Environmental Toxicology and Pharmacology 80 (2020) 103464

Contents lists available at ScienceDirect

Environmental Toxicology and Pharmacology

journal homepage: www.elsevier.com/locate/etap

Check for
updates

Radioprotective effect of chloropyllin, protoporphyrin-IX and bilirubin
compared with amifostine® in Drosophila melanogaster

E. Jiménez’, E. Pimentel™*, M.P. Cruces’, A. Amaya-Chavez"

2 Instituto Nacional de Investigaciones Nucleares, Carretera México-Toluca s/n, La Marquesa, Ocoyoacac, Edo. de México, C.P. 52750, Mexico
Y Facultad de Quimica, Universidad Auténoma del Estado de México, Toluca, Mexico

ARTICLE INFO ABSTRACT

The identification of substances that prevent or minimize the detrimental effects of ionizing radiation is an
essential undertaking. The aim of this paper was to evaluate and compare the radioprotective potential of
chlorophyllin, protoporphyrin and bilirubin, with amifostine®, an US Food & Drug Administration approved
radioprotector Using the somatic mutation and recombination assay in the Drosophila melanogaster wing, it was
found that pretreatment (1 —9h) with any of the porphyrins or amifostine® alone, did not affect the larva-adult
viability or the basal frequency of mutation. However, they were associated with significant reductions in fre-
quency of somatic mutation and recombination compared with the gamma-irradiated (20 Gy) control as follows:
bilirubin (69.3 %) > chlorophyllin (40.0 %) > protoporphyrin (39.0 %) > amifostine® (19.7 %). Bilirubin also
caused a 16 % increase in larva-adult viability with 3 h of pretreatment respect to percentage induced in 20 Gy
control group. Whilst amifostine® was associated with lower genetic damage after pre-treatment of 1 and 3h,
this did not attain significance. These findings suggest that the tested porphyrins may have some potential as
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radioprotectant agents.

1. Introduction

The increased use of ionizing radiation (IR) in medical diagnosis,
treatment, and the generation of energy together with the possibility of
accidents or nuclear terrorism increases human exposition with the
consequent health risks. For this reason, it is necessary to look for al-
ternatives to avoid or minimize the adverse effects of IR (Kamran et al.,
2016). Research in identification of radioprotectors is a strategy that is
receiving attention for its health benefits, a radioprotective agent in
principle should not be toxic and must have the ability to reduce the
deleterious effects of IR (Venkatachalam and Chattopadhyay, 2005), it
is also necessary that the hypothetical radioprotective agent be present
in the cell medium before or during radiation exposure (Shirazi et al.,
2007) because the free radicals (FR) have a very short life. The me-
chanisms of action of radioprotectors included: 1) Suppressing the re-
active oxygen species formation (ROS); 2) Stabilizing ROS by donating
electrons; and 3) Improving the repair cell mechanisms (Shirazi et al.,
2007). A large number of compounds have been proposed as radio-
protectors, because they have been shown to be efficient in in vitro
systems, however most of them failed in in vivo tests due to their acute
toxicity and unfavorable side effects (Weiss and Landauer, 2003).

Amifostine® (AMF®) [S-2- (3-aminopropylamino) etiol
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fosphorothioic acid] also known as WR 2721, is the only thiol that has
been clinically approved as a radioprotector for use in humans by the
FDA, to mitigate adverse effects in patients undergoing chemo and / or
radiotherapy (Joshi et al., 2010). AMF® is a broad-spectrum cytopro-
tective compound and a selective agent to protect normal tissues from
the cytotoxic effects of some drugs used in cancer therapy. Its selective
effect for non-cancer cells is due to low alkaline phosphatase con-
centration in cancer cells than normal (Sasse et al., 2006 and Kouvaris
et al., 2007). AMF® is a prodrug that has no activity until WR-1065 is
dephosphorylated to its active metabolite by alkaline phosphatase en-
zyme in the plasma membrane (Andreassen et al., 2003), after activa-
tion, AMF® accumulates in cells and inactivate free radicals by donating
H + from sulfhydryl groups in their structure, it also induces cellular
anoxia, which prevents cellular damage caused by oxygen (Kouvaris
et al., 2007). However, some preclinical studies indicated that it could
protect not only normal cells but cancer cells as well, and produces side
effects after administration such as: hypotension, nausea, and allergic
reactions (Andreassen et al., 2003).

One alternative to avoid these side effects, is the identification of the
radioprotective potential of naturally occurring compounds, which
expected to be nontoxic (Venkatachalam and Chattopadhyay, 2005 and
Kamran et al., 2016). Porphyrins are a group of widely distributed
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macrocyclic compounds in nature that play a very important role in
many metabolic pathways. The basic structure is the porphyrinic ring,
composed by four pyrrole rings linked by methyl bridges and con-
stitutes the prosthetic group of many molecules, such as hemoproteins,
chlorophylls, cytochromes, etc. (Biesaga et al., 2000). There is experi-
mental evidence indicating that some porphyrins such as proto-
porphyrin IX (PPIX); chlorophyll (CL); copper-sodium chlorophyllin
(SCC); bilirubin (BRB) and biliverdin (BVB) have antioxidant and an-
timutagenic activity (Zimmering et al., 1990; Odin, 1997; Molzer et al.,
2012).

Protoporphyrin IX is part of the biosynthesis of the heme group and
of most of the cytochromes and chlorophylls, it derives from 5-amino-
levulinic acid (ALA), the second last compound of the synthesis (Greer
et al.,, 2018). Both compounds, PPIX and ALA are used for medical
purposes in photodynamic therapy besides chemo and radiotherapy.
Structurally, PPIX is a plane tetrapyrrole lacking transition metal in the
center, despite some experimental evidence has been obtained, the
antioxidant properties of PPIX are not fully characterized (Molzer et al.,
2012). It has been shown its antioxidant activity in the dark, by in-
activating peroxyl radicals and inhibiting the activity of the cytochrome
P-450 system in rat liver microsomes (Williams et al., 1992, 1994). In
an in vivo study, using somatic cells of D. melanogaster, it was found that
PPIX has antimutagenic activity against chromium trioxide (CrOs)
(Vidal et al., 2014), and it also increases the longevity of this organisms,
this finding suggests that PPIX provides protection against oxidative
stress, avoiding the action of the superoxide radical (Pimentel et al.,
2013).

Chlorophyllin is a semi-synthetic mixture of copper and sodium salts
derived from chlorophyll; for its synthesis, the magnesium atom in the
center of the ring and the phytol esters of CL are replaced by copper and
sodium, respectively. As a result of these changes, SCC is more stable
and soluble than CL (Sarkar et al., 1994, 1995). Given the structural
similarity of the SCC with the prosthetic group of hemoglobin, some of
the first uses of SCC were in patients with anemia and to decrease the
coagulation time in bleeding. Currently SCC has been extensively stu-
died and has been found to possess antimutagenic, anticarcinogenic,
anticlastogenic and antioxidant properties against a wide variety of
compounds in different systems (Tumolo and Lanfer-Marquez, 2012).
Zimmering et al. (1990) reported the first evidence that SCC acts as
radioprotector in somatic cells of D. melanogaster and found that a
69 mM SCC pretreatment significantly reduced the frequency of muta-
tions induced by 20 Gy of gamma rays. Pimentel et al. (1999), de-
monstrated that this radioprotective effect persisted for up to 72 h after
the end of pretreatment.

Bilirubin derives from the catabolism of the heme group in mam-
mals and for many years it was considered a potentially cytotoxic waste
product (Tomaro and del C Batlle, 2002; Mancuso, 2017) its excess in
plasma causes jaundice (Stillman, 1990). However, Stocker et al.
(1987a) observed that BRB eliminates peroxyl radicals (ROO*) avoiding
membrane lipid peroxidation, this fact, suggests that it could be used as
an antioxidant molecule. Subsequent in vivo and in vitro studies showed
that BRB can inactivate some ROS such as hydroperoxyl (HO2), su-
peroxide anion (O27), hydroxyl (OH™), (Neuzil and Stocker, 1994;
Stocker et al., 1987b) and nitric oxide (NO) (Mancuso et al., 2003 and
Barone et al., 2009).

Due to the bioethical limitations to perform experimentation using
murine systems and even with human cells in culture (Jiménez et al.,
2019), D. melanogaster remains as a useful alternative for the detection
of substances with therapeutic potential due to the advantages it offers
(Rudrapatna et al., 2012). In addition to the low maintenance cost and
a short life cycle, it has been estimated that 75 % of genes related with
diseases in humans have functional orthologs in the fly (Lloyd and
Taylor, 2010). The purpose of this study was to evaluate the radio-
protective activity of porphyrins and compare their effect with AMF® in
D. melanogaster.
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2. Materials and methods
2.1. Biological material

Two D. melanogaster strains were used: mwh + / mwh + and flr’/In
(3LR) TM3, Ser were used. Both strains have recessive genetic markers
that modify wing trichomes. The mwh marker (multiple wing hair) is
located on the left arm of chromosome 3 in position 3—0.3. The fir®
marker is located on the same chromosome and side, in position
3—38.8. The TM3 balancer is necessary since the fir® allele is lethal in
homozygous condition. The presence of the gene is confirmed with Ser
(Serrate) a dominant marker gene. More detailed descriptions of the
genetic markers can be found in Lindsley and Zimm (2012).

2.2. Chemical compounds

The SCC [CAS: 11006-34-1]; PP-IX, [CAS: 5865-01-5] and BRB
[CAS: 635-65-4] was obtained from Sigma-Aldrich ST. Louis Missouri.
AMF® (Ethyol®, 500 mg. WR-2721; Schering Plough, Levallois-Perret,
France, [CAS No. 20537-88-6].

2.3. Compound concentrations

SCC concentration was selected based on previous investigations in
our group, (Pimentel et al., 1999, 2000) and in this study equimolar
concentrations were used based on the larvae viability: SCC 69 mM;
BRB 6.9 mM (Jiménez, 2013) and PP-IX 0.69 (Vidal et al., 2014), and
32 uM of AMF® (Aydemir et al., 2009). All compounds were dissolved
in a 5% sucrose solution. BRB was sonicated for 20 min with 5% sucrose
solution in darkness.

2.4. Mating and larvae collection

Fourth days old mwh + / mwh + virgin females were crossed with
males fir’ / TM3; Ser. Groups of 50 couples per bottle laid eggs for a 2h
period in 250 mL flasks with regular culture medium (agar, corn flour,
sucrose, dextrose, yeast and antibiotics). Laid eggs developed in a cul-
ture room at 25 * 1°C and 60 % relative humidity for 3 days in order
to obtain second instar larvae that were collected by difference of
density with a 20 % sucrose solution.

2.5. Pre-treatment

Second instar larvae were pre-treated (PT) in flasks of % L which
contained a filter paper soaked with 3.5 ml of the corresponding solu-
tion: 5 % sucrose solution was used as negative control; SCC (69 mM);
PPIX (0.69 mM) and BRB (6.9 mM). Duration of PT varies: 1, 3,6 or 9h
and all the time larvae remains in culture room in total darkness. Based
on results obtained by Aydemir et al. (2009) and due the pharmaco-
kinetic of AMF®, PT with this compound only 1 and 3 h PT was tested.

2.6. Irradiation

Batch of larvae from each PT solution, was taken as non-irradiated
control group and other batch for each compound was irradiated with
20 Gy of gamma rays in a Co®® Transelektro LGI-01 irradiator, the dose
rate at the time of experiments was 699.7 Gy/h. Larvae corresponding
to each pre-treatment period were placed in groups of 100 in glass vials
(11 cm large and 2.5 cm diameter) containing regular medium, then
they were introduce in the culture room to complete development in
total darkness. At least two experiments were performed for each
compound and PT duration (1, 3, 6 - or 9 h) organisms not receiving
none compound and irradiated with 20 Gy served as positive control,
for each one of the compounds there was a pretreatment that was ir-
radiated PT + 20 Gy
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2.7. Larvae-adult viability test

After development concluded, the number of emerged adults from
each treatment was counted daily, females and males separately. The
number of adults was plotted to represent the viability curves and es-
tablish the time of highest emergence of adults from different treat-
ment.

2.8. Genotoxicity test

The SMART assay in wings of D. melanogaster was used. Briefly, the
assay detects loss of heterozygosity of the two recessive markers that
codify for the shape of the trichome in Drosophila wing cells: i.e.
multiple wing hair (mwh) and flare (flr). The loss of heterozygosity in
this test is the result of different genetic end points: point mutation,
deletion, and mitotic recombination, as described by Graf et al. (1984).
The viable individuals of each treatment were fixed in alcohol at 70 %,
the wild type wings (mwh + / + fir’ genotype) were mounted on
permanent slides with Faure’s solutions to score the number and type of
spots in a compound microscope at 400 x . The wings were analyzed
for the occurrence of single spots mwh or flr; small spots consisting of
one or two cells, large single spots consisting of three or more cells, and
twin spots consisting adjacent mwh and flr® cells. Single spots can be
produced by point mutation, chromosome aberration, deletion, or mi-
totic recombination; twin spots originate exclusively from mitotic re-
combination (Graf et al., 1984).

2.9. Statistical analysis

The larva-adult viability results, were analyzed with an ANOVA test
with Bonferroni adjustment at 95 % significance level in relation to the
number of statistical tests performed simultaneously. The toxicity was
obtained dividing the total number of viable adults between the num-
bers of larvae tested per 100. The genotoxicity was evaluated according
to the multiple-decision procedure of Frei and Wiirgler (1988), which
makes possible to obtain four different decisions: negative (-), weakly
positive (w), positive (+) and inconclusive (i). The procedure was
based in two hypotheses: (1) there is no difference in the mutation
frequency between control and treatment series and (2) the pretreat-
ment results decrease in mutation frequency. Because small single spots
and total spots have a comparatively high spontaneous frequency, m is
fixed at a value of 2 (testing for a doubling of the spontaneous fre-
quency to define a negative results). For the large single spots and the
twin spots, which have a lower spontaneous frequency, m = 5 is used.
Both hypotheses are tested at 5% significance level. To test against the
hypotheses, the conditional binomial test according to Kastenbaum and
Bowman or the Chi-Square test for proportions may be applied (Frei
and Wiirgler, 1988).

3. Results
3.1. Larva-adult viability

Fig. 1 shows the larva-adult viability percentages after PT and PT
+20 Gy of gamma rays (PT + 20 Gy) with the different porphyrins or
AMF®. Each bar represents the percentage of viability obtained from
three independent experiments. The ANOVA analyzed of larva-adult
viability showed no significant differences between negative control (0)
and PT with any porphyrin’s exposure at different times. The compar-
ison of the PT + 20 Gy groups with the 20 Gy control group, shows that
BRB provoked an increase of 16 % (p < 0.05) and SCC caused a re-
duction of 10.9 % (p < 0.05) when the larvae were exposed 3h and 6.8
% (p < 0.05) with 6h of PT.
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3.2. Development time and Genotoxicity

From development time, (Fig. 2 a, b, c and d) it is observed that the
highest percentage of emergence for all groups was that twelfth day.
These individuals were used to evaluate the frequency of somatic mu-
tation and recombination. Table 1 shows results obtained after PT with
1, 3, 6 or 9h with the different porphyrins or AMF® alone, and that
from combined groups (PT + 20 Gy). None of the PT modify the basal
frequency of any kind of spots frequencies respect to the negative
control at any of the tested exposure times. Regarding combined
treatments (PT + 20 Gy) compared to the 20 Gy control group, the
statistical diagnosis indicated a significant decrease in small spots (+)
for all compounds except for PPIX at 9 h of PT. A decrease was found for
large spots, except with BRB at all exposure times tested and a weakly
decreased (w) with SCC or PPIX at 9 h of PT was found.

Regarding twin spots a significant reduction (+) was obtained only
for BRB at 9h of PT. AMF® at 1 and 3h of PT reduced the total fre-
quency of spots (unless non statistical differences were found) but not
significantly. In comparison, SCC, PPIX or BRB caused a significant
reduction (+) of total spots with all PT exposure times. It highlights
that the highest percentage of reduction in all exposure periods was
caused with BRB (+). On the other hand, SCC and PPIX caused a weak
reduction of spots with 3 and 6 h of PTs, and the exposure for 9 h with
the three pigments (SCC, PPIX or BRB) caused a significant decrease
(+) of the total spots.

4. Discussion

The identification of compounds with radioprotective properties,
has been subject of research for several decades mainly to protect
normal cells when cancer patients undergo radiation therapy (Paul
et al.,, 2011), most of the compounds studied were derived from sulf-
hydryl, which are very toxic (Kouvaris et al., 2007 and Johnke et al.,
2014). A plausible alternative is to identify substances from natural
origin with antioxidant properties such as ascorbic acid (AA), a toco-
pherol and B carotene, among others. These compounds have been
classified as exogenous antioxidants, which are defined as any sub-
stance whose presence in the body in concentrations lower than that of
an oxidizable substrate, delays or inhibits its oxidation (Halliwell, 1999,
2006). These compounds share similar structures that includes at least
one aromatic ring and one or more hydroxyl groups that can act as
electron donors (Jovanovic and Simic, 1988). Ascorbic acid (AA) for
example has been reported to reduce genetic damage induced by 20 Gy
of gamma rays, but only when this radiation dose was administered at
32.6 and not at 836 Gy / h dose rate (Gonzalez et al., 2018). Other
investigations have revealed that at high concentration or in the pre-
sence of transition metals, AA can act as a pro-oxidant (Halliwell, 1999;
Priéme et al., 1997). Based on the fact that they are widely distributed
in nature and that they participate in fundamental processes such as
photosynthesis, aerobic respiration, and metabolic activation of some
chemical agents such as metallo-porphyrins, have been studied to
evaluate their antioxidant and radioprotective potential. Since they are
part of human metabolism, in principle they should have little or no
adverse effects, among these porphyrin including chlorophylls, he-
moglobin, protoporphyrin and its derivatives (Cahyana et al., 1993;
Ferruzzi et al., 2001). In the present study, the protective potential of
three porphyrins SCC, PPIX and BRB was compared with AMF®, (the
only radioprotector approved by FDA). Drosophila melanogaster, an in
vivo system that allows the relationship between various indices such as
development time (DT), larva-adult viability and genotoxicity directly
in the same treated individuals.

The larva-adult viability directly indicates the degree of toxicity of
the tested agent. In this study it was found that neither the PT nor the
PT +20 Gy modified the viability of the treated organisms compared
with control groups, 0 or 20 Gy respectively, only the SCC in combi-
nation with 20 Gy, decreased the viability, while with BRB viability
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Fig. 1. Larva-adult viability of mwh + / + ﬂr3 individuals of D. melanogaster, after being pre-treated with Sac (0), AMF®, BRB, SCC or PPIX (Controls) at different
exposure times: 1, 3, 6 and 9h and irradiated with 20 Gy of gamma rays (combined treatments). Each bar represents the results of three independent experiments
with three replicates. Statistical analysis was performed with a Student's t: * p < 0.05.

increased 16 % with 3h of pretreatment. Galbiati et al. (2010), de-
monstrated that 50, 100, and 200 mmol/L of BRB administered as a
cryo-protector of human liver tissue, increased the viability and func-
tionality of hepatocytes, and proposed BRB as an effective cryo-pro-
tectant for future transplants. An index directly related to larva-adult
viability, very important when comparing different agents, is the de-
velopment time (DT) of the tested individuals. This index showed that
on the twelfth day (Fig. 2) was the highest percentage of adult emer-
gence for the larvae with PT +20 Gy, and for individuals treated only
with 20 Gy. For appropriate comparisons between treatments, the flies
emerged on 12 day were used to assess the potential of inhibition of
genetic damage of pigments by means of the SMART assay in the D.
melanogaster wing. None of the porphyrins or AMF® alone caused
changes in mutation frequencies or recombination at any of the tested
exposure times. These findings indicate that they may be even more
efficient as a radio-protectors than AMF®.

Although some porphyrins such as SCC have been shown to have
antimutagenic properties, particularly in reducing IR-induced genetic
damage, there are others such as BRB and PPIX that, due to their similar
structure with SCC, could be considered as radio-protectors. Through
different experiments, it has been shown that the SCC, the most studied
of the metallic center porphyrins, has the ability to form complex with
mutagens that have a plane polycyclic structure (Blumer et al., 2008;
Egner et al., 2003) and it can be intercalated into the DNA, preventing
the mutagen from interacting with it. The copper ion of the SCC
through oxide reduction reactions, is capable of donating electrons
(Blumer et al., 2008) and inactivating ORSs and mutagens of oxidizing
nature, thus preventing them from damaging DNA (Tumolo and Lanfer-
Marquez, 2012). It has been found to be an effective antimutagen with
chemo and radioprotective properties (Zimmering et al., 1990;

Pimentel et al., 1999, 2000; Cruces et al., 2003; Pimentel et al., 2011),
but protective properties of porphyrins without a metal center such as
BRB and PPIX have been less studied.

In the present study, it was confirmed that SCC is an inhibitor of
radio induced genetic damage (Cruces et al., 2009; Pimentel et al.,
1999, 2013), the pre-treatment with 69 mM the percentages of reduc-
tion were similar (30.5-54.7%) to those obtained in previous reports
(32 and 54 %-) but with an exposure of only 1-9 h- at 69 mM instead of
24 h as in the previous reports (Pimentel et al;, 1999; 2000). By means
of the Comet assay, Geri¢ et al. (2019) found that pretreatment with
SCC decreased the genetic damage induced by 5 Gy of gamma rays from
8.8 to 10.9%, and reduced lipoperoxidation levels from 13.1 to 16.3%
in human lymphocytes.

In an earlier study by our group, it was found that 48 -h-old pre-
treatment of larvae for 24 h with 0.69, 6.9 or 69 mM PPIX and then
treated with 0.25-2.5mM CrOs -a radiomimetic chemical agent- re-
duced genetic damaged induced by all CrO3 concentrations. In contrast,
6.9 and 69 mM only inhibited the damage induced by 2.5 mM CrO3, but
not the damage induced by gamma rays. These findings suggested that
PPIX mainly acts by forming complexes with CrO; in low doses, pre-
venting its genotoxic action, instead of capturing or inactivating re-
active oxygen species, generated by this compound (Vidal et al., 2014).
In the present study, 0.69 mM PPIX concentration was tested and it was
found that it inhibits genetic damage induced by 20 Gy of gamma rays
from 33.3 - 50.4% with 1 h -9 h, its effect was comparable to the degree
of inhibition of the SCC. However, PPIX (0.69 mM) showed a higher
radioprotector potential than SCC (69 mM). The importance of copper
in the center of SCC as already reported Pimentel et al. (2013), it was
found that the radioprotective potential of SCC depends on the per-
centage of copper present in the compound, samples containing 5.4 %
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Fig. 2. Development time of mwh + / + fir® individuals of D. melanogaster, after being pre-treated: a) 1 h, b) 3h, ¢) 6 h and d) 9 h with AMF®, BRB, SCC or PPIX and

irradiated with 20 Gy gamma rays (combined treatments).

copper caused a greater inhibition (26 %) of radiation-induced damage
compared with samples containing only 3.7 %.

Its concerning BRB concentration used in the present study was
determined based on a pilot experiment, where it was found that 3h
pre-treatment with 0.69; 6.9 or 69 mM BRB decreased the genetic da-
mage induced by 20Gy in 37.2; 59.2 and 27.6 % respectively.
Therefore, it was decided to use 6.9 mM concentration of BRB for the
objectives of the present study. PT for 1, 3, 6 or 9h PT of BRB reduced
the genetic damage induced by 20 Gy of gamma rays: 67.9; 71.7; 60.0
and 77.8 % respectively, in a previous experiment, it was found that
24 h of PT with 69 mM BRB decreased genetic damage caused by 20 Gy
of gamma rays by more than 50 % in D. melanogaster and that the in-
hibitory effect persisted up to 72 h after the end of PT (Bail6n, 2007).

Currently only amifostine® (WR-2721) has been approved for use in
humans by the Food and Drug Administration (FDA) of the United
States of America (Hosseinimehr, 2007). In the present investigation it
was found that AMF® -caused a decrease in larva-adult viability from
1h of pre-treatment in combination with 20 Gy of gamma rays, which
was the time in which it presented its highest percentage of inhibition
of genetic damage (19.1 %); with 3 h of pretreatment the percentage of
viability did not change and the reduction in damage was 16.2 %,
however, in both PT periods, the reduction was not statistically sig-
nificant. AMF® is known to selectively protect a wide range of normal
tissues, including the oral mucosa, salivary glands, lungs, bone marrow,
heart, intestines, and kidneys. It offers significant protection against the
nephrotoxicity, ototoxicity, and neuropathy associated with cisplatin
and the hematologic toxicity associated with cyclophosphamide
(Wasserman and Brizel, 2001). However, its role as an inhibitor of

genetic damage was less than that of the porphyrins tested. There is
evidence that AMF® reduces the mutagenic and recombinogenic effects
of fotemustine -an alkylanting anticancer drug- at concentrations of
1-4 g / ml (Aydemir et al., 2009), this action may be due to its ca-
pacity to form complex with fotemustine. Results obtained in the pre-
sent study indicates that the antioxidant capacity of AMF® is reduced in
Drosophila compared with the effect reported in mammals, furthermore
AMF® could be a double zwitterion at physiological pH, and is poorly
soluble in fat. In addition, the pH of the larva's intestine (Pimentel et al.,
2013) is too low, even maybe to be compatible with the conversion to
AMF® from the predecessor by the alkaline phosphatase. Evidence
based on the use of special dyes shows that the food content of the mid-
gut of Drosophila is strongly acidic (pH < 2.3), especially in the region
of copper cells and in the stomach region (Dubreuil, 2004). A dis-
advantage of AMF® is its reduced radioprotection time, it must be
present at the time of irradiation and its protective effect diminishes
after one hour (Wasserman and Brizel, 2001). However, an important
point in the present study are the averages of all the tested pretreatment
times indicated similar values in larva-adult viability with was the
follow relation: BRB (93.8 %) > SCC (92.3 %) > AMF® (91.8
%) > PPIX (90.6 %), the control (93.4 %) and the positive control of
20 Gy (73.9 %). Regarding radio-induced genetic damage, it was also
found that porphyrins were more efficient than AMF® in reducing the
frequency of mutation and recombination with the following relation-
ship: BRB (69.3 %) > SCC (40.0 %) > PPIX (39.0 %) > AMF® (19.7 %).
It is worth noting that Aydemir et al. (2009) found that AMF® reduced
genetic damage induced by fotemustine in 75 % with half concentration
(16 umol / ml) used in this study (32umol / ml), but the drug was
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Table 1
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Somatic mutation and recombination frequency induced in mwh + / + fir’ individuals of D. melanogaster after pre-treatment in 48h-old larvae with different

porphyrins or AMF® and after irradiated with 20 Gy of gamma rays.

Time of Pre- -SPOTS RM RD
Pre- -Treat. n -Small -Large -Twin Total- (%) (%)
-Treat 20 Gy (%) w # s/wW # s/W # s/wW # s/wW
0 80 27 0.34 0.07 1 0.01 34 0.42
AMF 80 18 0.22 13 0.16 0 0 31 0.39
SCC 80 22 0.27 0.05 2 0.025 28 0.35
PPIX 80 24 0.3 1 0.01 0 0 25 0.31
BRB 80 19 0.24 5 0.06 2 0.03 26 0.33
1h 20 Gy 80 65 0.81 62 0.77 3 0.04 130 1.62
AMF* 80 19 0.24 + 85 1.06 - 1 0.011i 105 1.31 - 19.1 15.3
SCC* 80 17 0.21 + 54 0.68 - 2 0.031 73 091 + 43.8 35.1
PPIX* 80 23 0.29 + 62 0.77 - 1 0.011i 86 1.08 w 33.3 26.6
BRB* 80 17 0.21 + 25 0.31 + 0 0.00 i 42 0.52 + 67.9 54.3
0 80 12 0.15 11 0.14 1 0.01 24 0.30
AMF 80 18 0.22 4 0.05 1 0.01 23 0.29
SCC 80 27 0.34+ 8 0.10 3 0.04 38 0.47 i
PPIX 80 25 0.31 2 0.03 2 0.03 29 0.36
BRB 80 18 0.22 5 0.06 0 0 23 0.29
3h 20 Gy 80 58 0.73 80 1.00 4 0.05 142 1.77
AMF* 80 20 0.25 + 84 1.05 - 9 0.11 - 113 1.41 - 20.3 16.2
SCC* 80 31 0.39 + 66 0.82 - 1 0.011i 98 1.23 w 30.5 24.4
PPIX* 80 18 0.22 + 73 0.91 - 2 0.03 i 93 116w 34.5 27.6
BRB* 80 18 0.22 + 20 0.25 + 2 0.03 i 40 0.50 + 71.7 57.4
0 80 24 0.30 8 0.09 0 0 32 0.40
SCC 80 35 0.44 8 0.10 1 0.01 44 0.55 i
PPIX 80 18 0.23 7 0.09 1 0.01 26 0.32
BRB 80 20 0.25 5 0.06 1 0.01 26 0.32
6h 20 Gy 80 72 0.9 58 0.73 2 0.03 132 1.65
SCC* 80 32 0.40 + 56 0.70 - 3 0.04 - 91 1.14w 30.9 24.7
PPIX* 80 20 0.25 + 60 0.75 - 2 0.03 - 82 1.02 w 38.2 30.6
BRB* 80 21 0.26 + 31 0.39 w 1 0.011i 53 0.66 + 60.0 48.0
0 80 17 0.21 2 0.02 3 0.04 22 0.27
SCC 80 22 0.27 5 0.06 2 0.02 29 0.36
PPIX 80 23 0.29 2 0.02 0 0 25 0.31
BRB 80 15 0.19 8 0.10 0 0 23 0.29
9h 20 Gy 80 46 0.57 134 1.67 7 0.09 187 2.34
SCC* 80 19 0.24 + 63 0.79 w 3 0.04 i 85 1.06 + 54.7 43.8
PPIX* 80 42 0.52 - 47 0.59 w 4 0.051 93 1.16 + 50.4 40.3
BRB* 80 13 0.16 + 28 0.35 + 1 0.01 + 42 0.52 + 77.8 62.2
Statistical diagnoses according to Frei and Wiirgler (1988): + = positive; - = negative; w = weak positive; i = unfinished, respect for control; m = multiplication

factor; Probability levels: alpha = beta = 0.05. Statistical test of one tail. n: number of wings; *: combined treatments, s /w: spots per wing; RM = Reduction of
mutation compared to the control of 20 Gy. RD = reduction of recombination with respect to the control according to Jiménez et al. (2019).

chronically administered to 72h larvae until adults emerged. In the
present study, exposition during only 1 —3h to 48 h larvae, provoked a
19.7 % reduction in the frequency of somatic mutation and re-
combination. Both studies confirmed the efficiency of the AMF® in
Drosophila’s larvae.

Jiménez et al. (2019), determined that the percentage of re-
combination caused by gamma rays administered at different dose rates
was around 80 %. When the relationship of the average inhibition
percentage of the 4 times of PT caused by pigments was made in this
study according to Jiménez et al. (2019), a relationship of the decrease
in mitotic recombination was found as follows: BRB (55 %) > SCC (32
%) > PPIX (31 %) > AMF® (16 %). It is known that between 60 to 70%
of the genetic damage produced by radiation is caused indirectly
through the formation of FR (Shirazi et al., 2007), it can be inferred
then that the action mechanism of porphyrins was probably through the
inactivation of FR, which places them as potential radioprotectors for
their antioxidant capacity. It has been proposed that the BRB can sca-
venge peroxyl radicals and hypothetically that this antioxidant me-
chanism was based on both the extended system of conjugate double
bonds and a reactive hydrogen atom, which BRB can donate, trans-
forming itself in a carbon centered radical (BR") with resonance stabi-
lization extending over the entire molecule (Mancuso et al., 2003).
Regarding SCC, its antioxidant capacity has been attributed to this

capacity to stabilize various reactive species including superoxide and
hydroxyl radical, by means of oxide reduction reactions donating H+
(Kumar et al., 1999). The radioprotective effect of PPIX may be because
PPIX (unexcited) as BRB, inactivates FRs such as peroxyl in the dark
(Williams et al., 1994).

5. Conclusion

Using the somatic mutation and recombination assay in the
Drosophila melanogaster wing, it was found that pretreatment (1-9 h)
with any of the porphyrins or amifostine® alone, did not affect the
larva-adult viability or the basal frequency of mutation. However, they
were associated with significant reductions in frequency of somatic
mutation and recombination compared with the gamma rays (20 Gy)
control as follows: bilirubin (69.3 %) > chlorophyllin (40.0 %) > pro-
toporphyrin (39.0 %) > amifostine® (19.7 %). Whilst amifostine® was
associated with a reduction of genetic damage after pre-treatment of 1
and 3 h, this did not attain significance. Porphyrins, in D. melanogaster
an in vivo system, were more efficient in reducing genetic damage in-
duced by 20 Gy of gamma rays compared to AMF®, which shows that
PPIX, SCC and BRB may have some potential as radioprotector- agents
that needs further investigation.
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