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Abstract: This study aimed to investigate the oxidatively generated damage to DNA and proteins induced by
internal irradiation with the radiopharmaceutical administration of Technetium ( Tc) in rat liver and to99m 99m

evaluate the radioprotective effect of Angelica archangelica and Ginkgo biloba flavonoids. Sixty adult male
Wistar rats were classified into six equal groups. Group 1 served as normal control rats. Group 2 represents
animals which received 1 mCi of Tc only. Groups 3 and 4 represent animals which received Angelica and99m

Gingko for seven days, respectively. Groups 5 and 6 represent animals which received 1 mCi of Tc once after99m

application of Angelica and Gingko for seven days, respectively. Pretreatment with Angelica and Ginkgo prior
Tc irradiation showed inhibitory effects against DNA damage, protein oxidation and reduced antioxidant99m

capacity. The results indicate a protective role for Angelica and Ginkgo against the genetic damage and
oxidative stress induced by radiopharmaceutical administration. This study has important implications for
patients undergoing nuclear medicine procedures.
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INTRODUCTION a tracer to image the myocardial perfusion [2]. It has been

Radiopharmaceuticals are radioactive compounds peripheral blood lymphocytes, cells which are known to
which consist of a radionuclide and a nonradioactive be highly radiosensitive [3, 4].
compound used for diagnosis and therapy of diseases. In contrast to importance of technetium as
Nuclear medicine has been using radiopharmaceuticals for radiopharmaceuticals in diagnosis, the agents labeled with
diagnostic  and  therapeutic  purposes  for more than a technetium  disrupt  the cells due to gamma irradiation.
half century. Technetium ( Tc) is widely used for the The doses and duration of absorbed irradiation and the99m 99m

diagnosis of diseases in nuclear medicine due to its ideal susceptibility of the tissue against irradiation are the
energy, half-life and chelating ability. It forms chelates factors that cause variations on living cells [5]. Ionizing
with different ligands and its complex is transferred to the radiation is known to generate reactive oxygen species
target organ for image capture. Tc emits gamma rays (ROS) in irradiated tissues [6]. Evidences have shown that99m

(140.5 keV) as well as low-energy Auger and conversion over production of ROS in both intra and extra cellular
electrons. Tc labeled agents have been used to image spaces results as an imbalance between pro-oxidants and99m

the skeleton, brain, thyroid, lungs, liver, spleen, kidneys, antioxidants that cause ROS production exceed the
bone marrow, salivary glands, heart, blood pool, activity of endogenous antioxidants which increase
infections and numerous specialized medical studies [1]. oxidative stress. Once this imbalance takes place cellular
In addition, Tc-MIBI (methoxyisobutylisonitrile) is a molecules such as nucleic acids, proteins, structural 99m

synthetic monovalent cation that has been approved as carbohydrates  and  lipids  may  be  damaged  by oxidative

established that Tc-MIBI is taken up by human99m
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modifications [7]. Appropriate antioxidant intervention been reported to scavenge superoxide, hydroxyl radicals
seems to inhibit or reduce free radical toxicity and thus and peroxyl radicals to inhibit the production of reactive
offers protection against radiation. Antioxidants scavenge oxygen species in stimulated leukocytes and to interact
free radicals and hence are associated with reduced risk of with nitric oxide [24, 25].
cancer and cardiovascular diseases [8]. Although many studies have evaluated natural

Phenolic (flavonoids) antioxidants play an important products as radioprotective agents in animals and humans
role in the oxidation process by being preferentially little is known about the effects of radioprotective agents
oxidized by the attacking radicals. Because of their high against damage from radiopharmaceuticals. This study
redox potential, they can act as reducing agents, was aimed to investigate whether 1mCi of Tc induces
hydrogen donors, scavenge superoxide, hydroxyl and oxidative stress in DNA, protein and total antioxidant
peroxyl   radicals    and   as   metal   chelating  agents statue and to explore the possible radioprotective effects
giving  intrinsic  antioxidant  properties  [9]. To reduce of Angelica and Ginkgo antioxidants against damages
ROS-mediated disorders, considerable research has been caused in the liver of rats.
directed  towards  the  discovery  of novel  antioxidants.
In view of this, natural phenolic antioxidants with strong MATERIALS AND METHODS
pharmacological action and less cytotoxic properties are
highly acceptable. Apart from this, a number of dietary Chemicals and Preparation of Tc-MIBI: All chemicals
antioxidants have been reported to decrease free radical were obtained from Sigma Chemical Co. (St. Louis, MO,
attack on biomolecules [10]. USA) and were used without further purification. Tc, in

Angelica archangelica is a member of a widely the form of sodium pertechnetate (Na TcO4 ), was
cultivated Angelica herb. It has been widely used in folk eluted from an in-house o/ Tc generator system with
medicine for respiratory catarrh, asthma, flatulent normal saline solution. Tc-MIBI was prepared by
dyspepsia, anorexia nervosa, rheumatic diseases and reacting 2-methoxyisobutylisonitrile with Tc-O4  in the
peripheral vascular diseases [11]. The most characteristic presence of sodium dithionite. Radiochemical purity was
secondary metabolites of Angelica are essential oils, greater than 98%. The roots of Angelica archangelica
coumarins, flavonoids (caffeic acid, ferulic acid and (whole root, first grade) were purchased from Mr. Haraz
chlorogenic  acid)  and   furanocoumarins,   which  are (Famous and Oldest Egyptian Herbs and folk medicine
more abundant in the roots and seeds than in the leaves. manufactures and suppliers, Cairo, Egypt). Angelica
The main constituents of essential oils of Angelica root archangelica roots were well crushed; boiling distilled
are  pynene, limonene and coumarinosthol that were water was added to 15 g of this powder. After cooling,
recently stated to possess antioxidant effects [12] and juice was filtered three times using Wattman filter no. 4.
macrocyclic lactones that exhibit calcium binding The obtained solution was used in a base of body weight
activities. It was reported to possess antimutagenic [13], 0.11g/kg body weight. Gingko biloba extract was
antiulcerogenic [14], hepatoprotective [15], purchased from EMA Pharm Co. (Cairo, Egypt). It was
antiproliferative  [16],  antitumor  and   cytotoxic  effects dissolved in water and gives at a dose 0.11 g/kg body
[17, 18]. weight. For both extracts the concentration of 0.11g/Kg

Ginkgo biloba is one of the oldest herbal medicines was chosen based on the previous study [26].
that have been used as a therapeutic agent in modern
pharmacology [19]. Extracts of Ginkgo biloba is a Animals: The experimental protocol was reviewed and
standardized mixture of various compounds containing approved by the Laboratory Animal Care Committee of
two major groups of substances, flavonoid glycosides National Research Center. Approximately 14 week old
(quercetin, kaempferol and isorhamnetin) and terpenoids male  Wistar  rats,  weighting  200-250  g, were obtained
which  have anti-oxidants  and anti–lipoperoxidative from animal  production  house  (National  Research
properties [20]. Among the molecular mechanisms Center). The animals were acclimated to the laboratory
proposed for the beneficial effects of Ginkgo, evidence conditions  under  a  veterinarian's  care  for  two  weeks.
for antioxidant activity is accumulating: Ginkgo is The animals were group-housed in standard cages and
protective in models of oxidative stress, including kept in a colony room at 25°C, with a relative humidity of
testicular, cardiac and retinal ischemia-reperfusion injury 50% and were fed a standard chow and carrot diet ad
[21, 22] and light- induced retinal damage [23]. Ginkgo has libitum.
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Experimental Design: Sixty male Wistar rats were divided > 13. The DNA was electrophoresed for 20 min at 300 mA
into six groups of ten randomly. First group: Normal
control rats in which 1ml isotonic saline solution was
injected intraperitoneally (i.p.) in order to account for the
stress caused by daily injections for 7 days and were kept
in plexiglass cage under the experimental conditions.
However, they did receive neither protector nor isotopes.
The second group ( Tc): represents animals which99m

received 1 mCi of radioisotope Tc. The third group 99m

(Ang): animals were injected i.p. with Angelica for seven
days as 0.11 g/kg body weight.The Fourth group (Gin):
animals were injected i.p. with Ginkgo for seven days as
0.11 g/kg body weight. The fifth group (Ang + Tc):99m

animals which received 1 mCi of Tc intravenously once99m

after application of Angelica for seven days as 0.11 g/kg
body weight. The sixth group (Gin + Tc): animals which99m

received 1 mCi of Tc intravenously once after99m

application of Ginkgo for seven days as 0.11 g/kg body
weight. Radiation was administered as intravenously
injection by 1 mCi of TC with the legend 99m

methoxyisobutylisonitrile (MIBI) as one dose 24 h before
animals scarifying. Animals of groups three-six were
sacrificed after 24 h of treatment. Then the liver was
removed for genetic and oxidative stress estimations.

Genetic Analysis
Assessment  of  single  strand  breaks   (Comet  assay):
The comet assay was carried out under alkaline
conditions,  basically  as  described  by  Singh et al. [27].
A single cell suspension from liver was prepared and the
quantity of liver cells in the cell suspensions was
determined in Giemsa-stained smears. From the liver cell
suspension containing approximately 2 × 10 - 5 × 10 of DNA fragmentation which is a well-known marker of4 4

cells/ml, 5 µl was mixed with 95 µl of 0.5% low melting
point agarose; LMPA (in Ca and Mg free phosphate+2 +2

buffer saline; PBS) to prepare the final cell-agarose
suspension. From the final cell-agarose suspension, 80 µl
was spread over the microscope slide (75 × 25 mm glass
slides with 19 mm frosted ends, Gibco-BRL, life
technology, India), pre-coated with 1% normal melting
point agarose; NMPA (Gibco-BRL). The cells were then
lysed in freshly prepared buffer containing 2.5 M NaCl,
100 mM Ethylene diamine tetraacetic acid (EDTA), 10 mM
Trisma Base (Tris; pH 10.0), 1% Triton X-100 and 10%
Dimethylsulfoxide (DMSO) for 2 h at 4°C. After lysis the
slides were rinsed three times in deionized water to
remove salt and detergent. The slides were placed in a
horizontal electrophoresis unit (Cleaver Scientific Ltd, UK)
and DNA was allowed to unwind for 20 min in alkaline
solution containing 300 mM NaOH and 1 mM EDTA, pH

and 30 V (0.90 V/cm). The slides were then neutralized
with 0.4 m Tris (pH 7.5), fixed for 5 min in absolute alcohol,
air-dried and stored at room temperature. Immediately
before analysis, the DNA was stained with 50 µl ethidium
bromide (20 µg/ml).

Data Scoring and Photomicrographs: The fluorescent
labeled DNA was visualized (magnification 400 x) using an
automated fluorescence microscope with an excitation
filter of 520-590 nm and the images were captured on a
computer  equipped   with   Comet   Score  software
(Komet IV). Three parameters were adopted as indicators
of DNA damage: Tail length (TL; length of DNA
migration) is related directly to the DNA fragment size and
presented in micrometers. It was calculated from the
centre  of  the  cell. The percent of DNA in the comet tail
(% Tail DNA) which is an estimate of DNA damage and
Tail  moment  (TM)  was calculated as the product of the
tail length and the fraction of DNA in comet tail. The
antigenotoxic activity of Ang and Gin was expressed by
percent decrease of Tail moment:

Inhibition (%) = a – b/a – c × 100

a = Tail moment induced by Tc.99m

b = Tail moment of the Ang and Gin in the presence of
Tc.99m

c = Tail moment of the one of the treatment groups of
Ang and Gin without Tc. 99m

Analysis  of  DNA  Fragmentation:  Analysis of the level

apoptosis  was  measured  by  the  method  of Paradones
et al. [28]. Frozen samples of liver were homogenized in
lyses buffer containing 5mM Tris–HCl (pH 8.0), 20 mM
EDTA and 0.5% Triton X-100. Homogenates were then
centrifuged at 27,000 g for 20 min to separate intact
chromatin in the pellets from fragmented DNA in the
supernatant fractions. Pellets were resuspended in 0.5 N
perchloric acid and 5.5 N perchloric acid was added to
supernatant fractions to final concentration of 0.5 N.
Samples were heated at 90°C for 15 min and centrifuged at
1500 g for 10min to remove proteins. Supernatant fractions
were reacted with diphenylamine (DPA) for 16–20 h at
room  temperature  and  absorbance  was   measured at
600 nm. DNA fragmentation in samples [(frag.DNA in
sup.) / (frag. DNA in sup. + Intact DNA in pellet)] were
expressed as percentage of total DNA appearing in the
supernatant fraction.
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Agarose Gel Electrophoresis for DNA Fragmentation: Determination of Total Antioxidant Capacity (TAC):
Agarose gel electrophoresis was carried out for the Calorimetric method was performed for determination of
analysis of DNA fragmentation by the method of the tissue total antioxidant capacity according to method
Yokozawa and Dong [29]. The DNA samples were developed by Erel [32]. In this method, the characteristic
electrophoresed on 1.4% agarose gel using Tris-borate- color of 2, 2’-azino-bis [3-ethylbenzthiazoline-6-sulfonic
EDTA (TBE) buffer at 40 V for 5 h. Then the gel was acid (ABTS)] is bleached by antioxidants present in the
stained with ethidium bromide and viewed under Ultra sample. This reaction can be monitored
Vilot transilluminator and photographed. spectrophotometrically and the bleaching rate is inversely

Measurement of Oxidative Stress: Samples of the liver calibrated with Trolox, which is widely used as a
from each animal were excised immediately and washed in traditional standard for TAC measurement assays and the
ice cold normal saline, followed by 50 mM phosphate assay results are expressed in mmol Trolox equivalent/L.
buffer (pH 7.4) blotted dry and weighed. Tissues were
homogenized in 50 mM phosphate buffer and processed Statistical Analysis: Statistical analyses were carried out
for the estimation of protein content and protein carbonyl using SPSS software (SPSS 16.0 for windows, SPSS Inc.,
level.  The  rest  of  the homogenate was centrifuged at Chicago, IL). The one-way analysis of variance (ANOVA)
3200 g for 15 min at 4°C. The supernatant thus obtained and followed by Post-Hoc test for multiple comparisons.
was used for estimation of total antioxidant capacity. All data were expressed as Mean ± Standard Error (SE).

Determination of Liver Protein Contents: Protein
contents  were  analyzed  using Biuret Assay kits from RESULTS
Bio-diagnostic Co., (Cairo, Egypt). The Coomassie
Brilliant blue reagent (6mmol/L cupric sulfate, 21 mmol/L TcInternal Irradiation Induced Genomic DNA Damage
sodium potassium tartrate, 750 mmol/L sodium hydroxide in Hepatic Cells Protective Effect of Angelica and
and 6 mmol/Lpotassium iodide) formed a blue complex Ginkgo: From comet images by fluorescent microscopy,
with protein and then the absorbance at 570 nm was the undamaged DNA is recognized as a fluorescent core
measured by Spectrophotometer [30]. Bovine serum (Figure 1A), while the presence of strand breaks in the
albumin was used as external standard. The data were chain (damaged DNA) causes DNA to migrate and form
expressed as g/dL protein. a tail comet during the electrophoresis (Figure 1B).

Determination  of Protein Carbonyl Content (PC): in control, Angelica and Ginkgo pretreated groups as
Determination of carbonyl content in proteins is used as revealed by different comet assay parameters (TL, % DNA
an  index  of the extent of oxidatively generated damage to in tail and TM) (Table 1). The mean value of comet tail
protein. The level of protein oxidation was measured by length  increased  to  7.53  ±  0.23 in animals which
the quantification of carbonyl groups based on the received Tc as compared to control group (1.74 ± 0.06).
reaction with 2, 4-dinitrophenylhydrazine (DNPH) using The Tc-induced  DNA  damage  in  Angelica and
the method of Levine et al. [31]. One milliliter of 10 mM Ginkgo pretreated rats were decreased to 5.70 ± 0.18 and
DNPH  in  2 M  Hcl was  added  to  the  reaction  mixture 4.79 ± 0.39, respectively as compared to that of Tc-
(2 mg/ml protein). Samples were incubated for 1 h at room treated animals alone. The extent of damage can be
temperature and were vortex every 15 min. Then they are expressed by measuring percent of DNA present in the
precipitated with 1 ml of cold trichloroacetic acid (TCA) tail in comet assay. The mean value of % Tail DNA was
10% and centrifuged at 3000 g for 10 min. The protein increased  to  6.05  ± 0.07 following treatment with the
pellet was washed three times with 2 ml of ethanol/ethyl Tc as compared to control. Angelica and Ginkgo
acetate (1:1, v/v) and dissolved in 1 ml of guanidine administration  were  effective  in  blunting such increase
hydrochloride (6 M, pH 2.3) and incubated for 10 min at in % tail DNA to as low as 4.88 ± 0.17 and 4.07 ± 0.53 in
37ºC whilst mixing. The absorbance was read at 370 nm Tc -treated groups, respectively. Tail moment (TM) is
and the carbonyl content was calculated, based on the a commonly used marker of DNA damage in comet assay.
molar extinction coefficient of DNPH (  = 2.2 ×10 TM data showed significant DNA damage in Tc treated4

cm M ). The data were expressed as nmol carbonyl/mg rat that reached 42.72 ± 0.36 as compared to the control1 1

protein. group  (3.49  ±   0.12).   Pre-treatment with   Angelica  and

related to the TAC of the sample. The reaction rate is

Statistical significance was achieved when p < 0.05.

99m

Microscopic examination did not reveal any DNA damage

99m

  99m

 99m

99m

99m

99m
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Table 1: Effect of Tc internal irradiation and pretreatment with Angelica and Gingko on DNA damage detected by comet assay, assessed as Tail length,99m

Tail moment and Tail DNA % in liver cells

Treatment Tail length (µm) Tail DNA% Tail Moment (µm)

Control 1.74 ± 0.06 1.99 ± 0.06 3.49 ± 0.12
Tc 7.53 ± 0.23 6.05 ± 0.07 42.72 ± 0.3699m a a a

Ang 2.10 ± 0.10 1.90 ± 0.05 3.56 ± 0.23b b b

Gin 1.50 ± 0.20 1.80 ± 0.04 2.67 ± 0.30b b b

Ang + Tc 5.70 ± 0.18 4.88 ± 0.17 26.89 ± 0.4499m a,b a,b a,b

Gin+ Tc 4.79 ± 0.39 4.07 ± 0.53 25.89 ± 0.4999m a,b a, b a,b

Values expressed as means ± SE. (N=10) Control; Tc: irradiated; Ang: normal treated with Angelica; Gin: normal treated with Gingko; Ang+ Tc:99m 99m

irradiated pretreated with Angelica and Gin+ Tc: irradiated pretreated with Gingko.  Significant as compared with control group; Significant as compared99m  a) b)

with irradiated ( Tc) group; p<0.05.99m

Table 2: Effect of Tc internal irradiation and pretreatment with Angelica and Gingko on DNA fragmentation99m

Treatment Percent DNA fragmentation %Change

Control 11.27 ± 0.38 -
Tc 48.28 ± 0.84 37.0199m

Ang 10.75 ± 0.50 -0.52
Gin 9.5 ± 0.91 -1.77
Ang + Tc 22.53 ± 0.82 +11.2699m

Gin+ Tc 23.46 ± 0.98 +12.1999m

Values expressed as means ± SE. (N=10) Control; Tc: irradiated; Ang: normal treated with Angelica; Gin: normal treated with Gingko; Ang+ Tc:99m 99m

irradiated pretreated with Angelica and Gin+ Tc:irradiated pretreated with Gingko.  Significant as compared with control group; Significant as compared99m  a) b)

with irradiated ( Tc) group; p<0.05.99m

Fig. 1: Fluorescence microscopy displaying hepatocytes without damaged  DNA (A) and with damaged DNA, as shown
by a comet (B)

Fig. 2: Histogram showing inhibition % of Tail moment (TM) – induced by  Tc treated with Angelica and Gingko99m

extracts. (Ang+ Tc) irradiated pretreated with Angelica and (Gin + Tc) irradiated pretreated with Gingko99m 99m
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Fig. 3: Analysis of rat liver DNA fragmentation induced Fig. 5: Effect of radiotracer  Tc and pretreatment with
by radiotracer Tc and prevention of Angelica Angelica and Gingko on hepatic protein carbonyl 99m

and Gingko revealed by agarose gel content (PCO, nmol/mg protein). Values expressed
electrophoresis. Lane 1: Control; Lane 2: ( Tc) as means ± SE. (N=10). Control; Tc: irradiated;99m

irradiated group; Lane 3: (Ang) normal treated Ang: normal treated with Angelica; Gin: normal
with Angelica; Lane 4: (Gin) normal treated with treated with Gingko; Ang+ Tc: irradiated
Gingko; Lane 5: (Ang+ Tc) irradiated pretreated pretreated with Angelica and Gin+ Tc: irradiated99m

with Angelica; Lane 6: (Gin+ Tc) irradiated pretreated with Gingko. Significant as compared99m

pretreated with Gingko and Lane 7: x174 DNA with control group;  Significant as compared with
marker irradiated ( Tc) group; *p<0.001 #p<0.05

Fig. 4: Effect of radiotracer  Tc and pretreatment with Fig. 6: Effect of radiotracer Tc and pretreatment with99m

Angelica and Gingko on hepatic level of protein Angelica and Gingko on hepatic Total
content. Values expressed as means ± SE. (N=10). Antioxidant Capacity (TAC, mmolTrolox
Control; Tc: irradiated; Ang: normal treated equivalent/L). Values expressed as means ± SE.99m

with Angelica; Gin: normal treated with Gingko; (N=10). Control; Tc: irradiated; Ang: normal
Ang+ Tc: irradiated pretreated with Angelica treated with Angelica; Gin: normal treated with99m

and Gin+ Tc: irradiated pretreated with Gingko. Gingko; Ang+ Tc: irradiated pretreated with99m

Significant as compared with control group; Angelica and Gin+ Tc: irradiated pretreated witha) b)

Significant as compared with irradiated ( Tc) Gingko. Significant as compared with control99m

group; *p<0.001 #p<0.05. group; Significant as compared with irradiated

Gingko decreased the TM mean values to 26.89 ± 0.44
and 25.89 ± 0.49, respectively. The inhibition% of DNA Tc Internal Irradiation Induced Genomic DNA
damage induced by Tc reached 40% and 42% in Fragmentation in Hepatic Cells: Protective Effect of99m

Angelica  and  Gingko   pretreatment,   respectively Angelica and Ginkgo: Tc-induced DNA fragmentation
(Figure 2). was evaluated by measuring the level of fragmented DNA

 99m

99m

99m

99m

 a) 

b)

99m

99m

99m

99m

99m

a)

b)

( Tc) group; *p<0.001 #p<0.05.99m

99m

99m
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colorimetrically using Diphenylamine (DPA) and by mutations [34]. Protecting the cellular DNA from radiation
detecting DNA ladders on agarose gel electrophoresis. damage might result in the prevention of the
The results showed that Tc caused marked DNA cancers/mutations induced by radiation, which offers99m

fragmentation  (48%)  compared  to  control group (11%) implications in reducing the undesirable adverse effects
as indicated by DPA assay (Table 2). Pre-treatment with of the ionizing radiation [35].
either Angelica or Ginkgo significantly decreased Tc In this study, genotoxic effects induced by Tc were99m

induced DNA fragmentation to 22 and 23 %, respectively. observed as increase in the comet assay parameters (TL,
Analysis of DNA from apoptotic cells by agarose % DNA in tail and TM) in rat liver cells when compared to
electrophoresis produced a characteristic DNA ladder the control indicating high levels DNA damage induced
pattern, which is regarded as a biochemical hallmark of by radiation. The comet assay is a rapid, sensitive and
apoptosis. Tc exposure showed the typical DNA ladder versatile method for the quantification of DNA  damage99m

pattern in rat liver (Figure 3). Pre-treatment with Angelica in  the  individual  cells  both in vitro and in vivo [36].
and Ginkgo extracts prevented this radiation-induced Where cells with damaged DNA displayed increased
DNA fragmentation when compared with Tc group. migration of DNA fragments (comet tail) from the nucleoid99m

Tc Internal Irradiation Induced Oxidative Stress in fragmentation associated with the necrotic/ apoptotic99m

Hepatic Cells: Protective Effect of Angelica and Ginkgo: death process [37]. In addition, exposure to Tc
Radiation-induced oxidative stress was evaluated by increased the percentage of DNA fragmentation that
measuring total protein content, protein oxidation and reached 48% in liver of irradiated rats. It also induced an
total antioxidant capacity in rat liver. Figure (4) depicts the internucleosomal cleavage of DNA resulting in a DNA
total protein content in hepatic cells in control and treated ladder pattern characteristic of apoptosis suggesting
groups. A significant decrease in total protein content genotoxic  and  apoptotic  damages. Taibi et al. [38]
was detected following Tc treatment when compared showed that 250 µCi Tc-MIBI induces genotoxic effects99m

with the control group. Treatment with Angelica and and  apoptosis  in  human peripheral blood lymphocytes.
Gingko significantly ameliorated the decrease in the A significant increase in primary DNA damage indicated
protein level (p < 0.05). Further, a considerable elevation by markedly elevation of comet parameters and
in the level of the protein carbonyl (PC) was also frequencies of chromosomal aberrations were observed as
observed in Tc irradiated group, which was a result of exposure to chronic low doses of ionizing99m

significantly ameliorated by Angelica and Gingko radiation in nuclear medicine departments [39]. Also,
pretreatment  as  compared  with  Tc group (Figure 5). Hosseinimehr et al. [40] observed that 200 µCi Tc-MIBI 99m

No significant differences were found among groups has genotoxic effect as shown by increase in micronuclei
pretreated with Angelica and Gingko extracts relative to frequencies in lymphocytes.
the control group. Tc internal irradiation significantly It has long been known that the damaging effects of99m

decreased   the   level  of  total antioxidant capacity (TAC)
in the liver tissue (p < 0.01) relative to the control group
(Figure 6).Protective effects of Angelica and Gingko
against Tc  induced  declines  in   TAC  were99m

statistically significant relative to the Tc and control99m

groups (p < 0.01 and p< 0.05, respectively).

DISCUSSION

Physico-chemical interactions between ionizing
radiation and DNA produce a broad spectrum of DNA
lesions including damage to nucleotide bases, DNA-DNA
and DNA-protein cross-links, alkali labile sites as well as
DNA single- and double-strand breaks [33]. It is now
accepted, however, that missrepaired double-strand
breaks are the principle lesions of importance in the
induction of both chromosomal abnormalities and gene

99m

(comet head) which may also be a feature of DNA

99m

99m

99m

ionizing radiation on cellular DNA are brought about by
both direct and indirect mechanisms. Direct action
produces disruption of chemical bonds in the molecular
structure of DNA, while indirect effects result from
generation of reactive oxygen species (ROS) in cells as a
result of water radiolysis [41]. Among them, particularly,
the highly damaging hydroxyl radical (•OH) can cause
injury by reacting with cellular DNA [42, 43]. Therefore
antioxidants play significant role in partly preventing
DNA damage. Various phenolic antioxidants such as
flavonoids, tannins and coumarins have been shown to
scavenge radicals and thus partly prevent the DNA
damage. In our study we observed that Angelica and
Ginkgo extracts, phenolic rich compounds, exhibited
significant DNA protecting activity on against Tc99m

oxidative DNA damage in rat liver. These extracts
significantly diminished the level of DNA damage caused
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by the Tc as indicated by a significant decrease in the factors that cause variations on living cells [5]. Ionizing99m

comet assay parameters (TL, % DNA in tail and TM)
compared to Tc treated group. The extent of inhibition99m

of DNA damage induced in Tc treated rats reached 40%99m

and 42% in Angelica and Ginkgo, respectively. We have
also observed that Angelica and Ginkgo pretreatment
reduced the ladder pattern formation and DNA
fragmentation to 22% and 23%, respectively that
accompanied apoptosis in rat liver. In accordance with our
study, Salikhova and Poroshenko [13] reported that
Angelica L have anti-mutagenic activity, where it reduced
the micronuclear frequencies as high as 77% in murine
bone marrow cells treated with N,N'N'-
triethylenethiophosphoramide (Thio-TEPA). Raafat et al.
[26] showed that apoptotic to anti-apoptotic related
protein ratio is significantly returned back to its normal
ratio when radio isotopic injection was administered after
protection by both Angelica and Ginkgo. Min and Ebeler
[44] suggested that quercetin (the major component of
flavonoid glycosides of Ginkgo extract ) have the
potential to protect against cancer by inhibiting oxidative
DNA damage as well as by enhancing DNA repair after
oxidant challenge in Caco-2 cells (colon cells). In addition,
Ginkgo extract was found to possess a beneficial
protective effect against N-nitrosodiethylamine-induced
hepatocarcinogenesis through their antioxidant,
antigenotoxic and antiangiogenic activities [45].
Supplementation of Ginkgo extract neutralized genotoxic
damage induced by radioiodine treatment, without
affecting the clinical outcome [46]. Pre-treatment with
Ginkgo (EGb 761) reduces the chromosomal damage in
human peripheral blood lymphocytes induced by
radiofrequency radiation [47]. In another study, Ni et al.
[48] reported that Ginkgo extract treatment before
exposure to hydroxyl radicals blocked the DNA
fragmentation that accompanied apoptosis in cerebellar
neurons. Extracts of Angelica and Ginkgo are a complex
mixture which contains flavonoid and non-flavonoid
fractions. The main chemical structures of flavonoids
possess an aromatic ring and double bond, so flavonoids
prefer to react with hydroxyl radicals and yield an addition
product, thus directly scavenging the hydroxyl radicals.
Flavonoids, also possess phenolic hydroxyl groups which
may chelate the Fe  and indirectly inhibit the formation2+

of hydroxyl radicals [49].
In contrast to importance of technetium as

radiopharmaceuticals in diagnosis, the agents labeled with
technetium  disrupt  the  cells due to gamma irradiation.
The doses and duration of absorbed irradiation and the
susceptibility of the tissue against irradiation are the

radiation is known to generate ROS in irradiated tissues
[6]. These free radicals react with cellular macromolecules,
such as DNA, RNA, proteins, membranes, etc. and cause
cell dysfunction and mortality. A decline was registered
in liver protein content in the Tc irradiated group,99m

possibly caused by DNA damage after exposure to
irradiation, resulting in subsegment changes in mRNA
causing impairment in gene transcription that could inhibit
protein synthesis [50]. In addition, the formation of free
radicals can cause breakage of chemical bonds and
destruction of protein molecules [51]. The maintenance of
more normal protein levels in the Angelica and Ginkgo
pre-irradiation treated groups may be due to scavenging
of free radicals by flavonoids, thus preventing DNA
damage.

Data presented in our investigation indicated that
treatment with Tc impaired antioxidative defense as99m

indicated by a significant elevation in the level of
oxidative stress marker, protein carbonyl level and a
significant depletion of total antioxidant capacity. These
results were supported by the previous research work
where production of ROS in high fluxes caused oxidation
of amino acid residues on proteins, forming protein
carbonyl [52]. Adaramoye et al. [53] found that irradiation
caused significant decreases in the levels of liver
glutathione, glutathione–S-transferase, catalase and
superoxide dismutase. Gurbuz et al. [54] reported that

Tc treatment leads to decrease antioxidant enzyme99m

activity in patient erythrocytes. Supplementation of Tc99m

irradiated animals with the extracts under investigation,
Angelica and Ginkgo, effectively modulated the
deterioration in the oxidative stress marker, protein
carbonyl as well as the antioxidant indices implying the
beneficial antioxidant abilities of Angelica and Ginkgo as
an effective cytoprotective agent, possibly through
prevention of the production of oxygen free radicals that
causes lipid peroxidation and hence indirectly protects the
liver from oxidative stress [15]. Furthermore, Marcocci et
al. [55] mentioned that Ginkgo biloba extract protected
cells and tissues against oxidative stress induced by the
free radicals through prevention of lipid peroxidation by
scavenging free radicals and ROS maintaining the
integrity and permeability of cell membranes. El
Mesallamy et al. [45] reported that Ginkgo biloba extract
significantly increased the activities of free radical
scavenging enzymes, superoxide dismutase, glutathione
peroxidase, glutathione reductase and the non-enzymatic
antioxidant, glutathione in N-nitrosodiethylamine treated
rats.
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In conclusion, this study demonstrated that Angelica 12. Nivinskiene, O., R. Butkiene and D. Mockute, 2003.
and Ginkgo extracts may prevent some of the deleterious
effects of internal irradiation from the radiopharmaceutical.
Further,  Angelica  and  Ginkgo  rendered a significant
anti-genotoxic, anti-apoptotic and anti-protein
peroxidative potency plausibly ascribable to its
antioxidant/ free radical scavenging ability and also by the
suppression of internal radiation-induced oxidative stress.

REFERENCES

1. Braat, S.H., 1991. Tc myocardial perfusion imaging.99m

Curr Opin Radiol., 3(6): 810-816.
2. Jones,  S.E.,  K.  Aziz, T.  Yasuda,  H.  Gewirtz  and

J.A. Scott, 2008. Importance of systematic review of
rotating projection images from Tc99m-sestamibi
cardiac perfusion imaging for noncardiac findings.
Nucl. Med. Commun., 29(7): 607-613.

3. Schwoc hau K.,  1994.Techne tium
radiopharmaceuticals-fundamentals, synthesis,
structure and development. Angew. Chem. Int. Ed.
Engl., 33: 2258-2267.

4. Pomplun, E., M. Terrissol and E. Kümmerle, 2006.
Estimation of a radiation weighting factor for Tc.99m

Radiat Prot Dosimetry, 122: 80-81.
5. Cicek, E., M. Yildiz, N. Delibas and S. Bahceli, 2006.

The effects of thyroid scintigraphy studies on
oxidative  damage  in  patients. Acta. Physiol. Hung.,
93: 131-136.

6. Sadani, G.R. and G.D. Nadkarni, 1997. Changes in
lipid peroxide levels and the activity of reactive
oxygen scavenging systems in thyroid tissue after
exposure  to  radioactive   iodine   in   rats.  Thyroid.,
7: 937-941.

7. Ornoy, A., 2007. Embryonic oxidative stress as a
mechanism of teratogenesis with special emphasis on
diabetic embryopathy. Reprod Toxicol., 24: 31-41.

8. Halliwell, B., 1996. Antioxidants in human health and
disease. Annu. Rev. Nutr., 16: 33-50.

9. Tsao, R. and Z. Deng, 2004. Separation procedures
for naturally occurring antioxidant phytochemicals. J.
Chromatogr B Analyt Technol. Biomed Life Sci., 812:
85-99.

10. El-Habit, O.H., H.N. Saada, K.S. Azab, M. Abdel-
Rahman and D.F. El-Malah, 2000. The modifying
effect of beta-carotene on gamma radiation-induced
elevation of oxidative reactions and genotoxicity in
male rats. Mutat Res., 466: 179-186.

11. Sarker, S.D. and L. Nahar, 2004. The genus Angelica.
Natural Medicine. Curr. Med. Chem., 11: 1479-1500.

Changes in chemical composition of essential oil of
Angelica archangelica L. root during storage.
Chemija (Vilnius), 14: 52-56.

13. Salikhova, R.A. and G.G. Poroshenko, 1995.
Antimutagenic properties of Angelica archangelica
L. Vestn Ross Akad Med. Nauk., 1: 58-61.

14. Khayyal,  M.T.,  M.A.   El-Ghazaly,   S.A.  Kenawy,
M.  Seif-el-Nasr,  L.G.  Mahran,   Y.A.   Kafafi  and
S.N. Okpanyi, 2001. Antiulcerogenic effect of some
gastrointestinally acting plant extracts and their
combination. Arzneimittelforschung, 51: 545-53.

15. Yeh, M.L., C.F. Liu, C.L. Huang and T.C. Huang, 2003.
Hepatoprotective effect of angelica archangelicain
chronically    ethanol-treated      mice.    Pharmacol.,
68: 70-73.

16. Sigurdsson, S., H.M. Ogmundsdottir and S.
Gudbjarnason, 2004. Antiproliferative effect of
Angelica   archangelica   fruits.   Z   Naturforsch  C.,
59: 523-527.

17. Sigurdsson, S., H.M. Ogmundsdottir and S.
Gudhjarnason, 2005a. The cytotoxic effect of two
chemotypes of essential oils from the fruits of
Angelica   archangelica     L.     Anticancer   Res.,
25B: 1877-1880.

18. Sigurdsson, S., H.M. Ogmundsdottir, J. Hallgrimsson
and  S.  Gudbjarnason,  2005b.  Antitumour  activity
of   Angelica    archangelica   leaf   extract.   In  vivo,
19: 191-194.

19. Mustafa, A., A. El-Medany, H. Hagar and G. El-
Medany, 2006. Ginkgo biloba attenuates mucosal
damage in a rat model of ulcerative colitis. Pharmacol.
Res., 53: 324-330.

20. Tesch, B., 2003. Herbs commonly used by women: an
evidence  based  review.  Am.  J.  Obstet  Gynecol.,
188: 44-55.

21. Akgül, T., A. Ayyildiz, B. Nuhoglu, E. Karagüzel, E.
Ogüs, H. Yagmurdur, H. Ustün and C. Germiyanoglu,
2008. Ginkgo biloba (EGB) usage attenuates testicular
injury induced by testicular ischemia/ reperfusion in
rats. Int. Urol. Nephrol., 40: 685-690.

22. Clostre, F., 2001. Protective effects of a Ginkgo biloba
extract (EGb 761) on ischemia-reperfusion injury.
Therapie., 56: 595-600.

23. Ranchon, I., J.M. Gorrand, J. Cluzel, M.T. Droy-Lefaix
and M. Doly, 1999. Functional protection of
photoreceptors from light-induced damage by
dimethylthiourea and Ginkgo biloba extract. Invest
Ophthalmol. Vis. Sci., 40: 1191-1199.



World Appl. Sci. J., 24 (1): 07-17, 2013

16

24. Marcocci,  L.,  J.J.  Maguire,  M.T.   Droy-Lefaix  and 36. Tice, R.R., P.W. Andrews, O. Hirai and N.P. Singh,
L. Packer, 1994a. The nitric oxide-scavenging
properties of Ginkgo biloba extract EGb 761. Biochem.
Biophys Res. Commun., 201: 748-755.

25. Maitra,   I.,     L.   Marcocci,   M.T.   Droy-Lefaix  and
L. Packer, 1995. Peroxyl radical scavenging activity of
Ginkgo bilobaextractEGb 761. Biochem. Pharmacol.,
49: 1649-1655.

26. Raafat, B.M., A. Saleh, M.W. Shafaa, M. Khedr and
A.A. Ghafaar, 2012. Ginkgo biloba and Angelica
archangelica bring back an impartial hepatic
apoptotic to anti-apoptotic protein ratio after
exposure to technetium 99mTc. Toxicol. Ind. Health,
3: 1-9.

27. Singh,   N.P.,    M.T.    McCoy,    R.R.     Tice    and
E.L. Schneider, 1988. A simple technique for
quantitation of low levels of DNA damage in
individual cells. Int. J. Toxicol., 175: 184-189.

28. Paradones, C.E., V.A. Illera, D. Peckham, L.L. Stunz
and  R.F.  Ashman,  1993.  Regulation  of  apoptosis
in  vitro  in  mature  spleen   T   cell.   J.  Immunol.,
151: 3521-3529.

29. Yokozawa, T. and E. Dong, 2001. Role of
ginsenoside-Rd in cisplatin-induced renal injury:
special  reference  to  DNA fragmentation. Nephron.,
9: 433-438.

30. Gornall, A.G., C.J. Bardawill and M.M. David, 1949.
Determination of serum proteins by means of the
biureto reaction. J. Biol. Chem., 177: 751-766.

31. Levine,  R.L.,    J.A.   Williams,   E.R.   Stadtman  and
E. Shacter, 1994. Carbonyl assays for determination of
oxidatively modified proteins. Methods Enzymol.,
233: 346-357.

32. Erel, O., 2004. A novel automated direct measurement
method for total antioxidant capacity using a new
generation, more stable ABTS radical cation. Clin
Biochem., 37: 277-285.

33. Barker, S., M. Weinfeld, J. Zheng and L.D. Murray,
2005. Identification of mammalian proteins cross-
linked to DNA by ionizing radiation. J. Biol. Chem.,
280: 33826-33838.

34. Ptácek, O., D.A. Stavreva, J.K. Kim and T. Gichner,
2001. Induction and repair of DNA damage as
measured by the comet assay and the yield of
somatic mutations in gamma-irradiated tobacco
seedlings. Mutat Res., 491: 17-23.

35. Amin, A.R., O. Kucuk, F.R. Khuri and D.M. Shin,
2009. Perspectives for cancer prevention with ntural
compounds. J. Clin Oncol., 27: 2712-2725.

1991. The single cell gel (SCG) assay: an
electrophoretic technique for the detection of DNA
damage in  individual  cells.  Adv. Exp. Med. Biol.,
283: 157-164.

37. Fairbrain, D.W., D.K. Walburger, J.J. Fairbrain and
K.L. O’Neill, 1996. Key morphologic changes and
DNA strand breaks in human lymphoid cells:
discriminating  apoptosis from necrosis. Scanning.,
18: 407-416.

38. Taibi,  N.,  P.  Aka, M. Krisch-Volders, P. Bourgeois,
J. Fruhling and C. Szpireer, 2006. Radiobiological
effect of 99mtechnetium-MIBI in human peripheral
blood lymphocytes: ex vivo study using
micronucleus/ FISH assay. Cancer Lett., 233: 68-78.

39. Kopjar, N. and V. Garaj-Vrhovac, 2005. Assessment of
DNA damage in nuclear medicine personnel--
comparative study with the alkaline comet assay and
the chromosome aberration test. Int. J. Hyg. Environ.
Health., 208: 179-191.

40. Hosseinimehr, S.J., A. Ahmad, D. Beik, E. Habibi and
A. Mahmoudzadeh, 2009. Protective effects of
hesperid in against genotoxicity induced by Tc-99m

MIBI in human cultured lymphocyte cells. Nucl. Med.
Biol., 36: 863-867.

41. Kamat, J.P., K.K. Boloor, T.P.A. Devasagayam and
S.R. Venkatachalam, 2000. Antioxidant properties of
Asparagus racemosus against damage induced by
gamma-radiation in rat liver mitochondria. J.
Ethnopharmacol., 71(3): 425-435.

42. Breen,  A.P.  and  J.A.  Murphy,  1995.  Reaction of
oxyl   radical   with   DNA.   Free   Rad.   Biol.  Med.,
18: 1033-1077.

43. Jagetia,   G.C.,    M.S.    Baliga,  P.   Venkatesh  and
J.N. Ulloor, 2003. Influence of ginger rhizome
(Zingiber officinale Rosc) on survival, glutathione
and lipid peroxidation in mice after whole-body
exposure   to    gamma    radiation.   Radiat  Res.,
160(5): 584-592.

44. Min, K. and S.E. Ebeler, 2009. Quercetin inhibits
hydrogen peroxide-induced DNA damage and
enhances DNA repair in Caco-2 cells. Food Chem.
Toxicol., 47: 2716-2722.

45. El-Mesallamy, H.O., N.S. Metwally, M.S. Soliman,
K.A. Ahmed and M.M. Abdelmoaty, 2011. The
chemopreventive effect of Ginkgo biloba and Silybum
marianum extracts on hepatocarcinogenesis in rats.
Cancer Cell Int., 11: 38-48.



World Appl. Sci. J., 24 (1): 07-17, 2013

17

46. Dardano, A., M. Ballardin, M. Ferdeghini, E. Lazzeri, 51. Teng, T.Y. and K. Moffat, 2000. Primary radiation
C.  Traino,  N.  Caraccio,  G.  Mariani,  R.  Barale  and damage of protein crystals by an intense synchrotron
F. Monzani, 2007. Anticlastogenic effect of ginkgo X-ray  beam.   J.   Synchrotron  Radiat., 7: 313-317.
biloba extract in graves’ disease patients receiving 52. Samuel,  S.,   K. Ramanathan,   J.   Tamilselvan  and
radioiodine   therapy.   J.   Clin   Endocrinol.  Metab., C. Panneerselvam, 2005. Protein oxidative damage in
11: 4286-4289 arsenic induced rat brain: influence of DL- -lipoic

47. Esmekaya,  M.A.,  E.  Aytekin,  E.  Ozgur,  G.  Ger, acid. Toxicol. Lett., 155: 27-34.
M.A. Ergun, S. Omero and N. Seyhan, 2011. 53. Adaramoye, O.A., O.O. Okiti and E.O. Farombi, 2011.
Mutagenic and morphologic impacts of 1.8GHz Dried fruit extract from Xylopiaaethiopica
radiofrequency radiation on human peripheral blood (Annonaceae) protects Wistar albino rats from
lymphocytes (hPBLs) and possible protective role of adverse effects of whole body radiation. Exp. Toxicol.
pre-treatment with Ginkgo biloba (EGb 761). Sci. Total Pathol., 63: 635-643.
Environ., 10: 59-64. 54. Gurbuz,  N.,   F.   Aydin,   A.   Boz,   A.   Baykal  and

48. Ni, Y., B. Zhao, J. Hou and W. Xin, 1996. Preventive Y. Aliciguzel, 2010. The effects of technetium-
effect of Ginkgo biloba extract on apoptosis in rat methylendiphosphonate and technetium-
cerebellar neuronal cells induced by hydroxyl methoxyisobutylisonitrile on erythrocyte antioxidant
radicals. Neurosci Lett., 214: 115-118. enzyme activities. Turkish J. Biochem., 35: 172-176.

49. Havsteen, B., 1983. Flavonoids A class of natural 55. Marcocci, L., L. Packer, M.T. Droy-Lefaix, A. Sekaki
high pharmacological Potency. Biochem. Pharmacol., and M. Gardès-Albert, 1994 b. Antioxidant action of
32: 1141-1148. Ginkgo biloba extract EGb 761. Methods Enzymol.,

50. Lai, H. and N. Singh, 1996. Single and double strand 234: 462-475.
DNA Breaks in rat brain cells after acute exposure to
radio-frequency electromagnetic radiation. Int. J.
Radiat Biol., 69: 513-521.

99m

99m


