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ETALAINS are natural antioxidants extracted from red 

beet (Beta vulgaris L.), prevent lipid oxidation and improve 

antioxidant defence system in the animal tissue. 

This study investigates the protective role of betalains on        

γ-rays-induced renal disorders in mice. Thirty two mice were 

divided into four groups; the first (control group) received the 

vehicle only for 33 days (control), the second (betalains group) 

received betalains (80 mg/kg body weight/day) for 33 days, the 

third (irradiated group) received the vehicle for 30 days before 

exposed to 4 Gy γ-rays (one shot) and for 3 days after 

irradiation and the last (protected group) received betalains for 

30 days before γ-irradiation and for 3 days after irradiation. 

Gamma-rays-provoked oxidative stresses in renal tissue were 

indicated by significant increases of thiobarbituric acid reactive 

substances (TBARs), carbonyl content (PC) and total nitrate/ 

nitrite (NOx) as well as an increase of plasma renal tubular and 

glomerular markers; urea (Ur), creatinine (Cr) and γ-glutamyl 

transferase (γ-GT). In dissimilarity, γ-rays-induced significant 

decreases of renal reduced glutathione (GSH) level as well as 

peripheral blood indices; total red blood cells (RBC), 

haemoglobin (Hb), platelets (Pt) and total white blood cells 

(WBC) and renal enzymatic antioxidants; super oxide 

dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) 

and glutathione S-transferase (GST). 

The results indicate that the administration of betalains protects 

against renal disorders in mice irradiated by γ-rays. 
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Ionizing radiation induces free radicals production such as hydrogen, hydroxyl, 

singlet oxygen and peroxyl radicals, in a cascade pathway. This irradiation can 

lead to mortality in mammals, so it is important to protect biological systems from 

radiation-induced tissue damage (Rzeszowska-Wolny et al., 2009).  
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Natural plant extracts such as echinacea purpurea, betalains and gymnema 

Sylvester leaves have been shown to protect cells and tissues against ionizing 

radiation without adverse reactions (Abouelella et al., 2007, El Gharras, 2012 and 

Sharma et al., 2009). Accordingly, such plant extracts could be used as an 

adjunct to conventional radiotherapy. Betalains, are water-soluble pigments 

with high antiradical capacity (Gandia-Herrero et al., 2010), which were 

isolated from red beet and possess antioxidant activity in vivo and in vitro (El 

Gharras, 2012 and Kanner et al., 2001). It inhibits lipid peroxidation and 

haeme-decomposition (Cai et al., 2003).  

The present study was carried out to investigate whether betalains had 

modulating renal disorders in mice irradiated by γ-rays. 

Materials and Methods  

Animals 

Male albino mice (18± 2 g) were housed at 22-24 °C and 60-70 % relative 

humidity in a 12 h light/12 h dark cycle. All mice were given normal diet and 

water ad libitum. 

Chemicals and irradiation 

Betalains (extracted from red beets) were purchased from Wuxi Talen 

Bioproduct Co., China. All another analytical chemicals were purchased from 

Sigma-Aldrich (St. Louis, USA). 

Whole-body γ-irradiation was performed at National Centre for Radiation 

Research and Technology (NCRRT), Nasr City, Cairo, Egypt, using Gamma 

Cell-40 biological irradiator delivered at a radiation dose rate of 0.44 Gy/ min. 

Experimental plan 

Control group received the vehicle for 33 days. Betalains group: Mice 

were orally given betalains (dissolved in ½ ml of water) at a dose of 80 mg/ kg 

body weight/ day for 33 days by stomach tube according to Lu et al. (2009). 

Irradiated group: Mice were received the vehicle for 30 days before exposed to 

4 Gy γ-rays and for 3 days after irradiation. Protected group (betalains+ γ-rays): 

Mice administered betalains dosage for 30 days before exposure to γ-irradiation 

and for 3 days after irradiation. Mice were decapitated 24 h at the end of the 

experimental time. 
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Kidney organ was rapidly removed and washed in saline buffer and 

processed according to Varghese et al. (2009) for lipid peroxidation and 

antioxidant marker assays. Blood samples were prepared for blood indices by 

adding anticoagulant and for obtaining plasma by centrifugation at 1500 xg. 

Renal lipid peroxidation (TBARs), PC, GSH and NOx estimations 

performed as renal oxidative stress parameters were assayed according to the 

procedures of Ohkawa et al. (1979), Levine et al. (1990), Hissin and Hilf 

(1973), and Miranda et al. (2001), respectively. Plasma levels of Ur, Cr and γ-

GT were measured for assessment of the renal tubular and glomerular markers 

using method of Fawcett and Soctt (1960), Lustgarten and Wenk (1972) and 

Tietz (1994), respectively. Peripheral blood samples were analysed for total 

RBC, haemoglobin, platelets and total WBC were measured using Sysmex 

haematology analyser (model K4500, SYSMEX Shanghai Ltd., China). 

Determination of SOD, CAT, GPx and GST in kidney tissue were performed 

according to McCord (1985), Aebi (1984), Lawrence and Burk (1976) and 

Habig et al. (1974), respectively. Protein concentration was determined by the 

method of Bradford (1976). 

Data are expressed as mean± S.E. of 8 mice per group. Statistical analysis 

was carried out using one way analysis of variance consider significant at P< 

0.05 followed by student’s t-test (Snedecor and Cochran, 1994). 

R e s u l t s  

Administration of betalains for betalains group of mice resulted in non-

significant changes in all blood, plasma and renal biochemical's parameters, 

tested.  

TABLE 1. Renal oxidative stress parameters; thiobarbituric acid reactive 

substances (TBARs), carbonyl content (PC), total nitrate/nitrite 

(NOx) and reduced glutathione (GSH) in different mouse groups. 

Mouse groups 
TBARs 

(µg/g tissue) 
PC 

(nmol/ mg protein) 
NOx 

(nmol/g tissue) 
GSH 

(mg/g tissue) 

Control 1.6± 0.21
a
 1.4± 0.14

a
 14.7± 1.14

a
 13.1± 0.69

a
 

Betalains 1.5± 0.33
a
 1.6± 0.18

a
 14.6± 1.27

a
 13.3± 0.72

a
 

γ-rays (4 Gy) 5.3± 0.89
b
 4.5± 0.32

b
 38.2± 2.19

b
 8.3± 0.53

b
 

Protected 2.1± 0.16
c
 2.1± 0.26

c
 16.6± 1.35

c
 11.1± 0.82

a
 

a–cMeans in the same column with different superscript letters differ significantly at P< 0.05. 
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A significant increase in TBARs, PC and NOx levels accompanied by a 

significant decrease in GSH level in γ-rays group compared with control group, 

suggest kidney oxidative stress. However, administration of betalains normalise 

these parameters, Table 1. Plasma levels of Ur, Cr and γ-GT were increased 

significantly in γ-rays groups. Protected group treated with betalains 

significantly normalise the examined renal oxidative stress parameters, Table 2. 

TABLE 2. Plasma renal tubular and glomerular markers; urea (Ur), creatinine (Cr) 

and γ-glutamyl transferase (γ-GT) in different mouse groups. 

Mouse groups 
Ur 

(mmol/ L) 
Cr 

(µmol/ L) 
γ-GT 
(U/ L) 

Control 1.43± 0.245
a
 0.65± 0.391

a
 0.71± 0.132

a
 

Betalains 1.41± 0.256
a
 0.62± 0.414

a
 0.72± 0.214

a
 

γ-rays (4 Gy) 3.88± 0.543
b
 1.23± 0.232

b
 2.84± 0.227

b
 

Protected 1.63± 0.278
c
 0.93± 0.237

c
 1.16± 0.156

c
 

Legends as in Table 1. 

Compared with the control mice, the number of the RBC, WBC & Pt and 

Hb concentration were significantly reduced. However, oral intake of betalains 

attenuated the radiation-induced reduction in red, white and Pt cells and in Hb 

level, suggesting that betalains confers radioprotection (Table 3). 

TABLE 3. Peripheral blood indices; total red blood cells (RBC), haemoglobin (Hb), 

platelets (Pt) and total white blood cells (WBC) in different mouse groups. 

Mouse groups 
RBC 

(x10
6
/µL) 

Hb 
(g/dl) 

Pt 
(x10

4
/ml) 

WBC 
(x10

3
/µL) 

Control 5.6± 0.16
a
 10.1± 0.27

a
 28.4± 3.22

a
 6.1± 1.02

a
 

Betalains 5.4± 0.10
a
 10.3± 0.42

a
 29.1± 3.46

a
 6.2± 1.14

a
 

γ-rays (4 Gy) 3.4± 0.14
b
 8.2± 0.23

b
 17.8± 1.78

b
 2.7± 0.80

b
 

Protected 5.1± 0.12
c
 9.2± 0.21

a
 24.3± 2.63

c
 5.8± 1.35

c
 

Legends as in Table 1. 

TABLE 4. Renal enzymatic antioxidants; superoxide dismutase (SOD), catalase 

(CAT), glutathione peroxidase (GPx) and glutathione-S-transferase 

(GST) in different mouse groups. 

Mouse groups 
SOD 

(U/ mg protein) 
CAT 

(U/ mg protein) 
GPx 

(U/ mg protein) 
GST 

(U/ mg protein) 

Control 90.3± 7.42
a
 33.4± 2.31

a
 345.6± 34.33

a
 6.2± 0.46

a
 

Betalains 88.5± 8.03
a
 31.7± 2.62

a
 314.3± 31.24

a
 6.1± 0.38

a
 

γ-rays (4 Gy) 32.3± 3.12
b
 18.4± 3.18

b
 142.1± 17.26

b
 3.0± 0.27

b
 

Protected 79.6± 6.21
c
 27.9± 2.11

c
 278.5± 18.44

c 
5.1± 0.21

c
 

Legends as in Table 1. 
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γ-irradiation significantly suppressed the enzymatic activity of SOD, CAT, 

GPx and GST in renal tissue. Oral administration of betalains partially restored 

the four enzymatic antioxidants activity, Table 4. 

D i s c u s s i o n  

Red beet root and leaf are consumed in salad with other vegetables world-

wide. They are a good source of natural antioxidants such as, betalains, 

flavonoids, polyphenols, vitamins and folic acid (Lee et al., 2009); those act as 

reactive oxygen species (ROS) scavengers (Sepulveda-Jimenez et al., 2004). 

Betalains have been defined as condensation products of betalamic acid with 

different amines and amino acids (Gandia-Herrero et al., 2010); it has been 

appeared to be easily absorbed and detected in the urine of subjects who 

consumed red beet (Kanner et al., 2001).  

In human and animal body, ROS can be neutralized by antioxidant 

compounds. However, excessive ROS production and the depleted antioxidant 

defences lead to oxidative stress and induce oxidative damage, causing 

pathological dysfunction in the organism (Urso and Clarkson, 2003). The 

consequences of these oxidative damage are multiple and invariably advice. They 

include lipid peroxidation, resulting in the destruction of membrane lipids, and 

oxidative DNA damage, collectively leading to the loss of cell viability, either via 

necrotic or apoptotic pathways (Marnett, 2000). Cells could be injured and even 

killed under the most serious conditions of radiation exposure, when the content 

of ROS get uncontrolled by the cellular antioxidants (Pathak et al., 2007). 

In the present study, the significant increases in TBARs, PC and NOx levels 

in γ-rays group accompanied by a significant decrease in GSH level, suggest that 

oxidative stress occurs in kidney. Radiation-induced decline in GSH and 

augmentation in TBARs, PC and NOx levels in rats and mice tissues (Gharib and 

Fahim, 2007 and Sharma et al., 2009).  

Betalains found to protect mice against the oxidative stresses-induced 

decline in GSH (Sunila and Kuttan, 2005) and enhancement in TBARs and PC 

(Reddy et al., 2005 and Tesoriere et al., 2004). The increase in GSH levels may 

be due to the activation of protective response in the kidneys to counteract the 

excessive formation of ROS. It acts as radical scavenger due to redox-active 

sulphydryl group directly reacting with oxidant and transforms itself into oxidised 

GSH (Pathak et al., 2007). These results suggest betalains from red beets are not 

only radio protective but are also effective as an antioxidant (Lu et al., 2009). 
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Plasma levels of Ur, Cr and γ-GT were increased significantly in γ-irradiated 

mice due to impairment of kidney functions (El-Khafif et al., 2003). Treatment 

with betalains significantly normalise renal oxidative stress parameters. Betalains 

protect liver γ-GT (Schwartz et al., 1983) and improve renal function and 

excretion (Frank et al., 2005). 

Gamma-rays irradiation induced a marked reduction in RBC, WBC, Pt counts 

and Hb concentration in mice due to direct destruction of the mature circulating cells 

and the damage effects on a large number of blood forming stem cells (Aboueldlla et 

al., 2007 and Tawfik et al., 2006). Betalains partially restored these values. Its 

protective effect against oxidative damage was evaluated in red and white blood 

indices of human and mice (Hari Kumar and Kuttan, 2004 and Tesoriere et al., 

2006) and have a wide range of desirable biological activities, including 

antioxidant, anti-inflammatory and anti-cancer properties (Georgiev et al., 2010). 

Gamma-irradiation significantly suppressed the enzymatic activity of SOD, 

CAT, GPx and GST in renal tissue. Cells produce antioxidants such as CAT, 

SOD, GPx and GST as a part of cellular defence system against ROS-mediated 

cellular injury (Rahman et al., 2006), that induced by ionizing radiation. Oral 

administration of betalains partially restored the four enzymatic antioxidants 

activity as reported in previous studies (Hari Kumar and Kuttan, 2004, Pradedova 

et al., 2010 and Sunila and Kuttan, 2005). Betalains are phytochemicals that were 

classified as antioxidants (Butera et al., 2002) suggest that they may behave as 

effective reducing species, whereas a clear antioxidant activity has been shown in 

biological environments such as membranes (Tesoriere et al., 2003). 

Conclusion 

Betalains supplementation could prevent lipid peroxidation and improve 

antioxidant defence system in the renal tissue and plasma of γ-irradiated mice. 
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كمضبد للأكسدة طبيعي في الحد منه اطناباتبث الي ني فني  دور البيتبلاوس

 المشععت جبميب  الفئبان البيضبء

 مىبل درويش ، و غبدة أحمد الاويل ، و حسيه محمد صلاح ميبوي

قطًي انثيىنىخيا الإشؼاػيح و ذشؼيغ الأغذيح ، انًركس انقىيي نثحىز و ذكُىنيىخياا 

 يذيُح َظر ، يظر. 92الإشؼاع ، ص. ب. 

انثيرالاَص )يؼاد نلأكطذج ؽثيؼي( يطرخرج يٍ َثاخ انثُدر الأحًر و 

يُاغ الأكطاذج  إناي تالإػافحيقي انهيثيذاخ يٍ الأكطذج و يحطٍ َظاو انحًايح 

 في انُطيح انحيىاَي انحي.

كهااي انراااراٌ  إطاااتحذخرثاار هااذِ انذ اضااح دو  انثيرااالاَص فااي وقايااح 

أ تؼااح يدًىػاااخ   إناايثيؼاااا انًؼرػااح لأشااؼح خايااا. ذااى ذقطاايى انراااراٌ ان

يىيا ، انثاَيح ذدرػد انثيرالاَص  33الأوني ذدرػد انًادج انًذيثح فقؾ نًذج 

يىياا( ، انثانثاح ػرػاد ندرػاح  33يهدراو/ كدى يٍ وزٌ انرأ  نًذج  08)

 38نًذج خراي يٍ أشؼح خايا ، و انًدًىػح الأخيرج ذدرػد انثيرالاَص  4

 أياو تؼذ انرؼرع نلأشؼح. 3يىيا قيم انرؼرع لأشؼح خايا و نًذج 

ػاوىؽ انرأكطاذ فاي َطايح  إحاذازذى قياش يذي قذ ج أشؼح خاياا ػهاي 

انكهااي ػااٍ ؽريااا  طاااذ انسيااادج الاحظااا يح نًطااارىي كاام يااٍ  حاااايغ 

( و PC( و كا تىَياااااااااااااام انثااااااااااااااروذيٍ )TBARsانثيىترتريااااااااااااااى   )

( فااي َطاايح انكهااي ، انااي خاَااة زيااادج يطاارىي NOxانُيرراخ/انُيرريااد )

( γ-GTخهىذاييم ذراَص فيريس   )-( و خاياCr( و انكرياذُيٍ )Urانيى يا )

نًطاارىي كاام يااٍ   إحظااا يافااي تمزيااا انااذو. كًااا ضااثثد أشااؼح خايااا َقظااا 

َقض كم ياٍ   إني تالإػافح( في َطيح انكهي. GSHاندهىذاثيىٌ انًخرسل )

( و ذؼاذاد انظارا   Hb( و انهيًىخهىتيٍ )RBCا )ذؼذاد كراخ انذو انحًرا

(. و كاذن  َشااؽ WBC( و انرؼذاد انكهي نكراخ انذو انثيؼااا )Ptانذيىيح )

( و SODإَسيًاخ يرغ انرأكطذ تانكهي  إَسيًاخ انطاىتر اكطايذ ديطاًيىذيس )

-أش-( و اندهىذاااثيىGPxٌ( و اندهىذاااثيىٌ تيروكطاايذيس )CATانكرااانيس )

 (.GSTذراَص فيريس )

أظهاااارخ انُرااااا ح أٌ ذُاااااول انراااااراٌ انثيؼاااااا نهثيرااااالاَص يقااااي يااااٍ 

 اػطراتاخ انكهي انحادثح في انراراٌ انًؼرػح لأشؼح خايا.

 

 

 

 

 


