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Abstract.  This work is intended to study the radio-mitigation effect of rutin on the dielectric 

properties of blood. Adult male rats were divided into four groups: control, positive control (treated 

with rutin for four consecutive weeks), irradiated and irradiated and treated groups. The latter group 

was treated with rutin for four consecutive weeks after irradiation. The exposure dose was 6 Gy 

gamma radiation. The electrical properties of blood were measured. The relative permittivity, 

relaxation time, and area under the loss curve showed significant decrease after exposure to gamma 

radiation (i.e., in the case of irradiated group) compared to control group. However, the positive 

control group and the treated group with rutin after irradiation showed a non-significant decrease as 

compared to the control group. The treatment with rutin resulted in a significant decrease in the 

effective capacitance (Ceff) of erythrocytes membrane compared to control group, while, it did not 

show significant changes in the irradiated and the treated groups after irradiation. On the other hand, 

the AC conductivity decreased after exposure to gamma radiation, while no significant changes were 

observed for the positive control and the treated groups with rutin after irradiation, compared to the 

control. The treatment with rutin after exposure to radiation was shown to mitigate the damaging 

effects in the erythrocytes’ membrane. 
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INTRODUCTION 

Incidents leading to over-exposure of people to ionizing radiation can occur 

in several places such as industrial, medical or research areas. Radiation accidents 

can be either nuclear accidents, which involve nuclear facility such as Chernobyl 

reactor fire, or radiological accidents, which arise when control of a sealed or 

unsealed source are lost causing exposure to radiation or release of radioactivity. 

The latter are the more common, and the sources involved may be X-rays sets, or 

sealed gamma-ray sources or unsealed radio-isotopes. One difficulty in estimating 
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exposure doses following a large-scale accidental exposure is the limitation of 

personnel and resources to carry out rapid sampling and analysis. 

There are many differences between controlled body irradiation and 

accidental exposure, since the determination of pre-irradiation status of the patient 

and the precise exposure dose allow an appropriate prophylaxis. However, the 

experience of controlled body irradiation can be therefore only used as a guide. In 

the cases of radiation accidents, the exposure doses are usually large doses, and the 

acute radiation syndrome generally starts within few hours of exposure and the 

severity is dose dependent. The acute radiation syndrome occurs after whole or 

significant partial body irradiation of over 1 Gy delivered at a relatively high dose 

rate [81]. The effective medical response at the right time is crucial in reducing 

radiation harmful effect and mortality. Medical management of radiation injury is a 

complex operation due to uncertainties in dose, duration, and organs involved in 

radiation exposure. There are two fundamental approaches to medical intervention 

that can be achieved following the exposure to radiation:  

a) Mitigation, which refers to therapies that could begin immediately after 

irradiation but before a clear evidence of clinical disease. It is proposed to regulate 

the downstream patho-physiological events of radiation injury, and thereby to 

prevent the development of further injury. Examples of radio-mitigators include the 

use of angiotensin converting enzyme (ACE) inhibitors to prevent the development 

of radiation-induced renal [49] or central nervous system (CNS) [36] injuries. 

b) Treatment, which refers to therapies that could be effective after apparent 

clinical disease has developed [82]. Ideally, this treatment should be effective 

against acute and long-term radiation effects, non-toxic, affordable, and chemically 

stable to permit the ease handling and storage [66]. 

The potential use of flavonoid compounds as radioprotectors is gaining much 

interest [9]. They have demonstrated a number of pharmacological activities, 

including antioxidant, cytoprotective, vasoprotective, anticarcinogenic, 

neuroprotective, and cardioprotective activities [20, 30, 32, 39, 63, 45, 50, 76, 69]. 

Certain flavonoids (e.g. luteolin, quercetin, rutin, kaempferol) can have an 

inhibitory effect on ACE activity [2, 23]. Furthermore, as these compounds present 

a strong affinity for iron ions (which are known to catalyze many processes leading 

to the appearance of free radicals), their anti-peroxidative activity could also be 

assigned to a concomitant capability of chelating iron ions [1, 47]. 

Rutin (also called as rutoside, quercetin-3-rutinoside, or sophorin) is a citrus 

flavonoid glycoside [38]. It is a yellow crystalline flavonol glycoside (C27H30O16) 

that occurs in various plants (rue, tobacco, buckwheat, passion flower, tea,  

apple, etc.).  It is a vital nutritional component of food stuff [24]. The name ‘rutin’ 

comes from the plant Ruta graveolens. Chemically, it is a glycoside comprising 

flavonolic-aglycone-quercetin along with disaccharide rutinose.  
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Many in vitro and in vivo studies were carried out to investigate the anti-

oxidant potential of rutin and other flavanoids [12, 13, 14, 26, 27, 33, 34, 41, 44, 

57, 72, 75, 79, 85]. Rutin is considered to be a good antioxidant because of its 

ability to bind free radicals and metal ions [41]. It is capable of chelating iron ions 

(with II and III valence), which can initiate oxygen free-radical formation [79]. It 

can be used as an anti-inflammatory agent because of the binding of free radicals 

that prevents the induction of inflammatory cytokine transcription factors [26, 27]. 

Its property to bind free radicals plays an important role in protecting DNA from 

various types of oxidative damage. Reactive oxygen species (oxygen radicals, 

superoxide anion, hydroxides, peroxyls, alkoxyls, etc.) can contribute to the 

development of oncological diseases [12]. It, also, inhibits lipid peroxidation, 

which is one of the driving factors in the development of various cardiovascular 

and neuro-degenerative diseases [13, 34, 72].  

Rutin has been investigated for potential radio-protective effects. Its oral 

administration to Swiss albino mice, for five consecutive days before exposure to 

10 Gy gamma radiation, resulted in an increase of the radiation tolerance and the 

dose reduction factor of 1.15. It significantly elevated the levels of reduced 

glutathione, glutathione-S-transferase, catalase, superoxide dismutase, and 

decreased lipid peroxidation in the mouse liver homogenate at 24 h after whole 

body exposure to 10 Gy [54]. It was shown to inhibit various free radicals 

generated in vitro, which may be attributed to the presence of a phenolic group that 

contributes to scavenging the radiation-induced free radicals and inhibition of 

oxidative stress [56]. Its anti-genotoxic potential was assessed in terms of 

chromosomal aberrations, micronucleus test, and alkaline comet assay after 

exposure to 3 Gy gamma radiation. Its oral administration before irradiation 

resulted in the decrease in the DNA damage at the post-irradiation time as 

compared with irradiation group [55]. 

High doses of radiation cause loss of intestinal crypts and breakdown of the 

mucosal barrier then provoking diarrhea, nausea, and vomiting. Systemic effects 

may include malabsorption which renders the idea of oral less efficient mitigator. 

However, oral feeding is preferred to maintain functioning of the intestinal mucosa 

and reducing the inherent infection risk of parenteral nutrition [31]. The 

experiments showed that rutin and its aglycone can interact with various structures 

at the molecular level (free radicals, protein systems, enzymes). This enables rutin 

to be used for the prevention and treatment of various diseases [37]. This work is a 

part of a study dedicated to investigate the radio-mitigation effect of rutin through 

evaluation of its effect on the dielectric properties of the blood. Blood is a suitable 

candidate for monitoring the radiation effect as it is a representative sample for the 

whole body exposure since it circulates all over the body. The erythrocytes can be 

easily separated to obtain cells with intact membranes. Also, its anucleate cells 

represent a useful model for measuring the membrane properties without the 

interference of intracellular membranes [71]. The dielectric properties of cell 
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suspensions provide suitable parameters characteristic of cell states and dynamics 

related to different physical, chemical or biological interactions [22]. Also, the 

measurement of the cell dielectric properties can give important information on the 

cell’s physiology, in particular the properties of the membrane and cell interior. 

Several studies investigated the sensitivity of the dielectric parameters to the 

physiological and structural states of erythrocytes. Many functional parameters 

showed a good correlation to cell capacitance and conductance, this resulting in the 

introduction of fitted equations to obtain viscosity [60] and ATP, K, Na and Cl 

ions’ concentration [73] from dielectric measurements.         

MATERIALS AND METHODS   

Adults Wistar male albino rats, 120–150 g, were obtained from the National 

Centre for Radiation Research and Technology (NCCRT), Cairo, Egypt. The rats 

were housed in cages and maintained in a 12 h light/dark cycle. They were allowed 

to acclimatize to the environmental conditions for one week before the experiment 

starting and were kept on standard food pellets containing all nutritive elements 

and water ad libitum. Rutin was purchased from Sigma-Aldrich (St. Louis, MO, 

USA). The experimental animals were divided into four groups (n = 6):  

1. Control healthy rats (received distilled water). 

2. Positive control group: animals treated with rutin dissolved in distilled 

water by oral administration with daily dose of 70 mg/kg body weight [35], for 

four consecutive weeks. 

3. Irradiated group (the animals were exposed to 6 Gy gamma radiation). 

4. Irradiated and treated group in which the animals were exposed to gamma 

radiation then treated with rutin for four consecutive weeks. 

The animals were anesthetized by exposure to diethyl ether in a closed 

container by open-drop method. They were then sacrified 24 h after last injection 

with rutin. Blood samples were collected by heart puncture. The blood samples 

were diluted immediately after withdrawal in isotonic buffered saline (pH 7.4 and 

conductivity 0.63 S/m) to avoid any changes in the cell membrane structures. The 

hematocrit (Hct) was adjusted at 3%. The samples were incubated in water bath at 

37 C during the measurement.    

DIELECTRIC MEASUREMENT         

The dielectric measurements were carried out using LCR meter HIOKI 3531, 

manufactured in Japan, in the frequency range 40 kHz – 5 MHz. The measured 

parameters were capacitance, C (in F) and conductance, G (in S). The measuring 

cell is a parallel plate conductivity cell with platinum electrodes with area of 4 cm
2
 

and separating distance of 2 cm. To reduce the electrode polarization during the 
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measurements, the electrodes were made from platinum metal, which is known to 

have the lowest possible impedance [68], and coated with platinum black layer 

[29]. The wire of the measuring cell was made from coaxial shielded silver wire, to 

eliminate stray capacitance. The erythrocytes (Hct 3%) were suspended in buffered 

saline (pH 7.4 and conductivity 0.63 S/m).  

The relative permittivity ε’ can be obtained from the following equation [70]: 

 
o

ε '
ε

C d

A
  (1) 

where A (m
2
) is the area of the electrode, d (m) is the distance between the two 

electrodes, C (F) is the capacitance  and εo is the vacuum permittivity.  

The permittivity can be expressed in complex quantity as: 

 * = ' – j" (2) 

The real part in Eq. (2) represents the permittivity constant and is given by: 
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where εs is the limiting low frequency permittivity, and ε∞ is the permittivity value 

at the end of the dispersion, τ (s) is the relaxation time (= 1/2πfc), where fc (Hz) is 

the characteristic frequency.  

The imaginary part, ε", in Eq. (2), that is the dielectric loss, is given by: 
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Equations (3) and (4) are commonly known as the Debye's dispersion 

formulas. The conductivity  (S/m) is given by: 

 
d

G
A

   (5) 

To separate the AC conductivity component from the total measured 

conductivity (DC and AC) the following relationship was applied [53]: 

 ACo'' (6) 

where ε” = ε’ tan δ, and the dissipation factor which satisfies the following 

relation: 

 tan δ = 2πƒ (C/G)  (7) 
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where f is the frequency (Hz). The dispersion of erythrocytes suspension shows a 

slight deviation from simple Debye type, and the empirical Cole-Cole equation is 

commonly applied: 

 o

1

( )

1 (j )
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 (8)   

where α is an experimental Cole-Cole parameter with values between 0 and 1.  

Several methods have been proposed for the evaluation of the Cole-Cole α 

parameter. In this study, the geometrical method applied by Ülgen and Sezdi [78] 

was used. In the Cole-Cole plot (Fig. 1) the imaginary part is maximum at the 

characteristic frequency, ωc = 2πfc, which can be determined as follows:  

 

Fig. 1. The depressed Cole-Cole plot. 
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By plotting ln












u

v
 against ln ω yields a straight line; its intersection with   

ln ω axis gives the characteristic frequency, ωc, and the slope, (1–α), where: 

 
2 2( ) ( )v '' '      (10) 

 
2 2( ) ( )u '' ' .      (11) 

The Cole-Cole dispersion can be represented in circuit terms as a parallel 

combination of a resistor and a constant phase element (CPE) with complex-valued 

impedance (ZCPE) given by: 
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 ZCPE = K (j)
–n

 (12) 

where K is a constant and n = α. This CPE impedance reduces to a simple 

resistance for n = 0 and to a capacitive reactance for n = 1 [46]. The equivalent 

circuit for a biological cell is shown in Fig. 2. 

 

Fig. 2. Electrical equivalent circuit for a biological cell [78]. 

where Ri and Re are the resistances of intracellular and extracellular fluids. The 

Cole-Cole parameters: Ri, Re, fc, and α are related to the membrane complex 

impedance (Z
*
) by the following equation [78]: 
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where α ≤ 1, e i

e i
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R
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, R0= Re. Here, R0 and R are the resistances at f = 0 

and f = , respectively, and they are related to the effective membrane capacitance 

(Ceff) by [73]: 

 eff 1 (1 )

c i e

1
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f R R 


 
 (14) 

STATISTICAL ANALYSIS 

All the data were analyzed with one-way analysis of variance (ANOVA) 

followed by a post hoc test (LSD alpha) for multiple comparisons using the SPSS 

(version 20). The data were expressed as mean ± standard error (SD). P values 

smaller than 0.05 were considered to be statistically significant. 
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RESULTS  

The dielectric characteristics of living cells include both conductive and 

capacitive properties. The conductivity depends on the dynamical ionic transport 

through the membrane, so it is a measure of the permeability of the cell membrane, 

although movement of ions over the cell surface (surface conductance) also plays a 

role [59].  

Measuring the dielectric properties of erythrocytes after exposure to gamma 

radiation, in the frequency range 40 kHz – 5 MHz, can reflect the induced damage 

in the cell membrane polar groups. The relative permittivity or dielectric constant 

is a measure of membrane polarizability in the electric field. It is related with the 

structural arrangement of the lipid bilayer and with the conformation and 

localization of proteins in the membrane and, consequently, with the spatial 

distribution of charged and dipolar groups at the hydrophobic interface [7].  
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Fig. 3. Relative permittivity for control, treated with rutin, irradiated and treated after irradiation 

groups (a. significant difference versus control group, b. significant difference versus positive control 

group and c. significant difference versus irradiated group at P < 0.05). 

The relative permittivity showed a significant decrease after exposure to 

gamma radiation compared to control group. The positive control group and the 

treated group with rutin after irradiation showed a non-significant decrease versus 

control group, while they showed a significant increase when compared to the 

irradiated group (Fig. 3). The dielectric loss curve can be evaluated by calculating 

its total area, which is proportional to the total concentration of dipoles in the 

material and their dipole moment, irrespective of the distribution of their relaxation 

times [58].  
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The area under loss curve for the irradiated group showed a significant 

decrease compared to control group (Fig. 4B). The positive control group and the 

treated groups with rutin after irradiation showed a non-significant decrease from 

the control group. However, administration of rutin after irradiation resulted in a 

significant increase in the area under loss peak when compared to the irradiated 

group (Figs. 4A, 4B). 

 

 

 

 

 

 

 

 

 

 

Please observe the following?  

 
Fig. 4. Loss curves (A) and area under loss curves (B) for control, treated with rutin, irradiated and 

treated after irradiation groups; a. significant difference versus control group, b. significant difference 

versus positive control group and c. significant difference versus irradiated group at P < 0.05. 

 

Each membrane subunit acts as a capacitor, the effective capacitances (Ceff) 

being determined by the relative positions of the subunits. The treatment with rutin 

resulted in a significant decrease in the effective capacitance (Ceff) of erythrocytes’ 

membrane compared to control group, while, it did not show significant changes in 

the irradiated and treated groups with rutin after irradiation (Fig. 5). 
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Fig. 5. Effective capacitance for control, treated with rutin, irradiated and treated after irradiation 

groups; a. significant difference versus control group at P < 0.05. 
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The polarized part in the membrane is composed of the proteins either 

integral or embedded in the hydrophobic lipid part. This polarization does not 

occur instantaneously, and the associated time constant is called the relaxation time 

τ [43]. It depends on the charge of the polarized part and its size. In this study, the 

relaxation time for the irradiated group showed a significant decrease as compared 

to control group. 
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Fig. 6. Relaxation time for control, treated with rutin, irradiated and treated after irradiation groups;  

a. significant difference versus control group, b. significant difference versus positive control group 

and c. significant difference versus irradiated group at P < 0.05. 
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Fig. 7. AC conductivity for control, treated with rutin, irradiated and treated after irradiation groups; 

a. significant difference versus control group, b. significant difference versus positive control group, 

c. significant difference versus irradiated group at P < 0.05. 
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The positive control group and the treated group with rutin after irradiation 

showed a non-significant decrease to control group and a significant increase to 

irradiated group (Fig. 6). The results also showed a decrease in the AC 

conductivity after exposure to gamma radiation, while no significant change was 

observed for the positive control and the treated group with rutin after irradiation, 

compared to control (Fig. 7).  

DISCUSSION 

Biological membranes play important roles in cells life which highly exceed 

their role of envelope for the cellular components. They rather regulate in and out 

the cell, the transport of ions and metabolites, and govern intercellular 

communications. The erythrocyte’s membrane is composed of a double layer of 

asymmetrically organized lipid molecules. About one half of the mass of the 

envelope is made up of lipids, the other half being made up of proteins. About one 

half of the proteins (integral proteins) are embedded into the lipid bilayer. The rest 

of the proteins (peripheral proteins) are more loosely attached to the inner or outer 

surface of the erythrocyte membrane [8, 10]. The erythrocyte’s membrane carries 

negative surface charge that is mainly attributed to sialic acid residues located on 

glycoproteins in the membrane glycocalyx. Reverberi et al., 2007 [62] concluded 

that the erythrocyte deformability is the only parameter related to viability which 

shows sufficiently precocious and important changes. Deformability, as other 

erythrocytes properties, depends to a great extent on both mechanical and electrical 

properties of the cell membrane. It is found that the decrease of the surface charge 

of erythrocytes leads to the decrease in the deformation and orientation indices as 

well as to the increase in blood viscosity [83]. Hence, alteration of the electrical 

state of the cell membrane could result in a different flow behavior of erythrocytes 

in the circulation, causing the growth of pathogenesis of vascular diseases. Because 

the electrical surface properties of the cell membrane play a critical role in the 

whole cell adhesion process and in the resulting alteration in the membrane 

structure and function, the measurement of the passive electrical parameters, that 

is, the membrane conductivity, s, and the membrane permittivity, εs, represents a 

significant tool in the understanding of the complex phenomenology occurring 

during cell adhesion [6]. The membrane capacitance determines the amount of 

charge that can be stored across a membrane when a cell is exposed to an electric 

field. Its value depends, mainly, on the level of folding of the cell membrane [21]. 

Each membrane subunit acts as a capacitor, the effective capacitance (Ceff) being 

determined by the relative positions of the subunits.  
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EFFECTS OF GAMMA RADIATION 

Irradiation has been shown to induce biochemical changes in erythrocytes’ 

membrane and to generate reactive oxygen species (ROS). Many studies have been 

performed on the effect of gamma radiation on the blood and erythrocytes. They 

showed that exposure to gamma radiation produces lipid peroxidation, cross 

linking in membrane proteins and change in the membrane permeability [74]. 

Many investigators reported a sodium gain [52] and a potassium loss [74] by the 

erythrocytes as a general effect of exposure to ionizing radiation. They stated that 

radiation can alter the metabolism or active transport (by inhibition of ATP-ase 

activity) and also may lead to loss of membrane sulfhydryl groups. The change in 

both relative permittivity and dielectric loss reflects the change in the protein part 

of the cell membrane. In this study, the two parameters showed a significant 

decrease after exposure to gamma radiation as the dose increased.  

The exposure to 6 Gy gamma radiation was shown to decrease the AC 

conductivity of erythrocytes suspension which was attributed to permeability 

alteration of the cell membrane with the subsequent loss of ions, electrolytes, and 

intracellular components. Also, the results showed that the fragility of red blood 

cell membrane increased significantly compared to control groups [71]. In another 

study, exposure to 6 Gy gamma radiation resulted in significant changes in cellular 

antioxidant enzymes (reduced glutathione (GSH), catalase, and superoxide 

dismutase (SOD) and significant increase (75%) in the lipid peroxidation 24 h after 

exposure to radiation, which persisted until the 14
th
 day after irradiation [17]. Other 

studies showed that exposure to gamma radiation caused a decrease in relative 

permittivity and of the area under the loss curve and also of membrane effective 

capacitance. It resulted in an increase in the viscosity, consistency index, and yield 

stress, too. The obtained results could be attributed to the decrease of membrane 

surface charge after exposure to gamma radiation. Consequently, the decrease of 

the membrane surface charge will decrease the repulsion between the erythrocytes 

which results in increase of blood viscosity [15, 16, 71]. 

The radiation-induced permeability impairment can be the major cause of 

loss of the intracellular ions and electrolytes. It was reported that exposure to 6 Gy 

gamma radiation produced deformation of the erythrocytes structure and the 

appearance of echinocytes. This transformation was determined by the progressive 

appearance of regularly spaced spicules on the surface of the erythrocytes with the 

gradual transformation to ovoid shape [17, 74]. The radiation-induced irregularity 

in the membrane may result in the decrease of the relaxation time. The area under 

the loss peaks for whole blood and erythrocytes has decreased reflecting the partial 

degradation of the protein part, as well as the changes in the membrane 

conformation and spatial distribution of the protein into the lipid bilayer. 
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EFFECT OF RUTIN 

The interaction of an antioxidant with the cells is dependent on its structure 

and the nature and physical state of the membrane. The ability of antioxidant to 

interact with and permeate the membrane is affected by electrostatic interactions, 

the formation of hydrogen bonds with polar groups of phospholipids, by 

hydrophobic interactions with fatty acyl chains, and by the molecular geometry of 

membrane phospholipids [65]. The most apolar antioxidants are buried deeper in 

the hydrophobic core of the membrane lipid bilayer, while antioxidants of low 

polarity are mainly located closer to the membrane polar water phase [3, 25, 51, 

64]. This different location may result in changes in membrane fluidity that may 

sterically hinder the diffusion of free radicals, thereby decreasing the oxidative 

process throughout the membrane [4, 5, 51]. Recent studies have revealed that 

flavonoids alter bio-membrane organization which might then lead to 

modifications in membrane protein function [28, 61, 77]. 

Rutin is relatively poorly absorbed in the intestines. Microflora of the lower 

gut hydrolyzes rutin to its aglycone quercetin, and the sugar residue, which are 

subsequently absorbed by the small intestine wall [11, 67, 80]. Hence, it can be 

expected that the effect on the erythocytes membrane in the blood stream to be a 

combination of both quercetin and rutin. Previous studies on the interaction of 

quercetin and rutin with the erythrocyte’s membrane showed that quercetin was 

mainly located in the membrane hydrophobic core [3–5, 11, 25, 28, 48, 64, 67, 80], 

whereas, rutin was mainly located at the membrane surface [40]. 

The present results provide insight into the rutin membrane interaction and 

suggest that it may induce reorganization on the state-of-order of lipids. From a 

physiological aspect, this reorganization might be advantageous because the 

flavonoids’ antioxidant activities are governed by their structural characteristics 

and their ability to interact with and penetrate lipid bilayers [40]. These induced 

changes in the membrane organization may explain the decrease in the effective 

capacitance of the cell membrane observed in this study. Non-significant changes 

in the relative permittivity, dielectric loss and the relaxation time reveal that rutin 

does not influence the membrane composition. Also the conductivity results can 

suggest that the induced change by rutin does not influence the membrane 

permeability. 

THE MITIGATION EFFECT OF RUTIN   

It is known that some herbal compounds have been utilized as radiation 

protection agents for managing radiation emergencies. For instance, the Chernobyl 

reactor liquidators (i.e., emergency workers) were fed with a special diet 

(antioxidant biofactor, AOB) containing rutin as the major ingredient. AOB 

reduced significantly the clastogenic factors [18, 19]. Also, rutin can interact with 
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free radicals and various protein systems to exhibit antioxidant, anti-inflammatory, 

anti-allergy, and antitumor activity [37]. The interaction of flavonoids with bilayers 

could be a relevant mechanism in the protection from membrane oxidation. Both in 

biological and in model membranes, the interaction between the flavonoids and the 

membrane bilayer results in either the binding at the lipid-water interface, or the 

distribution in the hydrophobic core of the membrane. The different location of 

these molecules is determined by their chemical properties [51]. Their partition in 

the non-polar region of the bilayer, and their capacity to interact with free radicals, 

inhibit the propagation of lipid peroxidation.  

In the previous studies, the treatment with rutin for four consecutive weeks, 

after exposure to 6 Gy gamma radiation, resulted in improvement in liver function 

by decreasing serum levels of aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) activities and reduction in serum ammonia level [42]. In 

addition, the administration of rutin significantly modulated the alteration in 

cytokines levels and neurotransmitters content. The histo-pathological 

examinations of liver and brain tissues showed that administration of rutin has 

attenuated the radiation-induced damage and improved tissue architecture. In this 

study, the treatment with rutin after exposure to radiation was shown to decrease 

the damaging effects of radiation on the erythrocytes’ membrane. After four weeks 

of irradiation, non-significant changes were observed in the relative permittivity, 

dielectric loss, AC conductivity, relaxation time, and effective capacitance. These 

results suggest the mitigation of the radiation-induced damage in the membrane 

surface charge, membrane permeability, total membrane dipole moments, and the 

membrane bilayer conformation and spatial distribution of the lipids and proteins. 
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