13 ligand structure preparation
process the Epik program was used to predict pE, values and
generate protonation states of ali ligands. ™ Al ligands feature
pA, values higher than 8.5 for theie gide chain nitrogen. Thay
were thus docked in their profonated form,

Docking Procedure. The Glide (Grid-Based Ligand Docking
With Enerpetics) algorithm approximates a systematic search of
positions, orientations, and conformations of the lgand in the
receptor binding site using 2 series of hierarchical filters {(www.
schrGdinger.com), In the preseni work, the binding region was
defined by & I8 A » 18 A % I8 A box centered on the central
position of the cyaside in the orysial complex. At most 10 poses
were generated for each molecule. The protein structure was
prepared usiag the Protein Preparation Wizard in the Schridinger
software graphical user interface Maestro, Glide XP docking
protocol and scoring function were used to score the poses of
the differsnt lipands, The default settings of Glide version 4.5
were used for the remaining parameters, Induced-fit protocols
were performed for cornpound 34 and 27, Initial GHde docked
poses were obtained in binding sites with Phed9, Glal02, Arg238,
and Phed(7 mutated into alanine, Side-chain and backbone mini-
mizations as well as docked poses refinement wers carrisd outin
structures with the alanine side chains replaced by their wild type
cortesponding residuss, GHde redockings were carried out
these minimized structures.

Symthesis. 'F and PC NME spectea were taken on a Bruker
Avance 300 spectrometer at 293 K (Bruker, Wissembourg,
France). J are given in ppm relative to TMS, and the coupling
constants are cxpressed in He (freguencies for 'H and VC
respectively 300 and 75 MHz). IR analyses were performed on
3 Shimadza IR-470 specirophoiometer and the peaks data are
given in cm ', The mass spectra were obtained on QTOF 6520
{Agilent, Palo Alto, CA, USA), positive mode, ESI, mode TOF,
by diffusion of 1.5 mi/min, with mobile phase HCOOH 1%:
CHOE (50:50), (VCAP 3500 eV Bource T°, 330 °C; fragmen-
tor, 110V, Skinmer, 63 V). All reactions were followed by TLC
carried out on Fluka PET-foils Silica Gel 60 and compounds
were visualized by UV and by spraying Yan Utk reageni (0,13 2
of p-dimethylaminobenzaidehyde dissolved in a mixture of
100 mi of 65 wi % Hy80, and 0.1 mL of 5 wt % Felly). Column
chromatographies were performed with HohoChrom MP sibea
63-200 from MP Biomedicals. The starting sompounds 4-phe-
nylhydrazine hydrochloride, dihydrofuran, diydropyran, and
S-fluoroindole were available from Sigma-Aldrich. Starting
compound S-fluoroindole-3-carkoxaldehyde was purchased
from Aifa Aesar. Reactions under microwave were performed
with a Start-8 microwave oven from Milestone {(Milestone, Sorisole,
Italy), Purity was determined with LO-DAD (Waters, Milfors,
USA) using 2 150 mm x 4.6 mun Symenetry Cig column at a
mobile phase flow rate of | mL/min, The mobile phase was a
mixters of methanol (350 mL) and a KHLPO, solution (3.07 M
in water, 650 mL} adjusted to pH 3.0 with a 34 wt % HPO,
solution. The chromatograms were extracted al maximum
absorplion wavelengths by using the Max Plot exiraction mods,
The purity was 295% for all the compounds.

General Procedures, General Procedures for the Synihesis of
Compounds 4, 15, and 48, Palladium on chaoal 10% (50 mgy
was added 1o a solution of azide derivative (4.6 mmol) in BtOH
{20 mL). The suspension was stivred under Hy {4.1 bar) overnight.
After filiration on Celite, the solvent was evaporated under re-
duced pressure, The residue was dissolved in ether, extracted with
0.1 M HCL and the resulting soletion was washed with ether. A
soiution of 1 M MNaOH was added {(pH ~ 10}, and the mixture was
exiracted with diethylether. The organic layer was washed with
water, dried over Na,B{,, and evaporated ender reduced pressure,
For compound 4, & saturated solution of anbydrous oxalic acid in
ether was added to the ethereal solution and the resulting solid was
filtered, washed with ether, and dried under vacuum.

Soubhye et al.

{emeral Procedures for the Synthesis of Compounds 7 and 8.
To 2 schugion of S-fluoroindole (200 mg, 1.6 mrool) in dioxane
{5 mL) was added a mixture of the amine (1.6 mmaod) and for-
maldehyde (143 g1, 37 wi % solution in water) in dioxane/acetic
acid 1:1 {6 mL), The resulting miziure was stirred at room
ternperature overnight and the solvent was evaporated under
reducad pressure. To the residue, & solution of 0.1 M KOH (30 ml)
and EtOAc were added. Then the organic layer was washed with
water, dried with Na,30,, and evaporated under vacuo. The
residus was dissolved in disthylether and extracted with 8.1 M
HCL The aqueous layer was rendered alkaline with | M EOH
{pH = 10} and extracted with diethylether, The organic layer
was dried on Naz80; and evaporated

{ieneral Procedure for the Synthesis of Compounds 4, 18, 37,
sand 45.%2 A solution of 4-flucrophenylhydrazine hydrochloride
{1 g, 6.9 mmol} in 4 wt % agueous H 50, (10 mL) and DMA
{13l was heated at 100 °C under microwave. To this sohution
was added dihvydrofuran, dibydropyran, or the corresponding
hydroxyaidehyde (6.9 mmol) dropwise over 2 min, Then the
reaction was heated at 175 °C {temperatars ramp from room
temperature to 100 °C over § min, then addition of the reagent,
heatng fo 175 °C over § min aod mainiainiog this iereperature foe
30 min, 000 W), The reaction mixiure was cooled (o room
teraperature and extracted two times with EtOAc (25 mL}, and
the organde layer was washed with water and evaporaled. The
crude material was purified by column chromatography (eluent
CHLCL/EtGAc 4:1),

General Procedurs for the Synthesis of Compoeonds 11, 12, 38,
and 46.>* A solution of alkeohol (5.5 mmol} in CHLCL (25 mL}
was cooled with an ice bath, To this solution TEA (0.44 mL,
5.8 mmol}and methanesulfonyl chloride (0.77 mL, 5.5 mmol}
werg added. The sclution was stirred at room lemperaturs for
2h. Then it was washed with a saturated solution of NaHCO,
and H,0 and then dried over Na,80, and filtered. The solvent
was evaporated under reduced pressure. The orude matenal was
purifisd by flash chromatography (CHxCL/EICAC £1).

Gencral Procedure for the Synthesis of Compounds 13, 14, and
47.7 To a solution of sulfonate (3.6 mmol} in DMSO (20 mL),
NaN; (3.6 romol) was added, and the solution was stirred at
room teraperature for 4 b {compounds 3 and 3§} or for 1 hat
100 °C {compound 47} . Then Hx0 (30 ml) and toluene (30 ml)
were added, After decantation, the organic layer was washed
with waier, deied with NagB8(y, filtered, and evaporated ander
reduced pressurs. The residue was purified by colurmn chroma-
tography {CH,CL).

General Procedure for the Synthesis of Compounds 16—31. A
selhuiion of mesyiate ¥1 or 12 (3.6 mraot} in diozane (8 mbl) was
added slowly through an addition funnel to a refluxing solution
of the amine {0.26 moi) in dioxane {15 mL} at 100 °C. After the
addizion was completed, the reaction medium was stirred at this
temperaturs for 4 h. After conling, the mixture was treated with
water {20 mL) and extracted with EtOAc (3 mi) The organic
fayer was dried over Nag8{0y and evaporated to drynsss (o
afford a crude product. The residue was dissolved in 0.1 M
HCL This solution was washed with diethylether and rendered
alkaline (pH =~ 1) with a solution of 1 M NaOH. The mixture
was extracted with ether. The organic layer was washed with
water, dried over Na.8QO,, and evaporaied to afford the orude
base as a solid. When bases were obtained as liquids, corre-
sponding tartaric acid salis were prepared according to the
following method. Afier evaporation of ether, the residue was
taken up with a hot solution of p-tartaric acid {1 equivalent} in
Z-propanot (10 md). The mixiure was cooled and the formed
solid was filtered and dried under vacuum,

{emeral Procedure for the Synthesis of Compounds 32 and 39,
To 2 solution of NaCN (2 g, 41 mmol} in H0 (00 mb), DMA
{18 mL) was added and heated at 150 °C. Then, 3 solution of the
mesylate (7.4 mumol) in DMA (10 wml) was added dropwise. The
reaction was stirred at this temperaturs for 2 h and then cooled 1o
reom temperaiure and exiracted with BtAc, The organic layer
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was washed with water, dried on Na,8Q,, and evaporaied, The
residue was purified by fash chromatography (CHCL/EIQAc4 ).

General Procedure for the Synthesds of Compounds 33 and 46,
To asolution of nitrile {1 | mmol} in -BuOH (40 mL) was added
finely powdered KOH {5 g, 8% mmeol}. The solvent was refluxed
for 2 b with stirring. Then a saturated sofution of NaCl (SO ml}
was added and the resuliing mixturs was extracted thres fimes
with CH,(Cly. Flash chromatography was performed (CH, O,/
EiQAc 4:1 then CH,Cly/methanol [:1). The fractions obtained
with the second solvent mixture were evaporaied,

General Procedure for the Synthesis of Compounds 34 and 41,
The anide compound {7.7 mmol} was dissolved in dioxane (33 mlL)
and LialH, .0 M solution in dioxane, 25 mb) was added, The
suspension was refluzed for 3 h, the reaction was guenched
with ice and a 15 wt % KOH agueous solution (10 mL), The
mixture was filtered throngh Celite and exiracted with EtlAc
{30 mL}. The organic layer was exiracted with 0.1 M HCl and,
after decantation, the agueous phase was washed with dicthy-
Jether, A 1 M KOH sohztion was added to the acidic layer (pH~
10} and this was extracied with diethylether. The solvent was
dried on Nay50, and evaporated. The residue was dissobved n
diethyiether, and a saturated solafion of anbydrous oxabic acid
in digthylether was added dropwise. The precipitate was filtered,
washed with ether, and dded at 40 °C under reduced pressure.

General Procedurs for the Synthesis of Compounds 36 and 44,
A 1M DIBAL-H solution in CH,Cl, {7.8 mlL, 7.38 mmol) was
added slowly to a solution of the lactone (6.6 mmol) in dry
CHLClp at 78 °C. After stirring ai the same teraperature for L i,
methanc! (8.9 mb) was added dropwise and the mixture poured
into 0.5 M HC (200 mL). After stirring for additional 1 b at
room temperature, the organic layer was separated. The aque-
ous layer was extracted with CHLCL (3 = 20 ml), and the
combined organic layers were dried with Na,80, and evapo-
rated. The residue purified by flash chromatopraphy (firat CH,Ch,
then CHCl FiOAc (60403, The second fraction was evaporated
to give the desired product.

Pharmacological Tesis, Mycloperoxidase Inbibition Assay.
The zssay was based on the production of taurine chloraming
produced by the MPO/HAG,/CT system in the presence of a
sclected inhibitor at defined concentration.™ The reaction mix-
ture coniained the following reapenis in a final volume of 200 4L
pH 7.4 phosphate buifer (10 mM PO’ /300 mM NaCl), taurine
{15 mM}, the compound fo be tested (up to 20 2M), and the fixed
amaonnt of the recombinant MPO (6.6 pb. of MPO batch solu-
tion diluted 2.5 times, 40 nh). When secessary, the volume was
adjusted with water. This mixture was incubated at 37 °C and
the reaction indtiated with 100 gl of HyO; (100 pM). After
5 min, the reaction was stopped by the addition of 18 gL of
catalase {8 U/ul). To determine the amount of taurine chlor-
amines produced, 50 gl of 1.35 mM solution of thioniiroben-
zoic acid were added and the volume adjusted to 300 gl with
water, Then, the absorbance of the solutions was measured at
412 nmwith a microplate reader and the curve of the absorbance
as a function of the inkibitor concentration was plotied. 1Cq,
vaives were then determined using standard procedures iaking
into account the absence of hydrogen peroxide as 100% of
inhibition and the absence of inhibitors as 0% of inhibition.'®

Determination of LDL Oxidation Inkibition. Preparation of
the Recombinan Enryme and of L3, Recombinant MPO was
prepared as previously described. Bach baich solution is char-
acterized by its protein concentration {mg/ml}), its activity
(Ui, and it specific activity (Li/mg}. The chlorination
activity was defermined aocording to Hewson and Hager ™
Human plasma served for the isolation of LDL by ultracentri-
fugation according to Havel et al.”" Before oxidation, the LDL
fraction (1019 < d < LO&7 gfml) was desalted by two con-
secutive passages through P { gel-filtration columns { Amersham
Biosciznces, The Metheriands) using PBS buffer. The different
steps were carried out in the dark, and the protein concentration
was measured by the Lowry assay for both MPO and LDL.
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Inhibition of LDL Oxidation. LDL oxidation was carried
out at 37 °C in a final volume of 508 gl The reaction misture
contained the following reagents at the final concentrations
indicated between brackets: pH 7.2, PBS buffer, MPO (1 gg/mL),
LDL (1000 pg/mL), Z xL 1 N HCI (4 mM), one of the drugs
at different concenteabions, and Hol, (300 gM). The reaction
was stopped after 5 min by cocling the tubes in ice, The assay
was performed as described by Moguilevsky et al. in a NUNC
maxisorp plate (VWR, Zaventem, Belgiumy 200 ng/well of
LDL was coated cvenn!;ght gt 4 °L in a sodiom bicarbonate
pH 9.8 buffer {100 #1.).>% Afterward, the plate was washed with
TBS 8 buffer and then saturated during 1 h at 37 °C with the
PBE bulfer containing | % BSA (1530 xlfwell). Afier washing the
wells twice with the THS 80 buffer, the mouocional antibody
Mab AGY (200 ng/well) obiained according to a standard
protocol and as previously described was added as a diluted
sofutionin PBS buffer with 0.5% BSA and 8.1% of Polvsorbate 20,
After incubation for 1 b at 37 °C, the plate was washed four
times with the TBS 80 buffer and a 3000 times diluted solution of
Ig(3 antimouse alkaline phosphatase (Promega, Leiden, The
Netherlands) in the same buifer was added (300 gl /well). The
wells were washed again four times and a revelation sohution
{150 g1 fweell) containing 5 mg of parg-nitrophenyl phosphate in
5 mL of diethanclamine buffer was addad for 30 min at room
temperature. The reaciion was stopped with 60 pdfwell of 3 N
XNaOH solution. The messurement of the shsorbance was
performed at 405 nm with a background correction at 655 nm
with & Bio-Had photometer for a 96-well plate (Bio-Rad labora-
tories, CA, UJSA). Results were expressed as 10

Transient State Kineties, Material. Highly purified myelo-
peroxidase of a purity index {4/ doge} of a least (.86 was
purchased from Planta Natural Products (htip:/fwww . plasta,
at), Xts conceniration was calculated using saaq = 91 mM ™
cm™Y, Hydrogen peroxide, obtained from a 36% solution was
diluted and the concentration determined by absorbance mea-
surement at 240 v where the extinction coefficlent Is 39.4 M 7
em™Y, Tryptamine derivative stock solutivns were prepared in
dimethylsuifoxide {(DMSO) and stored in dark flasks, Dilution
was performed with 200 mM phosphate buffer, pH 7.4, to 2 final
DMF concentration of 2% (/) in all assays.

Transicat-State Binetics, The multimizing stopped-flow mea-
surements werg performed with the Applied Photophysics {UK}
instrument SX-18MV. When 100 gL were shot into 3 flow cefl
having a | om hight path, ihe fastest time for mixing two solu-
tons aud recording the fiest data poind was 1.3 me, Kinetics were
followed both at single wavelength and by using a diode-array
detecior. At least three determinations (2000 data points) of
peeudo-ficst-order rate Constants (K, were performed for each
substrate concentration (pH 7.4, 25 °C} and the mean value was
used in the caleulation of the second-order rate constants, which
were caleuwlated from the slope of the ine defined by a plot of kope
versus substrate concentration. To allow caloulation of psenado-
first-order rates, the concentrations of substrates were at least 3
thmes in excess of the enzyme.

Cempound ¥ and 1f Formation, Condiions of MPO Come-
pound I formation were described recently,™ Typically, 8 pM
MPO were premixed with 80 gM H,O,, and after a delay time of
20 ms, Compound I was allowad to react with varying concen~
irations of tryplamine derivaiive in 200 M phosphate buffer,
pH 7.4. The reactions were followed at the Soret madimum of
Compound 11 {456 nm). Compound H formation and reduction
could be foliowed in one measurement. The resulting biphasic
curves at 436 nxn showed the initial formation of Componed 11
and its subsequent reduction to native MPO by the tryptamine
derivatives {decrease in absorbancs at 456 nm}.
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