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Abstract This study aims to evaluate the survival rate of
peritoneal rat macrophages after exposure to 3 & 6Gy
ionizing radiation fields, respectively. Cells werecultured in
multiwell plates (37 °C, 5% CQ), separated in 3 groups: Gl—
control; Gll-cells irradiated with 3 Gy; Glll—cells irradiated
with 6 Gy, using a 4 MeV particle accelerator. Afte
irradiation cells were incubated for 2h30 = TO, 13 k= T1, 20
h=T2,36 h=T3, 70 h =T4, 90 h = T5 post-irradiatim To
evaluate the cell's viability the colorimetric MTT test has
been used and colour intensity was measured by
microELISA. Visual control was done with a contrast fhase
optical microscope. Irradiation with 6 Gy is the met harmful
for these cells, showing death of the majority ofiem. 3 Gy is
also aggressive but enables a higher survival ratflime is
also an important factor to which cell death is prgortional.
Our results show a decrease of living cells with rie and
higher doses.

|. INTRODUCTION

lonizing radiation is any radiation with enough myyeto
ionize atoms and molecules. It can harm cells dfetta
genetic material, DNA, causing serious diseaseg. (e.
cancer) and eventually death. Alpha particles, teles
and positrons (beta particles), gamma rays androveut
are examples of ionizing radiation.

The effect of radiation upon cells is conditioney b
several factors, mainly: their differentiation Ieéenore
differentiated cells are more radioresistant), phase of
the cell cycle (the most important biological stre$ a cell
is its need to divide, in the medium and late staafehe S
phase cells are more resistant to radiation) arar th
metabolic activity (more active cells are more
radiosensitive). This is stated by Bergonie & Trideau
law, modified by Ancel & Vitemberg, which concludes
that the fetus is more radiosensitive. Radiosefitsiti
depends also upon DNA repairing efficiency by tledl c
and action of other chemical agents [1].

X-rays have been discovered in 1895 by William
Roentgen. They have a wave length between 0.03 3m -
nm, being highly energetic (1 keV - 100 keV). Térergy
range is able to extract electrons from atoms fation),
inducing chemical changes in molecules. As anyziogi

radiation, X-rays have high frequency and can be
dangerous [1][2].

Proliferation and cellular viability can be studieding
different methods. A colorimetric assay has beevseh:
the MTT [3-(4,5-dimethylthyazol-2-yl)-2,5-diphenyl
tetrazolium bromide] test MTT is a tetrazolium water
soluble salt, which is converted into a lilac/bluis
insoluble product due to the tetrazolium ring chege by
mitochondrial dehydrogenases of metabolic activiés.ce
Cell membranes are impermeable to this transfoomati
product, being stored inside alive and healthyscéilis a
fast, precise, reproducible, fiable and non-using
radioactive markers method. Afterwards an acid
solubilizing solution is used to kill and disruptet cells,
dissolving the coloured formed product [3]. The
absorbance of this solution is then quantified by
spectrophotometry with a microELISA reader [4]. §hi
procedure enables the comparison between sampdea an
standard.

Il. MATERIALS & METHODS

A. Macrophages isolation

Wistar rats, males or females two months old, were
previously sacrificed by aneesthetic overdose. &rezil
macrophages were collected according the usuabgqubt
[5]. The animal was placed inside a laminar flovariver
(Nuaire Biological Safety Cabinet, Class Il, Type I, Z
Plymouth, MN, USA)in dorsal decubitus. After abdominal
skin disinfection with 75% alcohol, the abdomen was
exposed without lesion of the abdominal wall. Usng5
G x % needle, adapted to a 10 mL syrinéQ mL of a
phosphate buffer saline (PBS) 0.15 M, pH ®2% NacCl,
0.2 g KClI, 2.9 g N&HPO,-12H,0, 0.2 g KHPQ, and bidestiled
H,O up to 1000 mL)were injected without puncturing any
abdominal organ. After smooth abdominal massageglur
1 - 2 min, the cell suspension of resident periébne
macrophage was collected (8 to 10 mL) using a 2nl5
syringe connected to a 19 &1 needle, to ice cooled
Falcon sterile tube@alcon plastics, Los AngeleGA, USA).

The peritoneal exudate has been centrifuged at 4dra0
during 10 min at 4° C. The pellet has been resulgzen
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with 3 mL of RPMI 1640 culture mediu(hlyclone Cat. No.
SH30027.02) previously supplemented with inactive 10%
FCS (Gibco B21, BRL, Paisley, Scotland, ref. 19 27Q)
glutamine 1%(Sigma-Aldrich, St Louis, Missouri, USA, ref.
G-7513) NaHCQ and peniciline-streptomicine 1Q@/mL
(Sigma-Aldrich, St Louis, Missouri, USA, ref. P-8)5

The number of cells in our suspension was deteitiriye
counting in a Neubauer chambgfepth: 0.1 mm/0.0025
mn?, HBG, Berlin, Germany) after (1:1) dilution with
Trypan Blue 0.4%{Sigma-Aldrich, St. Louis, Missouri, USA,
ref. T-8154)[5].

B. Multiwell plate culture of peritoneal rat macrophages

Cells were placed in sterile multiwell culture gisit(6
wells), with the selected cellular density, anduinated at
37° C in an appropriate incubator with a 5%,Glow for
24 h (Nuaire IR autoflow CQ@ water-jacketed Incubator,
Plymouth MN, USA) After this incubation period non-
adherent cells were removed washing 3 times wittedle
PBS solution (2 mL).

All material and reagents were sterilized by aweiclg
(120° C, 20 min); the culture medium was steriliznd
filtration, with <0.22 um filters (Schleider & Schuell ME
24/21, Berlin, Germany)

C. Exposition to different irradiation doses
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D. Proliferation and cytotoxycity tests for macrophages

In order to evaluate cell viability after irradiai, the
MTT colorimetric test [3-(4,5-dimethylthyazol-2-yD),5-
diphenyl tetrazolium bromide] (Sigma-aldrich, Sbuis,
Missouri, USA, ref. M-2128) has been used.

The MTT solution (5 mg/mL in PBS) has been steziliz
by filtration, a technique which also removes small
amounts of insoluble residues.

After removing the old culture medium, macrophages
were incubated with 270L of fresh RPMI and 3@QL of
MTT solution, in the previously described condtidB3°
C, 5% CQ) during 2 - 3 h. At this stage, the prior solution
was removed and isopropanol acid (RQ0HCI 0,04 N in
isopropanol) was added to burst the cells and Wisgbe
coloured reduction products of the MTT reaction.
MicroELISA SLT (Labinstruments Ges m b H, Salzburg,
Austria) reading was done 15 min after, to ensheg &ll
formazan crystals were dissolved, at 570 nm with a
reference filter of 620 nm. Meanwhile some digital
pictures were obtained using a contrast phase abptic
microscope and a digital camera Nikon coolpix 5400.

Il. RESULTS

Table 1: Absorbance results and corresponding abié% for the three

After isolation and culture, macrophages were ietsdl
in a particle accelerator (X-ray Varian-Clifa600G 4

MeV) with two different doses (3 and 6 Gy, respesiiy)

(Instituto Portugués de Oncologia, Coimbrafhe sealed

multiwell plates were irradiated at 100 cm from th

source, using a 20 20 field, diverging from the focus.

Our experiment proceeded then with the three sample
control (non-irradiated plate), 3 Gy and 6 Gy ireded
plates.

Adherent cells were detached from the wells usi6g 3
mL of a 0.5% trypsine solution (2 min in the inctdra+
optical microscope control) and re-incubated iplicates
in a sterile 96 well platéwell cell culture cluster with flat
bottom, Costar, Corning, NY, USA, refd 3596jn the
previously referred culture medium at 37° C and 6@
atmosphere for 2.5 h, according to the usual podt&g.

Proliferation and cytotoxycity tests were performaid
2h30 =TO, 13 h=T1,20 h=T2, 36 h=T3, 70 4

samples
Control 3 Gy 6 Gy
Time | Abs. cell| Abs. cell| Abs. cell
(h) % % %
2.5 0.092] 100| 0.067| 67 0.044| 47
13 0.079|] 100 | 0.048] 61 0.031| 43
20 0.084| 100 | 0.050] 60 0.046| 55
0,1 -
oY = 0.0008x + 0,094
0,08 . R? = 0,9684
« Control
0,06 = 3 Gy
A6 Gy

Absorbance
o
o
5
.

y = -0,0005x + 0,0616

post-irradiation. 90 h post-irradiation the samest thas

been performed in the remaining cells of the thmether

plates (their media have also been renewed whe

002 y = -0,0004x + 0,0406 R? = 0,8696
' R? = 0,8921
0 ; ; ; ; ; ; ; ‘
0 10 20 30 40 50 60 70 80
Time (hours)

36 0.065| 100| 0.045] 69 0.027| 42

70 0.038] 100| 0.028] 74 0.016| 42
n 90 0.173| 100| 0.128] 74 0.105f 61

necessary, according to the usual medium colounggha

sign).

Graphic 1: Absorbance along time for the three dasnp
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Graphic 2: % of active cells along time for thesnsamples
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Graphic 3:Absorbance at T5 = 90 h for the three mother plates
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Figure 1: Digital pictures obtained using a contrast phgséal
microscope at different times for the three sasfiieother plates =

The non-irradiated sample (control) was the stahdar
compare the irradiated macrophages cultures. Coigtro
always shown as 100% of maximum active cells fahea

time.

pm).

IV. DISCUSSION
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Macrophages show an adapting/reactive stage to
radiation effects (toxic effects). For 3 Gy one cduserve
an increase in the number of active macrophagasédro
20 h post-irradiation, and they stabilize at 74% 70 h.
Due to a higher dose, 6 Gy, this reaction is slower
showing some recovery around 70 h (increase ivdhef
active cells — Graphic 2).

For 6 Gy, due to the very low correlation index
(R?=0.468) indicating a bad fitting, the value at 20\ds
been discarded. It accounts for a less accuratenitad
procedure: the high blue colour concentration wae
volume changes and not to a higher number of viedlls.

During the first hours post-irradiation there hagi cell
death both for 3 and 6 Gy, showing a higher death
incidence for 6 Gy. The lines in Graphic 1 are patallel,
nevertheless the slope is not much different. iridg&ates
that the experiment evolved as expected. An abrogba
decrease with time is observed in all cases, mgathiat
the number of viable cells decreases with time, thue
macrophages particular culture characteristics.

It is interesting to note (Table 1) that macroplsage
irradiated with 6 Gy at 90 h post-irradiation presa
significant recovery (42% to 61%) when comparinghwi
macrophages irradiated with 3 Gy, which maintaired
74% viability. This sample had shown an earlieoxery
and then they stabilized.

As shown in Graphic 3 (absorbance values for thiéhero
plates), the negative line slope traduces the hbsce
decrease (number of active cells) with increasing
irradiation dose. In spite of significant recoveogth for 3
and 6 Gy, cells irradiated with higher dose doattdin, at
90 h post-irradiation, such a good recovery. Thaivival
rate never reaches the values obtained for theaigriate
due to the toxic effects of irradiation in our expeent
conditions. The digital photographic images obtdine
comprove our statements (Figure 1). The activescell
engulf the MTT dye and metabolize it, which chaniies
yellowish colour to a lilac/blue colour. It is impant to
refer that the darker the lilac/bluish tone the enactive
cells are. Comparing photos of the control sampie @&
Gy, we can see groups of coloured cells but witfedint
intensities of blue colour. This can be due toss lectivity
of 6 Gy irradiated macrophages. Overlapping ofscéh
the control sample) would not give this kind of gea.

Another feature shown in the photos (Figure 1)this
bigger size of 6 Gy irradiated macrophages. Theds
are attempting to react to adverse conditions, by
opposition to normal cells of the control sampleickh
maintain their normal morphology. As expected,
macrophages irradiated with 3 Gy are also biggen th
the control ones, but smaller than the ones irtadigvith
6 Gy.

V. CONCLUSIONS

Macrophages are sensitive cells easy to obtain at a
reduced price. The MTT test is a standard methad fo
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proliferative and cytotoxicity viability studies aben by a

large number of research teams.

To a higher radiation dose corresponds a decraase i[1]
viable cells. Macrophages try to adapt to inducedct
conditions and they recover to some extent alon@g.ti [2]
Recovery/adaptation time is longer as the expositiose
increases, never reaching 100%. Nevertheless aerigh
number of recovered cells may also indicate a ptessi [3]
synergetic group effect. If the number of dyinglces
higher there will be more cell debris and toxic ametlites

that may impair the stunned cells to recover. [4]
This in vitro experiment using peritoneal rat
macrophages enabled some enlightening on radiatiorns]
effects in vivo.
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