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1. Introduction
1.1. Radioactive isotopes as tracers
Radioactive tracing

The first experiments with radioactive tracers wemnducted in 1913 by Gyodrgy
Hevesy and Friedrich A. Paneth who determined thebdity of lead salts by using radium-
D, one of the naturally occuring radioactive is@spf lead. For the development of trece
methodHevesy was awarded the Nobel Prize in Chemistr§943. The tracer technique
came into common use after Word War Il when reddyidarge amounts of cheap artificial
radionuclides became available through the useiciear reactors.

The largest field of application of radiotracersinsthe life sciences. Using of the
labeled compounds is significant in the biochemaralysis such as in the autoradiography,
the immunoassay, the DNA-analysis and in the dimracting. The one of the most important
user of radionuclides is medical sciences. Culyetile medical imaging techniques, which
use radionuclides (Transmission Tomography - CT,sBion Computed Tomography —
SPECT, PET) are widely applied diagnostic methodthe medicine. Radiotracers are also
used for therapy such as internal or external ssurc

What are the advantages and the disadvantagesnof ragliotracers? The radioactive
isotopes are chemically identical with stable ipet® of the same element. The difference in
the mass of the nucleus between the various isstdpes cause some change in the chemical
and physical properties, but in most cases th@psoeffect is rather small and difficult to
detect.

Apparently, the radiotracers are easy to detect raedsure with high precision to
sensitivities of 18° to 10° g and the radioactivity is independent of tempeetpressure,
chemical and physical state. The radiotracers doaffect the system and can be used in
nondestructive techniques and if the tracer iso@wmically pure, interference from other
elements is of no concern. For most radioisotopes tadiation can be measured
independently of the matrix, eliminating the needdalibration curvesl).

Tritium and tritium labeling methods of peptides

Tritium was first predicted in the late 1920s by Russell, using his "spiral" periodic
table, then produced in 1934 from deuterium, anagwope of hydrogen, by E. Rutherford,
working with M. Oliphant and P. Harteck. Rutherfavds unable to isolate the tritium, a job
that was left to L. Alvarez and R. Cornog (193®8)wWho correctly deduced that the substance
was radioactive. Upon the bombardment of deuteritin nuclei of deuterium (deuterons) in

a cyclotron the following nuclear reactions occdrre
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3 1
, , /2He +,n o+ 4.04 MeV

1H + 1H
3 1
XM 4+ 326 Mev

For convenience, these two reactions may be wraten
’H (d,n) *He and’H (d,p) *H
whered is a deuterom, neutronp, proton.
Tritium occurs naturally due to cosmic rays intéirag with atmospheric gases. In the
most important reaction for natural tritium prodant a fast neutron (>4MeV ) interacts with

atmospheric nitrogers:
14

N+ ;n—>162C+iH

Tritium is now produced on a large scale in reag;tarhere any nuclide can easily be
exposed to a high flux of neutrons under controllashditions. Among the various
possibilities it was found that lithium is a padiarly favorable nuclide because of its high
“cross section” for thermal neutrons. This meara the lithium nucleus splits easily when
exposed to neutrons of energy lower than molecldard energies yielding tritium and a
helium nucleus. This reaction is most widely used o produce tritium in large quantities
(4-6).

®Li (n,0)°H

Tritium is a fission product within the nuclear fugenerated at rate of 0.37-0.74 PBq
(1-2 x 10 Ci)/year and also produced in heavy water-moddragactors when deuterium
captures a neutron, but this reaction has a smabcsection.

Tritium nucleus decays by the emission of an ebec{f-particle) and antineutrino, in
which process one of the neutrons changes inte@mrThe product of the decay of tritium
is a helium ion, the nucleus of which has a mas8 ahd stable. The decay of tritium is
therefore a simple one-step process:

H > He" +B +va

According to W. M. Jones/}, the half-life is 12.262 + 0.004 years. Beta-gdidin from
a nuclide always occurs in a characteristic spattihe spectrum of the radiation of tritium
is continuous from zero to a maximum energy. Theimam energy is 18.6 keV and the
average energy is close to 5.6 keV. The low-engrgarticels of tritium can be shielded by
the skin, paper, or simply about 6 mm of air.

One milliatom (mmol) of tritium represents a radibety of 1.08 TBqg (29.18 Ci).

Tritium, the most versatile radionuclide in chenhiaad biochemical research, readily labels
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complex organic and bioorganic molecules more santlany other radioisotopeB)(
Several investigations,in vitro receptor studies, biochemical receptor analyses,
autoradiographic localization and distribution s$tsd of the receptors and other
biodegradation assays are usually based on pdabdied with tritium.

There are two basic methods for introducing tritiimto organic molecules, exchange
methods and synthetic method3). (The ®H/H isotope exchange reactions do not require
separate synthetic steps. The disadvantage ofnidisod is that the compounds are randomly
labeled and the high percent of impurities are fmnduring radiolytic side reactions.
Synthetic methods, where tritium is directly andedfcally inserted, yield high tritium
incorporation, but are limited by the chemistryuiggd. The main methods for the tritium
labeling of neuropeptideslQ) include above-mentioned isotope exchange react{phs
radiation induced 1(1), catalytic (2)) and methylation of peptides with-methyl iodide 13)
or reductive methylation using tritiated metal higds (4), chemical or enzymatic synthesis
from precursor peptides or labeled amino acids. shimthesis of peptides from labeled amino
acids is advantegeous, the tritiated amino acidscharacterized, the specific activity and
position of tritium atoms incorporated into amincids are known. In case of synthesis of
tritiated peptides using precursor peptides, thestnmportant chemical modification is the
iodination of peptides. Tyrosine and histidine desis can be iodinated using different
methods, for example using solution in methanol, IClin situ generated iodine by the
reaction of HI and HI@under strong acidic conditions, reaction of chhoirze-T with iodide,
enzymatic iodination with peroxidase, and reactiériodo-Gerf and lodo-Beads (15). In
most cases, the mono-, diiodinated and noniodinptgatides containing reaction mixture
should be purified by HPLC. For tritiation, theatlip analogs are the favorable derivative.

Precursor peptides for tritiation can be obtainggéptide synthesis using amino acid
derivatives containing halogens, double or tripads. The most frequently used amino acids
are 3',5'-diiodotyrosine and 3’,5’-dibromotyrosingthough tritium labeling atrtho position
to OH group are more labile thanraétapositions. Using-iodophenylalanine or othg@ara-
halogenated phenylalanine for precursor syntheles,specific activity will be less in the
tritiated peptide, but the label is more staldlé)(Tritium can be incorporated into histidine or
tryptophan using 2’,4’-diiodohistidinet{) or 5’,7’-dibromotryptophan-containing peptides
(18), respectively. Peptides containing dehydroprolidehydroleucine, dehydroisoleucine,

propargyl, or allyl-glycine are also frequently dses precursorsF{gure 1.)
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OH OH X

X X
Br Br
H,N H,N H,N
COCH COOH COOH
X=Br: 3',5'-Dibromotyrosine 2',6'-Dibromotyrosine X=Cl: p-Chlorophenylalanine
X=I: 3',5'-Diiodotyrosine X=Br: p-Bromophenylalanine
X=I: p-lodophenylalnine

Br

XN
=~
H,N FN
COOH COOH
5',7'-Dibromotryptophan 2',4'-Diiodohistidine

! Hzcﬁ/CH3
C IS
COOH

H,N~ ~COOH
3,4-Dehydroproline 4,5-Dehydroleucine

Figure 1. Amino acid derivatives used for synthesis of preoupeptides for tritiation

Technetium-99m and *™Tc- labeling methods of peptides

C. Perrier and E. Segré in 1937 discovered the esfemf atomic number 43, isolated
by deuteron bombardment of molybdenuh®,2Q. The nuclear and chemical properties of
this missing elemengka-manganesevere predicted by D. Mendeleev. This element was
also isolable in larger amounts from the fissiomdoucts of uranium 21). The name
technetiumwas coined by F. A. PanetB2) from the Greekeyvnroc to denote that this was
the first artificial element made by man, and themical symbol was suggested to be Tc.
Nuclear isomerism of the element Tc and the existesf *°"Tc were discovered by G. T.
Seaborg and E. Segré3j.

9™rc in some chemical form is used in more than 83%he diagnostic scans done
each year in hospitals. The nuclear properties°8fc are virtually ideal for diagnostic
imaging. ®™Tc emits a 140 ke\f-ray with 89% abundance which is close to optimum f
imaging with gamma cameras found in most hospiteds6 h half-life is sufficiently long to
synthesize th&*™Tc-labeled radiopharmaceuticals, assay them fdtypumject them into the

patient, and perform the imaging studies yet shodugh to minimize the radiation dose to
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the patient. The metastable (a state where theensid$ in an excited state) isotop€™'Tc is
produced as a fission product from the fission @hium or plutonium in nuclear reactors,
but the vast majority of th&®™Tc is formed from®Mo which is formed by the neutron
activation of®*Mo. **Mo has a half-life of 66 hours, so short-liv€dTc, which results from

its decay, is being constantly producad)(**™Tc decays t8°Tc.

98 1 99

Mo+ n —  ~ Mo + gamma-ray
42 0 42
99 99m )
Mo —> Tc + Dbeta-particle
42 43
99m 99
;5 1C —>=  Tc + gamma-ray

43

MoOj3 + H,O — H,MoO; (**Mo04/ #°™cOy)

The inconvenience of purchasing a short half-lédionuclide was overcome by the
development of thé®Mo-*"Tc generator (“technetium cow," also occasionabyled! a
molybdenum cow) 45), which takes advantage of the transient equilibribetween the
parent radionuclidé®Mo (66 h half-life) and the daughter radionuclii®Tc (6 h half-life).
The separation 6P™Tc from ®*Mo is accomplished by the selective elutio®BiTcO, with
sterile saline from alumina column containi??MoO[. The transient equilibrium results in
optimum isolation of maximur®™Tc activity with minimal®*Tc buildup every 23-24 h. The
development of théMo-*"Tc generator allowed this radionulide to becomenboutinely
available and economical.

Klaus Schwochau's bodkechnetiunists 31 radiopharmaceuticals, based®8#Hc for
imaging, functional studies of the brain, myocandjuthyroid, lungs, liver, gall bladder,
kidneys, skeleton, blood and tumors.

9Mrc-labeling is still an attractive approach for icdabeling peptides for nuclear
medicine imaging due to its ideal physical chanasties for SPECT and readily availability
from a generator. Technetium exhibits a rich aneerdie redox chemistry because of its
capability of existing in 8 different oxidation s#a ranging from -1 to +26). The Tc(VII) in
9MrcO, has to be reduced to a lower oxidation state @eoto produce a stab8™Tc-
peptide complex or to a reactive intermediate cempWhen®*"TcO, is reduced, the
oxidation state of technetium depends on the naititbe reducing agent, the chelator, and
reaction conditions.

Peptides contain a number of possible active sidgns such as the-amino group

from lysine, phenol moiety from tyrosine, thiol gm from cysteine and carboxylate group
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from aspartic or glutamic acid. These reactive gsowan serve as “handles” for the
attachment of a bifuntional coupling ageRt)(

Abrams and co-workers first reported the us€“8Tc-HYNIC (2-hydrazinonicotinic
acid) core for thé®™Tc-labeling £8). Since then, th&™Tc-HYNIC core has been used for
9™re-labeling of chemotactic peptide®9. The HYNIC can only occupy one or two
coordination sites the square pyramidal or octadledbordination sphere of the technetium.
The advantage of using HYNIC as the bifuntional gimg agent is its high labeling
efficiency and the choice of various coligands. &he atom of HYNIC is coordinated to Tc,
forming a —HN-N=Tc bond. The octahedral geometrytted complex is built 4 chelating
groups coming from a tetradentate ligand. Sevedlifications of the HYNIC core were also
accomplished by using a tridentate ligand suclriemé as the coligand and a monodentate
ancillary ligand 80). *™Tc complexes containing a terminal =i¢ multiple bond are
currently easily produced at tracer level, after #ulvent of improved chemical methods for
obtaining the ¥™"Tc=N]?* core in high radiochemical purity. A key advantazjeusing this
type of complexes for obtaining novel classes afjdostic agents comes from their intrinsic
structural robustnes81). This methods based on the reaction depicted in Equation Brevh
D is a donor of the nitride nitrogen atoms>jNbelonging to the class of derivatives of
dithiocarbazic acid ((IN—-NH-CSH) or, in general, of derivatives containing the—N\-
functional moiety, and R is a reducing agent sulsaC} or a tertiary phosphine and HCI
(32.

[®™cO,] + D + R— [*™c=N] 1)

Through Reaction 1, pertechnetate is quantitativebyiverted into a mixture of
complexes, all of which contain the=d group. Subsequent addition of a suitable ligand t
this mixture leads to the high-yield formation ofimgle compound in which the terminal
metal-nitrogen multiple bond is retained. The hadfinity of the TN core for sulfur donors
makes it particularly suitable for linking to peg#s having Sas donor atoms. Experiments
conducted with short peptide sequences having &iogs residue placed in a terminal
position of the amino acid chain, indicate that feptide ligands can bind efficiently around
the TeN group via the cysteine, through the thiolate wwulitom and the amine nitrogen
atom. The resulting complexes have the expectearsepyramidal geometry.
lodine-125 and *#I- labeling methods of peptides

lodine is an essential trace element; its only kmeales in biology are as constituents
of the thyroid hormones, thyroxine (T4) and triitltronine (T3). There are 37 isotopes of

iodine and only oné?’, is stable (Some selected isotopes of iodinebeaseen ifTable 1).
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129 is widely used as a tracer in biology and mediciSome current applications
include biodistribution studies df3-labeled drugs, peptides and antibodies, and feeaf
123_labeled nucleic acid precursors in cell-targetadrapeutics 33,34). **1 is the most
commonly used radio-isotope in radioimmunoassag. 0$e of-*1 as an alternative label has
considerable advantage’$’l has a half-life of 60.14 days and decays by 10€l&ectron
capture to the first excited state '6fTe. De-excitation from this level to the groundtstaf
stable’®Te is highly converted and the 35.5 kg\fay emission occurs only in 7% of the
total disintegrations. 93% of the disintegratiokets place by internal conversion, which
follow photon (X-ray) and Auger electron emissiofie energy averaged over all photons
(X- andy-rays) in the decay df7 is 26.4 keV 85).

125| +6e > 125rn-[-e_) 125-|—e +v

129 is obtained by the neutron irradiation &fXe and it is measured with high
efficiency by crystal scintillation counting. As w@acer for investigating chemical and
biological systems-*1 has clear advantages. The long half-life enatilessystem to be kept
under observation over long periods. Considerabididence may be placed in the purity of
the labeled compound used, as more time is availablthorough purification and analysis,
and radiation damage is generally negligible. Commpidlabeled wittt?1 are more stable than

those correspondingly labeled witf, as would be expected from the lackfemission

form 4.
Natural N Radioactive B -particle and | Decay
Isotope abundance Half-life decay/radiation | y-energy (MeV) | product
12%
125 synthetic 60.14 d Electron captul - Te
y-ray 0.03¢ -
1 100% | is stable with 74 neutron
12 synthetic | 15.7 x 10y 5 0.15 %*Xe
3 synthetic 8.02 d y-ray, 0.36, 0.61 ¥lxe

Table 1. Selected isotopes of iodingg).

Peptide radioiodination is a technique commonly duder in vitro radioligand
investigations as well as for medical imaging aheérapy. Several direct and indirect
iodination procedures currently exist. The mostelydused direct labeling techniques are
based on radioiodination of tyrosine and histidareino acid residues with chloramine-T
(37), lodo-Gef? (1,3,4,6-tetrachloro-®6a-diphenylglycoluril) 38), lactoperoxidase3@), and
the related solid-state variants lodo-Béadd40) or Enzymobeads (41). An alternative
method to direct iodination is the conjugation bé tpeptide with a small radioiodinated
molecule such as the Bolton-Hunter reageh:-hydroxysuccinimide ester of 3-(4-

hydroxyphenyl)propionic acid)4@). These indirect labeling methods are used in adse
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absence of tyrosine and histidine residues or wthese amino acids are necessary for the

peptide activity.

1.2. Endogenous opioids
Opioid receptors and endogenous opioid peptides

The opium, derived from the poppy plapapaver somniferuphas been used for many
hundreds of years to relieve pain. In 1803, Sedtiirsolated a crystaline sample of the main
constituent alkaloid of the crude opium, morphiwéjch was named after the Greek god of
dreams, Morpheus. The structure of morphine wadigerl by Gulland and Robinson and
the Robinson’s structure was confimed by chemigathesis 43).

Opioids are the most powerful analgesic drugs aléel and are the treatment of choice
for the management of moderate to severe ph The rigid structural and stereochemical
requirements essential for the analgesic effecinofphine and related opioids led to the
theory that they produce their effects by interagivith a specific receptod$). Side effects,
including respiratory depression, nausea, and mpaigin, impact their use and protracted
opioid therapy leads to drug tolerance and physiependence.

The opioid receptors displayed heterogenous priggerand at least three types of
opioid receptors existed, classified /as o- andx-receptors 46), and these receptors have
been confirmed by molecular cloning7¢50). All of the cloned opioid receptors possess the
same general structure of an extracellular N-teainiagion, seven transmembrane domains
and intracellular C-terminal tail structure. Thésgharmacological evidence for subtypes of
each receptor and other types of novel, less virgtacterised opioid receptoess, ¢, . More
recently, an ,orphan” receptor was identified whiths a high degree of homology to the
sclassical” opioid receptors; on structural grourtdis receptor is an opioid receptor and has
been named ORL(opioid receptor —like)x1).

Brain opioid peptide systems are known to play mapdrtant role in motivation,
emotion, attachment behaviour, the response tesstned pain, and the control of food intake.

In mammalian the endogenous opioid peptides aralynderived from four precursors:
pro-opiomelanocortin, pro-enkephalin, pro-dynorphimd pro-nociceptin/orphanin FQX
55). (Table 2) g-endorphin is equiactive atandd-receptors with much lower affinity fot-
receptors §6). [Met]-and [Leu] enkephalin have high affinities 6-receptors, ten-fold lower
affinities for u-receptors, but Metorphamide, which is a [Met]-gufk@in derivative
displaying highest affinity for the-receptor 7). The opioid fragments of pro-dynorphin,
perticularly dynorphin A and dynorphin B, have higfiinity for x-receptors but also have
significant affinity for u-and J-receptors 7). Nociceptin/OrphaninFQ is the endogenous
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ligand for the ORL-receptor; it has little affinity for the:-, J- and x-receptors §5,58).
Endomorphins, endomorphin 1 (Tyr-Pro-Trp-PheJNldnd endomorphin 2 (Tyr-Pro-Phe-
Phe-NH) are two endogenous opioid tetrapeptides with highest known affinity and
specificity for theu-opioid receptor §9). It is assumed that endomorphins are the cleavage

products of a larger precursor, but this polypepbd protein has not yet been identified.

Precursor Protein Opioid peptide Amino acid sequene Receptpr
selectivity
Prc- a-Endorphir YGGFMTSEKSQTPLV
opiomelanocortin | f-Endorphin YGGFMTSEKSQTPLVTL w>8>>k
FKNAIIKNAYKKGE
y-Endorphin YGGFMTSEKSQTPLVTL
Pro-enkephalin [Metlenkephalin | YGGFM L~ >>x
[Leu]enkephalin YGGFL d>u>>«k
[Metlenkephalin- | YGGFMRF K2
Arg®-Phé
[Metlenkephalin- | YGGFMRGL K
Arg®-Gly'-Lel?
Metorphamide YGGFMRRV-NH, u
Prodynorphin Dynorphin A (1-8)| YGGFLRRI K>0~p
Dynorphin A (1-13)] YGGFLRRIRPKLK K>0~p
Dynorphin A YGGFLRRIRPKLKWDNQ K
Dynorphin B YGGFLRRQFKVVT K
a-neoendorphin YGGFLRKYPK
S-neoendorphin YGGFLRKYP
Pronociceptin/OF' | Nociceptir FGGFTGARKSARKLANC ORL,
- Endomorphin YPWF-NH, [
Endomorphin 2 YPFF-NH, u
Others Tyr-MIF-1 YPLG-NH, 1
Tyr-W-MIF-1 YPWG-NH, v
Deltorphin | YaFDVVG-NH, )
Deltorphin 1l YaFEVVG-NH, )
Dermenkephalin YmFHLMD-NH» )
Dermorphin YaFGYPS-NH 0

A: Ala, D: Asp, E: Glu, F: Phe, G: Gly, I: lle, Kys, L: Leu, M: Met, N: Asn, P: Pro, Q: GIn,
R: Arg, S: Ser, T: Thr, V: Val, W: Trp, Y: Tyr, &-Ala, m: D-Met
Table 2. Endogenous opioid peptides

Proteolysis of some functional proteins in vitrads to the generation of peptides
exhibiting an opioid like activity when they haveTar-Pro N-terminus sequence. Thas
casomorphins are released frghcasein 0), and hemorphins from hemoglobiél by in
vitro peptic hydrolysisp-casomorphins are a specific group of milk peptigés biological
activity of u-o- andk-opioid receptor agonist§$2,63). The members of the hemorphin family

include peptides from 4 to 10 amino acids, whiah generated by proteolytic degradation of
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the [32-41] segment of human hemoglobirchain or [31-40] segment of the bovine
hemoglobins-chain 64,65,69. (Table 3)

In 1980, two opioid peptides, dermorphin (Tyr-D-ARae-Gly-Tyr-Pro-Ser-Nb and
Hyp°-dermorphin were isolated from the skin of sevaraphibians§7). These heptapeptides
were shown to have high affinity and selectivity floe u-receptors §8,69). On a molar basis,

the analgesic potency of dermorphin is about 18084 greater than that of morphirv)

Precursor Endogenous peptide Amino acid sequence

p-casein (bovine) | f-Casomorphin 5 YPFPG
p-Casomorphin 7 YPFPGPI
Morphiceptin YPFP-NH

p-casein (human) | f-Casomorphin 5 YPFV
S-Casomorphin 7 YPFVEPI

Hemoglobin LVV-Hemorphin-7 LVVYPWTQRF
VV-Hemorphin-7 VVYPWTQRF
Hemorphin-7 YPWTQRF
VV-Hemorphin-6 VVYPWTQR
VV-Hemorphin-5 VVYPWTQ
Hemorphin-5 YPWTQ
Hemorphin-4 YPWT

Table 3. Other mammalian opioid peptides

Two distinct isoforms (prepro-xendorphin A and Bf) an opioid propeptide were
isolated from aXenopus laevidrain cDNA library 71). Two potential mature peptides,
xendorphin-1A and -1B, showed opioid agonist agtiand xendorphin 1B (Tyr-Gly-Gly-
Phe-lle-Arg-Lys-Pro-Asp-Lys-Tyr-Lys-Phe-Leu-Asn-Alabinds with high affinity and
specificity tox-receptors{2).

Endomorphins

In 1997, J. E. Zadina and coworkers synthesizedmaber of Tyr-W-MIF-1 analogs,
containing all possible natural substitutions asipon 4, which were subsequently screened
for the opioid receptor binding. A biologically ot sequence, Tyr-Pro-Trp-Phe-NiHas
discovered and then identified in the bovine bramd human cortex5Q,73). This peptide
named endomorphin 1. a second peptide, Tyr-ProFPleeNH, named endomorphin 2,
which differs by one amino acid from endomorphiwds also isolated. Endomorphins were
the first peptides isolated from brain that bindhe u-opioid receptor with high affinity and
selectivity and therefore were proposed as endagepeopioid receptor ligands5@).
However, the biosynthetic pathways for other ved&b opioid peptides have already been
clarified, their precursor(s) or the possible biussetic route(s) still remain(s) unidentified.
Endomorphin 1 is widely and densely distributedtighout the brain and upper brainstem

and is particularly abundant in the nucleus accuml@ac), the cortex, the amygdala, the
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thalamus, the hypothalamus, the striatum, and trsadl root ganglia74,75). In contrast,
endomorphin 2 is more prevalent in the spinal cand lower brainstem, endomorphin 2-
immunoreactive cell bodies were most prominenhin ltypothalamus and the nucleus of the
solitary tract (NTS), whereas endomorphin 2-immeaactive varicose fibers were mainly
observed in the substantia gelatinosa of the mea@mt the spinal cord dorsal hori4,{76).

The studies in vivo showed that there are two gsafenzymes mainly responsible for
the degradation of endomorphins: dipeptidyl-amimpijgiase IV (DPP 1V), which triggers the
process, and aminopeptidases, which are involved s@&tondary cleavage77%,79).
Endomorphins are degraded by similar pathways.

The first step in their catabolism is the cleavafierd—Trp® and Pré-Phé peptide
bonds, respectively, and the dipeptides formedtsa hydrolyzed into amino acidg%80).
However, the degradation of endomorphin 1 contamadditional minor route: the TyPrd
peptide bond might also be cleaved in the firsp siEthe enzymatic degradation pathway.
There is another degradation pathway of endomosphivhen carboxypeptidase Y and
proteinase A hydrolyze endomorphins into peptiddsaaeleasing ammonia, and then cleave
off the C-terminal Phe3(,82).

Dmt-endomorphins

Endomorphins exhibited the highest affinity for theopioid receptor and
extraordinarily high selectivity relative to tlde andx-opioid receptor systems of all known
opioid substances59,83). Hitherto a great number of endomorphin analoguese
synthesized84,85) Here only one analogue is paraphrazed from thmilpas endomorphin
derivatives. Studies on opioid peptides demonstr#tat the introduction of 2’,6’-dimethyl-
tyrosine (Dmt) in lieu of the common N-terminal Tigsidue in opioid ligands resulted in an
exceptional improvement in receptor affinity anchdtional bioactivity in a wide variety of
opioid peptides §6-94). The substitution of Dmt for Tyr in endomorphin 2 niB-
endomorphin 2) resulted in one of the most actieptides among several analogues
containing an alkyl-modified aromatic ring of Ty@596). Dmt increasedg-opioid receptor
affinity and u-opioid receptor bioactivity of endomorphin 2 by &ad 83-fold, respectively
The s-affinity and bioactivity of Dmitendomorphin 2 increased 2 to 3 orders of magnjtude
thereby transforming once highly selective ligamidia bivalent or bifuntional opioid peptide
derivative 05,96).

By means of the building of Dmt into the first po®n, the increased hydrophobicity
and alteration in conformation might enhance remefteraction throughr—rz stacking,
stabilization of hydrophobic interactions with &lgiic or aromatic side-chains in the receptor,

and strengthen hydrogen bonding capabilities ohtgaroxyl group 97,98).
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Zebrafish endogenous opioid peptide

Zebrafish,Danio rerio is considered a model organis@8), not only for the study of
the biological functions of vertebrates but alsaasol to analyze the effects of some drugs
or toxic agents 100-103. Five zebrafish opioid precursor genes homologtwsthe
mammalian opioid propeptide genes have recentlyn beentified (03105. These
precursors contain novel opioid peptides that aaplay different pharmacological properties
than their counterparts in mammals. In particulsmmals present an enlarged form of Met-
enkephalin [Met-enkephalin-Arg-Phe (MERF)] thadifferent from its homolog in zebrafish,
the Met-enkephalin-Gly-Tyr (MEGY).

1.3. Role of Annexin V in apoptosis
Apoptosis

Apoptosis is a form of programmed cell death intioallular organisms. It is one of
the main types of programmed cell death (PCIDG[, and involves a series of biochemical
events leading to a characteristic cell morpholegg death: more specifically, a series of
biochemical events which lead to a variety of motpbical changes, including blebbing,
changes to the cell membrane such as loss of mem@asymmetry and attachment, cell
shrinkage, nuclear fragmentation, chromatin conatms and chromosomal DNA
fragmentation (1-4). Processes of disposal of alidebris whose results do not damage the
organism differentiates apoptosis from necrosisofipsis (Greek:apo - from, ptosis -
falling) was distinguished from traumatic cell dedty J. F. Kerr while he was studying
tissues using electron microscod{,108).

Apoptosis can occur when a cell is damaged beyepdir, infected with a virus, or
undergoing stress conditions such as starvatiorA D&image from ionizing radiation or toxic
chemicals can also induce apoptosis via the actiofnhe tumour-suppressing gepé3
Apoptosis also plays a role in preventing candea; Gell is unable to undergo apoptosis, due
to mutation or biochemical inhibition, it can canie dividing and develop into a tumour.
Dying cells that undergo the final stages of apsigtdisplay phagocytotic molecules, such as
phosphatidylserine (PS), on their cell surfab@y110). PS is normally found on the cytosolic
surface of the plasma membrane, but is redistribuléring apoptosis to the extracellular
surface by a hypothetical protein known as scrasab(ill). These molecules mark the cell
for phagocytosis by cells possessing the apprapreteptors, such as macrophadd)
Annexin V

Many drugs, such as cytostatic agents, inducerapbatic effect through the activation

of programmed cell death in target cell®€). The detection and quantification of apoptosis
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in vivo are of significant clinical value for diagsis and assessment of therapeutic efficacy.
In the last decade, a molecular imaging protoca developed to measure the programmed
cell deathin vitro andin vivoin animal modells and patients1(3-116). This imaging protocol

is based on the facts that apoptotic cells extemdhe negatively charged phospholipid (PS)
and that the human protein Annexin V binds to A&csgely and with a high affinityl(17).

Anx V, a protein with a molecular weight of 36 klma member of annexin family.
This is a multiprotein family of over 160 proteitigt share the property of €alependent
binding to negatively charged phospholipid surfa¢es8. Annexins are located mainly
intracellularly, but AnxV can also be secreted aiedected on the outer surface of plasma
membranes1(19). AnxV consists of 319 amino acids and the moledslarranged in planar
cyclic structure of 4 domaind20121). The binding of AnxV to phospholipids is very rdp
extremly dependent on the presence dof' @ad reversible in the presence of the ion chelator
EDTA. Studies with PS-containing liposomes foundttthe stoichiometry of AnxV binding
to PS ranges between 4 and 8 AnxV molecules peiP&eolecule22123). The Anx V
affinity assay was further developed by labelingcAhwith biotin or with radionuclides to
enable various protocols for measuring apoptosigtro (124) andin vivo (125127) animal
models.

Radionuclide imaging with radiolabeled annexin Vaidighly specific technique that
enables delineation of apoptotic areas with goasdltgion ((28). AnxV has been tagged with
several radionuclides such #Tc (129-131), ¥ (132133, *Cu (134 and****{ (135-
138 to detect cell death in vivo by SPECT or PET iingg®*"Tc-HYNIC-Anx V has been
used to detect apoptosis in vivo with gamma canmeaging and SPECTLE9140).
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2. Aims and Scopes

Radioactive tracers have applications in mediciaeearch, indusrty, agriculture, and
many other fields of science and technology.

Tritium labeled biologically active peptides are luable tools for biological
characterization of receptors, and binding sitdse Tetabolic pathway of tritium labeled
compounds is also easily traceable. Our aim wactmire suitable tools for use iim vitro
andin vivo biological assays.

Two Dmt-EM2 isotopomers were labeled with tritium in p@sit1 or position 2. The
isotopomers may become a useful ligands for diredioreceptor binding and may serve as
important tools for degradation studies in rat ht@mogenates.

We aimed to prepare an eligible tool for charaziteg of the binding profile of MEGY
peptide in zebrafish, the organism in which thiptfke is naturally present as an endogenous
opioid ligand. To achieve this objective, we hayetkesized and labeled the MEGY peptide
and our biologist cooperators (Dr. Raquelle Rodrigsl team from University of Salamanca)
performed binding assays. Two MEGY analogs were sisithesized: (D-AR-MEGY (Y-
D-Ala-GFMGY) and (D-Al&, ValP)-MEGY (Y-D-Ala-GFVGY). The change of a Gly by a
D-Ala may confer resistance against proteases sscHipeptidyl-aminopeptidases, which
remove the N-terminal dipeptide Fy&ly?. In addition, the substitution of Met by Val may
help to determine the importance of the methiongsgdue for the specific opioid binding.

The biosynthetic pathways for other vertebrate idpipeptides have already been
clarified (it happens through a single- or mulgystcleavage from large molecular weight
precursors with or without additional post-transiaal modifications), the biosynthetic route
of endomorphins is still obscure. Based on the thgmis that biosynthesis of an oligopeptide
may take place also from its fragments through ecifip enzymatic route, we decided to
label Tyr-Pro dipeptide with tritium and test usikg’LC combined with radiodetection the
probable incorporation dtv injected fH]Tyr-Pro into endomorphin-related peptides in the
rat brain. In addition we aimed to develop a RIAedomorphin 2, therefore we raised
antibodies to EM2-keyhole limpet hemocyanine coajagn rabbits and labeled EM2 with
129 isotope.

Imaging apoptosis has many applications with neasaamerging with time. The most
widely used application is in cancer treatmentaf®sessing tumor response to novel therapies
as tumor often respond to radiation as well as Henwtherapy by direct induction of
apoptosis™™T¢ labeled annexin V is considered as an usefulftsapoptosis detection but
it has many disadvantages from point of view ofiepdarmaceutical kit formulation and

agents with faster urinary excretion are also meglifor routine clinical applications. We
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tried to focus on the development of phosphatigylre specific smafi®"Tc-labeled annexin

V fragments for apoptosis imagingnnexin type proteins generally possess their l@osic
sequences on the N-terminal and in case of Ann¥xithe phosphatidyl-serine specific
sequency might be attributed to a chain on therMiteal consisting of 13 amino acids. Based
on this concept, a peptide containing particulgusece of these 13 amino acids (Anx13) was
designed and derivatized with cisteine and twoedist for novel**™c-nitrido labeling
method and additional two Anx13 derivatives wasigiesd by attachment of histidine and

hydrazino nicotinic acid residues for tricarboriyl¥ NIC labeling approaches (respectively).
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3. Materials and Methods

Protected and unprotected amino acids and resirs pegchased from Sigma-Aldrich,
Calbiochem-Novabiochem or Bachem. Coupling agentyewfrom Fluka and Senn
Chemicals. Trifluoroacetic acid (TFA), catalyst, Qlplates (Silica gel 60,5), and solvents
were fom Merck and Sigma-Aldrich. K& and **™TcO, were purchased from Institute of
Isotopes  Co. Ltd. °H, was purchased from  Technobexport, Russia.
Fluorenylmethyloxycarbonyl-hydrazinonicotinic agi@moc-HYNIC) was synthesized in our
laboratory.

HF cleavage was performed using a standard apganaton Peninsula Laboratories,
Inc. The following solvent systems were used foilCTanalysis: acetonitrile:methanol:water
(4:1:1); 1-butanol-acetic acid-water (4:1:1); ethycetate:pyridine:acetic acid:water
(60:20:6:11,). Ninhydrin, UV light and iodine vapeere employed to detect the peptides and
amino acids on the thin layer.

RP-HPLC was performed on Merck-Hitachi or Merck-hemm RP-HPLC system,
utilizing Vydac 218TP1010 C18 (250 x 10 mm, ifn) semipreparative column for
preparative purposes, and Vydac 218TP54 C18 (28@® »nm, 5um) column for analytical
purposes. Peptides were detected by UV at 215@ng28 The following solvents were used:
solvent A was 0.08 % TFA/acetonitrile and solverwds 0.1% TFA/water.

Molar mass of the peptides were determined and LSdviMS analyses were carried
out by ESI mass spectrometry (Finnigan TSQ 700@limadzu QP 80000) and MALDI-
TOF mass spectrometry (Bruker Reflex I11).

Working with tritium

In biological material, 50 % of the tritiurfi-particles are calculated to be absorbed
already by a layer only 0.8m thick, 80 % of the particles are calculated toatsorbed
within 1 um from the source, and 99 % of the radiation doetsreaach beyond 2m.
Therefore the work with tritium does not require thising of the shielding. Tritium can be
absorbed easily through the skin or by inhalatibab coat and gloves provide efficient
protection in preventing skin contact with contaated surfaces. After any potential skin
exposure the skin should be decontaminated as agopossible in order to minimize
absorption into the body. Effective personal deaomnbation methods include rinsing the
affected part of the body with cold water and sdapld water keeps the pores of the skin
closed and reduced the transfer’sfHO across the skin.

Tritiation reactions were carried out on our sabkigned vacuum manifold described
earlier @0). Our lab has a Tritofi-gas monitor (Johnston laboratories Inc.) for lawell

detection and measurement of tritium gas in the air
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Tritium-labeled materials were analysed and pddfien an RP-HPLC (Jasco)
instrument using Vydac 218TP54 C18 (0.46 x 25 cmm) or Merck 50943 LiChroCART
(124-4 LiChrospher 100 RP-18 ufn) column, detected by a Jasco UV-975 spectronaeier
a Canberra Packard 505 TR Flow Radiochromatogr&atgctor. Radioactivity was counted
in toluene-Triton X-100 or Ultima Gold scintillatioccocktail with a Packard TRI-CARB 2100
TR Liquid Scintillation Analyzer.

Working with *°I and ®™Tc

lodine-125 is an electron capture radionuclide &ngtlow energy X and gamma
radiation with 35.5 keV energy. Due to the volatilature of iodine, the most significant
hazard is from inhalation, the critical organ foptake is the thyroid. lodine-labeled
compounds can penetrate surgical rubber gloves. pairasshould be worn, or polythene over
rubber. Direct handling 0f is to be avoided, forceps, shielded syringes rbasised. Low
activity RIA kits (< 370 kBg) may normally be haedl on the open bench, but all other work
with iodine should be carried out in a fume cupblod&or work with higher activities special
transparent shielding made from lead impregnategiado be necessary which has a lead
equivalence value of 0.5 mm. Sample pots contaiMifigshould be shielded with 1 mm of
lead. Solutions containing iodide ions should rexithe made acidic nor stored frozen, both
lead to formation of volatile elemental iodine. Alkaline solution of 5% sodium thiosulphate
should be used to render the spill chemically staptior to decontamination by the normal
methods. In the case of an accident involving fesngestion/inhalation of radioiodine may
be possible to block uptake to the thyroid by tdenmistration of potassium iodide tablets.
(200 mg given two hours after ingestion will reduggake by 80%).

The gamma ray average energy 6f"Tc is 140.5 keV and it also emits X-ray with 18
keV and 21 keV energy. Technetium-99m is a decadymst of molybdenum-99 and is
obtained in solution form by eluting it from a mbfenum-99 “cow”. The recommended
protective clothing are lab coat (which must be itmwed before leaving the laboratory),
disposable plastic, latex or rubber gloves, footvoesers. Waterproof gloves should be worn
during elution. The dispensing of tA&"Tc should be carried out in a lead shielded box and
during the work wearing of lead apron is recommedRatsonal decontamination techniques
are following: washing of the contaminated parttué body with soap and water and after
monitoring of the skin. Decontamination of clothiagd surfaces are covered under operating

and emergency procedures.

3.1. Synthesis and purification of peptides
Peptides were synthesized manually by solid phaptige synthesis using either Boc

or Fmoc chemistry.
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Solid-phase peptide synthesis using Boc strategy

Peptide synthesis using Boc protocol was carrietd ayu 4-methylbenzhydrylamine
(MBHA) resin for peptide amides or on Merrifieldsie for peptide acids. Attachment of the
first Boc-protected amino acid to the chlorometihgbin was performed by using Gisin

method 142). The synthesis protocol is summarized able 4.

Step Reagent Time
Washin( DCM 3 x 1 mir
Deprotection | 50% TFA, 2% anisole/DCM 1 x 2 min dnd 20 min
Washing DCM 3 x 1 min
Neutralization 10% DIEA/DCM 2 x2min
Washing DCM 3 x1min
Kaiser test
Coupling 2 eq. Boramino acid
2 eq. DCC, 2 eq. HOBt 60 min
Kaiser tes
Washin DCM, EtOF 3 x1min, 3 x1 mi

Table 4 General schedule for peptide synthesis usingdBeenistry

For methionine or tryptophane containing peptides deprotection mixture contained
0.5% DTT. Coupling reactions were carried out aftbe neutralization step with 2
equivalents of Boc-AA, HOBt and DCC in DCM until geive Kaiser test 143).
Hydroxybenzotriazole esters of protected aminads@re easily formed from DCC or
DIC/HOBL in situ After the last washing step the peptide-resin waed under vacuum.
Final deprotection and cleavage from the resin warded out by HF.

In general, HF cleavage reactions were performéddsn -5°C — 0 °C, for 60 minutes.
The following cleavage mixtures have been used: peptides containing cysteine:
HF/DMS/anisole/p-thiocresol (10:1:1:0.2) and fohert peptides HF/DMS/anisole (10:1:1).
After completion of the cleavage reaction, HF weapsrated from the peptid-resin mixture.
To prevent side ractions during this process, i Wwaportant to maintain the temperature of
the reaction vessel between -5°C — 0 °C. After ld& been removed, diethyl ether was added
to the reaction mixture and the peptide-resin-seggemixture was stirred. The ether solution
was filtered and the resin was washed three timesrhove the scavengers. The peptide was
extracted from the peptid-resin mixture by stirrithge mixture in glacial acetic acid. This
procedure was repeated twice to ensure completeactixin of the peptide, using
approximately 30 crhof 30 % acetic acid per gram of peptide-resin eirok. The peptide
solution was diluted with water to give a final centration of AcOH less than 10% and

lyophilized.
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Solid-phase peptide synthesis using Fmoc strategy
Synthesis of the peptides by the Fmoc protocol weagied out on 2-chlorotrityl

chloride resin. The Fmoc protocol is summarizedable 5.

Step Reagent Time
Washing DMF 3 x 1 min
Kaiser test

2 eq. Fmoc-amino acid
Coupling 2 eq. HBTU and HOBt 30 min
4 eq. DIEA/DMF

Kaiser test

Washing DMF 3 x1min
Deprotectiol 20% piperidine/DM| 1x2minand1x20m

Washin( DMF 3 x 1 mir

Table 5. General schedule for peptide synthesis using Fehemistry

After the last coupling step, the peptide-resin weshed with DMF and EtOH and
then dried under vacuum. Final deprotection andwvage from the resin was carried out by
TFA in the presence of scavengers. The TFA cleavagetion was performed at room
temperature for 60 min, using the following mixtués% TFA, 2.5% water, 2.5% TIS. The
peptide was precipitated by ice-cold diethyl ethiee, peptide-resin mixture filtered-off, then
the peptide was extracted by 10 % AcOH three tiamesfinally lyophilized.

Purification of peptides

The crude peptides were purified by RP-HPLC on migeeparative column (Vydac
218TP1010), applying gradient elution with the daling eluents: A: 0.08% TFA/ACN, B:
0.1% TFA/water, flow rate was 4 éfmin, detected at 215 nm by UV detector.

Purity control was performed on a Merck-Hitachi Berck-LaChrom RP-HPLC
system, utilizing a Vydac 218TP54 C18 or Merck 5994ChroCART analytical column,
with gradient elution. Detection was as describleova. Peptide purity was assessed also by
TLC on silica gel 60 fs,-precoated glass plates, the solvent systems Wwer@éollowing: (A)
acetonitrile:methanol:water (4:1:1); (B) 1-butamcktic acid:water (4:1:1); (C) ethyl
acetate:pyridine:acetic acid:water (60:20:6:11). [ddalar weight of the peptides were
determined by MALDI-TOF (Bruker Reflex 1lI) or ESIS (Finnigan TSQ 7000 or
Shimadzu QP 80000).

3.2. Tritium labeling of peptides
Before the radioactive labeling procedure the ieacivas carried out in inactive
circumstances, using hydrogen gas. This reactidpsh® determine the proper reaction

condition such as catalyst, reaction time, solvent.
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The purified precursor peptide was dissolved in Ditiel the catalyst (PdO/Ba®O
was added. In most cases, an excess of TEA wag daddeeutralize HI formed during the
reaction and to help prevent poisoning the catalyisé reaction was carried out in hydrogen
atmosphere at room temperature, while stirringiooously. The crude reaction mixture was
analyzed by RP-HPLC and in some cases by MS.

Tritium labeling of peptides was carried out in awhouse designed vacuum apparatus
(10) under a fume cupboard. The purified precursottigepvas dissolved in DMF and the
catalyst was suspended in the solution. The reactessel was connected to the tritiation
manifold frozen with liquid nitrogen and the airsveemoved by vacuum. The tritium gas was
liberated from uranium tritide by heating above 300 and it was expanded into the reaction
vessel. The reaction mixture was agitated by thgnetc stirrer at room temperature. The
reaction was terminated by freezing the solutiod absorbing the unreacted tritium on
pyrophoric uranium. The catalyst was removed hyafilon through Whatman GF/C filters
and washed three times with ethanol. Labile tritawas removed by repeated evaporation of
protic solvent, such as EtOH/E mixture. The total activity of product was measliby
LSC. The crude tritiated peptide was analyzed b Hnd RP-HPLC. The purified labeled
peptide was dissolved in ethanol and stored in 2 ahquots under liquid nitrogen at a

radioactive concentration of 37 MBg/ém

3.3. Characterization of tritiated peptides
Determination of specific activity

The specific activity of the labeled peptides wasedmined by dividing the measured
activity by the amount of purified peptide. The qgtity of the purified labeled material was
determined from its UV absorption spectrum, or lBLE, using calibration curve.
Tritium distributions in labeled peptides

The labeled peptide was diluted by inactive mate6d HCl| was added, and the
mixture was incubated at 110 °C for 24 h under argeessure in a sealed ampoule. The
solvent was then removed by evaporation. The foraratho acid mixture was analyzed by
TLC and subsequently to the formation of the Fmexivatives by RP-HPLC. Fmoc derivates
of amino acids were used as standards respec{i44y.

The sample - amino acid or peptide hydrolysates @iasolved in borate buffer (0.2 M,
pH: 7.7). Fmoc-Cl reagent was dissolved in acétogive a concentration of 15 mM. The
sample and the reagent were mixed, and after 48ndecthe vial was filled with n-pentane

and the mixture was shaken to remove the excegemearhe extraction was repeated twice
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and the pentane phases were discarded. Afterwhedsample had been acidified gOof
acetic acid and then analyzed by RP-HPLEZS.

3.4. Methods for investigation of the metabolism dtritiated peptides

After preincubation of the rat brain homogenatéuin labeled peptides were incubated
with it at 37 °C. Aliquots were withdrawn after idzation for 5, 15, 30 or 60 min, and
immediately acidified with 0.1 M HCI solution. Folving centrifugation of the samples
(11,340 x g, 5 min, 25 °C) and the supernatant waalysed by radio-HPLC. For
determination of the rates of degradation of thetides the following method was applied.
Aliquots of the 1 mM nonlabeled peptide stock solut in 50 mM Tris—HCI buffer (pH =
7.4) were added to some rat brain homogenate trendhixtures were incubated at 37 °C.
Aliquots were taken from these incubation mixtueesl immediately acidified with 0.1 M
aqueous HCI solution. About 10 of each supernatant obtained after centrifugatibthe
samples (11,340 x g, 5 min, 25 °C) was analysedRByHPLC. The degradation rate
constants (k) were obtained by least square limegression analysis of the plots of
logarithmic peptide peak areas (In(AJA versus time, using a minimum of four points.

Degradation half-lives {t) were calculated from the rate constants as Ih(2/k

3.5. Peptide isolation methods from rat brain
Animals

Animal care and experimental procedures were chioig according to the principles
set by EC Directive 86/609/EEC. Experimental protsavere approved also by the Ethical
Board controlling laboratory experiments at the MablFaculty of Semmelweis University.
Male Wistar rats, weighing 110-150 g (analgesic suemments) or 170-220 g (brain
extracts), were used. Rats were kept in groups iof @ mperature-controlled (22 + 2 °C) unit
with 12 h light—dark cycle (08.00-20.00-08.00). st@rd laboratory chow and tap water
were provided ad libitum.
Peptide-extraction procedures from rat brain

Rat brains were removed and powderized under liguticbgen, taken up with abs.
ethanol and stored at -80 °C until extraction. Airaction procedure deviced originally for
endomorphins59), was used, except for sample boiling. In bribg stored samples were
solubilized in eight-fold amount of 0.08% (w/w) }0s solution then ACN was added to
yield 25% (v/v) final ACN concentration. They wemdxed at room temperature overnight.
The mixtures were centrifuged at 29,000 x g fom#@ and the supernatants were extracted

by solid-phase method , using 70% (v/v) ACN in fimal step. The extracts were evaporated
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to dryness and dissolved in 2% ACN/ 98% water (T6:A% (v/v)) and the samples were
analyzed by RP-HPLC. Chromatographic conditionsewe following: Vydac 218TP54
C18 reverse-phase column (250 x 4.6 mnunp at a flow rate of 1 chmin at ambient
temperature. The mobile phase was mixed from 0xXA4 TFA in water and 0.08% (v/v)
TFA in ACN, and gradient elution was carried owtnfr 2% to 40% of ACN within 30 min.
12| |abeling of peptides containing tyrosine

RIA is based on the antigen-antibody reaction iricWitracer amount of the radio-
labeled antigen competes with endogenous antigefiniited binding sites of the specific
antibody against the same antigen. Usually, higkciéig activity radio-labeled antigen is
prepared by iodination of the pure antigen onytsdine residue(s) by chloramine-T4€)
method and then separating the radio-labeled antigem free-isotope by gel-filtration or
HPLC. The lyophilized peptide was dissolved in phosplvatéer (pH = 7.4). lodinations was
performed by addition of chloramine-T solution tp@ypropylene tube containing a mixture
of 1v/iv% TFA solution, peptide and N3 (in 0.04M NaOH) solution. The iodination
reaction was quenched after 1 min by addition sudinetabisulphite in watet?J-peptide
was immediately purified by RP-HPLC. The fractiamsre collected at 12-sec intervalls. The
radioactivies in the peak fraction were measurectdiynting 2ul aliquots on a LIN-LOG
NK-350 gamma counter and the radioactivities ofghee, collected®-EM2 were measured
by a TRI-CARB 2100TR liquid scintillation counten a toulene-Triton X-100 cocktail. An
aliquot of the peak radioactive fraction was thechromatrographed as above in the presence
of 5 nmol of unlabeled EM2 while simultaneously ntoring UV absorbance at 216 nm and
gamma emissions by using Canberra Packard RadioB@&iTR Flow Radiochromatography
Detector with the Ultima-FloM scintillation cocktai
Preparation of endomorphin 2-keyhole limpet hemocyanin conjugate

Based on an earlier methoti{7), approximately 10 mg of keyhole limpet hemocyanin
and 5 mg of endomorphin 2 were dissolved togethdi0i cni of water. To this mixture was
added 0.5 crhof water containing 100 mg of freshly dissolvedtavasoluble carbodiimide
reagent and it was incubated overnight at room &atpre. The unadjusted pH of the
reaction mixture was 5-6. The reaction was termeimhdly dialysis against water for 24 h.
When precipitates formed, the granular and soluilaterials were used together for

immunization.

29



3.6. Tc-99m-labeling of annexin V fragments via nitdo intermediate
Stability studies

Before the labeling, a long run stability studidstlte solid, non-radiolabeled Anx13
were carried out by storing them at —4® and at +5°C. For short time heat tolerance
investigations, the aqueous/saline solution of @ys-Cys-Anx13 were used by immersing
them into boiling water for 20 and 60 minutes.
Synthesis of [*™Tc = N]** intermediate

Nitrido intermedier was prepared at ambient tempeea by using succinic acid
dihydrazide (SDH), SnGlin saline and freshly elutéd™TcO, (37-185 MBq). The mixture
was stirred at room temperature for 15 min.
Labeling of peptides via nitrido intermediate

Symmetric nitrido labeling were carried out by atdgpeptide in saline to tH&™Tc-
nitrido intermediate. The reaction mixtures weratkd in boiling water bath for 1 hour. For
asymmetric  labeling  peptide in  saline, bis(dimegpwpyl-phosphinoethyl)
methoxyethylamine (PNP) in ethanol or tris(2-cymy&phosphine (PCN) in hydroxypropyl-
y-cyclodextrin was reacted with the previously prepd°™Tc-nitrido intermediate at 10UC
for 1 hour.
Determination of the radiochemical purity

Radiochemical purity of the nitrido labeled pepsideas determined by HPLC and TLC
methods. For HPLC, Zorbax 300 SB C-18 column witthtradioactivity and UV detectors
were used. Solutions A and B were prepared forigmicelution containing 0.1 % TFA in
water and 0.08% TFA in ACN, respectively. TLC waared out by using Kieselgel 60
layers and ethanol-water 1:1 (v/v) as eluent ornt@l ITLC-SA leyers and n-buthanol
saturated with 0.3M HCI solution as eluent. Foredsination of free pertechnetate content,

Whatman ET-31 paper and acetone eluent were a¢sb us
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4. Results and Discussion

4.1. Synthesis and tritiation of endomorphin analoges
Dmt*-endomorphin 2
Synthesis

Peptides (H-Dmt-Pro-Phe-Phe-pHand H-Dmt®*APro-Phe-Phe-Npi precursor
peptide) were synthetized manually on MBHA resin0i25 mmol scale by using the
Merrifield solid-phase method.M-Boc chemistry with HOBt and DCC as coupling agen
were employed for peptide elongation. The cruddigep were purified by RP-HPLC on a
Vydac 218TP1010 Cl18clumn, using a linear gradient of from 20% to 56#4he organic
modifier within 25 min at a flow rate of 4 é&min with UV detection at 220 nm. Peptide
purity was assessed by TLC and HPLC, and the misleaweights of the peptides were
established by MALDI-TOF-MS. Rvalues, capacity factor for a Vydac 218TP54 C18
column and the measured and calculated moleculmhteeof Dmt-EM2 analogues show in
the Table 6. Ry values were establish on silica gel 6@4precoated glass plates. The solvent
systems were following: (A) acetonitrile:methanater (4:1:1), (B) 1-butanol:acetic
acid:water (4:1:1), (C) ethyl acetate:pyridine:&catid:water (60:20:6:11).

Peptides TLC HPLC MS
Ri(A) | Re(B) | R (C) K’ [M+H] Mr
Dmt-Pro-Phe-Phe-NH 0.36 | 0.53| 0.33] 3.04] 600.37 599
Dmt-APro-Phe-Phe-NH 039 | 053] 0.33] 3.01] 59833 597
Diiodo-Dmt-Pro-Phe-Phe-NH| 050 | 0.57| 0.43] 591| 85224 851

Table 6. Analytical data of Dmt-EM2 analogues

A precursore peptide, 3, 5™-Diiodo-DRFEM2 was synthetized by the chloramine T
method. Testing was performed to establish themapti reaction conditions. Accordingly,
1.4 pmol of Dmt-EM2 was dissolved in acetonitrile:water (1:1) ahdequivalents of the
reagents (0.067 M Nal + 0.022 M chloramine T in gtate buffer, pH = 7.4) was added to
the solution. The reaction was stopped after 30adning 0.053 M N#5,0s. The reaction
mixture was analysed and purified by RP-HPLC (Vy@8TP54 C18 RP column with a
gradient of 20% to 50% of organic modifier in 25nmilow rate 1 criymin). The analytical
parameters of Diiodo-DrHEM2 show in theTable 6.

Tritiation

2.4 mg (2.88umol) of 3,5 -diiodo-Dmt+-EM2 and 2.8 mg (3.92mol) of **APrd-
Dmt*-EM2 were dissolved separately in 1%whdimethylformamide and labeled with tritium
gas. The reaction mixture contained {ul%f triethylamine and 12 or 14 mg of PdO/BaSO

catalyst, respectively. Tritium gas was liberatexht uranium tritide by heating, and 555 GBq

31



(15 Ci) of this gas was introduced into the reactiessel 10,79. The reaction mixture was
stirred at room temperature for 1 or 2 h and thearted tritium gas was then adsorbed onto
pyrophoric uranium. The crude products were putitiy HPLC to give a radioactive purity
of >95%. The quantitative analysis of the pureglal peptides was performed by HPLC
with a UV detector, using a calibration curve prepgawith unlabeled Df'HEM2, and the
total activities of the products were measurediguidl scintillation counting. The specific
activity of [’H,]-Dmt-EM2 were 2.88 TBg/mmol (77.8 Ci/mmol), and tha{#1,]Pro-Dmt-
EM2 1.95 TBg/mmol (52.8 Ci/mmol)lable 7). The pure, tritiated peptides were dissolved in
ethanol and were stored at a concentration of 37qMiB under liquid nitrogen. The
stabilities of both tritiated endomorphin 2 analegwnder these storage conditions were

really good. After 6 months, the purities were deetand proved to be >95%.

. TLC HPL
Peptides a
P TBg/mmol [R;(A) | Ri(B) |R;(C)| K
[3',5'- °H,]Dmt-Pro-Phe-Phe-NH 2.88 0.36| 0.53] 0.33 3.26
Dmt-[3,4-°H;] Prc-Phe-Phe-NH, 1.9t 0.3¢ | 0.5% | 0.3¢ 3.2¢

Table 7.Radioanalytical data of tritium labeled Dmt-EM2

Distribution

The distributions of the tritium labels ifH,]Dmt'-EM2 and fH,]Pro*-Dmt*-EM2 were
determined after acidic hydrolysis and Fmoc deizadion by HPLC. The Dmt and Pro
contained tritium in >90% of the theoretical lev€he a/amax is the ratio of the specific to
the theoretically maximum specific activity. The ePhesidues in the peptides were also
partially labeled Table 8). This phenomenon presumably caused the ovegttiehispecific
activity of [PH,]Dmt*-EM2 than the theoretical level. The specific a@tiof [*H,]Pro?-Dmt*-
EM2 was >90 % of theoretical level, and the speityfiof the label was satisfactory, resulting

in an appropriate radioligand for radioligand-bimglexperiments and metabolic studies.

. . HPLC
Tritiated peptides | a/
Pep Anax Fmoc-["H,]Dmt | Fmoc-[H,]Pro | Fmoc-["H]Phe
[°H,]Dmt-EM2 133% 92% - 8%
Dmt-[°H,]Pro™-EM2 92% 1% 95% 4%

Table 8 Tritium distributions in Dmt-EMs

Stability
The stability of a radioligand in radioligand-bindi studies is essential, and it is
therefore necessary to determine the degradatitfdifeaof the ligand in the biological

matrix used. In our earlier investigations, EM1 &2 demonstrated long half-lives in the
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presence of a rat brain membrane preparation (@&m protein): 295 min and 230 min,
respectively, accordingly they do not degrade dutinding assayslé8. In the present
study, the degradation half-life ofH,]Pro>-Dmt-EM2 under the above conditions was 515
min. The kinetics of degradation of DREM2 was studied in a rat brain homogenate, as
compared with the earlier published degradatiomtis of EM2 79). The protein content of
the homogenate was 5.92 mgfcend Dmt-EM2 concentration was 10GM. Figure 2.
shows the kinetics of degradation of EM2 and BE2 in the rat brain homogenate. After
12 min of incubation, only 24% of the parent EMEheened in the samples, whereas 72% of

the initial DmE-EM2 concentration remained after 15 min of incidoat

A EM2
B Dmtl-EM2

40 -

% of initial peptide
concentration
(o))
o

20 -

0 50 100 150 200

Time (min)
Figure 2. Degradation of EM2 and DMEM2 in rat brain homogenate

The logarithmic forms of these curves were analybgdlinear regression, which
allowed calculation of the degradation half-liveistioe EMs. As shown ifTable 9, Dmt-
EM2 broke down relatively slowly in the brain honeogite. DnftEM2 had a half-life of
33.64 min, while EM2 was almost 6 times less rasisthan DnitEM2 to the peptidases: its

half-life was 5.88 min.

EM?2 Dmt-EM2
100 x k (min?) t1/» (Min) 100 x k (min?) t1/ (Min)
11.79 + 0.7, 5.88 + 0.3! 2.09 +0.3! 33.64 +6.8

Table 9. Half-lives of EMs
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4.2. Synthesis and tritiation of peptide analoguefsom Zebrafish
Synthesis

The endogenous MEGY, (H-Tyr-Gly-Gly-Phe-Met-Gly-T®H) its two analogs, (D-
Ala®)-MEGY and (D-Al&, Val)-MEGY, and the precursor peptide for tritiation’,(% -
Diiodo-Tyr'-MEGY) were synthesized by the above-mentionedisaiase peptide synthesis
method using the Boc chemistry procedure. The cpejgides were purified by RP-HPLC
using a Vydac 218TP1010 column. Peptide purity assessed by TLC and RP-HPLC, and
the molecular weights of the peptides were estadtisby MALDI-TOF-MS. R values,
capacity factor for a Vydac 218TP54 C18 column tredmeasured and calculated molecular
weights of Dmt-EM2 analogues show in fhable 10.R; values were establish on silica gel
60 Fssprecoated glass plates. The solvent systems weodowing: (A)
acetonitrile:methanol:water (4:1:1), (B) 1-butamoktic acid:water (2:1:1), (C) ethyl
acetate:pyridine:acetic acid:water (60:20:6:11).

Peptides TLC HPL MS
R (A) R (B) R (C) K’ [M+H] Mr
Tyr-Gly-Gly-Phe-Met-Gly-Tyr 0.63] 062] 014 206 798| 793

Tyr-D-Ala-Gly-Phe-Met-Gly-Tyr | 0.70| 0.68] 0.21 2.27 0837 | 807
Tyr-D-Ala-Gly-Phe-Val-Gly-Tyr 0.60 0.68 0.14 1.7% 7631 775

Table 10.Analytical data of MEGY analogues

Tritiation

[3',5"-*H,JMEGY was prepared by catalytic dehalogenation tef precursor peptide
using 555 GBq (15 CijH, gas and 11.5 mg PdO/Bag@és the catalyst in the presence of
triethylamine. The crude tritiated peptide was foedli by RP-HPLC as previously described.
The purity of the final product was establishedamalytical RP-HPLC and the degree of
purity observed was >95%. The total activity of fv@duct was 3.51 GBq (95 mCi)he
specific radioactivity was 0.74 TBg/mmol (20 Ci/mindrhe purified peptide was stored in
ethanol under liquid nitrogen at a concentratioBMBg/cnt (1 mCi/cn).
Saturation binding assays

The ability of PHJMEGY to bind opioid receptors from zebrafish, @aganism in which
this peptide is naturally preseni4®, and from mammals, in which MERF is the
corresponding endogenous peptide, was measured usireasing concentrations of this
radioligand in zebrafish and rat brain membrane dgenates.

In zebrafish brain Kwas 2.39 + 0.29 nM and,Bx was 255.1 + 10.84 fmol/ mg protein.
The same analysis is presented for rat brain membrdg was 3.8 + 0.34 nM andRBx was

308.1 + 11.45 fmol/mg protein. MEGY can bind to thy@oid receptors present in zebrafish
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and rat brain with high affinity and that this bing is reversed by naloxone. The binding
assays of HIMEGY obtained by us give similar saturation cue\fer zebrafish and rat brain
homogenates, although this peptide presents afisgmt higher affinity in zebrafish brain
(Results from Dr. Raquelle Rodriguez’s team).
Results and discussion of competition binding assays

To analyze the ability of MEGY to displace othemweentional opioid compounds,
competition binding assays were performed usifgf]diprenorphine, a nonspecific
antagonist, as the radioligand and MEGY and its analogs, (D-AI9-MEGY and (D-AlZ,
Val®)-MEGY, as unlabeled ligands at a concentratiomeasf 0.3 nM to 1QM (Results from

Dr. Raquelle Rodriguez’s team).

Ki Displacement Ki Displacement
Ligand Zebrafish Brain in Zebrafish Rat Brain in Rat
/nM Brain % /nM Brain %
Kii=1.17+£0.2
MEGY Ky = 673 + 136 74.28 +4.200 22.10+1.5/ 72.20+7.15
(D-Ala®)-MEGY 12.40 £ 2.67 63.892.69| 29.90+7.97 85.45+2.23
(D-Ala”, ValP)-MEGY 137 £ 26.45 5464 2.36| 72.20+7.15 79.39+3.30

Table 11.K; values of MEGY and its two analogs in zebrafist eat brain membranes
obtained from competition binding assays usittjdiprenorphine

[*H]diprenorphine presents two different binding siie zebrafish brain (K values
0.08 and 17 nM)150), and in the further assays, MEGY shows a two-displacement in
zebrafish brain, with high-affinity site and ongeswith lower affinity, which suggests that
this peptide may act on two or more different reeepwith different affinities. Preliminary
work from R. E. Rodriguez’s laboratory proposes tM&GY binds to thed receptors from
zebrafish {50).

The fact that a ligand shows a biphasic curve impetition binding assays has been
previously reported for other ligands, such as miagptin (51).

In the rat, the analog (D-AJRMEGY shows a similar K and percentage of
displacement at 1M than MEGY, thus indicating that the change of Glya D-Ala does
not affect the ability of the ligand to bind to ojul sites. However, the (D-Alaval’)-MEGY
analog displays a higher, Kevealing that the change of Met by Val entailsess in binding
affinity. These results can be taken into consiilemefor future opioid ligand design because
an effective peptidic ligand should have the metime in the fifth position, whereas the Gly
can be replaced by another small residue that miginffer resistance against protease
degradation.
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MEGY and its two analogs can displace almost al diprenorphine binding in rat
brain, whereas in zebrafish brain, the native pepdisplaces only up to 74%. This difference
can be explained if we postulate that diprenorpmray bind to the opioid sites present in
zebrafish brain in a different manner than to thpiesent in mammalian brain. These results
are interesting because it may be inferred thatedgrphine can be considered as a good and
selective ligand to label opioid sites in mammalmain, whereas in zebrafish diprenorphine
does not seem to show such selectivity and thher apioid ligands are not able to displace
up to 100% of its binding.

[*HJMEGY was also used as the radioligand in comjpetibinding assays using the
unlabeled peptide MEGY and its two analogs as whabligands so that it was possible to
determine the influence of the structural changesthe binding ability. Heterologous
displacements with morphine (nonpeptidic opiate) Eet-enkephalin (an endogenous ligand

for both species) were also performé&alifle 12)

Ki Displacement Ki Displacement
Ligand Zebrafish Brain in Zebrafish Rat Brain in Rat
/ nM Brain % / nM Brain %
MEGY 2.89 + 0.8 106.85+1.4 | 421+1.4 |10951+1.1
(D-Ala®)-MEGY 7.65+1.99 112.72+490 4.45+1.21 100£1648
(D-Ala®Val’)-MEGY | 25.93+3.47 | 110.25+2.46 21.06+2.f1 160t 0.92
Met-enkephalin 2.01 +0.59 108.43 +1.65 2.400.2102.55 + 1.06
Morphine 14.15 + 2.61 11412 +2.69 7.23+1.57 48A 3.78

Table 12.K; values of several ligands in zebrafish and ranbrembranes
obtained from competition binding assays usitjIEGY
In case of (D-Al4Val’)-MEGY, the changes in the peptide structure shosexteased
values in binding affinity in zebrafish brain. Hoveg, in rat brain, the substitution of Gly by
a D-Ala does not entail a change in the inhibitioonstant KK probably because this
modification does not cause a change in size ohamge of the ligand. Met-enkephalin shows
a similar pattern to the one observed for MEGY afbrafish brain, whereas in rat brain it
displays a lower Kvalue, possibly because it is an endogenous lifanehammalian opioid
receptors, although to our knowledge the MEGY miepis not naturally present in tetrapods.
All the ligands studied are able to present a highgplacement than naloxone, especially
when acting on zebrafish brain. This observation ba explained if we consider that the
[*HIMEGY peptide, apart from binding to naloxone-séwes opioid sites, also binds to some
sites that are not recognized by naloxone. Sitesgmized by naloxone should be considered
as classical opioid sites, and the naloxone-infgassites should be named as nonclassical

opioid sites. Therefore, the expression “nonopiaduld be used accurately when an opioid
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ligand acts on a different receptor than the opreiceptors (e.g., the Met-enkephalin and its
derivatives on the cytosolic opioid growth facteceptor) {52).

Present data point to the possibility that the gonést naloxone does not bind to some
sites that are recognized by the agonists; heree,MEGY peptide presents a higher
selectivity for recognizing the opioid binding siten zebrafish. In conclusion, these results
prove that the MEGY peptide acts as a highly speeihdogenous ligand for the zebrafish
opioid receptors and also binds with high affinitytheir mammalian counterparts. Our work
reveals that the zebrafish opioid peptide MEGY en¢s a different binding profile than other
opioid agonists; therefore, this ligand can be used new tool to investigate the ligand-

receptor in- teractions in relation to the modwiatof pain and drug addiction.

4.3. Investigation of a possible endomorphin biosyhesis route
Synthesis

Peptide amides (endomorphin 1 and 2) were prepanetBHA resin, and peptide
acids (YP, 3,5%-YP, YPW, YPF, YPWF, YPFF) in 0.25 mmol scale oromethylated
resin (Merrifield resin). The crude peptides wererified by RP-HPLC on a Vydac
218TP1010 C18 column, using a linear gradient fi¥ to 50% of the organic modifier
(ACN) within 30 min at a flow rate of 4 citmin, with UV detection at 220 nm. The purities
of peptides were assessed by TLC and analytical GdPLhe molecular weights of the
peptides were confirmed by ESI-MS or MALDI-TOF-M&. values were establish on silica
gel 60 Fkssprecoated glass plates. The solvent systems weaowing: (A)
acetonitrile:methanol:water (4:1:1), (B) 1-butamoktic acid:water (4:1:1), (C) ethyl
acetate:pyridine:acetic acid:water (60:20:6:1Talle 13).

Peptides TLC HPL I\fIS
Ri (A) | Ri(B) | Ri(C) K’ [M+H] Mr

Tyr-Prc 0.41 0.4 0.1 1.0t 279.1% 27¢
H-Diiodo-Tyr-Prc 0.4¢ 0.4¢ 0.2¢ 2.8¢ 530.92 | 529.¢
Tyr-Pro-Phe 0.44 0.47 0.31 2.7( 426.40 425
Tyr-Pro-Trp 0.45 0.47 0.27 3.07 465.40 464
Tyr-Pro-Phe-Phe 0.53 0.54 0.33 4.43 573/60 572
Tyr-Pro-Trp-Phe 0.53 0.53 0.32 4.72 612.40 611
Tyr-Pro-Trp-Phe-NH 0.45 0.56 0.34 4.26 611.60 610
Tyr-Pro-Phe-Phe-NKH 0.43 0.55 0.37 3.94 572.70 571

Table 13.Analytical data of EM fragments
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Tritiation

2.0 mg (3.76umol) of precursor peptide dissolved in 1°%cof DMF was tritiated with
tritium gas using tritium manifold. The reactionxture contained 1.@l triethylamine and
12.2 mg PdO/BaS{xatalyst. Tritium gas was liberated from uraniuitide by heating, and
555 GBq (15 Ci) of it was introduced into the réactvessel. The crude product was purified
by RP-HPLC to give a radioactive purity of >95% eTtotal activity of the product was 4.44
GBq (120 mCi). The calculated specific activity wia85 TBg/mmol (49.9 Ci/mmaol).

Results of the chromatographic procedure

In our experimental composition two series wereigfexd. In the first series twelve
animals (1.1-1.12) were sacrificed, four at 15y f@iu30 and the last four at 60 min after 0.74
MBgq (20 puCi) of [®H2]Tyr-Pro intracerebroventriculaicg) injection. In the second series,
only four animals (2.1-2.4) were treated with RBq (200uCi) of [°H,]Tyr-Pro, all
sacrificed at 30 min. After the extraction procesyyrRP-HPLC analysis of purified rat brain
extracts was carried out. Radiodetection (uppetsparpanels A, B, C, D) and UV (at 220
nm) detection (lower parts in panels A, B, C, Dyevased. In the UV chromatograms the co-
injected standards appear with the exact retemitoss.

The UV chromatographic profile of co-injected stardimixture outlined three regions.
In the first region appear Tyr and YP (around 8 afhdnin, respectively), in the second YPF
and YPW tripeptides (around 18 min) and the tefpéige cluster from 19.5 min, the order of
retention times being YPFF-NKHYPFF-OH<YPWF-NH<YPWF-OH.

In the “20 uCi” series, at 15 min, a radioactive peak corregpog to Tyr appeared in
all the three samples, both Tyr and YP in one (N&) and none in the tri- and tetrapeptide
region(Fig. 3., panel A). At 30 min, in two samples only minoriaetpeaks at the position of
Tyr were found, and none in the other two regidnsxtract No. 1.6, besides YP, YPFF-OH
could also be identified among the active pedkg. (3, panel C). In one sample (No. 1.5),
besides Tyr, one peak which could be identified B&EF-OH and one additional peak in the
tripeptide region, possibly YPF, appeared in thldaehromatogramKig. 3., panel B). Apart
from a minor active Tyr peak in one of four extsaato activity could be detected in extracts
at 60 min (not shown). In the “200Ci"” series, although peaks appeared both in theatrd
tetrapeptide regions in all samples, only one rblpesak could be identified with safety as
YPFF-NH, in sample No. 2.4Hig. 3., panel D).
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Figure 3. RP-HPLC analysis with online radiodetection ofgassed brain extracts
obtained from rats injectddv with 0.74 MBq (panel A, B, C)
or 7.4 MBq of fH,]-Tyr-Pro (panel D)

Synthesis of #I-endomorphin 2
The lyophilized EM2 was dissolved to a final cortcation of 1.46 mM in 25 mM

sodium phosphate buffer (pH =7.4). lodinations wadormed by addition of 20l of a 0.25
mg/cnt solution of Chloramine T to a polypropylene tulmatining a mixture of 5Qul of
1v/iv% trifluoroacetic acid solution, 7.3 nmol of EVand 37 MBq (1 mCi) of N&. The
iodination reaction was stopped after 1 min by &odiof 20ul of 0.5 mg/cni sodium
metabisulphite in water. The total activity of there labeled peptide was 16.83 MBq (455
uCi). The specific activity was approximately 72 TBunol (2000 Ci/mmol).
Results of the radioimminoassay

Six male rabbits received a primary dosing and Be@ster injections of EM2-
hemocyanin conjugate. From the first booster, 14ddy& after the injection blood was drawn
and antibody production was determined. From tivel thooster, treatment was continued in
three rabbits (R1, R2 and R4). Antisera raised ith &d R4 were used for further
experimentation.

R1 antiserum recognized EM2 with a median sensjti 65.5+ 7.5 pg/tube (n=7), and
did not recognize EM1 even at 500 pg/tube. R4 aniim recognized EM1 with a median
sensitivity of 113.5 £ 26,7 pg/tube (n=8) and al=9d2 (46.3+11.3% (n=4) displacement at
500 pg/tube, although the displacement curve feldtter was rather shallow.
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Neither antisera recognized N-terminal di- andepijide endomorphin fragments or
endomorphins with a free C-terminal carboxylic fuoe (i.e. EM1-OH and EM2-OH, resp),
or reacted with [Mé&}- or [Leu’]-enkephalins, [Me}-enkephalin-Ar§,Ph€, p-endorphin or
[D-Ala?]-dynorphin-A(1-17). Using endomorphin antiserapimified rat brain extracts, EM2-

like immunoreactivities were found in the RP-HPLGCradjent-separated fractions

corresponding to the retention time of standard HMRalso in the fraction at the retention

time of EM2-OH standard (a representative scalezhet run is shown iRig. 4)).
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Figure 4. Endomorphin 2-like immunoreactivities found in RIPLC gradient separates of
rat brain extract. (R1 antiserum) The scales akfsawere matched so that immunoreactivity

at “22” represents peptide(s) with retention timd@tween 21-22 min etc.

The EM2-like immunoreactivity found in the authenEM2 fraction was 144.6+40.0
po/g and 179.1+£30.1 pg/g (n=3) in the fraction rhatg EM2-OH standard. Since R1 does
not recognize authentic EM2-OH, the immunoreactubstance must be a different entity.
R4 antiserum, due to its cross-reactivity, alsoogmized EM2-like immunoreactivities in
brain extracts with similar sensitivity. We haveldd to establish the structural identity of
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novel immunoreactive species by MS for technicasoms. Furthermore, we did not detect
immunoreactivities by R4 antiserum in the regiorevehEM1-related standards appeared in
the chromatogram.
Discussion of the investigation of a possible endomorphin biosynthetic route

According to doctrine, endogenous peptides shoalddnerated from large molecular
weight precursors by post-translational proces¢idf). In this case, appearance of labeled
tyrosine in the end-products would entail first thyelrolysis of fH]Tyr-Pro dipeptide to yield
[*H]Tyr, the ribosomal incorporation of labeled Tyito precursor, followed by processing.
Unless the time course of presumed, still unidetiendomorphin precursor production and
post-translational processing is entirely differdrim the ones described e.g. for pro-
opiomelanocortin, insulin- or parathyroid hormoneqursors/end-productd§3-156, the
presently found time course of incorporation ofelahto endomorphin 2-related tetrapeptides
rules out the route via precursor generation andgssing. As it was stated, “labeled amino
acids do not begin to appear in the final prodettsiosynthetic pathway until about 45 min
after the beginning of labeling”1%4). In our experiments, incorporation of label into
endomorphin 2-related tetrapeptides was found ambextracts at 30 but not 60 min afier
injection of *H-Tyr-Pro. The time course of tyrosine generatioanf Tyr-Pro dipeptide
depends on whether the process takes place extiraracellularly.

The half-life of dipeptide in crude rat brain meme preparation is 19.95 ming(82);
the rate of biodegradation in the cytoplasm is merably faster (Toth, Szemenyei, Ronai,
unpublished) and unknown in the cerebrospinal fldikis time factor should also be taken
into consideration when calculating the time couo$dabel incorporation into presumed
precursor and the post-translational processingh&umore, if the incorporation of labeled
tyrosine into large molecular weight precursor tdike place, the appearance of labeled end-
products should have increased by 60 min; in ceftrao significant radioactive peak was
found in the extracts after 60 min even at veryhhitector amplification (in 4 out of 4
experiments). Taken together, weighing the datthénliterature against the time course of
incorporation of label into endomorphin-related gmdducts as found in the present series of
experiments argues against the end-product geoenati large molecular weight precursor.

Whereas, in the developed RIA measurement systeBM® by us, R1 antiserum did
not recognize natural or synthetic opioid peptieguences unrelated to endomorhins. As
judged from the recognition profile, it had goodfelientiation power for the C-terminal
endomorphin motifs. Relevantly to the second EM2nimoreactive peak, it did not react
with synthetic EM2-OH. Therefore, the detected smecmust be a distinct, though,

considering the similar retention pattern, struailyrnot an entirely unrelated one. We have
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mentioned previously that in rats treatécs with [°*H]Tyr-Pro-OH, there was an
incorporation of label into a peptide species il retention time of authentic endomorphin
2 in RP-HPLC gradient separates and also at tleatiet time corresponding to EM2-OH. It
is possible — though it is by no means proven + e incorporation has happened into the
novel immunoreactive species and not into authdefi2-OH. Using commercial polyclonal
antibody raised against EM2, Terskiy et 463 have reported four major immunoreactive
protein bands in mouse brain lysates and threeumam cell lines. The molecular size of
these immunoreactive proteins (25-117 kDa rangejlews it unlikely that any of these
immunoreactive species would be even remotely edlad the ones appearing in our RP-
HPLC gradient separates.

The other possibility is de novo synthetic routgliaing Tyr-Pro dipeptide precursor.
According to the principles of enzymology, hydraas- among them, peptidehydrolases —
can theoretically operate both ways (i.e. as sywahas well)1(57-160.

In the context of apparent presence of free calm®&gid form of endomorphin 2 in
brain extracts, one should recall that the majotransformation route of endomorphins is a
DPP-IV mediated cleavage between Tyr-Pro and Te/P{9,8). Although
carboxypeptidaseY and proteinase A can desamimaten@orphins into peptide acids, this is
not a favoured biodegradation pathway, neithenis@her carboxypeptidase actioff(82.
Thus, the free carboxylic form (YPFF-OH) might bese a synthetic product on its own
right. If there is an endogenous biosynthetic pathway folomiedphins utilizing Tyr-Pro
substrate, it is likely to take place in a companinwhere a peptidyl-glycine intermediate

(141,161,162 formation can happen, with an amidated tetrapeps end-product.

4.4. Synthesis and°™Tc-labeling of annexin V fragments
Synthesis

Anx13, a peptide containing 13 amino acids was hstited, corresponding to the
sequency of the N-terminal of the Annexin V protéimx13: H-Ala-Gln-Val-Leu-Arg-Gly-
Thr-Val-Thr-Asp-Phe-Pro-Gly-OH). The novéf™Tc-labeling methods require additional
functional groups, hence derivatization of Anx13 ke N-terminal were carried out by
attaching one or two cysteine (Cys-Anx13, Cys-CyscE3), histidine (His-Anx13) or
hydrasinonicotinic acid (HYNIC-Anx13).

Synthesis of annexin V fragment and its derivativese performed by using solid
phase peptide synthesis method on Merrifield resgith Boc-chemistry. HYNIC-Anx13 was
synthetized on 2-Chlorotrityl chloride resin usiRgioc strategy. The crude peptides were
purified by RP-HPLC, using Vydac 218TP1010 semiprapve column. The identification
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of the pure peptides were done by analytical RP-EIRVydac 218TP54 column), using
gradient elution (15%- 40% ACN /25 min,*10%-40%/d40n =~ 10%- 35% ACN /30 min,
flow rate: 1 cnmin). At the same time mass spectrum analysisdeag as well (MALDI-
TOF ). R values were establish on silica gel 684precoated glass plates. The solvent
systems were following: (A) acetonitrile:methandater (4:1:1),
acid:water (2:1:1), (C) ethyl acetate:pyridine:&catid:water (60:20:6:11)lable 14).

(B) 1-butanol:acetic

Peptides TLC HPLC +I\/IS
Rs (A) R (B) K [M+H] Mr
Anx13 0.27 0.62 3.91 1360.7' | 135¢
Cys-Anx13 0.38 0.43 4.98 1463.81 1462
Cys-Cys-Anx13 0.27 0.38 7.46 | 1566.92 1565
His-Anx13 0.40 0.23 4.35 1497.85 1496
HYNIC-Anx13 0.42 0.60 5.05 | 1495.98 1494

Table 14 Analytical data of annexin V fragments, TLC: adligel 60 Es4, solvent systems:
(A) pyridine/isoamyl alcohol/water (1:1:2),
(B) n-butanol/pyridine/acetic acid/water (15:3:8:10

Stability studies

Long term stability studies proved that Anx13 &hd¢ at least for one year when stored
in refrigerator. Chromatograms indicating stabibfyAnx13 as a function of time can be seen
in Fig. 5. Chromatographic conditions was the following: Vgd8TP54 C18 reverse-phase
column at a flow rate of 1 cttmin at ambient temperature. The mobile phase waschirom
0.1% (v/v) TFA in water and 0.08% (v/v) TFA in ACldnd gradient elution was carried out
from 15% to 40% of ACN within 25 min, UV detectiaras at 215 nm.

Stability results of derivatized Anx13 compounds aollected inTable 15 It can be
seen that while histidine and cysteine derivatiratiioes not affect on the stability of the
peptides after 3 months, the cysteine-cysteine HWNIC derivatization resulted in lower
stability. The reason of the decreasing chemicalypof the cysteine-cysteine derivative can
be explained by the opportunity of disulfide-bridgeming between the two —SH groups. On
the other hand, this partial oxidation of —SH-greued to an equilibrium: during the first
month the amount of this impurity grew up to alm@8t%, while no significant increase of
impurities was observed furtherly.

Since some novel technetium labeling method, atgda labeling requieres elevated
temperature, short time heat tolerance studies perermed with the cysteine derivatives of
Anx13.

during 60 minutes when it was immersed into boilvater. MS data showed that this 10 %

In case of Cys-Cys-Anx13 solution, cca.%f the peptide remained unchanged
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decomposition corresponds to the loss of one aystéorming Cys-Anx13 compound. At the

same time, no change was observed in case of Cy$3Aduring the heat tolerance study.
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Figure. 5. Chromatograms of Anx13\: at preparatior: after 3 monthsC: after 6 months,

D: after 12 months. Purity was found higher thar¥/®ét any time

Compound Purity after 3 months, %

Cys-Anx13 94.08
Cys-Cys-Anx13 80.80

His-Anx13 98.13
HYNIC-Anx13 85.13

Table 15.Stability of derivatized Annexin V fragments

Results and discussion of *™Tc-nitrido labeling

Both asymmetric and symmetric nitrido-labeling ofs€Cys-Anx13 and asymmetric
labeling of Cys-Anx13 have been carried out & c-nitrido ([*°"Tc=N]) intermediate. For
[*™Tc=N] intermediate 0.9 ci(50 MBq) of °™TcOy in saline was added to 1.1 tof SDH
and SnG solution mixed from 1 ctimg/cn? SDH and 0.1 cthimg/cn? SnCh and it was
stirred at room temperature for 15 min.
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On analysis by paper chromatography using acetemeabile phase and Whatman ET-
31 paper as support system, the free pertechmaigtated with the solvent front (Rf ~1) the
[**"Tc=N] intermediate remained at the point of spottigf (~0) and **™Tc-nitrido
intermediate could be prepared with >95% yields.

For symmetric labeling of Cys-Cys-Anx13, 0.25 mg@fs-Cys-Anx13 in 0.5 ciof
saline was added to separate aliquots of 2 @hi®™Tc-nitrido intermediate. The reaction
mixtures were heated in boiling water bath for 1 h.

The Cys-Cys-Anx13 complexed with tH8™Tc-nitrido intermediate in high yields
(>95%) to form a single species as revealed by HRbh@lysis (Rt: 11.5 min, result of A.
Mukherjee). The probable structure®8FTc-nitrido complex with Cys-Cys-Anx13 is given in

Fig. 6. No radiochemical decomposition occured during twark after the labeling.
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Figure 6. Probable sturcture 8f™Tc-Cys-Cys-Anx134), *™Tc-PCN-Cys-Cys-Anx13K),
9Mrc-PNP-Cys-Anx13Q)

For asymmetric labeling of Cys-Cys-Anx13, 0.25 afidCys-Cys-Anx13 in 0.5 ciof
saline, 0.5 mg of PCN in hydroxypropyleyclodextrin (4 mg/cthconc. saline solution) was
reacted with the previously prepar&dTc-nitrido intermediate at 10T for 1 hour.
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Based on the TLC chromatograms it can be establigat *°™Tc-nitrido intermedier
(A, Kieselgel 60/EtOH-water 1:1) is completely reacteith Cys-Cys-Anx13 and PCN by
forming a single complexB( Kieselgel 60/EtOH-water 1:1) and no free pertechiteeis
presentC, ®™Tc-PCN-Cys-Cys-Anx13 in Whatman ET-31 paper / avetdig.7.).

30000————————————

‘ 800 oﬁ—,——” T -— 7

700.0

i " A 600.04 B
h i
200001 “ l 500.07
1 I 2 r
| B 3 400.0
] 200.0

1000.04

Cnts

200.09

i
100.03 /
3

BKG1

.,
71 BKG2

| | = NN [ ol

0.0 T e B R L B s S S i s T | 00— F T T t

00 100.0 200.0 00 100.0 200.0
mm

51000.0-

7 Bke2

T
0.0 100.0
mm

N

00.0

Figure 7. TLC chromatograms

For asymmetric labeling of Cys-Anx13, 0.01%af PNP (~10 mg) was dissolved in 1
cm® ethanol in nitrogen atmosphere. 0.1%cof PNP was added to 1 &mof *™Tc-nitrido
intermediate along with 0.1 mg of C-Anx13 in 0.1%@hsaline, and the reaction mixture was
heated at 100 °C for 1 h (in Kanchan Kothari’s labory).

The Cys-Anx13 reacted witA*™Tc-nitrido intermediate in >95% vyields. However,
HPLC analysis of®™Tc-Cys-Anx13 revealed the formation of two speciéth retention
times of 13.0 £ 0.2 and 14.3 + 0.2 min. When attesmypere made to prepare asymmetric
complex via®®™Tc-(PNP§* fragment using diphosphine ligand, the compf8Xc-PNP-Cys-
Anx13 could be formed in >95% yields. But in thase also, HPLC analysis of the complex
revealed the formation of two species with retemtiones of 18.0 + 0.2 and 24 + 0.2 min
(results of A. Mukherjee).

Of three different®*™Tc-nitrido-Anx13 complexes were studied, althougdh veere
formed in high yields of >95%, it was observed tff4iTc-Cys-Cys-Anx13 was formed as
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single species, whilé®™Tc-PCN-Cys-Cys-Anx13 an&™Tc-PNP-Cys-Anx13 were formed
with more than one species. Since complexes witltiplei species are generally not
acceptable as radiopharmaceuticals, owing to thesipitity of differences in their
pharmacokinetics 164, 169, these complexes were not evaluated for theilobgiocal
behavior. Hence, in vitro studies were carried only with **™Tc-Cys-Cys-Anx13 and
99Mrc-(CO)-His-Anx13 (another #™Tc-Anx13 complex, synthesized via tricarbonyl
precursor in Kanchan Kothari’s laboratory) in amtiet HL60 cells. Both®*™Tc-Cys-Cys-
Anx13 and®*™c-(COY-His-Anx13, which were proven to be single specieste found to
be stable at room temperature for 248°%'Tc-Cys-Cys-Anx13 and®™Tc-(CO)-His-Anx13
were also stable and did not dissociate or trarathe/hen challenged with cysteine (0.1 M)
and histidine (0.1 M) in saline, indicating themtential for further evaluation as apoptosis
marker.

Among these?™Tc-Cys-Cys-Anx13 exhibited specific uptake in amist HL60 cells,
which could be inferred from poor uptake in unteebHL60 cells as well as in treated cells in
the presence of excess cold peptide Anx13. In dise of’°"Tc-(CO)-His-Anx13, the uptake
was higher but not found to be specific.

Among the four tested complexe$™Tc-Cys-Cys-Anx13, which showed the best
characteristics, was further evaluated in vivo uimor-bearing Swiss mice to study its
suitability to assess response to cancer therapyc-Cys-Cys-Anx13 has shown reasonably
good tumor uptake. Apart from the above, large mdks do not clear from the body
quickly, often accompanied by soft tissue uptakthefradiopharmaceuticals.

In the case of°"Tc-HYNIC-annexin V too, earlier studies in normalB/c mice have
shown high soft tissue retention atiTc-HYNIC-annexin V has also shown high retention
of activity in the abdominal region in murine tumoodel, making the product not suitable
for evaluation of apoptosis in abdominal regioh6€]. In our studies with°™Tc-Cys-Cys-
Anx13 in tumor-bearing Swiss mice, the retention sioft tissues is relatively low in
comparison to**™Tc-HYNIC-annexin V (67). Thus, *™Tc-Cys-Cys-Anx13 could be a
potential agent for apoptosis imaging.
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5. Summary

Our aims were multiple, preparing of suitable riti and*?1-labeled peptides foin
vitro or in vivobiological assays, development and applicatioa witium labeled radioactive
tracer for examination of a hypothesis, synthes derivatization of a putative biologically
active protein fragments foovel **™Tc-labeling approaches.

Two Dmt-EM2 isotopomers were labeled with tritium in p@sit1 or position 2. Both
radioligands exhibited high specific radioactiviBifferent rates of degradation of EM2 and
of Dmt-EM2 were observed in the rat brain homogenate. B2 was six times more
resistant than EM2 to peptidases, the half-livaad83.64 and 5.88 min, respectively. The
half-life of [°H,]Pro®>-Dmt-EM2 proved almost 2.5 times longer than that of 1)

To characterize the pharmacological properties &Q@W, a peptide in zebrafish, the
organism in which this peptide is naturally presantan endogenous opioid ligand, we have
labeled it with tritum {HIMEGY). In addition, we have also synthesized tamalogs: (D-
Ala®)-MEGY (YaGFMGY) and (D-Al4, Val)-MEGY (YaGFVGY). The binding profile of
these three agents has been studied in zebrafistagbrain membraneSHIMEGY presents
one binding site in zebrafish, as well as in raitmembranes, although it shows a slight
higher affinity in zebrafish brain. Competition Hding assays indicate that the methionine
residue is essential for high-affinity binding oB@Y and probably of other peptidic agonists
in zebrafish, whereas the change of a Gly for al®-does not dramatically affect the ligand
affinity. (11.)

Since no genomic code has hitherto been found @mgddr endomorphin precursor-
like proteins. We have sought the possible indicatf an alternativege novobiosynthetic
pathway, which is also an infrequent event in eigkas (e.g. glutathione). Based on the
hypothesis that biosynthesis of an oligopeptide rnele place also from its fragments
through a specific enzymatic route, we decidedetst the probable incorporation of the
tritiated Tyr-Pro dipeptide into endomorphin-rethtpeptides. We found that radioactive
peaks, matching the retention times of endomorpéiiated tri- and tetrapeptides, are present
in rat brain extracts followinigv injection of PH]Tyr-Pro dipeptide. These labeled peptides
appeared at 30 min but not 15 or 60 min aftertreatment, whereas labeled Tyr and/or Tyr-
Pro could be detected both at 15 and 30 min. Ratli@apeaks appeared with retention times
matching that of co-injected free carboxylic forfreadomorphin 2 (YPFF-OH, EM2-OH) in
two extracts and a robust labeled peak in the iposibf endomorphin 2 standard in one
sample. Although labeled peaks were regularly priese the tripeptide region, their exact
matching with YPF or YPW could not be establisHedhight be of importance that no active

peaks corresponding to endomorphin 1-related teprighe standards were foundl.()
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By right of the total activity and specific actiyiof 1> labeled endomorfin-2, the tracer
proved to be suitable tool for radioimmunoassy meag. Thus we developed a RIA
protocol to endomorphin 2, and, in the course dédiwity profiling and validation of
antisera in rat brain extracts, we found an EM2-imoractive peak in the fraction
corresponding to the retention time of standard EDA2in the RP-HPLC gradient separation
system. Since the antiserum did not recognize atitistandard EM2-OH, the
immunoreaktive peak must be attributed to the presef an as yet unidentified new EM2-
like peptide.[V.)

On the other hand, as it above mentioned, we fabedncorporation of label into the
purportedly same peaks, followingy injection of tritiated Tyr-Pro dipeptide into theteral
cerebral ventricle of rats. In both cases, idehtiestraction—purificationand RP-HPLC
gradient separation conditions were used.

The N terminal chain of annexin V consisting ofédifiino acids, which is considered to
bind to phosphatidylserine exposed on apoptotitscebuld be labeled witi*™Tc using
novel chemical approaches#i'Tc radiopharmaceutical chemistry. This study isfits one
to report on the use 6f™Tc-labeled annexin 13 fragment for apoptosis ditecAmong the
four different complexes testef™"Tc-Cys-Cys-Anx13 has shown specific uptake in aptipt
human leukemia HL-60 cells in the in vitro studiBsdistribution studies of’ ™"Tc-Cys-Cys-
Anx13 in tumorbearing Swiss mice also yielded emagung results in tumor uptake and
revealed superiority in soft tissue clearance imparison with®*™Tc-HYNIC annexin V.
Being a small peptide that can be synthesized iigelajuantities *°™Tc-Cys-Cys-Anx13

warrants further evaluation for imaging apopto$is.(
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