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Abstract: Red beet consider as functional food and a good source of 

several bioactive compounds have antioxidant and inflammatory 

properties that may have health benefits in reducing the risk of  injury 

diseases. Therefore, in the present work, the effectiveness of red beet in 

protecting against carbon tetrachloride (CCl4)-induced liver toxicity in 

rats was studied. The rats were randomly divided into three groups, eight 

rats per each. First group serves as normal control, second group was 

treated with CCl4 (1 ml/kg 1:1 mixture with paraffin oil, i.p. twice 

weekly for 6 weeks) and third group were induced with CCl4 and 10% 

red beet powder (RBP) adding to diet. Results show that treatment with 

10% (RBP) reduced blood biomarkers for liver functions (AST, ALT 

and ALP) and kidney functions (urea) that were increased by chronic 

CCl4 intoxication. Also, treatment with RBP significantly increased (P≤ 

0.05) in the final body weight, daily food intake which were diminish by 

CCl4. In addition, RBP inhibited the elevated WBCS, RBCS and PCV 

values which were high in intoxicated rats. Histological examination 

support the tested biochemical markers of organs injury. Therefore, the 

study concluded that RBP as a partial inhibitor and a significant reducer 

can be a preventive or therapeutic agent due to its antioxidant 

components. 
  

Key words: Beta vulgaris, liver toxicity ,CCl4, histopathological 

examination Biochemical parameters. 
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Introduction 
          Red beet root, a member of Chenopodiaceae family scientifically 

known as Beta vulgaris is cultivated throughout the world for its roots, 

which are used as a food and as a source of natural dye (Gokhale  and 

Lele  2014). It is considered a popular vegetable and one of the most 

potent vegetable with respect to antioxidant property. It possess an 

excellent dietary supplement being not only rich in minerals, nutrients 

and vitamins but also has unique phytoconstituents, which possess 

several medicinal properties anti-depressant, anti-microbial, anti-fungal, 

anti-inflammatory, diuretic, expectorant and carminative, stimulation of 

hematopoietic, immune systems, kidney and liver protection and as a 

special diet during cancer treatment (Winkler et al., 2005 and Georgiev 

et al., 2010) 

         Red beet is one of the few vegetables that contain a group of highly 

bioactive pigments known as betalains and rich in phenolic compounds 

as phenolic acids (Clifford et al., 2015). 4-hydroxy benzoic acid was the 

major constituent the phenolic acids from red beet extracts followed by 

cinnamic acid, vanillic, chlorogenic, trans ferulic acid and caffeic acid  

(Ravichandran et al., 2012). Red beet has high concentration of betalains 

that used as food additives including that have antioxidant, 

anticarcinogenic and anti-inflammatory properties (Georgiev et al., 

2010). Besides betalains, red beet root also contains small amounts of 

other antioxidants, derivatives of ferrulic acid, hydroxycinnamic acid 

and cyclo-dopa-glucoside, so consumption of a natural product can 

provide an additive or synergistic effect (Frank et al., 2005). 

Red beet has become a staple food ingredient in some salads and 

food products.  It contains fiber and very few calories, no fat, which has 

also been shown to have cholesterol lowering (Krajka-Kuźniak et al., 

2012 and Kumar, 2015). Moreno et al., (2006) found consumed red beet 

in our daily diet improve health and may reduce the risk of degenerative 

diseases as contain a high percentage of flavonoids. The possibility 

beetroot’s antioxidant potential is includes the ability to reinforce the 

endogenous antioxidant network and not limited to just scavenging. Red 

beet might be help in diseased states resulting from oxidative stress such 

as liver injury and cancer because is an excellent source of antioxidants 

that protects from oxidation (Clifford et al., 2015).   

http://www.sciencedirect.com/science/article/pii/S0963996912000610
http://www.sciencedirect.com/science/article/pii/S0963996912000610
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         Carbon tetrachloride (CCl4) is used for experimental induction of 

liver injury on animals to induce liver damage. Also, it is nephron toxin 

which causes chronic toxicity injury in several organs (Kumar et al., 

2009 and Lien et al., 2016). Intoxication with CCl4 caused oxidative 

stress, cellular necrosis and inflammation, which lead to hepatic 

damages, such as fibrosis, cirrhosis, and atrophy (Hsu et al., 2012). A 

large dose of CCl4 causes severe necrosis, while a lower dose is inducing 

hepatic fibrosis (Jaeschke et al., 2013). The principle causes of used 

carbon tetrachloride in inducing the hepatic damage are lipid 

peroxidation, decreased activities of antioxidant enzymes and generation 

of free radicals (Eshak et al., 2015). CCl4 is transformed to 

trichloromethy   free radicals that are capable to attack cellular 

macromolecules such as lipids, proteins, and DNA (Campo et al., 2004 

and Hsu et al., 2010). These reactive free radicals initiate cell damage 

through two different mechanisms including of covalent binding to the 

membrane proteins and cause lipid peroxidation (Kanter et al., 2003). 

Therefore, lipid peroxidation is an important factor which connects 

inflammatory disease with fibrosis. Oxidative stress is involved in liver 

fibrosis, frequently associated with the lipid peroxidation amplification 

and the decline of the antioxidant status (Karadeniz et al., 2009). Body 

producing antioxidants to counteract oxidative stress by endogenous 

antioxidants or exogenous antioxidants externally supplied through 

foods. Food antioxidants such as vitamins and polyphenols are useful in 

prevention and treatment diseases associated with free radical and 

oxidative stress that may cause damage in the cells and weakening the 

immune system (Thompson et al., 2010). Beet root might serve as a 

useful to strengthen endogenous antioxidant defines, helping to protect 

from oxidative damage ( Pham-Huy et al., 2008 and Clifford et al., 

2015). Therefore, the present work was designed to investigate the 

protective role of RBP against CCL4-induced liver toxicity.    

2. Materials and methods:-  

2.1 Chemicals and red beet samples preparation:-  

       Assay kits for AST, ALT, ALP, total protein, albumin and blood 

urea nitrogen (BUN) were purchased from Biodiagnostic, Cairo, Egypt. 

Carbon tetrachloride was purchased from El-Nasr Chemical Co. Cairo, 

Egypt. All other chemicals and solvents were of highest grade 

commercially available. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pham-Huy%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=23675073
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The fresh red beet plants were purchased from the local vegetable 

market in Minia city, Egypt. The red beet roots were prepared according 

to (Emelike et al., 2015) cleaned, washed and sliced into thin pieces of 

about 1-2 mm thickness then was dried in sun for seven days.  

2.2. Animals and experimental design:-  

       Twenty four adult male albino rats weighting (222±2g) were 

obtained from Agricultural Faculty, Minia University. Egypt and 

allowed to acclimatize for 7 days at room temperature (25± 2C°) in 

plastic cages at room temperature and photo period 12 cycles. Animals 

were fed a commercial balanced diet and tap water ad libitum till the end 

of the experiment (6 weeks). The experiments were conducted according 

to ethical guidelines of Minia University, Egypt.  

  The rats were randomly assigned into equal three groups with 8 

animals per each as follows: The first group was fed standard chow diet 

and served as normal control group. The second group injected with 

CCl4 (1 ml/kg b.wt, i.p according to Madkour et al., (2012), twice 

weekly for 6 weeks to induce liver toxicity. Third group were fed the 

same diet containing 10% (RBP) according to Rabeh, (2015) and 

injected with CCl4 (1 ml/kg b.wt, i.p), twice weekly.   

  The daily feed intake was recorded every day and the body weight was 

measured weekly, at the end of experimental body weight gain and feed 

intake were calculated. Feed efficiency ratio (FER) was determined 

using the following equation. FER= Daily body weight gain (g)/Daily 

food consuming (g) × 100(Youssef and Abd El Azez 1995). 
 

2.3 Blood samples:-  

The rats were fasted overnight after six weeks and anesthetized to 

collect the blood samples from the retro-orbital plexus (Schermer, 1967) 

from all animals. Each sample was divided into two portions as follows: 

the first portion: was immediately taken in heparinized tube for 

hematological and Immunological studies. The second portion: was 

allowed to coagulate at room temperature and centrifuged at 3000 r.p.m for 

15 min at 4
o
C, the obtained supernatant (serum) were separated and kept 

at -20
o
C until required for assay of biochemical parameters. 

2.4.1. Hematological analysis:- 

       Blood collected was analyzed for red blood cells (RBCs) and white 

blood cells (WBCs) as described by Dacie and Lewis (1984) while 

hemoglobin concentration (Hb) was measured according to VanKampen 
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and Zijlstra (1961). Hematocrit value (HCT%) or  packed cell volume 

(PCV) was determined by centrifuging blood in heparinized micro 

hematocrit tube (capillary tubes of 1mm internal diameter and 7.5 cm 

length) for 5 minutes at 15000  r.p.m (Dacie and Lewis 1991).The 

percentage of each type of the total leucocyte population in relation to 

the total count of counted WBCs was determined according to Schalm et 

al., (1975). 

2.4.2. Biochemical assays:- 

      Serum levels of total protein, albumin and blood urea nitrogen were 

determined according to the methods of Gornall et al., (1949), Doumas 

et al., (1971) and Fawcett and Soctt, (1960) respectively.  Globulin was 

determined by difference between total protein and albumin. Liver function 

AST, ALT and ALP were measured calorimetrically according toVan  

and Soons 1992, Henry, 1964 and Belfield and Goldberg  1971) 

respectively. 

2. 5. Histopathological studies:- 

Small pieces of liver, kidney and heart of each animal of control and 

treated groups were fixed in 10% formal saline solution for twenty four 

hours. Washing was done using tap water then serial dilutions of 

absolute ethyl alcohol were used for dehydration. After routine 

processing, paraffin bees wax tissue blocks were prepared for sectioning 

at 4 microns thickness by slidge microtome. The obtained tissue sections 

were collected on glass slides, deparaffinized and stained by 

hematoxylin and eosin stain for histopathological examination through 

the light microscope. (Banchroft et al., 1996). 

2.6. Statistical analysis:-  

        Statistical analysis was performed with SPSS computer program 

(SPSS version  16.00 software for Windows) data were analyzed using 

one way analysis of variance (ANOVA). Results are reported as mean 

values ± SE and difference were considered significant at p<0.05(Rabeh 

and Ibrahim, 2014). 

3. Results and Discussion:- 

      3.1 Changes in body weight gain and Feed efficiency ratio (FER) 

    The results present in Table (1) showed that there were no differences 

in body weight at the beginning amongst groups. CCl4 exposure caused a 

remarkably significant decrease (P<0.05) in final  body weight, reaching 

203.90± 4.1
 
compared with  control group (250.40± 6.12). Meanwhile 
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co-treatment with RBP improved the final body weight reaching 

231.85± 3.83 compared with control group. Daily food intake was 

diminishing in rat exposed to CCL4 about 27.2% whereas concomitant 

with red beet improved this value but not completely. Alsuhaibani, 

(2013) advice to consume red beet as nutritious functional to hepatic 

disease patients. These results may be due to nutritional values of RBP is 

a rich source of vitamins A, C, B complex and minerals such as Mg, Ca, 

Fe and K (Chawla et al., 2016).        

Table (1): Effect of RBP on body weight gain, daily food intake and 

FER in the experimental rat groups. 

Parameters Control CCL4   CCl4+ RBP 

Initial weight(g) 221.72±2.14  221.45± 2.63
 
 220.67±3.02

 
 

Final weight(g) 250.40± 6.12 203.90
 
± 4.1

 a 
 231.85

 
± 3.83

 ab
 

Body weight gain (g) 28.68 ± 1.91  17.55
 
± 2.99

 a
 -  11.1± 1.08

 ab
 

Daily food intake(g) 13.97± 0.37 10.17
 
± 0.19

 a
 12.23±

 
0.69

 ab
 

FER(%) 4.27±0.27 - 4.1
 
± 0.68

 a
 2.17 ±0.14

 ab
 

    Data represent the mean ±S.E. (a) significantly different from control group at P < 

0.05, (b) significantly different from CCl4 group at P < 0.05. 

     Data in Table (2) appeared that liver function enzymes ALT, AST 

and ALP activities in rats intoxicated by CCl4 were markedly significant 

elevated (P<0.05) about 7.7 and 2.6 folds for ALT and AST 

respectively, while ALP 7.8% compared with normal control group.   

Table (2): Effect of RBP on liver function in the experimental rat 

groups.  

Parameters  Control  CCL4   CCl4+ RBP 

ALT(IU/L) 14.13±0.13 108.52
 
±0.99

 a
 89.04

 
±0.95

 ab
 

AST(IU/L) 44.92±0.80 118.84
 
±0.25

 a
 98.84

 
±0.86

 ab
 

ALP(IU/L) 114.85±0.79 123.67
 
±3.18

 a
 118.59±0.71 

   Data represent the mean ±S.E. (a) significantly different from control group at P < 

0.05, (b) significantly different from CCl4 group at P < 0.05. 

    Meanwhile Concomitant with red beet improved this result but not 

completely. The result agree with (Alsuhaibani, 2013) reported that 

addition of red beet root to biscuits increase nutritional values and 

acceptability and improved liver function enzymes and antioxidant in 

injured liver rats. 

     From Table (3), CCl4 exposure caused a remarkably significant 

(P≤0.05) decrease (P<0.05) in protein, albumin and globulin level 

compared to control group. Concomitant treatment with RBP had a 

significant (P≤0.05)  improvement in the activities in this parameters 
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compared with CCl4 intoxicated group. This results agree with Sahreen 

et al., (2015).  In the same table the blood urea level were significantly 

increase in group exposed to CCl4 while treated with RBP caused a 

significant decrease in this level and restored it to nearly normal. These 

results may be due to red beet rich in nutrients, minerals and amino acids 

(Chawla et al., 2016). 

Table (3): Effects of RBP on serum, protein, albumin globulin and 

urea levels in the experimental rat groups. 

Parameters Control CCL4   CCL4+ RBP  

Protein(g/dl) 10.67± 0.34 7.41
 
± 0.13

 a
 9.01

 
± 0.24

 ab
 

Albumin(g/dl) 5.36 ± 0.22 3.91
 
± 0.19

 a
 5.09

 
± 0.17

 b
 

Globulin(g/dl) 5.34 ± 0.19 3.60
 
± 0.21

 a
 4.26

 
± 0.23

 ab
 

Urea(mg/dl) 47.44 ± 4.04 55.97± 3.27 43.61
 
± 1.43

 b
 

Data represent the mean ±S.E. (a) significantly different from control group at P < 

0.05, (b) significantly different from CCl4 group at P < 0.05. 

       In similar study Krajka et al., (2012) explained that beet root 

reduced creatinin level which is the marker of kidney damage and the 

protective activity of beet root may be comparable to that of garlic 

extracts or silymarin, attributed to the maintaining integrity of the 

plasma membrane which suppresses the leakage of enzymes and 

proteins. 

3.2 Hematological parameters 

      The results in table (4) show that the exposure to CCl4 caused  a 

significant decrease (P < 0.05) in the Hb concentration in rats compared 

to control group. While concomitant with RBP improved the Hb 

concentration but not completely, this result was similar to the obtained 

data by (Eshak et al., 2015).        

  Table (4): Effect of RBP on some blood parameters in the 

experimental rat groups. 

Parameters Control CCL4   CCl4+ RBP 

Hb(g/dl) 14.76 ± 0.17 11.12
 
± 0.31

 a
 12.89

  
± 0.21

 ab
 

PCV(ml/dl) 41.40 ± 0.75 43.86 ± 0.81 40.17
 
± 0.90 

RBCS (10
6
) 3.93 ± 0.13 5.36 ± 0.11

 a
 4.01

 
± 0.07

 b
 

WBCS (10
3
) 4.38 ± 0.05 5.56

 
± 0.12

 a
 4.56

 
 ± 0.04

 b
 

Data represent the mean ±S.E. (a) significantly different from control group at P < 

0.05, (b) significantly different from CCl4 group at P < 0.05. 

    Treatment with CCl4 showed significant increase (P≤0.05) in WBCS 

and RBCS values compared with control group. Meanwhile simultaneous 

treatment with RBP resulted in significant reduction of WBCS and RBCS 
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values comparable to intoxicated group. On other hand PCV was 

elevated in CCl4 group but not significantly and RBP restored this 

elevation to nearly normal ,the results are in  agreement with (Saba et 

al., 2010). 

 From Table (5), CCl4 exposure caused a remarkably decrease 

(P<0.05) in  neutrophil percent compared to control group. Treatment 

with RBP offered significant protection against CCl4 induced liver 

toxicity in the experimental rats. On the other hand lymphocyte and 

eosinophil percent were significantly high (P<0.05) in CCl4 intoxicated 

group whereas concomitant with RBP restored eosinophil  percent to 

normal while lymphocyte was decreased but still high than control.  

Table (5):Effect of RBP on some blood parameters in the 

experimental rats group. 

Parameters Control CCL4  CCl4+ RBP 

Neutrophil    (%) 47.66 ± 1.71 37.11
 
±2.13

 a
 41.12

 
 ± 0.25

 a
 

Lymphocyte (%) 33.86 ±1.33 45.81
 
±1.68

 a
 41.78

 
 ± 1.08

 a
 

Monocyte     (%) 5.65 ±0.53 6.40 ± 0.39 5.08 ± 0.46 

Basophil       (%) 1.51 ±0.16 1.82 ± 0.12 1.56 ± 0. 17 

Eosinophil    (%) 5.48 ±0.26 8.67 ± 0.70
 a
 5.16

 
± 0.29

 b
 

Data represent the mean ±S.E. (a) significantly different from control group at P < 

0.05, (b) significantly different from CCl4 group at P < 0.05. 

      Additionally no significant differences were observed among all 

groups in monocyte and basophil percent. These results may be due to 

that red beet rich in betalains and phenolic compounds which have 

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

Clifford et al., 2015).  

3.3. Histopathological Examination: 

        Histopathological changes results appeared significant correlation 

with the biochemical study results. The microscopic examination 

showed normal histological structure of hepatic lobule in the control 

group (Fig. 1). Meanwhile, exposure to CCl4 revealed fatty change of 

hepatocytes multi lobular strands of fibroblasts proliferation and 

apoptosis of hepatocytes in intoxicated liver rats. These due to CCl4 

caused hepatocellular damage (Heeba and Mahmoud 2014) and massive 

damage to liver tissue in the form of excessive fibrosis, cellular 

infiltration and vacuolar degeneration of hepatocytes (Eshak et al., 

2015).  Nevertheless, these finding were ameliorated by feeding rats 

with 10% red beet dried in diet. 
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Fig .1. Histological examinations of liver tissues of rats in different groups 
 

    Microscopically, sections taken from kidneys normal control 

rat showed normal histological structure of renal parenchyma. In 

contrast the CCl4 leading to vacuolation of epithelial lining 

glomerular tuft and epithelial lines renal tubules (Fig 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 Histological examinations of liver tissues of rats in different groups 
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     Similar histopathological chenges were observed by Sahreen et al., 

(2015) in renal tissue of rats in response to chronic administration of 

CCl4 for 8 weeks. However, Simultaneous treatment with red beet 

ameliorated these change. Red beet as nutritional approach preserves or 

restores endothelial function (Clifford et al., 2015). 

   Histopathological studied showed normal histological structure of 

cardiac myocytes in the control group. In contrast the CCl4 showed 

perivascular oedema (Figure 3). CCl4 causes oxidative damage in organs 

such as heart and kidney and liver (Çetin and Çetin 2011). However, 

concomitant intoxicated rat feeding with RBP 10% return heart 

histopathological changes to normal structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3  Histological examinations of liver tissues of rats in different groups 

 

     In conclusion, the results of this study suggest that feeding with RBP 

improved hematological parameters and have protective effects for the 

prevention of CCl4-induced damage organs in rats. 
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برابع  ثذالتسمم الكبذي المستح ضذبنجر الأحمر لمسحوق ال الولبئً تأثٍرال

 نوفً فئران الألبٍ كلورٌذ الكربون
 

مبجذة عوٌس محمود
1
جبء أحمذ صذٌكر - 

2 

جبيعت انًُيب –كهيت انضساعت  –قسى انكيًيبء 
1

جبيعت انًُيب –انخشبيت انُىعيت كهيت  –قسى الاقخصبد انًُضني  ,
2

. 

 

 الملخص العربى :     

 انُشطت حيىيبغُي ببنعذيذ يٍ انًشكببث يصذس و ظيفيالأحًش غزاء و انبُجشيعخبش   

 في حقهيمقذ حكىٌ نهب فىائذ صحيت  انخي حًخهك خصبئص يعبداث الأكسذة والانخهبببث وبزنك

الأحًش في انحًبيت يٍ  نزنك في هزا انعًم حى دساست فبعهيت انبُجش ،بلأيشاضالإصببت ب خطش

انفئشاٌ عشىائيب إنً ثلاد  حى حقسيى. ي انفئشاٌف انكبذ انُبجى عٍ سابع كهىسيذ انكشبىٌ حسًى

 عبيهتحى ي  ،انعبديت انعببطت, انًجًىعت الأونً هي فئشاٌ ثًبَي كم يجًىعت بهب يجًىعبث 

 ,يشحيٍ أسبىعيب انببسا فيٍيم / كجى( يخهىغ يع صيج 1)   CCl4انًجًىعت انثبَيت بىاسطت 

إنً الأحًش انبُجش  يسحىق ٪ ي11ٍفت وإظب  CCl4انًجًىعت انثبنثت حى يعبيهخهب بىاسطت 

 ٪ أدي إن11ًبُسبت  انبُجش الأحًشًسحىق أٌ انًعبيهت بأظهشث انُخبئج  .انىجبت انغزائيت

انكهً وظبئف و (AST, ALT, ALP)انًؤششاث انحيىيت في انذو نىظبئف انكبذ حخفيط 

انًعبيهت رنك،  علاوة عهً. CCl4 ـــيٍ خلال انخسًى انًضيٍ بـ اسحفعجانخي و  (انيىسيب)

في وصٌ انجسى انُهبئي، حُبول  (P≤ 0.05) يعُىيتصيبدة  أظهشث الأحًشبًسحىق انبُجش 

انبُجش  يسحىق ببلإظبفت إنً رنك، يُع .CCl4 بىاسطت اَخفعج كبَج انطعبو انيىيي انخي

كًب  انًصببت. انخي كبَج يشحفعت في انفئشاٌ ((WBCS, RBCS , PCVاسحفبع قيى  الأحًش

نزنك  ,إصببت الأععبء لاخخببس انبيى كيًيبئيت ئج انفحص انُسيجي قذ دعًج انُخبئجأٌ َخب

يًكٍ أٌ يكىٌ عبيم  ًبَع جضئي ويخفطك حًشالأبُجش ان صج انذساست إنً أٌ يسحىقهخ

 .بسبب يكىَبحه انًعبدة نلأكسذةوقبئي أو علاجي 
 

 -انفحص انُسيجي –-انكشبىٌ سابع كهىسيذ -سًيت انكبذ  - Beta vulgaris: المفتبحٍتكلمبث ال

 .انبيى كيًيبئيتانقيبسبث 


