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Abstract 

 

In the present study, we screened for the polyphenolic compounds present in some selected 

tropical vegetables and the protective effect of the vegetable extract against CCl4-induced hepatotoxicity 

in rats as a way of evaluating their medicinal potential in addition to their nutritional values. The use of 

HPLC/DAD/MS revealed the presence of some phenolic compounds in the studied vegetables. 

Crassocephalum crepidioides; caffeoyl derivatives, Talinum triangulare; rutin and kaempferol 

derivatives, Amaranthus hybridus; caffeoyl derivative, rutin and kaempferol derivative, Hibiscus 

esculentus; caffeoyl derivative, quercetin derivative and an unidentified flavonoid, Xanthosoma 

mafaffa;six unidentified flavonoids with similar absorption maximum at different retention times) and 

Celocia argentia (luteolin derivative and four unidentified flavonoids.  Carbon tetrachloride at a  dose of 

0.5ml/kg body weight (b.w) produced liver damage in rats as manifested by the rise in the levels of ALT 

(IU/l), AST (IU/l) and total protein (g/l) in the serum (40.60 ± 3.50, 80.60 ± 5.10, 73.20 ± 1.87) , in the 

liver homogenate (1300.00 ± 7.38, 1660.00 ± 13.69, 250.00 ± 7.51) and  MDA content (nmol TBARS/mg 

Liver Protein) in the liver homogenate (82.00 ± 0.02, 82.00 ± 0.07)  compared to the control. The result 

revealed a reduction of the serum marker enzymes (ALT, AST and Total protein), compared with the 

CCl4 treated group after the administration of the various polyphenolic extract. In a similar manner, the 

extract brings about a reduction of the MDA content.  It could be concluded that the protective properties 

exhibited by the vegetables could be amongst other factor due to the presence of some polyphenols.  
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Introduction 

Fruits and vegetables are good sources of natural antioxidants, containing many different antioxidant 

components (Wang, Cao, & Prior, R.L, 1996; Velioglu Mazza, Gao, & Oomah,1998). These antioxidants 

include carotenoids, vitamins, phenolic compounds, flavonoids, dietary glutathione, and endogenous 

metabolites (Larson, 1988), having been shown to function as singlet and triplet oxygen quenchers, free 

radical scavengers, peroxide decomposers, enzyme inhibitors, and synergists (Larson, 1988). Phenolic 

compounds are found in most fruits and vegetables. They have been reported to possess antioxidant 

activity which allows them to scavenge both active oxygen species and electrophiles, to inhibit nitrosation 

and to chelate metal ions, to have the potential for autoxidation and the capability to modulate certain 

cellular enzyme activities (Rice-Evans, Miller, Bolwell, Bramley & Pridham, 1995). The majority of the 

antioxidant activity of fruits and vegetables may be from phenolic compounds rather than vitamin C and 

E, or β-carotene since some phenolic compounds have much stronger antioxidant activities against 

peroxyl radicals (Ames, Shigena, & Hagen, 1993). 
 

Phenolic compounds are the most widely distributed secondary metabolites, ubiquitously present 

in the plant kingdom. Located in the vacuole, they are found in free form or linked to carbohydrates 

(glucose, galactose, rhamnose, mannose, rutinose etc.). 

This class of compounds possesses a wide spectrum of biochemical activities such as antioxidant, 

antimutagenic, anticarcinogenic, as well as ability to modify gene expression (Nakamura, Watanabe, 

Miyake, Kohno & Osawa, 2003). Numerous epidemiological studies confirm significant relationship 

between the high dietary intake of flavonoids and the reduction of cardiovascular and carcinogenic risk 

(Cook  & Samman, 1996). 

 Carbon tetrachloride (CCl4) is a potent hepatoxin producing centrilobular hepatic necrosis, which 

causes liver injury. CCl4-induced liver injury depends on a toxic agent that has to be metabolized by the 

liver NAPDH-Cytochrome P450 enzyme system to a highly reactive intermediate (Ki-Tae, Sang-Ju, Dall-

Yeong, Dong-Wook, June-Ki & Cheorl-Ho,  2005). 

 Green leafy vegetables are considered as a main source of vitamins, minerals and fiber for the 

local consumers. Due to their dietary importance, many scientific studies have been carried out on the 

nutritive values of green leaves (Oyenuga & Fetuga, 1975; Salawu & Akindahunsi, 2005; Salawu, 

Akindahunsi & Commuzo, 2006; Akindahunsi & Salawu, 2006). However, there is lack of scientific 

literature on the protective effects vis-à-vis the polyphenolic composition of green leafy vegetables 

commonly consumed in Nigeria. This present study sought to carry out a screening test in other to assess 

the presence of some class of polyphenolic compounds and to investigate the protective effect of the 

selected vegetables against CCl4 induced liver damage.  
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2. Materials and Methods 

 
2.1 Collection and Preparation of Materials 

Seven tropical vegetables (Celocia argentia, Xanthosoma mafaffa, Talinum triangulare, Crassocephalum 

crepidiodes, Amaranthus hybridus and Hibiscus esculentus) were collected from a vegetable farm at 

Obafemi Awolowo University Ile-Ife, Nigeria and voucher specimens were deposited at the Department 

of Biochemistry, Federal University of Technology, Akure, Nigeria and Department of Pharmaceutical 

Science, University of Florence, Italy. The edible portion was separated, cut into pieces, washed, dried 

and grinded into fine powder. 100 g of each powdered samples were successively extracted in ethanol 

which was evaporated using a rotary evaporator under reduced pressure. The powdered extracts were 

stored in the refrigerator for further studies. 

 

2.2. HPLC/DAD/MS Polyphenolic Screening 

The pure standards of luteolin -7-O-glucoside and chlorogenic acid were purchased from Extrasynthese 

(Geney-France), while rutin was from Sigma-Aldrich (St. Louis, MO-USA).  Luteolin, caffeic acid, 

quercetin, Kaempferol-3-rutinoside were purchased from Extrasynthese and used only to identify the 

class of compound. The dried sample (1g each) were extracted with 40 mL (20 mL x 2) of ethanol/water 

7:3 (v/v) and the water was acidified with formic acid (pH 2.5). The samples were filtered and the clear 

solution directly analysed by HPLC. 

 

2.2.1 HPLC/DAD/MS analysis 

Analyses were performed using an HP 1100 liquid chromatograph equipped with HP DAD and 1100 MS 

detectors. The interface was an HP 1100 MSD API-electro spray, the MS analyses were carried out in a 

negative mode with a fragmentor range between 80-150 V. 

A C12 column, 150 × 4 mm (4µm) Synergi Max (Phenomenex-Torrance CA) maintained at 30 

°C and equipped with a 10 × 4 mm pre-column of the same phase was used; flow rate was 0.4 mL min-1. 

The eluents were H2O acidified to pH 3.2 with formic acid (A) and acetonitrile (B). The following linear 

solvent gradient was applied: from 95 % to 85% A in 5 min, to 75% A  in 8 min and a plateau of 10 min, 

to 55% A in 12 min and a plateau of 5 min, to 90% B in 3 min, and finally a plateau of 2 min to wash the 

column.  The total time of analysis was 45 min. 

 

2.3 Animals 

The animals were distributed evenly into sixteen (14) groups of five (5) animals each into stainless steel 

cages under standard conditions (25OC, 60-70% relative humidity and 12 hours photo period). All animals 
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had free access to commercial diet and water throughout the period of study. Carbon tetrachloride 

(0.5ml/kg Body weight) and extracts were administered to the animals orally by gastric intubation. The 

research was conducted in accordance with the internationally accepted principles for laboratory animal 

use and care as found in European Community guidelines. 

 

2.3.1 Carbon tetrachloride-Induced liver damage 

The first group received vehicle mineral oil (pure corn oil) which served as the control group. Group 2 

received a single dose of CCl4 in mineral oil (1:1 v/v). Groups 3-8 in addition to CCl4 received 24 hours 

later, a daily dose of 250 mg/kg body weight of each extract for seven days while groups 9-14 were 

treated as in groups 3-8 above, but instead were given 500 mg/kg body weight. Animals were sacrificed 

24 hours after the last injection. Blood was collected, allowed to clot and serum separated. The liver was 

dissected out and used for biochemical studies. 

 

2.4 Biochemical studies 

The blood was obtained from all animals by making incision on the jugular vein. The blood samples were 

allowed to clot for 45 minutes at room temperature. Serum was separated by centrifugation at 2500 rpm at 

30 0C for 15 minutes and used for the estimation of various biochemical parameters namely ALT, AST 

(Bermeyer, Scheibe & Wahlefled, 1978), total protein content was measured by a standard method 

(Lowry, Rosebrough,Farr & Randal,  1951). After collection of blood samples, the rats were sacrificed 

and their livers excised, rinsed in ice cold normal saline followed by 0.15 M Tris-HCl (pH 7.4) blotted 

dry and weighed. 10% (w/v) of homogenate was prepared in 0.15M Tris-HCl buffer and processed for the 

estimation of lipid peroxidation measured in terms of Malondialdehyde (MDA) using A standard method 

(Olusesi, 2002). The rest of the homogenate was used for the estimation of ALT, AST and total protein.  

 

Statistical Analysis 

Data were expressed as mean ± SD and were analyzed by One-Way ANOVA test using SPSS statistical 

programme. 

 

Results and Discussion 

The aim of this investigation was to have a basic database on the polyphenolic composition of some 

tropical vegetables and also to evaluate the protective properties of the vegetables against CCl4 induced 

liver damage.  

Screening of the vegetable phenolics was carried out using an HP 1100 liquid chromatograph 

equipped with HP DAD and 1100 MS detectors. Identification was carried out mainly on the basis of the 
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UV-Vis spectra, retention times on reverse phase, MS spectra obtained by applying different 

fragmentation energies with the API/ES technique and also by comparing with standard compounds. 

Table 1 shows some of phenolic composition of the selected tropical vegetables: Crassocephalum 

crepidioides (caffeoyl derivatives), Talinum triangulare (rutin and kaempferol derivatives), Amaranthus 

hybridus (caffeoyl derivative, rutin and kaempferol derivative), Hibiscus esculentus (caffeoyl derivative, 

quercetin derivative and an unidentified flavonoid), Xanthosoma mafaffa (six unidentified flavonoids with 

similar absorption maximum at different retention times) and Celocia argentia (luteolin derivative and 

four unidentified flavonoids).   

Tables 3 and 4 show the effect of the selected vegetable extracts on some biochemical indices; 

alanine transferase (ALT), aspartate transaminase (AST) and total protein level in the serum of albino rats 

fed with ethanolic extracts of some tropical vegetables at concentrations of 250 and 500 mg/kg body 

weight (b.w). The results presented in Tables 3 and 4 show a remarkable increase in ALT (IU/L), AST 

(IU/L) and total protein (g/L) level in the carbon tetrachloride-treated animals compared with the control.  

CCl4-induced hepatic injuries are commonly used to investigate the hepatoprotective properties of plant 

materials (Slater, 1965; Plaa & Hewitt, 1972). CCl4 has the ability of being converted to reactive 

metabolites N-actetyl-p-bezoquinoneimine (NAPQI) and halogenated free radicals (HFR) by hepatic 

cytochrome P450 (Packer, Slater & Wilson, 1978; Van de Straat, de Vries, Debets, Vermuelin, 1987). The 

massive production of reactive species may lead to depletion of protective physiological moieties 

(glutathione and ά-tocopherol) ensuring wide-spread propagation of the alkylation as well as 

peroxidation, causing damage to macromolecules in vital biomembranes (Pesh-Iman & Recknagel, 1977; 

Aldridge, 1981). The observed elevation of the serum/liver homogenate marker enzyme in CCl4 treated 

rats; Serum: 40.60±3.50(ALT), 80.60±5.10(AST), 73.20±1.87(total protein), liver homogenate: 1300.20 ± 

7.38 (ALT), 1600.00 ± 13.69 (AST), 250.00 ± 7.51 (total protein) compared with the control indicates an 

extensive liver damage by CCl4 (Venukumar and Latha, 2002). This observation could be attributed to the 

damaged structural integrity of the liver (Pesh-Iman & Recknagel, 1977; Gilani & Jambaz, 1995). As 

shown on table 3 and 4 their were  reduction of the serum marker enzymes (ALT, AST and Total protein) 

when compared with the CCl4 treated group after the administration of the various polyphenolic extract at 

a dose of 250 and 500mg/Kg body weight respectively. This could be attributed to the effect of the extract 

to reduce the concentration of trichloromethyl radical produced by CCl4 intoxication. (Velioglu et al., 

1998, Larson, 1988). The least reduction of serum ALT, AST and Total protein (13.20 ± 1.44, 31.42 ± 

2.22, and 61.24 ± 1.44) is associated with Hibiscus esculentus at a dose of 250mg/Kg b.w. This 

observation could be associated with the presence of Quercetin derivative, caffeoyl derivative and the 

unknown flavonoid in Hibiscus esculentus. Their was a similar observation for Hiiscus esculentus at 

500mg/Kg b.w only for AST (41.22 ± 1.44) while the least reduction of ALT( 15.42 ± 2.12) and total 
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protein (65.22 ± 2.14) were associated with Talinum triangulare  and Xanthosoma mafaffa respectively. 

The ability of Hibicus esculentus to reduce the free radical generated by CCl4 intoxication might be 

attributed to the presence of quercetin derivative among other phytochemical constituents. The activities 

of aspartate aminotransferase, alanine amino transferase and total protein in the serum have been found to 

be a useful tool to investigate liver damage in the diagnosis and study of acute hepatic disease (He & 

Aoyoma, 2003). However, activities of liver enzyme makers and proteins are not only located in the 

serum but also in the liver (He & Aoyoma, 2003). In the light of this, the effect of the vegetable extract on 

liver homogenate enzyme marker was also investigated at a dose of 250 and 500mg/kg b.w respectively; 

the result is as shown in Tables 5 and 6. The result of the investigation is similar to what is observed in 

the serum with a reduced level of the marker enzymes (ALT, AST and Total protein) when compared 

with the CCl4 treated group. At a concentration of 250mg/kg b.w the least reduction of ALT (925.16 ± 

12.24, and Total protein (172.66 ± 6.23) were equally associated with Hibiscus esculents whereas the 

least value of AST (1159.68±10.88) is associated with the administration of Celocia argentia. The least 

value of ALT (1110.66 ± 11.26) and AST (1420.67 ±11.67) is associated with Hibiscus esculentus at a 

concentration of 500mg/kg b.w whereas Talinum triangulare produces the least reduction of Total protein 

(172.56 ± 10.12) at the same concentration. As shown in Table 2 Talinum triangulare contains rutin and 

Kaempferol derivative while Celocia argentia contains luteolin derivative and an unknown flavonoid, 

which could have been responsible for the observed protective property. 

Malondialdehyde (MDA) content was measured in liver homogenate as shown on Table 7 this 

would provide further information on the ability of the vegetable extract to remove the free radical 

generated by the CCl4 intoxication. The result of this investigation revealed that there is actually a 

reduction of the MDA content at the two different concentration (250,500mg/kg b.w), confirming the fact 

that MDA which is one of the product of peroxidation is reduced after the treatment with the extract. 

However, the lowest value of MDA was noticed for Xanthosoma mafaffa and Celocia argentia at 250 and 

500mg/kg b.w respectively. The phenolic screening of Xathosoma mafaffa revealed the presence of some 

unknown flavonoid which could have been responsible for its abiliy to eliminate the free radical 

generated by CCl4 intoxication.   

On the whole, the selected vegetables were able to provide some levels of protection, thereby 

substantiating the previously reported antioxidant potential of the selected vegetables and providing 

information on their medicinal potential that could possibly due to their phenolic composition.  
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Table 1: HPLC/DAD/MS Screening of polyphenolic compounds in the selected tropical vegetables. 
 
 
Peak no./Sample  Rt χmax  [M-H]-  Daughter ions (m/z) Potentially identified
           compounds  
 
  
Crassocephalum  crepidioides  
 
1.   11.26 326  191  -   Caffeoyl derivative 
2.   19.03 328  353   191; 135;  Caffeoyl derivative 
3.   20.00 324  515   353; 191   Caffeoyl derivative 
4.   20.99 328  515  353;   Caffeoyl derivative 
 
Talinum triangulare   
 
1.   14.75 256/354  609     Rutin 
2.   15.70 260/348  675.2  593   Kaempferol derivative 
3.   16.20 260/348  593.1     Kaempferol derivative 
 
Amaranthus hybridus 
 
1.   10.80 320  417  193; 134   Caffeoyl derivative 
2.   11.09 314  209.1  191   Not identified 
3.   14.77 256/354  609     Rutin 
4   15.35   463  301; 119 
5.   16.31 266/350  623  111; 191   Kaempferol derivative 
 
Hibiscus esculentus 
 
1.   10.05 328  743  371; 209   Caffeoyl derivative 
2.   12.85 328  775  149; 191; 415  Caffeoyl derivative 
2.   14.02 256/354  596  300; 303    Flavonoid 
3.   15.75 264/350  579  300; 147; 463  Quercetin derivative 
 
Xanthosoma mafaffa 
 
1.   10.91 272/340  595.1   445.1; 347.1; 593  Flavonoid 
2.   11.23 272/342  595.1   577; 785; 475; 593 Flavonoid 
3.   12.40 272/336  565.1  547; 445; 499; 563 Flavonoid 
4.   13.00 272/336  565.1   547; 445; 499; 563 Flavonoid 
5.   14.10 272/336  579.1  561; 445; 577.1  Flavonoid 
6.   14.67 268/336  433.1   312.9; 311  Flavonoid 
 
Celocia argentia    
 
1.   15.32 262/348  463  447   Luteolin derivative 
2.   19.78 256/356  623   505   Flavonoid 
3.   23.33 256/356  563.6  477; 315   Flavonoid 
4.   28.40 256/356  665.1     Flavonoid 
5.   32.50 256/356  519  314   Flavonoid 
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Table 2: Moisture content and percentage yield of ethanolic extracts of some selected tropical vegetables. 

 
 
Vegetable   Local Names  Yield (g/100g)  Moisture content (%) 

 
Celocia argentia(Ca)  Soko   11.20    78.51 

Xanthosoma mafaffa(Xm)  Ewe koko  15.46    92.39   

Talinum triangulare(Tt)  Gbure   10.25    77.87 

Crassocephalum   

Crepidioides(Cc)   Worowo   16.22    87.00 

Amaranthus hybridus(Ah)  Arowowjeja  18.45    78.03 

Hibiscus esculentus(He)  Ewe ila   10.44    88.00 

 

 

 
Table 3: Effect of some selected vegetable extracts (250mg/kg B.W) serum ALT, AST and Total protein in CCl4 
intoxicated rats. 
 
 
Group  Treatment  ALT (IU/L)  AST (IU/L)  Total protein (g/L) 

1  Control + CO  13.12 ± 1.20  27.21 ± 2.10  70.00 ± 1.90 

2  CO + CCl4  40.60 ± 3.50  80.60 ± 5.10  73.20 ± 1.87 

3  CCl4 + CO + He  13.20 ± 1.44  31.42 ± 2.22  61.24 ± 1.44 

4  CCl4 + CO + Tt  15.46 ± 2.10  32.66 ± 1.68  62.16 ± 2.24 

5  CCl4 + CO + Cc  14.54 ± 2.66  30.54 ± 2.42  61.26 ± 1.68 

6  CCl4 + CO + Xm  15.24 ± 2.10  31.66 ± 2.10  60.44 ± 2.26 

7  CCl4 + CO + Ca  14.88 ± 2.48  32.20 ± 2.44  62.20 ± 1.88 

8  CCl4 + CO + Ah  15.28 ± 2.44  31.68 ± 1.48  60.44 ± 2.26 

 
Means ± standard deviation; n=5. For an explanation of sample abbreviations see Table 2 
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Table 4: Effect of some selected vegetable extracts (500mg/kg B.W) serum ALT, AST, and Total protein in CCl4 
intoxicated rats. 
 
 
Group  Treatment  ALT (IU/L)  AST (IU/L)  Total protein(g/L) 

1  Control + CO  13.12 ± 1.20  27.21 ± 2.10  70.00 ± 1.90 

2  CO + CCl4  40.60 ± 3.50  80.60 ± 5.10  73.20 ± 1.87 

9  CCl4 + CO + He  16.26 ± 1.28  41.22 ± 1.44  66.46 ± 2.40 

10  CCl4 + CO + Tt  15.42 ± 2.12  43.14 ± 2.12  68.12 ± 2.10 

11  CCl4 + CO + Cc  17.24 ± 1.28  46.12 ± 1.28  67.23 ± 1.26 

12  CCl4 + CO + Xm  18.44 ± 2.16  44.64 ± 2.12  65.22 ± 2.14 

13  CCl4 + CO + Ca  16.48 ± 1.44  48.24 ± 2.28  68.46 ± 2.68 

14  CCl4 + CO + Ah  17.28 ± 2.26  46.68 ± 2.48  69.48 ± 2.60 

 
Means ± standard deviation; n=5. For an explanation of sample abbreviations see Table 2 

 
 
 
 
 
Table 5: Effect of some selected vegetable extracts (250mg/kg B.W) liver homogenate ALT, AST and Total protein 
in CCl4 intoxicated rats. 
 
 
Group  Treatment  ALT (IU/L)  AST (IU/L)  Total protein(g/L) 

1  Control + CO  900.00 ± 3.16  1270.00 ± 10.05  150.00 ± 2.70  

2  CO + CCl4  1300.00 ± 7.38  1660.00 ± 13.69  250.00 ± 7.51  

3  CCl4 + CO + He  925.16 ± 12.24  1166.67 ± 8.44  172.66 ± 6.23 

4  CCl4 + CO + Tt  952.76 ± 8.97  1186.46 ± 12.12  176.88 ± 10.21 

5  CCl4 + CO + Cc  972.44 ± 12.12  1178.67 ± 13.22  182.44 ± 12.12 

6  CCl4 + CO + Xm  1008.56 ± 11.23  1166.48 ± 11.22  182.68 ± 10.12 

7  CCl4 + CO + Ca  984.66 ± 9.86  1159.68 ± 10.88  186.44 ± 9.92 

8  CCl4 + CO + Ah  992.84 ± 10.11  1162.44 ± 12.11  172.88 ± 10.12 
 
Means ± standard deviation; n=5. For an explanation of sample abbreviations see Table 2 

 
 



 12

Table 6: Effect of some selected vegetable extracts (500mg/kg B.W) liver homogenate ALT, AST and Total protein 
in CCl4 intoxicated rats. 
 
 
Group  Treatment  ALT(IU/L)  AST(IU/L)  Total protein(g/L) 

1  Control + CO  900.00 ± 3.16  1270.00 ± 10.05  150.00 ± 2.70 

2  CO + CCl4  1300.00 ± 7.38  1660.00 ± 13.39  250.00 ± 7.51  

9  Cl4 + CO + He  1110.66 ± 11.26  1420.67 ± 11.67  178.14 ± 8.14 

10  Cl4 + CO + Tt  1121.88 ± 8.68  1460.44 ± 9.98  172.56 ± 10.12 

11  Cl4 + CO + Cc  1125.67 ± 10.22  1435.88 ± 10.21  182.66 ± 11.21 

12  Cl4 + CO + Xm  1215.67 ± 11.44  1464.67 ± 8.77  178.66 ± 10.24 

13  Cl4 + CO + Ca  1118.54 ± 10.16  1442.88 ± 10.14  182.22 ± 11.14 

14  Cl4 + CO + Ah  1164.34 ± 12.42  1464.68 ± 9.28  176.44 ± 10.64 

 
Means ± standard deviation; n=5. For an explanation of sample abbreviations see Table 2 

 

 

 

Table 7: Effect of some selected vegetable extracts on lipid peroxide content (nmol TBARS/mg Liver Protein). 

 
Group  Treatment           MDA content     

      (250mg/kg b.w)    (500mg/kg b.w) 

1  Control + CO  45.00 ± 0.07     45.00 ± 0.07   

2  CO + CCl4  82.00 ± 0.02    82.00 ± 0.07   

3&9  Cl4 + CO + He  45.22 ± 0.08    46.42 ± 1.02 

4&10  Cl4 + CO + Tt  46.43 ± 0.09    48.65 ± 0.08 

5&11  CCl4 + CO + Cc  45.44 ± 0.19    50.22 ± 0.14 

6&12  Cl4 + CO + Xm  44.24 ± 0.12    48.24 ± 0.24 

7&13  Cl4 + CO + Ca  46.26 ± 0.16    45.33 ± 0.12 

8&14  CCl4 + CO + Ah  47.23 ± 0.18    46.44 ± 0.24 

 Means ± standard deviation; n=5. For an explanation of sample abbreviations see Table 2 

 

 
 


