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ABSTRACT
Natural radio protective compounds have been used to mitigate the toxicity induced by ionizing radiation
exposure during radiotherapy planning. This study has been undertaken to explore the radio protective potency
of rhoifolin against whole body gamma irradiation induced haematological and hepatic alterations in Swiss
albino mice. Twenty-four male mice (25-30 g) were randomly assigned into 4 groups (6 mice / group). i:
Normal control mice received (saline + 0.05% DMSO). ii:mice received rhoifolin (36 mg/Kg body weight)
orally for seven consecutive days. iii: mice were exposed to a single irradiation dose (10 Gy). iv: Experimental
group: animals administered rhoifolin as in (G 2), thirty minutes after the last rhoifolin administrated dose;
mice were exposed to gamma rays as in (G3). All animal groups sacrificed 24 hrs after irradiation exposure.
Blood samples and liver tissues were taken for the various haematological and biochemical analysis. Results
indicated that Irradiation provokes a significant reduction in Hb content, Ht% as well as RBCs and WBCs
counts, associated with marked alterations in biochemical parameters in plasma and homogenate tissue of
treated mice. Rhoifolin treatment pre-irradiation exposure ameliorated the haematological and biochemical
changes in mice. In conclusion, rhoifolin showed a marked improvement and renders protection against whole
body irradiation, which might be due to its ability to repair the damages, reduce the LPO and augmentation of
the endogenous antioxidants associated with an improvement of the other investigated biochemical parameters
and the blood indexes.
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Introduction
With increasing use of radiation for the medical diagnostic and treatment purposes, it is essential to protect
humans against deleterious effects of radiation, in addition to its utility in cancer treatment (Chaudhary et
al.,2008).Ionizing radiation inflicts its adverse effects through the generation of oxidative stress that unleash
large-scale destruction or damage of various biomolecules (Moritake et al., 2003; Yusuf et al., 2011). Free
radicals generating react with body tissues caused lipid peroxidation, DNA lesions and enzyme inactivation, all
of which are mediators of radiation damage. Molecules with the ability to scavenge free radicals can therefore
serve as radio protective molecules in preventing radiological damage (Tiwari et al., 2010; Alcaraz et al., 2009).
It has been considered that radiotherapy for cancer patients could be improved by the use of radio protectors to
protect normal tissue. But synthetic protectors, so for tested are found to be toxic at their effective dose levels,
which limit their clinical application (Jindal et al., 2010).
Recent studies have shown that commonly used medicinal plants and herbs are good sources of
radioprotectors in experimental models and in patients receiving radiotherapy (Adaramoye et al., 2008). Many
investigators demonstrated that flavones are commonly abundant in medicinal plants and herbs (Wojdyło et al.,
2007) are nontoxic and non-mutagenic (Patel et al., 2007). Rhoifolin found to have various biological activities.
It exhibits beneficial effect for diabetic complications (Rao et al., 2011), anti-inflammatory (Eldahshan and
Azab, 2012) and anti proliferative effects (Eldahshan, 2013).Therefore, the present study is an attempt for the
first time to explore the efficacy of rhoifolin in modulating the radiation induced haematological and
biochemical alterations in the liver of Swiss albino mouse and the mechanisms underlying these effects.
Materials And Methods
Animals:
All animal experiments were conducted in accordance with criteria of the investigations and Ethics
Committee of the Community Laws governing the use of experimental animals. Twenty four male albino mice
weighing 20-25g were used in this study. They were maintained under controlled conditions of temperature and
light (14 and 10 hrs of light & dark, respectively).The animals were acclimated to these conditions for one week.
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All reagents were of the highest purity available. Chemicals for measurement of antioxidants,lipid peroxidation
purchased from Sigma Chemical Co. (St. Louis, MO). All kits used for investigation of Plasma biochemical
parameters were supplied by Bio-diagnostic Company, Cairo, Egypt.
Irradiation:
The animals were exposed to whole body gamma radiation by the use of a Canadian Gamma Cell-40
(137Cs) at the National Centre for Radiation Research and Technology (NCRRT) Cairo, Egypt. The dose rate
was 0.670 Gy /min as calibrated during the experimental periods.
Preparation of rhoifolin:
Rhoifolin (apigenin 7 neohesperidoside) was isolated from Chorisiacrispiflora leaves (Eldahshan and Azab,
2012) in the form of yellowish powder. Rhoifolin was dissolved in (saline + 0.05% disulfidesulfoxide (DMSO),
and was immediately prepared before oral administration(po).
Animal groups and experimentals:
Animals were divided into four groups. i) Control group: mice were orally administered 1ml(saline +
DMSO)/ time, for 7 consecutive days. ii) Rhoifolin treated group: mice received the optimum dose (36 mg/kg
b.wt./day) of rhoifolin in solution (po) for 7 consecutive days. The optimum dose was estimated previously
(Elshawi and Eldahshan, 2014) (iii) Irradiated group: mice subjected to single irradiation dose (10Gy), andvi)
Experimental group: animals treated as in group 2, thirty minutes post administration of the last dose of
rhoifolin, mice exposed to single irradiation dose (10Gy). At the end of the experiment, animals were kept
overnight fastened and allowed free access to water only and were sacrificed 24 hours post irradiation exposure
under diethyl ether anaesthesia. Blood samples and liver tissues were taken for haematological and biochemical
analysis.
Preparation of samples:
Whole blood was collected by heart puncture into heparinized test tubes. A portion was separated into vials
for the entire blood counts. The total numbers of erythrocytes (RBCs) and leukocytes (WBCs), haemoglobin
(Hb) concentration, hematocrite (Ht) % were estimated by an automatic counter (Coulter Model T-450;
Contronics, UK). Plasma was separated from the other portion of the blood samples for the other biochemical
assays. Whole liver was quickly excised, rinsed in ice cold saline, blotted and dry. The liver tissue was
accurately weighed and homogenized in ice cold phosphate buffer (pH 7.4) to prepare 10% (W/V) tissue
homogenate. Liver homogenate and a portion of blood samples were centrifuged at 3000g for 15 min at 4 0C, the
supernatant and plasma were collected and stored at - 20°c till biochemical analysis.
Biochemical analysis and measurements for each parameter was carried out according to its specific
procedure for estimation. Lipid peroxidation product measured as Malondialdehyde (MDA) (Ohkawa et al.,
1979). The level of nitric oxide (NO)(Montgomery and Dymock, 1961), and GSH (Beutler et al., 1963), and the
activities of SOD (Minami and Yoshikawa, 1979), CAT(Johansson and Borg, 1988) and lactate dehydrogenase
(LDH)(Young, 2001) were also estimated. The content of DNA (Ceriotti, 1952), RNA (Ceriotti, 1955), and total
cholesterol (Allain et al., 1974) all were assayed in liver homogenate. Plasma biochemical parameters were
measured on the basis of the following methods: total protein (Burtis, and Ashwood, 1994), alkaline phosphatase
(ALP)(Belfield and Goldberg, 1971), γ-glutamyltransferase (GGT) (Szasz et al., 1974), albumin (Burtis, and
Ashwood, 1994) and total globulin (Luxton 1999).
Statistical Analysis:
The data are expressed as mean ± standard error of the mean (M±SE). The significant differences among
groups were determined by one-way analysis of variances using SPSS package program, version 15. The results
were considered significant if the values of p were <0.05.
Results:
The results in table 1 demonstrated that treatment of mice with rhoifolin (36 mg/kg b.wt/day) for 7
consecutive days didn’t induce any significant change in the haematological parameters of mice compared to
control. Unlike, irradiated animals (10 Gy) showed a significant decrease in RBCs and WBCs counts as well as
in Hb concentration and % Ht by -25, -51, -22, -26%, respectively compared to those of the controls. Otherwise,
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the severity of alterations in these parameters in the experimental group (G4) was decreased by 13, 35, 18, 13%,
respectively compared to the values of the irradiated group.
The results obtained in the current investigation demonstrated a significant decrease in the content of DNA,
RNA and total cholesterol by -49%, -39%, -48% respectively in liver of irradiated mice as compared to the
normal values. Furthermore, rhoifolin treatment pre-irradiation in the experimental group (G4) reduced the
reduction of these parameters significantly (p≤ 0.05)by 47%, 28%, and 25%respectively compared to the
corresponding values of the irradiated mice (table 2).
On its own, rhoifolin did not induce any significant change in the estimated parameters presented in Table
3. Meanwhile, a considerable rise was occurred in MDA and NO as well as in LDH level by 41% and 49% and
-20% respectively, accompanied by a significant decrease in GSH content, SOD, CAT activitiesby-35%, -27%,
and -37% respectively in irradiated mice compared to the controls. Unlike, administration of rhoifolinin the
experimental group significantly lowered the elevated MDA level (-25%), NO concentration (-37%) and the
activity of LDH (-20%) in the liver homogenates of experimental group as compared to the corresponding
values in the irradiated group. Otherwise, GSH concentration, as well as SOD and CAT activities were
significantly higher by 52%, 21%, 21% respectively compared to the irradiated group (table 3).
The levels of ALT, AST, γ-GT as well as ALP, total globulin and albumin in plasma, as well as total
protein (in plasma and hepatic tissue) were illustrated in Table 4. No significant change in these parameters
induced byrhoifolin treatment alone. Unlike, a significant elevation was observed in the activity of ALT,
AST,γ-GT and ALP by 295.6, 141.4, 142.2, 108.4% respectively comparable with significant decrease in total
protein in plasma and tissue as well as the protein fractions (total globulin and albumin) by -18.8, -35.8, -44.18,
-34.02 % respectively compared to the corresponding normal values. More so, rhoifolin treatment prior to
irradiation exposure in experimental group markedly ameliorated the changes in these parameters compared to
the values recorded in the irradiated group (p ≤0.05).
Table 1: Changes in blood indexes of mice post exposure to gamma irradiation whether mice supplemented with rhoifolin or not.
Parameters
Animal Groups
Control
Rhoifolin
Radiation
Rhoifolin +
Radiation
6
3
NS
a
RBCs (10 /mm )
10.25±0.43
10.28±0.53
7.68±0.29
8.69±0.61a,b
*
0.29
*-25.07
*-15.21
#
13.15
3
3
NS
a
WBCs (10 /mm )
13.13±0.74
12.94±0.77
6.43±0.27
8.68±0.39a,b
*
-1.44
*-51.03
*-33.89
#
34.99
NS
a
Hb(g/dl)
11.11±0.44
11.08±0.59
8.61±0.52
10.17±0.45b
*
-0.27
*-22.50
*-8.46
#
18.11
Ht(%)
38.84±0.67
38.85±0.39 NS
28.76±0.83a
32.56±1.85a,b
*
0.03
*-25.95
*-16.16
#
13.21
Values are presented as means ± S.E (n = 5 variables). *: represent the % of change (loss or increase) from the normal values.#: represent
the % of change (loss or increase) from values of the radiated group. a: significances (control vs radiation, control vsrhoifolin + Radiation
at p ≤ 5, b: significance Radiation vsrhoifolin+ Radiation at p ≤ 5.NS ₌non significant.
Table 2: DNA, RNA, total protein and total cholesterol contents in theliver of irradiated mice whether mice supplemented with
rhoifolin or not.
Parameters
Animal Groups
Control
Roifolin
Radiation
Rhoifolin +
Radiation
DNA
24.56±1.96
25.52±0.86
12.56±0.75 a
18.52±1.12a,b
mg/g tissue
*3.91
*-49
*-24.59
#47
RNA
10.21±0.83
10.30±1.13
6.17±0.54 a
7.88±0.28 a, b
mg/g tissue
*0.88
*-39.56
*-22.82
#28
Total Cholesterol
5.42±0.42
5.27±0.34
2.79±0.23 a
3.43±0.22 a, b
mg/g tissue
*-2.76
*-48.52
*-36.71
#25
Values are presented as means ± S.E (n = 5 variables). *: represent the % of change (loss or increase) from the normal values.#:
represent the % of change (loss or increase) from values of the radiation group. a: significance (control vs Radiation, Control
vsRhoifolin + Radiation) at p ≤ 5. b: significance Radiation vsRhoifolin + Radiation at p ≤ 5 .
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Table 3: Malondialdehyde (MDA), Nitric oxide (NO), Antioxidants and Lactate dehydrogenase (LDH) activities in the liver of irradiated
mice whether mice supplemented with Rhoifolin or not.
Parameters
Animal Groups
Control
Rhoifolin
Radiation
Rhoifolin +
Radiation
MDA (nmol/g)
2.17±0.18
1.95±0.34
4.63±0.37 a
3.46±0.31a, b
*
-4.21
*113.36
*59.44
#-25.26
NO (μmol/g)
2.19±0.29
2.20±0.27
3.27±0.22 a
2.06±0.38 b
*1.004
*49.31
*-5.93
#-37
GSH (µg/g)
3.25±0.31
3.30±0.54
2.09±0.33 a
3.18±0.20 b
*-1.51
*-35
*-2.15
#52
a
SOD (μmol/g)
43.07±2.17
44.86±2.82
31.06±2.36
37.64±1.66a,b
*4.15
*-27.88
*-12.6
#21
a
CAT (μmol/g)
64.54±3.31
62.71±3.15
40.61±2.89
49.38±2.97a,b
*-2.83
*-37
*-23.5
#21.5
a
LDH(U/g)
5.10±0.21
4.87±0.23
8.51±0.32
6.07±0.36a,b
*-4.5
*66.86
*19
#-20.44
Values are presented as means ± S.E (n = 5 variables). *: represent the % of change (loss or increase) from the normal values.#: represent
the % of change (loss or increase) from values of the radiation group. a: significances(Control vs Radiation, Control vsRhoifolin +
Radiation) at p ≤ 5. b: significance (Radiation vsRhoifolin + Radiation) at p ≤ 5 .
Table 4: Variations in biochemical parameters in liver of irradiated mice whether mice supplemented with rhoifolin or not.
Parameters
Animal Groups
Control
Rhoifolin
Radiation
Rhoifolin +
Radiation
22.8±1.93
23.2±2.13
90.2±5.50a
66.8±2.78a,b
ALT (U/L)
*1.75
*295.61
*192.98
#-25.94
30.4±2.08
27.4±1.36
73.4±4.58 a
52.8±3.18a,b
AST (U/L)
*-2.63
*141.44
73.68
#-28.07
42.2±2.37
41.2±1.49
102.2±3.36 a
84±5.58a,b
-GT (U/L)
*-2.36
*142.18
*99.05
#-17.81
52.6±2.9
52.0±5.14
109.6±4.64 a
88.8±4.34a,b
ALP (U/L)
*-1.14
*108.36
*68.82
#-18.97
10.6±0.59
11.1±0.79
5.24±0.43 a
7.76±0.49a,b
Total protein (g/dl)
*1.04
*-81.99
*-26.79
#48.09
Total Protein
24.52±0.89a,b
*
mg/g tissue
31.52±2.2
33.84±1.2
20.22±0.98 a
-22.20
*
*
#
1.07
-35.85
2126
a
4.3±0.56
2.4±0.16
3.5±0.16a,b
Total globulin(g/dl)
4.1±0.44
*-44.18
*-18.60
*-4.6
#45.83
4.82±0.26

4.00±0.23a,b
*-17.01
#25.78
Values are presented as means ± S.E (n = 5 variables). *: represent the % of change (loss or increase) from the normal values.#: represent
the % of change (loss or increase) from values of the radiation group. a: significance (Control vs Radiation, Control vsRhoifolin +
Radiation) at p ≤ 5. b: significance (Radiation vsRhoifolin + Radiation) at p ≤ 5.
Albumin (g/dl)

4.92±0.15
*7.58

3.18±0.21 a
*-34.02

Discussion:
Exposure to ionizing radiation generates reactive oxygen species (such as superoxide radicals, hydroxyl
radicals, iron oxygen complexes, hydrogen peroxide and lipid peroxides) resulting in oxidative damage to cell
membranes, disturbance in metabolism as well as in structure and function of body organs (Kanshala,2004,
Mantena et al.,2008). Different medicinal plants have been evaluated for their potential effects as a
radioprotective agent. To our knowledge, no studies have been done to investigate the protective role of rhoifolin
against gamma radiation (10Gy) induced liver damage and haematological disorders.
In the present study, the results showed that whole body gamma irradiation of mice(10 Gy) produced acute
haematological disorders. This was evident from the significant decrease in RBCs and total WBCs count,
haemoglobin level, and Ht percentage. The decline in RBC count may be attributed to haemorrhage and lesions
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in blood vessels (Verma et al., 2008). The marked depletion in haemoglobin concentration may be due to
depletion in the synthesis of haemoglobin after radiation exposure (Nunia et al., 2004). The depression of
haematocrit value could be result from cell depletion in peripheral blood and disturbances of the steady state
mechanisms in blood forming organs as well as an increase in plasma volume after irradiation (Singh et al.,
2006). The fall in total leukocyte counts might beattributed to a fast decline of radiosensitive lymphocytes
(Samarth et al.,2003). The blood cells count in the experimental group (radiation + rhoifolin) was higher than
that of the corresponding irradiated group values, suggesting that rhoifolin could boost the recovery of
haematopoietic function and brought about a subsequent rise in haematological constituents in peripheral blood
by reducing cells injure after whole body irradiation of mice.
The data have shown that whole body gamma irradiation of mice (10 Gy) provoked a significant decrease
in liver DNA and RNA contents compared to normal group. This is in conformity with the previous studies
(Arya and Sharma, 2010, Sharma and Sisodia, 2009). The DNA damage could be due to direct hits from
ionizing rays, or as secondary damage from radicals generated by radiation. In addition, the oxidative stress
produced after irradiation exposure can also cause DNA damage owing to the damages of the bases and the
sugar-phosphates, as well as single-or double-strand breaks within DNA. The decrease in DNA contents could
be also attributed to the inhibition of DNA synthesis (Johari et al., 2011). Also Abou-Sief et al. (2003)
attributed the decrease in RNA content to the generation of reactive oxygen species (ROS) within the organism.
Although these ROS are being produced continuously during normal respiration as well as through other
biological pathways but exposure to ionizing radiations raises the generation of ROS in biological systems and
are regarded as the major causative factor responsible for molecular damage. The marked decrease liver
cholesterol in irradiated mice in our study is in a good harmony with others (Dhanraj et al., 2007). They
attributed this to the stress response caused by irradiation, which stimulates the synthesis of steroid hormones
via hypothalamic-pituitary system. Moreover, our results clearly demonstrated that rhoifolin pre-irradiation
treatment (G4) caused an increase in DNA and RNA contents as well as hepatic total cholesterol. This suggests
the protective effect of rhoifolin against the radiation induced the depletion of aforementioned parameters as
compared to the values of the irradiated group.
The present study revealed that whole body gamma irradiation (10 Gy) augmented the lipid peroxidation in
the liver as evidenced by the increase in MDA level. The result is in concurrent with others (Geng et al., 2012).
This is probably owing to the increase in production of the free radical that initiates lipid peroxidation (Gaura
and Bhatia, 2009)as a result of the interaction of •OH resulting as a bi-product of water radiolysis upon exposure
to ionizing radiation with the polyunsaturated fatty acids present in the phospholipids portion of cellular
membranes(Spitz et al., 2004). The perpetuation of cellular membrane integrity depends on protection or repair
mechanism capable of neutralizing oxidative reactions. As presented in Table 3, treatment of mice with rhoifolin
pre-irradiation (G4) significantly reduced the lipid peroxidation (LPO) in comparison with irradiated group as
reflected by inhibition in MDA level, which testifies to our belief that one of the possible mechanisms of
radiation protection by rhoifolin may be due to its scavenging capacity of the free radicals generated due to
irradiation exposure and prevents the formation of endo-peroxidation. On the other hand, the significant increase
in liver NO level of the irradiated mice comes in harmony with the findings of earlier investigators
(Voevodskaya and Vanin, 1992, Nakagawa et al., 201). They demonstrated that gamma irradiation enhanced
NO production in liver, lung, kidney, intestine, brain, heart and bone marrow. This influence could be due to upregulation of NOS by gamma irradiation with further increase in NO production in mammalian cells (Lestaevel
et al., 2003, Gisone, et al., 2004). GSH is one of the major components of cellular antioxidant system. It is the
principal non-protein thiol functioning as an antioxidant and as a cofactor for enzymes involved in
detoxification of xenobiotics (Singh, et al., 2006).It acts as a radical scavenger due to redox sulphydryl group
directly reacting with oxidant and transforms itself into oxidized glutathione. The significant decline in hepatic
GSH content that was noticed in irradiated group could be owing to its enhanced utilization as an attempt to
detoxify the free radicals generated by radiation. The increase in hepatic GSH content in the experimental
group, as well as the decrease in MDA (LPO) in the same group as mentioned abovemay contribute to some
extent to radioprotective activity of rhoifolin. Superoxide dismutase (SOD) and catalase (CAT) are of the
primary antioxidant enzymes in the mammalian cells that are thought to be necessary for life in all oxygen
metabolizing cells. SOD convert superoxide radical into hydrogen peroxide and molecular oxygen (O 2), while
the catalase convert hydrogen peroxide into oxygen and water, and thereby protected against radiation-induced
sickness and mortality(Anscher, et al., 2005).The decrease in the activity of these antioxidant enzymes could be
due to their interaction with ROS, which cause their denaturation and partial inactivation (Kregel and Zhang,
2007).LDH is very important measure to check for tissue damage. As the cells die, their LDH is released and
find its way into the blood. Consistent with previous studies (Arya and Sharma, 2011),the significant elevation
in the level of LDH observed in the present investigation could be attributed to the alteration of cell membrane
permeability and disintegration. In the present study, it was observed that rhoifolin treatment pre-irradiation
limited the alteration in the LDH enzyme. The results are in accordance with Arya and Sharma, (2011).They
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reported that the results may be contribute to that the natural plant products could provide protection against
irradiation damages.
Exposure to gamma radiation (10 Gy) induced hepatotoxicity as manifested by increase in serum ALT,
AST, GGT and ALP. The marked elevation in the levels of ALT and AST enzymes could be a result of
exposure of mice to irradiation and might be due to their release from the cytoplasm into the blood circulation
rapidly after rupture of the plasma membrane and cellular damage (Kregel and Zhang, 2007).The significant
increase in serum GGT and ALP activities was noted in this study is in agreement with other reports (Kilciksiz,
et al., 2008, Arya and Sharma, 2011). Also, Emdin et al. (2005)stated that GGT is known as a key enzyme in
the catabolism of GSH, a process induces production of ROS, pointed to that GGT plays a pro-oxidant role
(Eghdami and Sadeghi, 2010). Therefore, the elevation in GGT level observed in the irradiated mice could be
attributed to the oxidative stress induced by the whole body irradiation that inversely associated with
antioxidants (Emdin et al., 2005).On the other hand the elevation of alkaline phosphatase activity could be
explained as a result of whole body irradiation that causes disruption of many powerful hydrolytic enzymes such
as phosphatase and nucleases which cause damage upon release(Kilciksiz, et al., 2008.The amelioration of the
aforementioned enzymes in the experimental group that received rhoifolin pre-irradiation exposure compared to
irradiated group suggesting that rhoifolin has hepatoprotective effect and might reduce plasma GGT levels to
exert its antioxidant effect and helps in stabilizing the cell membrane.
In agreement with Sisodia et al. (2004), our results demonstrated a marked decrease in tissue and plasma
total protein accompanied by marked alterations in serum protein fractions (albumin and globulin) post
irradiation exposure. The reduction in protein content may be due to its lyses or inhibition of release of
synthesized polypeptides from polysomes (Lee, et al., 2004).It was observed that irradiation caused proteinuria
associated with low serum albumin and total protein, and could be related in part to hepatic dysfunction and
decreased protein synthesis (Moulder et al., 2004). Moreover, a marked improvement was noted in protein
content and its fractions in the experimental (G4) as compared to the corresponding values of the irradiated
group. This view is in agreement with Bhatia et al. (2008) who demonstrated an increase of protein
concentrations in animals supplemented with various medicinal plant extract. They attributed this to the
antioxidant property of the medicinal plants enables to quench the free radicals generated wing to irradiation
exposure, so that DNA and RNA can be protected from free radical attacks and enhancement of protein
synthesis.
In conclusion, and in the view of our results, it could be concluded that rhoifolin exhibit a radioprotective
effect and has the efficacy to mitigate the hematopoietic and hepatic injuries induced by exposure to lethal dose
of gamma radiation. The radioprotective mechanisms of rhoifolin in the current study could mainly attribute to
the inhibition of lipid peroxidation and modulation of GSH level, SOD and CAT activities in liver. The efficacy
of rhoifolin may also due to its ability to stimulate or to protect haematopoiesis in bone marrow and a
subsequent increase of haematological constituents in the peripheral blood and ameliorating the other hepatic
enzymes of this animal model. Further investigations are required to add further information about the clinical
applicability of rhoifolin in radiation protection.
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