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Abstract

Background: Two chelating agents (Carnosine and DMSA) were used to study their
labeling conditions with technetium-99m followed by biological distribution investigation.
Molecular studies were done via PCR/RFLP analysis of angiotensin Il subtype Il receptor gene
for monitoring their antioxidant activity through free iron chelation leading to inhibition of
Fenton reaction.

Material and methods: Carnosine was labeled by mixing 4 mg with 30 mg glucose and
25 pg SnCl,.2H,0, followed by pertechnetate and stand at room temperature for 60 minutes.
Minor modification was done to prepare ®"Tc(V)-DMSA tracer in one step, by adding
pertechnetate solution to the lyophilized kit contains 1mg DMSA, 0.1 mg SnCl,.2H,0, and 30
mg glucose at pH 9. The biodistribution of the two tracers in normal and tumor-induced mice.
The molecular investigation of the anti-oxidant activity of both carnosine and DMSA in 6 Gy y-
irradiated rats using the anti-inflammatory angiotensin 11 subtype Il receptor gene (AT,RG) as
indicator.

Results: Carnosine and DMSA were labeled with Technetium-99m vyielding 85% and
97%, respectively the ability of both tracers to localize in tumor sites but the priority to the
%¥MTc (V)-DMSA. Molecular studies showed strong antioxidant activity of carnosine but not
enough to block radiation induced oxidative stress and Moderate antioxidant activity of DMSA
was achieved by chelating free iron and iron released through oxidative stress. Maximum
protection was achieved through the dual action of both DMSA and carnosine.

Conclusion: moderate and high labeling yield were achieved for both *™Tc(V)DMSA and
%MTc-canosine respectively with higher selectivity of the former to tumor sites and maximum
protection were achieved by the dual action of both chelating agents.
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Introduction

The steadily increasing use of nuclear
and radiation technologies in medicine,
industry, agriculture and scientific research,
has been paralleled by increasing potential
risk for radiation over acute exposure. This
may be intended as in the case with medical
and occupational exposure or accidental as
a shot dose as in the case with accidental
exposures. Invivo effects of radiation on
biological systems are obviously so
complicated to be fully analyzed. So most
of the investigators have undertaken invitro
studies in order to minimize the role played
by many interfering parameters as enco-
untered invivo experimentation (Moseley
and Belin, 1984). DNA is an important

target for the damaging effects of ionizing
radiation and endogenously induced reac-
tive oxygen species. lonizing radiation
produces through direct and indirect effects
a variety of DNA lesions, such as single
strand breaks (SSBs), double-strand breaks
(DSBs), a variety of base modifications,
sugar modifications) and DNA-DNA and
DNA- protein cross-link (O'Neill and.
Fielden, 1993; Wallace, 2002 and von
Sonntag, 1987s. The DSB is generally
thought to be the main lesion involved in
cell killing and formation of chromosomal
aberrations (Johnston et al., 1998; Jeggo,
1990 and Pfeiffer, 1998). Many of the
lesions induced by ionizing radiation are
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chemically similar to those induced as by-
products of oxidative metabolism; however,
ionizing radiation also induces complex
damage known as non-DSB clustered DNA
damage sites (Gulston et al., 2002;
Sutherland et al., 2000 and Jenner et al.,
2001) It has been hypothesized that lesions
within these complex DNA damage sites
induced by ionizing radiation would be less
readily repaired than when present as
isolated lesions Nikjoo et al., 2001). Indeed
the efficiency of repair of DSB induced in
mammalian cells is critically dependent
upon the ionization density of the radiation
(Jenner et al., 1993; Prise et al., 1998 and
Blocher, 1988), which influences the
complexity of DSB and loss of genome
stability. More recently, it has become
evident that processing of lesions within
non-DSB clustered DNA damage sites
based on invitro biochemical approaches is
indeed retarded ( Dianov et al .,2001;
Chaudhry, and Wienfeld, 1995; Harrison, et
al .,1999; Harrison et al .,1998; David-
Cordonnier et al.,2000; David-Cordonnier
et al.,2001la; David-Cordonnier et al.,
2001b; David-Cordonnier et al., 2001c;
David-Cordonnier et al.,2002;Chaudry, and
Weinfeld,. 1997 and Lomax et al .,2004).

The prediction that radiation induces
non-DSB clustered DNA damage sites
initially arose from biophysical models
(Nikjoo et al., 1997 and Goodhead, 1994).
However, more recently experimental
evidence has shown that non-DSB clustered
damage sites are indeed induced in
mammalian cells by y-radiation in yields
that are four to eight times that of prompt
DSB (Gulston et al., 2002; Sutherland et
al.,2000 and Sutherland et al .,2002). y-
Radiation also produces a type of non-DSB
clustered damage, which contains heat-
labile sites, in “naked' DNA (Gulston et al.,
2002; Pryor and Stone, 1993; Hunninghake
and Crystal, 1983) and cellular DNA
(Bandy and Davison, 1990 and Shimoda-
Matsubayashi et al., 1996).

Reactive oxygen species (ROS) have
been implicated in many diseases, including
cancer, by causing DNA damage and spon-
taneous chromosomal breakage and activ-
ating procarcinogens (Wang et al., 2004).
The body has a very effective network of
antioxidants serving as scavengers of super-
oxide and hydrogen peroxide, including

superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx).
SOD is one of the key enzymes that
detoxifies the superoxide radical (O;) and
generates hydrogen peroxide (H,O,), which
in turn is detoxified by catalase and GPx.
Of the three forms of SOD in humans,
mitochondrial manganese SOD (MnSQOD)
may be particularly important for
antioxidant defense as the mitochondria are
the major site for cellular metabolism and
the main site for the production of ROS
(Ambrosone et al., 1999).

Polymorphisms of genes leading to a
reduction of antioxidant activities have
been postulated to be a possible mecha-
nism. There is a polymorphic site identified
in the mitochondria targeting sequence of
human MnSOD gene (Lifton 1996). In
addition, polymorphisms in the angiotensin-
converting enzyme (ACE) gene were
shown to be associated with an increased
risk of myocardial infarction, immuno-
globulin A (IgA) nephropathy, the renal
complications of diabetes, hypertension,
and the response to treatment with ACE
inhibitors.

Carnosine (beta-alanyl-L-histidine) is
a dipeptide commonly present in mamm-
alian tissue, and in particular in skeletal
muscle cells; it is responsible for a variety
of activities related to the detoxification of
the body from free radical species and the
by-products of membrane lipids peroxid-
ation, but recent studies have shown that
this small molecule also has membrane-
protecting activity, proton buffering capa-
city, formation of complexes with transition
metals, and regulation of macrophage func-
tion. It has been proposed that carnosine
could act as a natural scavenger of dange-
rous reactive aldehyde from the degradative
oxidative pathway of endogenous molec-
ules such as sugars, poly unsaturated fatty
acids (PUFAs) and proteins. In particular, it
has been recently demonstrated that carno-
sine is a potent and selective scavenger of
alpha, beta-unsaturated aldehyde, typical
by-products of membrane lipids peroxi-
dation and considered second messengers
of the oxidative stress, and inhibits
aldehyde-induced  protein-protein ~ and
DNA-protein cross-linking in neurodege-
nerative disorders such as Alzheimer's
disease, in cardiovascular ischemic damage,
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in inflammatory diseases. The research for
new and more potent scavengers for alpha,
beta-unsaturated aldehyde has produced a
consistent variety of carnosine analogs
(Guiotto et al., 2005).

During this study, Carnosine and
DMSA were labeled with technetium-99m
via direct labeling technique to prepare
carnosine-Technetium-99m complex and an
oxo-core technetium-99m complex of
DMSA in heptavalent coordination form.
The produced *"Tc-carnosine  and
99MTcO-(V)-DMSA were evaluated biol-
ogically in mice via intravenous applic-
ation. In addition, the antioxidant activities
of carnosine and DMSA single and in
combination were evaluated in rats induced
a gene polymorphism via y-irradi-ation (6
Gy) using angiotensin Il subtype Il receptor
gene (AT,RG) amplification and restriction
as indicator.

Experimental

Carnosine, DMSA, and stannous
chloride dihydrate were purchased from
Sigma-Aldrich, Germany. Technetium-99m
was eluted from moly generator purchased
from "ELUTEC" Brussels, Belgium.
Deoxynucleotide  triphosphates  (dNTP,
dATP, dGTP, dTTP, and dCTP) were
obtained from Perkin Elmer Cetus, USA.
The tag DNA polymerase used for AT,R
gene amplification was obtained from
Boehringer Mannheim Biochemica,
Germany and Gibco/BRL, Gaithersburg,
Md., USA. Restriction enzymes Styl, Aspl,
and BstEll were purchased from
Boehringer-Mannheim while Sspl  from
Sigma-Aldrich. Mice were used for
biodistribution studies.

Technetium-99m Labeling of Carnosine

and DMSA
The labeling of DMSA  with

technetium-99m was done as follow:

1- One mg of DMSA was dissolved in
double distilled water in the presence of
0.5 M sodium bicarbonate sufficient to
bring the reaction mixture to pH 9 = 0.2
after the addition of the acidic solution
of stannous chloride dihydrate 0.1 mg.

2- Thirty mg of glucose was added to the
above solution.
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3- The required amount of pertechnetate
(740-1480 MBq) was added and the
reaction mixture was incubated at the
ambient temperature (25 °C) for 15
minutes.

The labeling of carnosine with
technetium-99m was done using a simple
procedure, just by adding the pertechnetate
solution (740-1480 MBQq) to the reaction
vial contains 4 mg carnosine, 25 ug stann-
ous chloride dihydrate, 30 mg glucose, and
the pH was adjusted to 8.5 using
bicarbonate solution. The reaction mixture
was incubated at room temperature for 60
minutes.

Radiochemical Analysis

The radiochemical analysis was done
for two complexes using the same system
as follow: Spot from the reaction mixture
was applied to the ITLC-SG-60 which was
developed in ascending manner by a
mixture of n-butanol: acetic acid: water
(3:2:3). *"Tc (V)-DMSA was at Rg 0.5 —
0.7, *™Tc (111)-DMSA was at R 0.0, and
®MTcO, was at Ry 0.9 —1.0. Acetone was
used to separate 99mTc-Carnosine from
free pertechnetate, Re for *™Tc-Carnosine
and colloids was 0.0 — 0.1, while Rs for
®MTeO, was 0.9 — 1.0. In addition, saline
was used to separate *™Tc-Carnosine from
colloids, Ry for ®*™Tc-Carnosine was 0.9 —
1.0 while Ry for ®™T¢cO7, was 0.0 — 0.1.

Biodistribution Studies

This experiment was done by diluting
the solution of *™Tc-Carnosine and *™Tc
(V)-DMSA with one ml saline and passed
through 0.22 um Millipore filter for steril-
ization and to remove colloids in the case of
®MTc-carnosine. 200 — 250 MBq of the
sterile solution was injected via intravenous
into the white mice weighting 25-30 gm
(group of 3 mice). The mice were
maintained on normal diet in a metabolic
cage. The different mice groups were
sacrificed at different time intervals
corresponding to 0.25, 0.5, 1, 2, and 4 h
post-injection respectively for each group.
Samples of fresh blood, bone and muscle
were collected and counted by gamma
counter. The different organs were
removed, counted and compared to the
standard solution of radioactivity. The
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average percent values of the administrated
dose/organ were calculated.

Animals and Irradiation Protocol

Thirty female rats mean age 150 —
180 days were used in the experiments (Six
animals for each group). All experiments
were carried out with the permission of the
Egyptian  Atomic  Energy  Authority.
Animals were divided into five groups. The
first group was used as negative control, the
second group was used as positive control,
the third group was treated with carnosine
(200 mg/Kg) one hour before y-irradiation,
the forth group was treated with carnosine
and DMSA (200 and 50 mg/Kg,
respectively) one hour before y-irradiation,
and the fifth group was treated with DMSA
(50 mg/Kg) one hour before y-irradiation.
The last four groups were y-irradiated with
6 Gy. Rats were killed by neck dislocation
after 30 min. Whole body irradiation was
performed with ®Co - y-cell at dose rate of
2 Gy/min.

DNA Preparation

One gram from each sample of the
five groups was homogenized in 500 pl of
isotonic saline solution and centrifuged at
5,000 rpm for 5 minutes. The cell pellet
was re-suspended in 500 pl of UNSET
(Lysis solution; 8M urea, 2% sodium
dodecyl sulfate, 0.15M NaCl, 0.001M
EDTA, 0.1M Tris pH 7.5). Phenol-chloro-
form extraction was used two to three times
to separate the organic and aqueous phases.
To precipitate the nucleic acid, iced
absolute ethanol was added (2:1 v/v), and
left to incubate at -20 °C for 24 to 48 hours.
The nucleic acids were recovered by
centrifugation at 5,000 rpm for 15 minutes.
The pellet was dried and then re-suspended
in 40 pl of sterile HO. One ul of the re-
suspended pellet was checked by agarose
gel electrophoresis for the presence of
DNA.

Preparation of 0.8% Agarose Gel

0.8 gm of agarose (sigma) was
dissolved in 100 ml TAE buffer (242 gm
tris, 3.72 gm EDTA, 700 ml H,O, 57 ml of
glacial acetic acid and the volume brought
to 5 liters).

Gene Amplification and Purification
Using the Standard Polymerase Chain
Reaction (PCR)

To amplify the complete nuclear
DNA gene, one pl of whole cell DNA
template was used plus oligonucleotide
primers complementary to either the 5 or 3
ends of the AT,RG. To amplify the comp-
lete AT,RG, one pl of whole cell DNA
template was used plus oligonucleotide
primers complementary either to the 5° and
3" ends of the gene as presented in Table
(1). Program for amplification of nuclear
DNA was 30 -35 cycles; one minute at 94
°C, two to three minutes at 45 °C, and three
minutes at 72 °C. PCR products were
isolated after separation by agarose gel
electrophoresis, using a 3 mm X 6 mm 12-
well comb. Ethidium bromide was used to
stain PCR products in the gel (50 mg/100
ml 1X TAE) for ten minutes. The PCR
products (bands) were visualized under UV
lamp and then cut from the gel. Glass milk
DNA purification (Gene clean Kit) was
used to purify the gene from the agarose
gel. Three micro liters of the amplification
products were visualized on 0.8% ethidium
bromide stained agarose gel to check the
quality of amplification. The remaining 7 pl
were mixed with 53 ul double distilled
water and divided into 10 pl aliquots for
enzyme digestion.

Restriction Fragment Length
Polymorphism (RFLP) Protocol

Restriction endonucleases were used
to digest the AT,RG of all groups. The
digestion was performed for 3.5 hours at 37
°C, and the products were evaluated on 2%
TAE-agarose gels, stained with ethidium
bromide, and bands were detected upon
ultraviolet transillumination and photogra-
phed (35 mm Kodak Film, England). RFLP
profiles were obtained according to the
following steps: 1- The restriction buffer
(5ul) presented in Table (2) was transferred
to the Labeled 0.5ul tubes, 2- 5ul of each
PCR product was added to the labeled
tubes. 2- The tubes was centrifuged and
placed in water bath (37 °C) for 1.5 hours.
3- The tubes were placed on an ice after
digestion.
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Results

Radiolabeling of  Carnosine  with
Technetium-99m

Many factors can affect the coordi-
nation of technetium-99m with carnosine.
The most important one is the pH of the
reaction mixture. The experiment was
carried out by adding pertechnetate to the
appropriate buffer solutions contain 4 mg
carnosine and 25 pg stannous chloride
dihydrate, and the reaction mixture was
incubated at ambient temperature for 60
min. As cleared from Figure (1), at acidic
pH (3, 5) the radiochemical yields of *™Tc-
carnosine were very low and closely to each
other (17 %). Increase the pH of the
reaction medium to 9, a dramatic increase
in the radiochemical yield of  *™Tc-
carnosine was observed (65%). At high
alkaline pH value 11, the radiochemical
yield of “™Tc-carnosine began to decrease
with an increase in colloids and free
pertechnetate was observed.

Carnosine amount plays an important
role in the labeling process. As cleared
from Figure (2) a maximum radiochemical
yield of *"Tc-carnosine (60 %) was obta-
ined at 4 and 5 mg. At low amounts of
carnosine 0.5 and 1.0 mg, the radiochemical
yield was very low and not exceeds 25 %.
Increasing the amount of carnosine gradu-
ally caused increase of the radiochemical
yield.

Stannous chloride dihydrate which is
the most applied reducing agent in the
technetium-99m chelation chemistry played
an effective role in this labeling process. As
it is clear from Figure (3), low amounts of
stannous chloride produced low radioch-
emical yield. Because the labeling of
carnosine with technetium-99m was done at
alkaline pH (8.5), an increase in the amount
of stannous chloride dihydrate leads to the
formation of colloids (reduced hydrolyzed
technetium and stannous hydroxide), so it is
not recommended to increase stannous
chloride. The maximum radiochemical of
¥MTc-carnosine (65%) was obtained using
25 ug of stannous chloride dihydrate.

The addition of glucose to the reaction
mixture is of three values, the first one it
works as reducing agent. The second as
radical scavenger to prevent fast
degradation of the labeled carnosine by y-
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radiation. The third it act as a filler to
improve the physical appearance of the
freeze dried disc upon lyophilization of the
final product. The effect of addition of
glucose (30 mg ) to the reaction mixture is
presented in Figure (4), which showed a
fantastic increase in the radiochemical yield
of *™Tc-carnosine exceed 85%.

Experiments for pentavalant DMSA
complex optimization, using the following
variations were introduced: (1) the renal
DMSA kit was adjusted to pH 8.2 with
sodium bicarbonate and labeled at different
time periods; (2) the renal DMSA kit was
adjusted to pH 9 with sodium bicarbonate
and labeled at different time periods; and
(3) DMSA formula with 0.1 mg stannous
chloride dihydrate contains 30 mg glucose
atpH 8.2 and 9.

The results of these experiments are
presented in Tables (3- 6). As cleared from
Table (3), a maximum percent conversion
of 99mTc (111)-DMSA to *™Tc-(V)-DMSA
was obtained at pH 8.2 after 60 minutes
conversion time. The presence of 99mTc
(I-DMSA in the reaction mixture
interfere with the pentavalant analogue and
not altered after 240 minutes. At pH 9, the
renal DMSA complex was changed to the
pentavalant analogue with 84% within 30
minutes and increased slightly to 88 % at
60 minutes as presented in Table (4). The
DMSA formula which contains 0.1 mg
stannous chloride dihydrate and 30 mg
glucose, the maximum radiochemical yield
of " Tc(V)-DMSA ((97%) was obtained at
the shortest reaction time (15 minutes) at
both pH values 8 and 9 as presented in
Table (5).

Biological Distribution

The biological distribution of *™Tc-
Carnosine was done in the adult albino
mice. The mice were sacrificed at different
time periods by decapitation under ether
anesthesia. The data of this study is
presented in Table (7), and expressed as
total injected dose / organs. In concern to
the biological distribution of *"Tc (V)-
DMSA in normal mice, the data of these
experiments are presented in Table (8).

Molecular Biology Studies
The fragments of rat brain which have
been separated by agarose electrophoresis
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enabled us to identify their different alleles.
DNA genome of rate brain cell has a high
molecular weight, so it remained in the
field of the agarose gel as shown from
Figure (6 a). The anti-inflammatory angiot-
ensin 1l subtype Il receptor gene (AT.RG)
was separated into a purified fragment form
using PCR. The size of AT,RG was found
to be approximately 2950 bp for rats as
shown in Figure (6 b). Sspl restriction
enzyme did not differentiate the five groups
of rat brain when it digested AT,R gene
into five restriction fragments 50, 250, 450,
500, and 1700 bp as shown in Figures (7 a
& b). As shown in Figures (8 a &b), Aspl
restriction enzyme cuts the AT,RG into
three restriction fragments for groups 1 and
4 at 250, 850 and 1850 bp, while the same
enzyme cuts groups 2, 3 and 5 into five
similar bands at 250, 300, 500, 900 and
1000 bp.

BstEIl  restriction  endonuclease
clustered the AT,RG into two groups as
shown in Figures (9 a & b). AT,RG isolates
of groups 1, 3 and 4 were digested by
BstEIIl restriction enzyme into two
restriction fragments 450 and 2500 bp,
while that of groups 2 and 5 were
fragmented into four bands 150, 350, 900
and 1550 bp. Styl restriction endonuclease
clustered AT,RG groups into two groups as
cleared from Figures (10 a & b). Only
AT,RG restriction fragments of group 2
have five bands with characteristic two
bands by the action of Styl restriction
enzyme (50, 300,350, 750 and 1500 bp.
Groups 1, 3, 4 and 5 showed four bands by
the action of Styl restriction endonuclease
(300,350,750 and 1550 bp.

Table 1: The PCR primers sequences used for amplification of AT,RG

Direction Sequence
Forward 5™ 3° 5TTTGGTATGCATTAAGCCTTTTCT 3°
Reverse 5°3° 5 GAATTCATTTCCGACATATGCT 3

Table (2): Reagents used in RFLP

Reagent

VVolume per sample, ul

Restriction buffer
Ultra-pure water
BSA

Enzyme

PCR product

Total reaction volume

1.0
3.8
0.1
0.1
5.0
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Table (3): Percent conversion of renal DMSA to *™Tc (V)-DMSA by bring pH of the
reaction mixture to 8.2 at different intervals of time

% conversion
Time/min ®MTe(V)-DMSA | *™Tc(111)-DMSA ®"Tec 04
&RH*"Tc
5 57.3+4.9 42.7+4.9 0.22 +0.18
15 72.0+5.0 28.0£5.0 0.15 +0.05
30 77.0£3.0 23.0+3.0 0.07 £0.01
60 83.0+3.6 17.0+3.6 -
120 85.0£2.0 16.0 2.8 -
240 83.0+26 17.0+2.6 -

Table (4): Percent conversion of renal DMSA to *™Tc (V)-DMSA by bring pH of the
reaction mixture to 9 at different intervals of time

% conversion

Time, min ®"Te(V)DMSA | “™Tc(III)DMSA *TTe O

’ & RH¥*"T¢
5 65.7+1.5 39.3+25 0.05 + --

15 76.0+ 1.6 240+1.2 0.02 + -

30 84.3+2.1 15.7+1.1 -

60 87.3+2.3 12723 -

120 88.0 £ 2.6 12016 -

240 86.7+25 10.3+1.2 -

Table (5): Percent radiochemical yield of *™™ (V) DMSA using 0.1 mg SnCl,.2H,0 and 30

mg glucose
%Radiochemical yield
Reagent added ®MTc(V)DMSA ®MTc(11))DMSA T Oy
g & RH®™Tc
pH 8 97.0+£0.86 29+0.9 0.03 £ --
pH 9 96.3+1.15 43+1.1 0.05 £ --
30 mg glucose at pH 8 96.2 £0.70 3.3+£0.8 0.60+0.1
30 mg glucose at pH 9 95.3+1.52 44+0.6 0.27 £ --
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Table (6): Invitro stability of *™Tc (V) DMSA at pH 8.2, 0.1 mg SnCl,.2H,0 and 30 mg

glucose
%Radiochemical yield
Time, min | ®"T¢(V)DMSA | *™Tc(III)DMSA ®"Tc 04
& RH¥*"Tc
5 96.8+2.1 24+26 0.8+0.2
15 96.7 3.2 2329 1.0+0.2
30 96.5+2.2 29+22 1.6+0.2
60 97.0+0.8 1.6+0.9 1.4+0.2
120 97.2+1.6 2.8+0.8 -
240 97.3+0.6 2.7+0.6 -
360 96.3+1.5 3.7+05 -

Table (7): Biological distribution of *"Tc-Carnosine complex in normal mice organs

% Injected dose / organ at different times post injection

Organs &
body fluids 15 min 30 min 60 min 120 min 240 min
Blood 36.7+£25 27.3+£25 199+21 147+1.8 11.3+1.8
Muscle 9.8+1.1 55%0.7 6.0+£0.4 82+13 7.0£10
Bone 87x11 9.2%+16 6.1£0.7 44+0.7 41+0.9
Kidney 53%£05 6.4+1.2 6.6 £0.5 56+0.6 52+0.6
Urine 16.3+1.5 19.6+£2.1 205+2.2 25113 29.2+1.7
Liver 56+0.8 81x14 7.5%£0.9 59+0.7 6.9+1.6
Intestine 6.1£0.6 89715 15.7+£1.7 17225 19.2+1.4
Stomach 39+04 48+1.1 8.2%0.8 7.1+£18 8.0x£10
Spleen 1.2+£0.2 0.8%0.2 0.8+0.3 05=*-- 0.7+0.2
Lung 197+ 0.5 1.3+0.2 1.1+ 0.3 24+04 0.8x0.1
Heart 0.7+£0.6 06£0.1 0.3%-- 0.3%-- 0.3%--
Brain 09+£0.2 1.0+0.2 1.4+0.2 1.2+0.2 1.4+0.2
Thyroid 2.2%0.3 3505 3.6%0.3 35%0.3 3.2%0.2
B/BI., g 0.15 0.23 0.44 0.5 0.77

B: Brain BI: Blood
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Table (8): Biological distribution of **™Tc¢ (V) DMSA complex in normal animal organs
g

% Injected dose / organ at different times post injection

Organs 15 30 60 120 240
&body fluids
Blood 250+2.8 15715 119+1.1 12.2+1.3 11.3+25
Muscle 21.3+2.1 175+£14 12.3+1.5 10915 11.9+2.2
Bone 23.7+2.1 258+1.3 26.9+4.38 214 +£1.2 19.2+£0.9
Kidney 1.9+04 3.3x0.2 44+0.3 5605 6.7x1.8
Urine 126 +1.8 189+£1.2 195+0.6 20.8+£1.0 225+4.4
Liver 3.4+0.3 5905 8.1x15 96x£12 108+1.4
Intestine 3.1+0.2 6.6 £0.9 9.2+17 8.0+0.8 11.2+£1.2
Stomach 1.1+0.2 1.7+0.3 25+0.2 3.8+1.1 25+0.2
Spleen 0.4 + - 0.6+0.2 04 +-- 0.6+0.1 0.7+£0.1
Lung 08+01 0.7x0.2 0.8+0.1 1.0+£0.1 1.3+£05
Heart 0.8 +-- 05+ -- 0.3£-- 04+ -- 0.3x0.1
Brain 0.2+0.1 05%0.1 0.7x0.2 1.0+£0.2 1.1+£02
Thyroid 0.3+0.1 0.4 +--- 05%0.1 1.9+£0.2 1.3+£0.3
B/BIl., g 0.05 0.2 0.37 0.5 0.6
B: Brain BI: Blood
Fig:1 Fig:2
804 Colloids
8 704 \‘/_\ *™Tc-camnosine
2 ool .
g 504 ]
E 40 :
g 20 . :ngcO'A >/
104 . ./.
ol : : .
pH of the reaction mixture
Fig:3 Fig:4
;é 60: .,,/\' “Mc-carnosine %{ 60 ///—’.
g iZ: Colloids a g is
10 : ‘/A<. 1o, js : *"Tc0, Colloids

Stannous chloride dihydrate amount, ug

Glucose amount, mg
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Fig:9b
Restriction Fragments of angiotensin |l receptor type
2 gene by using BstEIl
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Figure (1): Radiochemical yield of ®"Tc-Carnosine as a function of pH of the reaction mixture
Figure (2): Radiochemical yield of ®"Tc-Carnosine as a function of carnosine amount

Figure (3): Radiochemical yield of *™Tc-Carnosine as a function of stannous chloride
dihydrate amount.

Figure (4): Radiochemical vyield of *™Tc-Carnosine as a function of glucose amount
Radiolabeling of DMSA with Technetium-99m

Figure (5): Tumor to non-tumor taken up ratio of both *Tc-Carnosine and *“"Tc (V) DMSA in
rat muscle

Figure (6): (a) Complete genome and (b) AT,R Gene.

Figure (7): AT,R Gene restricted with the endonuclease Sspl, (a) 1kb ladder lanes 1 to
represent the length of the AT,RG (b) Restriction fragments size in bp

Figure (8): AT,R Gene restricted with the endonuclease Aspl, (a) 1kb ladder lanes 1 to
represent the length of the AT,RG (b) Restriction fragments size in bp

Figure (9): AT,R Gene restricted with the endonuclease BstEIl, (a) 1kb ladder lanes 1 to
represent the length of the AT,RG (b) Restriction fragments size in bp

Figure (10): AT,R Gene restricted with the endonuclease Styl, (a) 1kb ladder lanes 1 to
represent the length of the AT,RG (b) Restriction fragments size in bp

Discussion

of pertechnetate. Due to the presence of many

the structure of

The labeling carnosine  with
in

technetium-99m was done via direct
labeling. The reducing agent was added to
the solution of carnosine followed by
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donating  groups
carnosine (hydroxyl and amid groups), in
addition to the electron enriched atoms
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(oxygen and nitrogen), technetium is able to
make a coordination bonds with carnosine.
Many factors can affect the coordination of
technetium-99m with carnosine. The most
important one is the pH of the reaction
mixture. To investigate the influence of pH
on the percent labeling yield of carnosine
with ®¥™Tc, the test was carried out by the
addition of pertechnetate to the stannous
complex of the ligands at different pH
values ranged from 3 up to 11. The data
presented in figure 1 clearly showed that,
the labeling yield is dependant on the pH of
the reaction.

The labelling of many radiopharm-
aceuticals found to produce high labelling
yield at pH8-9 (EI-Ghany., et al 2000).the
labelling of carnosine with technetium reac-
hes the maximum at pH8.5 by using 0.5 M
sodium bicarbonate. As the pH decreased
towards the acidic one, the *™Tc-carnosien
was decreased also but at higher pH, little
decrease in the labelling yield were found.

The reason for such phenomena can
be explained as the following; at acidic pH,
protons compete with technetium for nitro-
gen atoms in amine groups of carnosine
leading to labeling yield decrease. The
higher activity counted in colloid zone may
be due to unknown mechanism or form-
ation of secondary complex. But at higher
ph than 8.5, it leads to formation of
carboxylate anions that are negatively
charged entering the resonance stabilization
of with electron withdrawing effect on lone
pair of electrons that are available for
coordination with  technetium. So at
extreme alkaline pH, a gradual decrease in
labeling yield were found and percentage of
colloid formation.

Carnosine amounts play an important
role in the labeling process. Maximum
radiochemical yield of 99mTc-carnosine
was obtained at concentration of 4 mg. At
low amounts of carnosine, 0.5 and 1.0 mg
the radiochemical yield were very low with
high percent of free technetium. Increasing
the amount of carnosine gradually, the
radiochemical yield began to increase. this
pattern was due to the low affinity of
carnosine to coordinate with technetium-
99m especially a maximum vyield was
obtained after long incubation of carnosine
with technetium-99m at room temperature
(60 min.) in alkaline pH.

By using stannous chloride dihydrate
as reducing agent, the most labeling yield
was approximately equal to 25ug of tin for
carnosine labelling. Also the results cleared
that when the amounts of stannous exceed
the values of 25ug/ml, decrease in comple-
xation yield and increase of the colloid
formation. Because the labeling of carno-
sine with technetium was done at alkaline
pH 8.5, an increase in the amount of stann-
ous chloride dehydrate causes the formation
of colloids ( reduced hydrolyzed technetium
and stannous hydroxide ).below this value
of tin, stannous chloride is not sufficient for
complete reduction of pertechnetate that
causes increase in free pertechnetate with
concomitant decrease in colloid formation .
Similar radiolabelling profiles were found
in many radiopharmaceuticals (Ali, and
Abdul-megeed, 2002).

The effect of addition of varying
amounts of dextrose was studied. By addit-
ion of moderate amounts of glucose , an
increase in the labelling yield were obser-
ved with gradual increase in colloid form-
ation as shown in Figure 4 .this may be due
to prevention of fast labeled compound
degradation with slight increase in reducing
power of the solution . Excessive amounts
of glucose causes an increase in colloid
formation, which may be due to formation
of insoluble stannous hydroxide through
common ion effect.

Stannous hydroxide reacts with
reduced form of technetium-99m to form
Tc-tin-colloid excessive amount of dextrose
decrease labelling yield which may be due
to inhibition of carnosine ionization that
decrease the availability of nitrogen and
oxygen lone pair of electrons for
coordination with technetium.

A huge amount of studies were
carried out to prepare pentavalant techne-
tium-99m- DMSA complex (*"TcO (V)-
DMSA). This complex has a property differ
from that of *™Tc (111)-DMSA (renal
complex) as, it is able to localized in
different types of tumor. All these methods
were designed to completely control two
parameters which have a great influence on
the formation of 99mTc (V)-DMSA. The
first one is the pH of the reaction mixture,
the pentavalant DMSA complex was
formed in a critical pH range lies between
8.2 and 9 that showed moderate formation
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of pentavalant technetium-99m- DMSA as
shown in tables 3 and 4. This pH range can
be achieved by adding sodium bicarbonate
solution of specific molarity to the renal
DMSA kit before pertechnetate addition.
The second factor is the concentration of
stannous chloride dihydrate, tinny amount
of this reducing agent was required to bring
the pertechnetate to the oxidation state (V).
To achieve this, the reaction mixture of
renal DMSA must be purged with sterile
oxygen to oxidize the excess stannous
chloride and to bring the pertechnetate from
the lower oxidation state (I11) to the higher
oxidation state (V) (Kumar., 2001).

In respect to the results mentioned
above, it was cleared that the decrease of
the amount of stannous chloride dihydrate
to 0.1 mg reduced pertechnetate to the
most suitable oxidation state (V) and
yielding the highest radiochemical yield of
%¥MT¢(V)-DMSA as shown in Table 5. The
addition of glucose to the DMSA formula
did not increase the radiochemical yield of
the pentavalant DMSA-technetium-99m
complex, but it support the invitro stability
of the tracer against the radiolysis effect of
y-rays up to 6 hours as shown in Table 6.

As cleared from table (7), the
clearance of the tracer from the blood was
low due to its high lipophilicity, the blood
uptake at early time post injection (15
minutes) was 36% and decreased to its half
value at 60 minutes post injection. At the
late time (240 minutes) the blood uptake
remains high and equal to 11%. This
observation reflected  the hepatobiliary
excretion mode of the tracer, as the liver
and intestine hold a high radioactivity
(23%) at 60 minutes post injection and was
increased gradually as time passed reached
to 26%, taken into consideration the
radioactivity passed to the feces (not
collected). Other route of excretion can be
nominated which was via the kidneys, the
radioactivity detected in both kidneys and
urine was high (21%) at 15 minutes post
injection and increased at late time (34% at
240 minutes). The radioactivity detected in
both stomach and thyroid reflected the
biological stability of the tracer. In respect
to this, the total radioactivity detected in
both stomach and thyroid was within the
accepted limit of technetium-99m radiopha-
rmaceuticals at 30 minutes post injection.
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However, at late time (240 minutes) the
tracer lost some of its stability and free
pertechnetate was increased in the stomach
and thyroid reached to 11%. The brain
uptake of *™Tc-Carnosine was in its
highest value (1.4%) at 60 minutes post
injection and remains unchanged even after
240 minutes post injection, so it is useful to
use this tracer as brain imaging agent. In
respect to the brain/Blood ratio, a maximum
ratio (0.77) was obtained at 240 minutes
post injection which due to the clearance of
the tracer from the blood pool and the
imaging of the brain was suitable at this
time. The brain uptake of *™Tc-Carnosine
was attributed to the chemical nature of
carnosine, as it is amino acid molecule.

The figures outlined in Table (8)
showed the localization of high radioac-
tivity in muscles and bone at 15 minutes
post injection and decreased gradually as
time passed. The uptake of the kidneys
which is the target of *™TC(l11)-DMSA
was low and equal to 1.9 % and 6.7 % at
15 and 240 minutes post injection, respec-
tively. The localization of the tracer in brain
tissues was calculated and presented in
Table (8) as ratio of brain uptake to the
radioactivity stayed in the blood pool per
gram tissue. It clearly showed that the
ability of the tracer to pass through the
intact blood brain barrier with a relative
ratio to the blood sufficient to image the
brain tissue (0.7 and 0.77 at 120 and 240
minutes post injection). The in-vivo
stability of “™Tc(V)-DMSA was higher
than that of *™Tc-Carnosine as the sum of
radioactivity detected in  stomach and
thyroid not exceed 3.8% at late time post
injection (240 minutes).

In respect to the biodistribution of the
two tracers in tumor induced mice, the data
of these experiments are presented in
Figure (5) which showed that the tumor/
non-tumor(T/NT) of *™Tc (V)-DMSA was
higher than 99mTc-Carnosine during all
selected time periods. In addition, the most
proper time that showed the highest T/NT
of ¥ Tc (V)-DMSA was 60 minutes post
injection.

Depending on the above data, it was
found that polyphylogenicity between all
groups which are diagnostic markers for
these groups by DNA analysis. The data
obtained revealed that group 1 (normal
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control) has a characteristic bands with

Aspl, BstXIl, and Styl restriction

endonucleases. While group 2 (irradiated

with 6 Gy) as a positive control group
showed a diagnostic polymorphic markers
of approximately about 50 and 300 bp for

Styl restriction enzyme. All y-irradiated

groups treated with AOs have diagnostic

cuts of 1000 bp using BstXIl restriction
endonucleases. So DNA analysis of the

AT,RG polymorphism for different groups

is a diagnostic tool for y-ray adverse effect

and to estimate the anti-oxidant activity of
carnosine and DMSA.

From oxidative stress point of view,
PCR/RFLPs profile of AT,RG produced
high variations between group 1 (normal
control), group 2 y-irradiated (positive
control) and groups 3, 4 and 5 (y-irradiated
and treated groups) according to the
difference of the profile obtained with Styl
and BstEII restriction endonucleases. On
the other side, results obtained of Sspl
restriction endonucleases did not clarify the
difference between all rat groups of AT,RG
based on the similarity of profiles obtained
with this restriction endonuclease.

As the results of the digestion of
AT,RG for all groups by different
restriction enzymes, it was concluded that
there is a polyphylogenetic relationship
between AT,R structures for all groups as
the following:

1- Group 2 which exposed to 6 Gy of y-ray
showed different PCR/RFLPs profile of
AT,R gene from normal control (group
1) in all restriction endonucleases
except for Sspl indicates DNA
fragmentation induced oxidative stress.

2- Carnosine treated group before y-
irradiation ( group 3 ) showed the same
PCR/RFLPs profile for two restriction
endonuclease enzymes (Styl and
BstEIIl) with the normal control (group
1), and similar restriction cuts profile
of Aspl restriction enzyme with group
2. All of these data indicate the strong
antioxidant activity of carnosine but not
enough to completely block radiation
induced  oxidative  stress  which
compatible  with  published data
(Dizdaroglu 1994 and Halliwell, 1998)

3- Group 4 (treated with both carnosine and
DMSA Dbefore y-irradiation) gave the

same restriction cuts for Styl, Aspl, and
BstEIl restriction endonucleases in
compared to normal control group. So
it can be concluded that maximum
protection can be assessed through dual
action of both DMSA and carnosine.

4- DMSA treated rats before y-irradiation
(group 5) exhibited similarity with
PCR/RFLPs profile with Styl restric-
tion enzyme only in compared to
normal control group. In contrast to
the above, group 5 has more similarity
as shown in the PCR/RFLPs profile of
Aspl and BstEII restriction endonuc-
leases with group 2. In addition there
are four different PCR/RFLPs profiles
from group 1 but with less number of
mutations in relation to group 2 with
restriction endonucleases. This in turn
means the moderate antioxidant activity
of DMSA through free iron chelation
and chelation of iron released through
oxidative stress. Also DMSA may be
gives its antioxidant effect through
reduction of formed DNA radical
because its content of free thiols
(Powell and McMillan, 1990).

According to PCR/RFLPs profiles
Carnosine alone may have stronger antio-
xidant property than DMSA because it may
exceed iron chelation by forming zinc and
copper chelates that may have SOD-mimic
action and its alkaline buffering action. But
the dual action of both carnosine and
DMSA may have maximum brain prote-
ction through free metal chelation, SOD-
mimic action and direct reducing power of
both chelates.

Concolusions

Carnosine  was  labeled  with
technetium-99m via direct labeling using
simple method by using glucose and
stannous chloride dihydrate as a reducing
agents. Minor  modification was done to
prepare *™Tc (V)-DMSA tracer in one step
by decreasing the amount of stannous
chloride dihydrate to 100 ug with addition
of glucose. The biodistribution of the two
tracers in normal and tumor-induced mice
clarified that ability of both tracers to
penetrate the blood brain barrier with
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superiority of *™Tc-carnosine. In addition,
the two tracers were able to localized a
tumor site but the priority to the *™Tc (V)-
DMSA at all the designed time periods.

The molecular investigation of the anti-
oxidant activity of both carnosine and
DMSA in 6 Gy y-irradiated rats using the
anti-inflammatory angiotensin 1l subtype II
receptor gene (AT,RG) as indicator referred
to the following: 1- AT,RG was separated
successfully into a purified fragments using
PCR technique. 2- The size of AT,RG was
found approximately 2950 bp for rats brain.
3- 6 Gy vy-irradiation showed different
PCR/RFLPs profile of AT,RG from normal
control in all restriction endonucleases
except for Sspl. 4- Strong antioxidant
activity of carnosine was not enough to
block radiation induced oxidative stress. 5-
Moderate antioxidant activity of DMSA
through free iron chelation and chelation of
iron released through oxidative stress. 6-
Maximum protection was achieved through
the dual action of both DMSA and
carnosine.
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