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Abstract---The present study was done  to investigate the therapeutic 

efficiency of Beta vulgaris roots ethanolic extract versus N-
acetylcysteine (NAC) in overcoming experimentally induced 

hapatotoxicity in rats by given double maximum therapeutic dose of 

Acetaminophen (N-acetyl-para-aminophenol (APAP) or paracetamol®) 
orally. The experiment was performed by two parts: First part was 

involved the extraction of Beta vulgaris roots by using 90% ethanolic 

solvent and detection the main phytochemical constituents of Beta 
vulgaris roots ethanolic extract and their concentrations% by using 
spectrophotometry analysis, while the second part of experiment was 

involved the determination and understand the therapeutic effect of 

Beta vulgaris roots ethanolic extract on hepatotoxicity induced by 
Acetaminophen which administered more than the recommended dose 

in rats. Three treated groups of male albino rats (12 rats each) and the 

dosing regimen was performed as follows: Each group was dosed 

(APAP) twice daily of (100 mg/kg B.W.) for 14 days as follows dosing 
regimen: Positive control group: Rats were daily administered 

Acetaminophen at dose (100 mg/kg) orally twice a day as (50 mg/kg) 

in the morning and (50 mg/kg) at the evening for 14 days followed by 
two weeks recovery. (T1 group): Rats were daily administered 

Acetaminophen at dose (100 mg/kg) orally twice a day as (50 mg/kg) 

in the morning and (50 mg/kg) at the evening for 14 days followed by 
two weeks recovery, while the ethanolic extract of Beta vulgaris roots 
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was given once daily at a dose (500 mg/kg) orally after 30 minutes 

post-APAP morning dose for 14 and 28 days. (T2 group): Rats were 
daily administered Acetaminophen at dose (100 mg/kg) orally twice a 

day as (50 mg/kg) in the morning and (50 mg/kg) at the evening for 

14 days followed by two weeks recovery, while the N-acetylcysteine 
(NAC) was given once daily at a dose (70 mg/kg) orally after 30 

minutes post-APAP morning dose for 14 and 28 days of treatment. 

Negative control group: Rats were daily administered distilled water 

orally for 14 and 28 days. Blood was collected from animals after 14 
and 28 days in order to study liver functions parameters which 

included [serum aspartate aminotransferase (AST), serum alanine 

aminotransferase (ALT), serum alkaline phosphatase (ALP) and total 
serum bilirubin (TSB) as well as the oxidant and antioxidant status 

parameters, serum reduced glutathione (GSH) and serum 

malondialdehyde (MDA). The results showed the presence of the 
following phytochemical components: Total phenols 114.25%, total 

flavonoids 52.33%, total tannins 2.14%, total alkaloid 6.22%, total 

saponins 0.74%, total terpenoids 3.55%, total glycosides 4.11% and p-
coumaric acid 21.59 (ppm)  in ethanolic extract of Beta vulgaris roots. 

The results of hepatotoxicity which was induced after 14 days  post-

APAP administration and even after 2 weeks of recovery revealed 

significant increase at (p<0.05)  levels of serum AST, serum ALT, 
serum ALP and TSB, respectively at both periods of experiments in 

comparison with negative control group. The treatment of APAP-

induced hepatotoxicity with ethanolic extract of Beta vulgaris roots 
caused a significant decline in serum ALT, serum ALP and TSB, while 

serum AST showed normal value in comparison with positive control 

group at both periods. Also the hepatotoxic effects of APAP was 
overcome by treatment with NAC by causing a significant decline in  

serum ALT, serum ALP and TSB with normal serum AST in 

comparison with positive control group at both treatment periods. The 

hepatoprotective effects of both ethanolic extract of Beta vulgaris roots 
and NAC after APAP administration was quite clearly by the results of 

N-acetylcysteine treatment caused a significant decline in values of 

serum MDA and a significant increase in serum GSH in comparison 
with positive control group at both treatment periods. It can be 

concluded that the administration of Beta vulgaris ethanolic extract in 

Acetaminophen inducing hepatotoxicity rats has been exhibited 
hepatoprotectiv effects against Acetaminophen-induced hepatotoxicity 

by reducing the oxidative stress by acting as antioxidant agent and 

reduced the harmful effects of hepatotoxicity. 

 
Keywords---Beta vulgaris, Roots extract, Acetaminophen, NAC.  

 

 
Introduction  

 

Drug induced hepatotoxicity is an important condition. It has become the leading 
cause of liver failure which accounting for 20-40 % of cases for liver 

transplantation in US (1). These drugs affect liver cells by different mechanisms 
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like oxidative stress, fatty acid peroxidation, fat accumulation, antibody mediated 

cyto-toxicity and apoptosis (2). Paracetamol known as acetaminophen or N-acetyl 

– para- aminophenol (APAP) is one of the most commonly used oral analgesics 

and antipyretics described in the 1960 in the USA (3). It has an excellent safety 
profile when administered in therapeutic doses but excessive use causes 

paracetamol poisoning and liver damages (4). In the United States and the United 

Kingdom, paracetamol is the most common cause of acute liver failure (5 & 6). 
The toxic dose of paracetamol is highly variable, in general the recommended 

maximum daily dose for healthy adults is 4 grams (7 & 8). In the first 24 hours 

following overdose, usually 7g per day, patients have few or nonspecific symptoms 
like abdominal pain or nausea, yellowish skin, blood clotting problems, and 

confusion occurs (9).  Paracetamol poisoning is the most commonly cause of 

acute liver failure which results not from paracetamol itself but from its 
metabolite N acetyl–p-benzoquinone imine (NAPQI) which decreases the liver’s 

glutathione and directly damages hepatocytes (10). Metabolism essentially 

happens across glucuronidation and sulfuration, both of these pathways occur in 

the liver. These pathways get saturated in an overdose, more acetaminophen is 
changed by Cytochrome P450 to N-acetyl –p-benzoquinone imine (NAPQI). It is 

harmful substance that glutathione safely reduces it to mercaptate and cysteine 

molecules that are not poisonous which are then eliminated by the kidneys. An 
overdose reduction the stores of glutathione, and once they are still fewer than 

30% of normal, the NAPQI level rises and binds to macromolecules in the liver 

and then causes hepatic necrosis (11). Many medicinal plants have been 
evaluated for their protective effect against drug induced toxicities. For this 

purpose different extracts of different plants have been use. Beta vulgaris is the 

plant belongs to Amaranthaceae family. The leaves are tonic, diuretic, anti-

inflammatory which are useful in diseases of spleen and liver (12) while the roots 
of Beta vulgaris have long been used in traditional Arab medicine to treat a variety 

of diseases. The therapeutic uses of Beta vulgaris include antitumor, carminative, 

emmenagogue,  and hemostatic and renal protective properties and is a potential 
medicinal plant used in cardiovascular conditions ( 13). Beetroot is known as a 

powerful antioxidant (14). The phytochemical studies of leaves extracts have 

revealed containing of various constituents such as sterols, triterpenoids, tannins 

, flavonoids , alkaloids , glycosides and saponins ( 15 & 12) . In recent years , 
beetroot has become the naturaly food to boost the energy in athletes (16 & 17). 

Also the leaves of Beta vulgaris were recommended by the Father of Medicine 

“Hippocrates” for faster healing of wounds (18). 
 

Materials and Methods 

Animals: 
 

This study was performed under the guidelines supervision of Ethical Committee 

for lab. Animals work in the College of Veterinary Medicine, University of 
Baghdad. Forty eight Swiss albino male rats about three months of age with body 

weight ranged between 200-230 gm were used to perform the experiment of the 

present study. Rats were housed in plastic cages of 20×50 ×75 cm dimensions, 

placed in a special housing room belongs to the Department of Physiology, 
Biochemistry and Pharmacology / College of Veterinary Medicine /University of 

Baghdad for two weeks for acclimatization. Standard rodent diet (Commercial feed 

pellets) and tap water were freely available. Housing condition were maintained at 
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20-25 oC in air-conditioned room, the air of the room was changed continuously 

by using ventilation vacuum, while the light/ dark cycle was 12/12 h. in housing 
place.  

 

Plant Material: 
The fresh Beta vulgaris roots were collected from a local market in Baghdad, 

Iraq.They were cleaned from soils and dust and washed with tap water. The plant 

roots were identified and classified by Ministry of Agriculture / State Board for 

seed Testing and certification (S.B.S.T.C.) in Abu-Graib, Baghdad, Iraq.  
 

Extraction of Beta vulgaris Roots: 
 

Beta vulgaris 1 kg cut into small pieces were exhaustively macerated by soaking 

in 90% (1.5 L.) of 90% ethanol and the process repeated for three successive days. 

The obtained alcoholic extract was then concentrated under reduced pressure 
using rotatory evaporator till complete drying. The resulted extract was later 

suspended in distilled water and evaluated for treating hepatotoxicity (19). 

 
Spectrophotometry Phytochemical Analysis:  

 

Total Phenolic Content: 
 

The total amount of phenolic coompound was determined in the ethanolic extract 

with a standard Folin- Ciocalteu reagent. The reaction mixture contained 100 µl 
of the extract and 500 µl of the Folin- Ciocalteu reagent (Merk, Germany) and 1.5 

ml of 20% sodium carbonate. The sample was then mixed on a vortex mixer and 

diluted with distilled water to the final volume of 10 ml. After 2 h reaction, the 

absorbance at 765 nm was determined and used to estimate the phenolic content 
using the calibration curve made with gallic acid (Sigma-Aldrich, Germany). The 

total amount of phenolic compound was expressed in mg gallic acid equivalent 

(GAE) per g dry weight using a UV-visible spectrophotometer Shimadzu UV-1600, 
Japan (20). 

 

Total Flavonoid Content: 
 

The total flavonoid content was determined by the aluminum chloride colorimetric 

method. In brief , 50 µl of extract (1 mg/ml ethanol) were made up to 1 ml with 
methanol , mixed with 4 ml of distilled water and then 0.3 ml of 5% NaNO2 

solution , 0.3 ml of 10%  AlCl3 solution was added after 5 min of incubation , and 

the mixture was allowed to stand for 6 min. Then 2 ml of 1 mol/L NaOH solution 

were added and the final volume of the mixture was brought to 10 ml with double 
– distilled water. The mixture was allowed to stand for 15 min and absorbance 

was measured at 510 nm. The total flavonoid content was calculated from a 

calibration curve and the result was expressed as mg rutin equivalent per g dry 
weight (21). 

 

Total Tannins Content: 
 

Two gm of the extract was mixed with water and ethanol (20 : 80) which  heated 

on water bath. The mixture was filtered and ferric chloride was added to the 
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filtrate. A dark-green solution indicates the presence of tannins. One ml of extract 

was added to two ml of sodium chloride (2%), filtered and mixed with five ml of 

1% gelatin solution. A precipitate indicates the presence of tannin and the 

measurement absorption at 540 nm (22). 
 

Total Alkaloid Content: 

 
Bromocresol green solution (BCG) was prepared by heating 69.8 mg bromocresol 

green with 3 ml of 2N NaOH and 5 ml distilled water until completely dissolved 

and the solution was diluted to 1000 ml with distilled water. Phosphate buffer 
solution (pH 4.7) was prepared by adjusting the pH of 2M sodium phosphate 

(71.6 gm Na2HPO4 in 1 L distilled water) to 4.7 with 0.2 M citric acid (42.02 gm 

citric acid in 1 L distilled water). Atropine standard solution was made by 
dissolving 1 mg of pure Atropine (AR-grade procured from Sigma Company) in 10 

ml distilled water. The extract was dissolved in 2N HCL and then filtered. 1 ml of 

this solution was transferred to separatory funnel and washed with 10 ml 

chloroform (3 times). The pH of this solution was adjusted to neutral with 0.1 N 
NaOH. Then 5 ml of BCG solution and 5 ml of phosphate buffer were added to 

this solution. The mixture was shaken and complex extracted with 1, 2, 3 and 4 

ml chloroform by vigorous shaking, the extract was then collected in a 10 ml 
volumetric flask and diluted with chloroform. Accurately measured aliquots (0.4, 

0.6, 0.8, 1 and 1.2 ml) of Atropine standard solution was transferred to different 

separatory funnels. Then 5 ml of pH 4.7 phosphate buffer and 5 ml of BCG 
solution was taken and the mixture was shaken with extract with 1, 2, 3, and 4 

ml of chloroform. The extracts were then collected in 10 ml volumetric flask and 

then diluted to adjust solution with chloroform. The absorbance of the complex in 
chloroform was measured at spectrum of 470 nm against the blank prepared as 

above but without Atropine (23 & 24).  

 

Total Terpenoid Content: 
 

Take (1.5 gm) of extract and add (7 ml) mixture of methanol and acetonitrile 

which put on shaking system for 30 min , then leave the sample in dark place for 
24 hour. Put the sample in centrifuge (6000 rpm) and take (5 ml) of it and add 

(1.5 ml) chloroform + (0.5 ml) concentrated H2SO4 and mix well for 1 min (if 

heating occur must cool the tube by putting it on snow for not exceed 5 min ,then 
add methanol to complete the volume to 10 ml. Prepare standard solution of 

(Linalool) in several concentrations and read them on spectrophotometer at 538 

nm (25). 
 

Total Glycoside Content: 

 

Determination of glycosides were quantitatively determined according to (26). For 
determination of glycosides, a 10% extract which mixed with 80% methanol and 

left for 24 h in room temperature. After that take 10 ml of extract and add 5 ml of 

freshly prepared Baljet's reagent (95 mL of 1% picric acid + 5 ml of 10% NaOH). 
After an hour, the mixture was diluted with 20 ml distilled water and the 

absorbance was measured at 495 nm. For preparation of the standard curve, 10 

ml of different concentrations (12.5-100 mg/L) of securidaside were prepared. 
Total glycosides from triple replicates were expressed as a percent (%).                                                             
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Total Saponins Content: 

 
The saponin content of the samples was determined by double extraction 

gravimetric method described by (27). A measured weight (5g) of the extract 

sample was mixed with 50 ml of 20% aqueous ethanol solution in a flask. The 
mixture was heated in water bath for 90 minutes at 55ºC; it was then filtered 

through Whatman filter paper (No 42). The residue was extracted with 50 ml of 

20% ethanol and both extract were poured together and the combined extract was 

reduced to about 40 ml at 90ºC and transferred to a separating funnel where 40 
ml of diethyl ether was added and shaken vigorously. Re extraction by 

partitioning was done repeatedly until the aqueous layer become clear in colour. 

The saponins were extracted, with 60 ml of normal butanol. The combined 
extracts were washed with 5% aqueous sodium chloride (NaCl) solution and 

evaporated to dryness in a pre- weighed evaporation dish. It was dried at 60ºC in 

the oven and reweighed after cooling in a dessicator. The process was repeated 
two more times to get an average. Saponin content was determined by difference 

and calculated as a percentage of the original sample thus: 

Percentage (%) of saponins = (W2 – W1 / Wt. of sample) x 100 
W1 = Weight of evaporating dish 

W2 = Weight of evaporating dish + sample 

 

Preparation of Beta vulgaris Roots Ethanolic Extract Solution: 
 

Solution of Beta vulgaris roots ethanolic extract was prepared by dissolving 5000 

mg (5 g.) from dried extract with distilled water and completed the volume to (20 
ml) to get a concentration of (250 mg/ml) which was given orally to each rat at a 

dose volume of 0.2 ml/100g rat B.W. (19). 

 
Preparation of Acetaminophen Solution: 

 

The selected dose of the paracetamol that has been used for inducing 
hepatotoxicity in rats in the current study was (100 mg/kg B.W). This dose was 

chosen from the reported human hepatotoxic dose according to (28), who 

represented 1/20 of the reported oral LD50 in the rat (29). To prepare adjustable 

concentration for such a dose, a tablet of paracetamol 500mg was dissolved in 20 
ml distilled water to prepare a concentration of 25 mg / ml. The selected dose was 

equally divided into 2 doses at a dose volume of 0.2 ml/100g B.W in the morning 

and 0.2 ml/100g B.W at the evening. 
 

Preparation N-acetylcysteine (NAC) Solution: 

 
The selected dose of NAC that has been used in this study was 70 mg/kg B.W 

according to (30). To prepare such dose for administration in rats, a sachet 

contained 600mg of NAC was dissolved in 17.14 ml distilled water to prepare 
concentration of NAC 35 mg/ml that was given at a dose volume of 0.2ml/100g 

B.W. 
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Experimental Design:  

 

In the present study, 48 male albino rats were randomly and equally divided into 

4 groups (12 rats each) as follows:                                                                        
1. Negative control group: Rats were daily administered distilled water for 14 and 

28 days. 

2. Positive control group: Rats were daily administered acetaminophen at dose 
(100 mg/kg) orally twice a day as (50 mg/kg) in the morning and (50 mg/kg) at 

the evening for 14 days followed by two weeks recovery (28).  

3. T1 group: Rats were daily administered (APAP) at dose (100 mg/kg) orally twice 
a day as (50 mg/kg) in the morning and (50 mg/kg) at the evening for 14 days 

followed by two weeks recovery and Beta vulgaris ethanolic extract was given at 

dose (500 mg/kg) orally) once daily after 30 minutes post acetaminophen 

morning dose which continued for 28 days (19). 
4. T2 group: Rats were daily administered (APAP) at dose (100 mg/kg) orally twice 

a day as (50 mg/kg) in the morning and (50 mg/kg) at the evening for 14 days 

followed by two weeks recovery and reference N-Acetylcysteine was given at 
dose (70 mg/kg) orally) once daily after 30 minutes post acetaminophen 

morning dose which continued for 28 days (30).  

 
Parameters studied: 

 

After the end of 14 and 28 days of treatments of each group , the rats blood 
samples were collected via the heart puncture. Blood was kept in gel tubes and 

serum was isolated after centrifugation at a speed of 3000 (rpm) for 15 minutes , 

which were stored at (- 20 oC) until analysis for:   

- Serum aspartateaminotransferase (AST). 
- Serum alanineaminotransferase (ALT). 

- Serum alkaline phosphatase (ALP). 

- Serum Reduced Glutathione (GSH). 
- Serum Malondialdehyde (MDA). 

 

Statistical Analysis:  
 

The Statistical Analysis System – SAS (2012) program was used to detect the 

effect of difference factors in study parameters. Least significant differences – LSD 
test (Analysis of Variation- ANOVA) and T- test was used to significant compare 

between means (31).  

 

Results 
 

Spectrophotometry Quantitative Phytochemical Analysis: 

 
The Beta vulgaris roots were extracted by using 90% ethanolic solvent and the 

result of crude alcoholic extract after full dryness was dark-red. As illustrated in 

table (3.1) the phytochemical analysis of ethanolic extract of Beta vulgaris roots 
contain total phenolic (133.5 mg Gallic acid /100 g), total flavonoids (52.33 mg 

Rutin /100 g), total tannin (2.14 mg /100 g ), total alkaloid (6.22 mg /100 g), 

total saponins (0.74 mg/100 g) , total steroids (1.25 mg/100g), total terpenoid 
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(3.55 mg/100 g), total glycoside (4.11 mg/100 g) and P-Coumaric acid (21.59 

ppm). 
 

Table 3.1: Quantitative Phytochemical Analysis of Beta vulgaris Roots Ethanolic 

Extract:  

 

No Phytochemical constituents identification % 

1 Total Phenolic content (mg Gallic acid/ 

100g 

+ 114.25 

2 Total Flavonoids content (mg Rutin/100g) + 52.33 

3 Total Tannins content + 2.14 

4 Total Alkaloids content + 6.22 

5 Total Saponins content + 0.74 

6 Total Terpenoids content + 3.55 

7 Total Glycosides content + 4.11 

8 Total Coumarins content (ppm) + 21.59 

 

Serum Aspartate aminotransferase (AST) (U/L):      
 

Table (3.2) listed the results of serum AST activities that showed significant 

increase (P≤ 0.05) in positive control group in comparison with other induced 

treated groups and negative control one. Interestingly, T1 and T2 groups recorded 
significant less activity in the levels of AST in comparison with APAP positive 

control group. 

 
Table (3.2): Measurement of Serum Aspartate aminotransferase (U/L) of APAP 

induced hepatotoxicity in rats orally for 14 days with/without treatment with 

Beta vulgaris ethanolic extract or N-acetylcysteine for 28 days versus negative 
control group.   

 

Groups  Mean ± SE 

14 Days 28 Days  

Negative control 
(Distilled water) 

122.33  ± 4.02 
B a 

125.50  ± 3.82 
B      a 

     

Positive control:  

(APAP 100mg/kg) 

142.00  ± 1.26 

A b 

161.83  ± 1.27 

A      a 

T1  

(APAP + Beta vulgaris ethanolic 

extract) 
(100mg/kg + 500 mg/kg) 

125.00  ± 1.93 

B a 

121.83 ± 2.78 

B      a 

T2  

(APAP + NAC) 

(100mg/kg + 70 mg/kg) 

125.83  ± 2.04 

B a 

124.00 ± 1.71 

B      a 

LSD value  7. 473*      7.650* 

-Different capital letters mean significant differences * (P≤ 0.05) between groups. 

-Different small letters mean significant differences (P≤ 0.05) within groups. 

-The data expressed as M ± SE 
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Serum Alanine aminotransferase (ALT) activity (U/L):  

 

Table (3.3) showed the result of serum ALT activities in which APAP positive 

control group recorded a significant increase in the ALT (P≤ 0.05) in comparison 
with other induced treated groups and negative control one. Both T1 and T2 

groups that treated with either Beta vulgaris ethanolic extract and NAC showed 

significantly less ALT level than positive group, but they are still significantly (P≤ 
0.05) increase in comparison with negative control group.  

 

Table (3.3): Measurement of Serum Alanine aminotransferase (U/L) of APAP 
induced hepatotoxicity in rats orally for 14 days with/without treatment with 

Beta vulgaris ethanolic extract or N-acetylcysteine for 28 days versus negative 

control group.   

 

Groups  Mean ± SE 

14 Days 28 Days  

Negative control 

(Distilled water) 

70.50 ± 2.84 

C a 

71.50  ± 2.91 

C a 

Positive control:  

(APAP 100mg/kg) 

138.00 ± 2.47 

A  a 

146.33 ± 2.89 

A  a 

T1  

(APAP + Beta vulgaris ethanolic 
extract) 

(100mg/kg + 500 mg/kg) 

110.00 ± 4.14 

B a 

106.16 ± 3.54 

B a 

T2  

(APAP + NAC) 

(100mg/kg + 70 mg/kg) 

109.66 ± 3.45 

B            a 

102.50 ± 1.78 

B            a 

LSD value  9.712* 8.426* 

-Different capital letters mean significant differences * (P≤ 0.05) between groups. 

-Different small letters mean significant differences (P≤ 0.05) within groups. 
-The data expressed as M ± SE 

    

Serum Alkaline Phosphatase (ALP) activity (U/L): 
 

The result of ALP activity listed in the table (3.4) showed significant increase in 

ALP levels in positive control group (P≤ 0.05) as compared with T1or T2, as well as 

negative control one. Both groups T1 and T2 showed less significant levels of ALP 
in comparison with APAP positive control without significant differences between 

them at induced toxic period (14 days) , while there were significant (P≤ 0.05) 

differences at (28 days) of treatment.  
 

Table (3.4): Measurement of Serum Alkaline Phosphatase (ALP) activity (U/L) of 

APAP induced hepatotoxicity in rats orally for 14 days with/without treatment 
with Beta vulgaris ethanolic extract or N-acetylcysteine for 28 days versus 

negative control group. 

   

Groups  Mean ± SE 

14 Days 28 Days  

Negative control 80.67  ± 1.58  77.33   ± 2.17 
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(Distilled water) C   a  D a 

Positive control:  
(APAP 100mg/kg) 

140.00 ±  1.81 
A          b 

 157.00  ± 1.59 
 A a 

T1  
(APAP + Beta vulgaris ethanolic 

extract) 

(100mg/kg + 500 mg/kg) 

103.33  ±  5.01 
    B          a 

 101.67 ± 5.40  
 C a 

T2  

(APAP + NAC) 
(100mg/kg + 70 mg/kg) 

102.33 ± 2.51 

   B  a    

   112.00 ± 2.11  

B a 

LSD value 8.988* 9.431* 
 

-Different capital letters mean significant differences * (P≤ 0.05) between groups. 

-Different small letters mean significant differences (P≤ 0.05) within groups. 

-The data expressed as M ± SE 

 
Serum Reduced Glutathione (µmol/L): 3.5 

 

The results of Serum Reduced Glutathione (GSH) levels listed in the table (3.5) 
showed a significant decrease (p ≤ 0.05) in APAP positive control group than other 

induced treated groups and negative control group, while in T1 group recorded 

significantly (p ≤ 0.05) higher level in serum GSH which showed nearly normal 
level of negative control group in comparison with positive control and T2 treated 

groups. 

 
Table (3.5) Measurement of Serum Reduced Glutathione (µmol/L)                                  

of APAP induced hepatotoxicity in rats orally for 14 days with/without treatment 

with Beta vulgaris ethanolic extract or N-acetylcysteine for 14 and 28 days. 

  

Groups  Mean ± SE 

14 Days 28 Days  

Negative control 

(Distilled water) 

4.09 ± 0.08 

A a 

4.08 ± 0.08 

A a 

Positive control:  

(APAP 100mg/kg) 

2.11 ± 0.07 

C a 

2.13 ± 0.04 

C a 

T1  

(APAP + Beta vulgaris ethanolic 
extract) 

(100mg/kg + 500 mg/kg) 

4.16 ± 0.12 

A a 

4.11 ± 0.12 

A a 

T2  

(APAP + NAC) 

(100mg/kg + 70 mg/kg) 

3.01± 0.24 

B a 

3.15 ± 0.23 

B a 

LSD value    0.438* 0.414* 

-Different capital letters mean significant differences * (P≤ 0.05) between groups. 

-Different small letters mean significant difference (P≤ 0.05) within groups. 
-The data expressed as M ± SE 
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Serum Malondialdehyde (µmol/L):                                   

 

Table (3.6) showed the result of serum (MDA) levels in which APAP positive 

control group recorded a significantly higher increase (P≤ 0.05) in comparison 
with other induced treated groups (T1and T2) and negative control. Both T1and 

T2 groups showed significantly lesser levels than APAP positive control group. 

 
Table (3.6) Measurement of serum Malondialdehyde (µmol/L)                                  

of APAP induced hepatotoxicity in rats orally for 14 days with/without treatment 

with Beta vulgaris ethanolic extract or N-acetylcysteine for 14 and 28 days.  
 

Groups  Mean ± SE 

14 Days 28 Days  

Negative control 

(Distilled water) 

5.45  ±0.19 

BC a 

5.58  ±0.14 

B a 

Positive control:  

(APAP 100mg/kg) 

12.38 ±0.17 

A a 

14.38 ±0.94 

A a 

T1  
(APAP + Beta vulgaris ethanolic 

extract) 

(100mg/kg + 500 mg/kg) 

5.35  ±0.16 
B a 

5.61  ±0.13 
B a 

T2  

(APAP + NAC) 
(100mg/kg + 70 mg/kg) 

6.50 ±0.14 

B a 

6.10  ±0.16 

B a 

LSD value    1.135* 1.450* 

-Different capital letters mean significant differences * (P≤ 0.05) between groups. 

-Different small letters mean significant difference (P≤ 0.05) within groups. 
- The data expressed as M ± SE 

 

Discussions 
 

The results of ethanolic extract of Beta vulgaris roots and quantitative 

phytochemical analysis are similar to previous studies of (32 & 33) , who found 
that the main components of red beet root extract are polyphenols, alkaloids, 

tannins and flavonoids. These results are also in agreement with previous studies 

(34 & 35). Phenolic compounds have been identified as antioxidant agents that 

act as free radical oxidation terminators (36) while flavonoids are natural 
polyphenolic molecules which include flavonols, flavones, flavanones, isoflavones, 

catechins, anthocyanidins and chalcones which have number of nutritional 

functions and have been described as biological response modifiers, which act as 
antioxidants and some have antiinflammatory properties. The presence of the 

secondary metabolites in red beet root has contributed to its medicinal value as 

well as physiological activity (37) which they are used for therapeutic purposes to 
cure various diseases and to heal injuries. For instance flavonoids have been 

shown to have antioxidant which act as free radical scavenger and metal 

chelators (38) while alkaloids contribute to plant species fitness of survival and 
have pharmacological effects and are used as medication and recreational drugs 

(39).  In addition, the ethanolic extract of red beet root contains a number of 

flavonoids compounds such as myricetin, neringenin, kaempferol  and apigenin 

as reported by (40).  
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Moreover, (41) found the presence of five phenolic acids (ferulic, vanillic, syringic, 

ellagic, and caffeic), three flavonoids (quercetin, kampferol, and myricetin) for 
roots of red beet by using Liquid chromatography–mass spectrometry which  act 

as antioxidation , antiinflammation and inhibition of tumor proliferation.  

 
For evaluation of the hepatic injury, the rise of hepatic enzymes (AST, ALT, and 

ALP) is commonly used as a marker for hepatocellular necrosis. So, the serum 

levels of these enzymes are used as quantitative markers of the type and the 

degree of injury in hepatic cells (42). Also previous studies indicated the role of 
free radicals which produce from the oxidative stress are the main factors to liver 

injury (43 & 44). 

 
In the present study, the results of enzymes (AST, ALT and ALP) were clearly 

indicated the hepatotoxic effect of the APAP at the dose used since there were a 

significant increase in all of these hepatic enzymes in APAP group at both periods 
(14 and 28 days). Elevated liver enzymes (AST, ALT and ALP) in positive control 

group with liver damage and cell necrosis were also reported in other studies 

which attributed to the accumulation of APAP toxic metabolite, namely NAPQI in 
liver tissues causing oxidative stress effects (45).  It was reported that a toxic dose 

of paracetamol leads to the consumption of the stored glutathione (GSH) and 

sulfate. This converts the excess levels of paracetamol to the CYP - 450 oxidase 

system, which will lead to the formation of a more reactive intermediate (NAPQI), 
that will make bonds to protein macromolecules intracellularly leading to hepatic 

cells injury (46). This mechanism leads to the initiation of programmed cell death 

(apoptosis), which leads to hepatic necrosis and dysfunction in the form of 
elevation of AST, ALT and ALP (47). 

 

Moreover, the results indicated that the hepatotoxicity was not recovered after two 
weeks of stopping  APAP dosing , while the treatment with Beta vulgaris roots 

ethanolic extract caused significant reduction in the levels of these serum 

enzymes which indicated the recovery of hepatotoxic effect nearly better than that 

recorded by NAC treatment at both periods (induced and 28 days) of treatments.  
Another study indicated that NAC could decrease AST, ALT and ALP levels and 

reduce hepatocellular injury due to its antioxidant effect (48), while the results of 

study by (49) also reported the reduced effects of NAC on the levels of serum AST, 
ALT and ALP. 

 

In the present study the treatment of rats with Beetroots ethanolic extract along 
with paracetamol results in reducing the serum levels of AST, ALT and ALP 

significantly nearly to normal levels in rats. On the other hand, in human that 

taking beetroot juice showed decrease in the serum levels of these enzymes (50). 
Beetroot mechanisms of action may be attributed to its antioxidant and anti-

inflammatory properties and by enhances energy production through nitrate (51). 

The present results were in agreement with previous study that used beetroots 

which emphasized on its role as supportive antioxidant and protective effect on 
liver tissue through assayed these enzymes within Acetaminophen induced stress 

(52). 

  
The reduction of AST and ALT activities by the extracts of Beetroot is an 

indication of repair of hepatic tissue damage induced by paracetamol and 
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increases the hepatoprotective activity against the toxic effect of paracetamol. Our 

findings can be attributed to the effect of Beetroot ethanolic extract which may 

cause stabilized cell membrane and protect the liver against the deleterious 

agents and free radical mediated toxic damages to the liver cells, this is may be 
reflected in the reduction of liver enzymes levels. On the other hand, the extract 

helps the liver to maintain its normal function by accelerating the regeneration 

capacity of its cells. The highly hepatoprotective effects of Beetroot ethanolic 
extract may be attributed to its active ingredients such as nitrate, betalains, 

phenolics and ascorbic acid , for example betalains are important in inflammation 

and oxidative stress beside phenolics and ascorbic acid (53). 
 

The Higher levels of antioxidant enzymes enable the plant extract to act as a very 

good free radical scavenger and help to prevent diseases caused by oxidative 
damage (54). The phenolic compounds are ubiquitous secondary metabolites 

having wide therapeutic values like antioxidant, anti-carcinogenic and free radical 

scavenging activities. The scavenging ability of the phenolics is mainly due to the 

presence of hydroxyl groups, while flavonoids are a group of polyphenolic 
compounds that exhibit anti-hepatotoxic, anti-inflammatory activities. They 

inhibit enzymes such as aldose reductase and xanthine oxidase is capable of 

scavenging the ROS due to their phenolics hydroxyl groups and potent 
antioxidants.  The presence of flavonoids and phenolics that are reported in the 

Beta vulgaris ethanolic extract may reveal a positive correlation between phenolics 

content and antioxidant activity, suggesting phenolics and flavonoids might be 
the active phytochemicals in Beta vulgaris ethanolic extract (34).  

                         

Glutathione (GSH) is well known low molecular weight tripeptide is perhaps the 

most famous natural endogenous antioxidant (55). Antioxidant might act as a 
scavenger of electrophilic and oxidant species either in a direct way or through 

enzymatic catalysis: (1) it directly quenches reactive hydroxyl free radicals, other 

oxygen-centered free radicals  and radical centers on DNA as well as on other 
biomolecules such as methylglyoxal and 4-hydroxynonenal and (2) GSH is the 

cosubstrate of glutathione peroxidase, permitting the reduction of peroxides 

(hydrogen and lipid peroxides) and producing oxidized/disulfide glutathione 
(GSSG). In turn, GSSG is reduced to 2 GSH by using NADPH reducing 

equivalents and glutathione disulfide reductase, catalysis. Electrophilic 

endogenous compounds and xenobiotics (drugs, pollutants, and their phase I 
metabolites) are conjugated with GSH through activation by glutathione-S-

transferases (56). The resulting conjugates are substrates of GGT, which initiates 

the mercapturic acid pathway and facilitates toxic elimination (55). 

 
In the present study the decreased levels of reduced glutathione (GSH) in positive 

control group nearly to the half at both periods indicating a clear depletion of 

glutathione antioxidant concentration. In NAC group the level showed a 
significant rise in glutathione concentration in comparison with APAP group but 

not as that of the control one while in Beta vulgaris roots ethanolic extract treated 

group the increased in glutathione concentration reaches the same levels as that 
in control at both periods. 

 

At therapeutic doses, about 90% of APAP is eliminated via sulfuration or 

glucuronidation pathways and another 5% is metabolized by cytochrome P450 
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2E1 (CYP2E1) to NAPQI. The NAPQI subsequently binds to glutathione (GSH) to 

produce mercuric acid and cysteine conjugates before being eliminated from the 
body. Different studies demonstrated that overdose of APAP may result in the 

depletion of GSH and cause NAPQI-induced hepatic cell injury (57). The 

production of ROS including hydrogen peroxide, hydroxyl radicals, and 
superoxide anions can be enhanced by NAPQI. Lipid peroxidation, DNA, and 

protein oxidation, as well as a decrease in radical-scavenging enzymes of GPx and 

superoxide dismutase (SOD) have also been reported in APAP-induced liver injury 

(58). 
 

The depletion of GSH by NAPQI is an important component of APAP-induced 

oxidative stress followed by liver injury, while the malondialdehyde (MDA) level is 
an index of oxidative stress, was significantly increased (59). In study of the effect 

of NAC on glutathione was found that NAC has many different pharmacological 

effects, predominantly based on increased mitochondrial and cytosolic production 
of GSH, one of the principal free radical scavenging agents in humans. In 

paracetamol toxicity, GSH depletion reduces the level of covalent binding of the 

toxic metabolite, making NAC an effective antidote (60). In the present study the 
effects of Beta vulgaris roots ethanolic extract on glutathione revealed the prevent 

GSH depletion by scavenging reactive oxygen species. Therefore, it inhibits the 

oxidative damage of cellular macromolecules.  

 
The interesting results in the present study in the turnover of GSH serum level to 

the normal one at both periods in Beta vulgaris roots ethanolic extract treated 

group indicating complete improvement in oxidant and antioxidant status. Lipid 
peroxidation (LPO) is frequent even today invoked as a mechanism of cell death 

during APAP hepatotoxicity. Lipid peroxidation is a free radical reaction process 

that is initiated by hydroxyl radical formation from hydrogen peroxide (Fe2+-
dependent Fenton reaction) and the generation of lipid radicals leading to the 

destruction of polyunsaturated fatty acids in lipid membranes (61). Lipid 

peroxidation can cause a rapid catastrophic breakdown of the membrane 

potential and ion gradients leading to cell necrosis. Early studies on LPO in the 
APAP mouse model used ethane and pentane exhalation and hepatic 

malondialdehyde as indicators of LPO, (62).  Malondialdehyde the final stage 

product by lipid peroxidation and indicative of cell membrane damage as a result 
of oxidative of polyunsaturated fatty acid in the membrane, is usually used as a 

bio-indicator of oxidative stress (61). 

 
In the recent study the APAP positive control group showed that there was a 

significantly higher increase in the levels of MDA at the induced period (14 days) 

more than two times that continue at recovery period which indicative of the high 
lipid peroxidation induced by APAP in the liver cellular membrane tissue, while 

treatment with NAC reduced the level of MDA in comparison with APAP but still 

higher than control and T1 treated group which showed that the levels of MDA 

reduced nearly to the normal at induced period , these indicative that Beta 
vulgaris roots ethanolic extract treatment has more antioxidant effect than NAC 

treatment and could combat the damage induced by APAP.  

 
N-acetylcysteine (NAC) reported to exert its effect on MDA insult contributing to 

the maintenance of the membrane integrity of hepatocytes serving as markers of 
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liver damage , this compound was also able to markedly reduce the production of  

MDA, an indicator of  LPO and to return the intracellular levels of GSH to the 

control levels (63). 

              
Conclusions 

 

From the data of our study, we could conclude that the Beta vulgaris 
roots ethanolic extract has hepatoprotective and therapeutic effects 

against hepatotoxicity induced by Acetaminophen, due to decrease the 

excessive increasing of AST, ALT and ALP levels by increasing and 
maintaining the integrity of the hepatocytes cell membrane by its activity 

as antioxidant agent. Our findings also suggest that the Beta vulgaris 

roots ethanolic extract could be used as a new potential drug in 

protecting against hepatotoxicity which cause harmful effects. 
 

Recommendations 

  
According to our result, we can suggest that ethanolic extract of Beta vulgaris 

roots is a possible antidote candidate for APAP hepatotoxicity and can be used in 

the research and development of hepatoprotective drugs of natural products 
which are inexpensive with high safety profile. 
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