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Abstract 
 

 DNA is generally considered to be the most critical cellular target when considering the 

lethal, carcinogenic and mutagenic effects of drugs, radiation and environmental chemicals. So 

the study aim to the determination the damaging effect of -radiation on DNA  and the 

protective effect of deoxynucleotide triphosphates (dNTPs). The study includes three cell types, 
lymphocytes, kidney cells of African gree monkey (Vero) and hepatocellular carcinoma of 

human (HePG2) exposed to 1-5 Gy of -radiation and by using fluorometric analysis of DNA 
unwinding (FADU) method, DNA damage was measured after radiation. The cells were divided 

into two groups: 

          The first received 5x10
-5

 dNTPs from 0-30 minutes after radiation, while the second 
group was not supplemented with deoxynucleotides. Clonogenic survival for vero and HePG2 

cell lines was measured. The results revealed that the increase of irradiation dose precipitates an 

increase of DNA strand breaks. The slope curve of initial DNA damage and mean inactivation 

dose (D )  differ between vero and HepG2 cell line by a factor of up 3.5 and 2, respectively. 

         dNTPs have clear ameliorating effect on DNA damage. FADU method can play an 
important role in the choice of a suitable treatment (radiation or drugs) and its dosage according 

to measurement of DNA damages in selective malignant tissues. Moreover, using dNTPs 

mixture can reduce the side effect of these treatment especially after experimentally on live 

mammals (mice) . 

 

Introduction: 

 

         DNA is generally considered to be the 

most critical cellular target when 

considering the lethal, carcinogenic and 

mutagenic efects of drugs radiation and 
environmental chemicals. These agents may 

damage DNA by altering bases or 

disrupting the sugar-phosphate backbone. It 
is generally accepted that cell death induced 

by ionizing irradiation is due to DNA 

double strand breaks (Steel et al., 1989). 

The molecular mechanisms that control 
variations in radiation induced DNA 

damage between cell types are not 

understood. Both the initial DNA damage 
and the residual unrepaired DNA damage 

may be critical determinants in the 

processes leading to cell death. 

         Although base damage may have 

serious consequence for a cell, low levels of 

base damage are difficult to measure by 

physical or chemical means (Paterson, 
1978), by contrast, DNA strand breaks can 

be detected with great sensitivity by many 

methods. Pulsed field gel electrophoresis 
(PFGE) Whitaker, et al., (1995), constant 

field gel electrophoresis. (CFGE) Dikomey 

et al., 1997) and neutral filter elution 

(Zaffaroni et al., 1994) have shown a 
correlation between radiosensitivity and 

residual unrepaired DNA double-strand 

breaks.  
         A common thing in these methods is 

that they measure DNA double strand 

breaks and hence are sensitive for 
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measurement high  dose of irradiation. 

Fluorometric analysis of DNA unwinding 

(FADU) in an alkaline medium method was 
used to measure DNA damage at low doses 

(1-10 Gy). The methodology is based on 

the principle that the rate of DNA 

unwinding is a sensitive measure of strand 
breaks (Kohn et al., 1976). 

 

Materials and Methods: 
         Cercopithecus aethiops (African 

green monkey, vero),  Homo   sapiens 
hepatocellular carcinoma (HePG2) were 

grown in Eagle medium supplemented with 

10% foetal bovine serum (FBS) human 

blood was cultured  in 199 medium. All 
cultures were kept at 37

o
C in a humidified 

atmosphere of 95% and 5% CO2. 

 

Irradiation: 

         Exponentially growing cells were 

irradiated with 1-5 Gy-
60

CO-irradiation at 
1.45 Gy-min

-1
 at Middle Eastern Regional 

Radioisotope Center for the Arab Coun-

tries. For the determination of DNA dam-

age, cell suspensions were irradiated on ice.  

 

dNTPs treatment: 

         Every cell type was divided into two 
groups after irradiation the first group was 

supplemented with dNTPs (Sigma) at 

concentration of 5x10
-5
 M from 0-30 

minutes after -radiation and the second one 

was not supplement. 

 

Cell survival: 

          HePG2 and Vero cell line, colony 
assay (Wilson, 1992) was      performed on 

monolayers, growing in log phase. Cells 

were seeded in triplicate at appropriate cell 

numbers in a 25-Cm
2
 flasks to yield ~ 100 

surviving colonies. After 4 hours when cells 

were attached, they  were exposed to 

graded doses of cobalt irradiation after 5-6 
days cultures were fixed [in acetic acid: 

methanol: H2O (1:1:8), stained in 0.01% 

amino black] and colonies containing 50-
100 cells were counted, survival fractions 

were fitted to the linear-quadratic equation, 

mean inactivation dose (D ) was derived 

as described by KiLtie et al.,(1997). 

 

Fluorometric analysis, of DNA 

unwinding (FADU):      
         The DNA unwinding was measured 

by  FADU  methods  according    to 

Birnboim et al., (1981) and Ogiu et al., 
(1992) modified by Roos, et al., ( 2000). 

 

Results: 
 

Irradiation induced DNA damage:  

 The dose response curve for DNA 
damage induction expressed as percent 

remaining double strand DNA, is shown for 

the 30 minutes repair time initial damage 
(Figure1), 24 hours repair time without 

dNTPs supplement (Figure2) and 24 hour 

repair time with dNTPs (Figure.3). 
It was apparent that the increase of the 

irradiation dose gaves rise to an increase of 

damaged DNA. This implies that an 

increase of the irradiation precipitates DNA 
strand breaks. This relation is very clear 

especially at the initial damage. The percent 

of initial DNA damages are 90%, 78% and 
92% in lymphocytes HepG2 and Vero, 

respectively. This revealed that DNA in 

HepG2 cells had most of the  DNA damage, 

while DNA in Vero cells suffered less DNA 
damage. In 30 minutes repair time, the 

slopes of the sensitive HepG2 cell line and 

the resistant Vero cell line were –4.78 and –
1.39 respectively, indicating that the initial 

DNA damage differs between 2 cell lines 

by a factor of 3.5 (Table.1). The same 
picture was revealed in 24 hours repair time 

without DNA supplement (Figure 2). The 

dNTPs have clear role in diminish the DNA 

damage especially in the HePG2 cells 
(Figure.3). 
 

2- Clonogenic survival: 

Survival data for resistant cell line Vero 

revealed that  D was 2.5 and for sensitive 

cell line HepG2,D  was 1.12 showing a >2 

fold difference in radiosensitivity (Figure 4 

and Table2) 
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Table (1): Result of fluorometric analysis of DNA unwinding (FADU) 

 

 

Slope Double DNA at 5Gy (%) 

Initial 

damage 

Residual 

damage 

Residual 

damage 

with DNTPs 

Initial 

damage 

Residual 

damage 

Residual 

damage 

with DNTPs 

Lymphocytes -1.620.21 -0.580.04 -0.380.05 90 93 95 

HepG2 -4.780.97 -3.640.73 -3.120.68 78 84 89 

Vero -1.390.11 -0.410.06 -0.240.03 92 96 97 

 

Table (2): Radiosensitivty parameters of Vero and HepG2 cell lines. 

 

Cell line SF2 D 

Vero 0.52 2.50 

HePG2 0.15 1.12 

SF2 surviving fraction after γ-irradiation,D mean inactivation dose 

 

Figure (1) : Total amount of DNA damage (initial damage) as measured by the                              
fluorometric  analysis of DNA unwindinig Lymphocytes,HepG2 and Vero. 
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    Figure (2) : DNA damage remaining after 24-hours repair as measured by the 

fluorometric analysis of DNA unwinding method. 

 
 

 

 

Figure (3): DNA damage remaining after 24 hours repair with DNTPs  as measured by 

fluorometric analysis of DNA unwinding  method.  
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          Figure (4): Survival curves for HepG2 and Vero cell lines. 

 

 

Discussion: 
 

         Our results reveals that an increase of 

the irradiation dose precipitates an increase 
of DNA strand breaks. A number of 

intrinsic mutagens induce structural damage 

in cellular DNA (Gros, et al., 2002). 
Ionizing radiation produces highly 

cytotoxic double-strand breaks or local 

multiply damaged sites (Ward, 1988). DNA 

damage was inferred from the remaining  
double-stranded DNA after unwinding in 

alkali. For a given dose, radiosensitive cell 

line (HePG2) shows a low level of residual 
intact DNA while  radioresistant cell line 

(Vero) show a high level of residual intact 

DNA (Figure1). Moreover, survival data for 

Vero (D = 2.5) and HePG2 (D = 1.12) 

indicate that cell survival and hence 
radiosensitivity is a reflection of the initial 

DNA damage (Figure 4). This agree with 

the results of Roos, et al., (2000). Factors 
that could influence and regulate the initial 

DNA damage are chromatin loop size 

(Heng , et al., 1996) and chromatin 

compaction  (Chapman, et al., 1999). 
         Indeed analysis of chromatin 

compaction by transmission electron 

microscopy in both normal CHO-K1 
hamster cell line and the repair deficient 

mutants xr 55 cells has come to the 

conclusion that cells with the highest level 
of compacted chromatin in interphase show 

the highest radiosensitivity ( Chapman, et 

al., 1999) 
         Some experiments using high dose 

irradiation and measuring the induced 

double-strand breaks by Pulsed field gel 
electrophoresis (PFGE) and constant-field 

gel electrophoresis (CFGE) methods have 

also come to the conclusion that 

radiosensitivity is correlated with the initial 
DNA double strand breaks (Whitaker, et 

al., 1995). 

         Other studies using similar techniques 
and high doses demonstrate that 

radiosensitivity does not correlate with 

initially induced DNA double-strand breaks 
(Dikomey, et al., 1997) but with the 

residual unrepaired DNA double-strand 

breaks. The strength of these data 

(Dikomey, et al., 1997) is that they rest 
upon measurement of DNA double-strand 

breaks. However, a weakness of this 

apporoach is that it requires high doses 
beyond the clinical range. Recent studies 

indicate  the  sensitivity  of   DNA       assay 

(Usol’tsev, et al., 2000, Baumstark-Khan, 

et al., 2000 and Usol
,
tsev, et al., 2002). The 

first line of defence against ROS (reactive 

oxygen species) that were generated by 

ionizing radiation is inactivation of 
superoxide by superoxide dismutase. A 

second line of defence, incorporation of 

0.001

0.01

0.1

1

0 1 2 3 4 5

Dose (Gy)

S
u

rv
iv

a
l 

fr
a

c
ti

o
n

HepG2

vero



Elmaghraby, T 
 

 67 

damaged bases into DNA is prevented by 

enzymes that hydrolyse oxidised dNTPs (8-

oxod GTP) to the corresponding deoxy-

nucleoside 5-monophosphate (dNMP). The 

third line of defense is the repair of 
oxidative damage in DNA by an intricate 

network of DNA repair mechanisms. These 

mechanism include base excision repair 
(BER), nucleotide excision repair (NER) 

and the nucleotide incision repair (NIR), 

(Gros, et al., 2002). The present results 

revealed that supplementing the cell lines 
with dNTPs mixture has a clear role in 

diminishing the DNA damage caused by 

radiation. Hennig, et al., ( 1996) showed 
that  injection of mice with dNTPs 

improved repair in cells with low pool size 

and reverse lethal radiation damage. 
Deoxyribonucleosides reverse the lethal 

damage in the BALB/c line, but not nearly 

as strongly as original undamaged DNA. 

Moreover, dNTPs injected 1 day prior to -
irradiation provides some protection against 
the lethal effects of radiation, Hennig, et al., 

(1996). DNA excision repair requires the 

insertion of bases into gap in the DNA 

which arise during the removal of damaged 
sites from the chromatin. Moreover, the 

same author reported that the number of 

bases required is dependent on the amount 
of damage and patch size of repair in 

response to particular type of damage, 

Snyder, (1984).  
         Because FADU is simple, rapid and 

sensitive, it may have application in several 

areas related to human health. Basically 

DNA strand breaks can be monitored in any 
mammalian cell type that can be prepared 

as a homogenous suspension. For example, 

if an agent which is known to produce 
strand breaks is to be used in chemoth-

erapy, then the in vivo or in vitro response 

of cells from a particular individual to that 

agent could be monitored. Information 
about cell sensitivity could be helpful in 

selecting the most appropriate drug and its 

dosage. Another application is for the 
development of short-term test systems, 

which could detect DNA-damaging 

environmental agents, Mclean, et al., 1981. 
On conclusion, FADU can be used easily to 

choose a suitable treatment (Radiation or 

drug) and its dosage according to 

measurements of DNA damage on selective 

malignant tissues. Moreover, using dNTPs 
mixture can reduce the side effect of these 

treatment. 
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التأثير الىقائً للنيىكلىتيدات علً تكسير الحمض النىوي فً الخلايا الثديية 

 المختلفة بعد تعرضها لأشعة جاما

 طارق المغربً
 انًركس انقٕيٗ نجحٕس ٔركُٕنٕجيب الأشعبع

 

انحًض انديٕكسٗ ريجٕزٖ يعزجر أكثر انًُابق  انحرجاخ  اٗ انةهياخ انًسازٓد خ          
نزااار ير انًًياااذ ٔانًسااارقٍ ٔانًقيااار نهعقاااب ير ٔالأشاااعخ عُاااد انٕفااالإ  اااٗ ا عزجااابر ا

 .ٔانكيًبٔيبد انجيئيخ

ٔنااا نه رٓااادا ْااا ِ اندرا اااخ نزحدياااد رااار ير الأشاااعخ ان بيياااخ عهاااٗ ركساااير انحًاااض 
 .انديٕكسيريجٕزٖ ٔاندٔر انٕ بئٗ نهُيٕكهٕريداد

لاياب ٔ د إشزًهذ اندرا خ عهٗ  لا اخ أَإاع ياٍ انةلاياب كاراد انادو انجي اب  ٔ          

راى رعري آى ن رعابد  (Vero)ٔ لايب انقرٔد الأ ريقيخ انة ارا   (HepG2) رقبٌ انكجد 
 يااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااٍ 

جااراٖ يااٍ الأشااعخ ان بييااخ ٔثط اازةداو قريقااخ انزحهياام انيهٕرٔيزريااه نهحًااض  5 – 1

انُااااإٖٔ انديٕكسااااايريجٕزٖ انًُحااااام  اااااى  يااااابش انزكساااااير  اااااٗ انحًاااااض انُااااإٖٔ 
 : سًذ انةلايب انٗ ي ًٕعزيٍ  ٔ د. انديٕكسيريجٕزٖ ثعد انزعرض نلأشعخ

x 10 5)الأٔنٗ رهقذ          
-5

د يقخ  33جسئ يٍ انُيٕكهٕريداد  ٗ  لال يٍ صير إنٗ  (

ٔ د راى  يابش يعادل . يٍ انزعرض نلإشعبع ثيًُب نى رزهقٗ انً ًٕعخ انثبَيخ َيٕكهٕريداد
جرعااخ ٔعكسااذ انُزاابئ  أٌ إزدياابد  HePG2ٔاناا   Veroثقااب  انًااسارع نكاام يااٍ  لايااب 

ا شااااعبع يكاااإٌ ياااااحٕة ثسياااابدح َسااااجخ انزكسااااير  ااااٗ  ياااإق انحًااااض انُاااإٖٔ 

ٔأٌ يعاااااادل يياااااام يُحُااااااٗ انزكسااااااير  ااااااٗ انحًااااااض انُاااااإٖٔ . انديٕكساااااايريجٕزٖ 
أكثر  HePG2ٔان   Veroيةزهف ثيٍ  لايب   ( D)انديٕكسيريجٕزٖ ٔيزٕ ط  ًٕد ان رعخ 

هاٗ رحسايٍ انزكساير انحابد ٔ د ٔفا  رار ير انُيٕكهٕرياداد ع. عهٗ انزٕانٗ 2،  3.5يٍ 

ٔأٌ قريقخ انزحهيم انيهٕرٔيزريه يٍ انًًكاٍ .  ٗ انحًض انُٕٖٔ انديٕكسٗ ريجٕزٖ
أٌ رهعات دٔر يٓاى  اٗ إ زيابر انعالان انًُب ات  إا  كابٌ إشاعبع أٔ عقاب ير ٔجرعزاّ 

قجقااب نقياابش َسااجخ ركسااير انحًااض انُاإٖٔ انديٕكساايريجٕزٖ  ااٗ الأَساا خ انساارقبَيخ 
ب خ إنٗ أٌ إ ازةداو ياسي  ياٍ انُيٕكهٕرياداد يًكاٍ أٌ يقهام ياٍ الأ ابر ثب ف. انًعبن خ

 .ان بَجيخ نٓ ا انعلان


