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1. Introduction

   Date palm, also called Phoenix dactylifera (P. dactylifera) tree, 
is regarded as a vegetable with health benefits and has been used 

traditionally to remedy a number of disease conditions[1,2]. The fruits 

of date palms are commonly eaten in many parts of the world and 

are used as a vital component of the diet and a staple food in most 

Arabian countries[3,4]. It contains 70%–80% carbohydrates in the 

form of monosaccharide (fructose and glucose) which are absorbed 

easily by human bodies[5]. It also contains salt and minerals, dietary 

fibre, fatty acids, amino acid, protein, mineral salts and vitamins[6]. 

Its pulp is very rich in phytochemicals like anthocyamins, phenolic 

(such as sinapic acids, p-coumaric, ferulic, vanillic acid and caffeic 

acid), procyanidins, carotenoids and flavonoids[7,8]. The presence 

of all these important biomolecules makes it an important fruit for 

promoting good health and for pathological conditions in most 

regions of the world. The antioxidant property of this fruit can be 

traced to the wide range of phenolic compounds and vitamin C in 

it[9]. Researchers also found that date might have an effect on the 

glycaemic and lipid level and control of diabetic patients[10,11].

   Paracetamol (acetaminophen) is a widely used analgesic and 

antipyretic drug that is sold over the counter but causes liver 

problem if an over dose of it is consumed. It is metabolised in 

different phases by the liver to excretable sulphate or glucuronide 

conjugate[12]. The liver toxicity of paracetamol, however, is 

attributed to the formation of toxic metabolite, due to the activation 

of a portion of the paracetamol by cytoP450 to highly reactive 

metabolite known as N-acetyl-p-benxoquinone imine (NAPQI)[13,14] 

which is initially conjugated with reduced glutathione (GSH) to form 
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mercapturic acid[15]. Although if the rate of the formation of NAPQI 

exceeds its detoxification by GSH, NAPQI would therefore oxidize 

tissue macromolecules and alter the homeostasis of calcium after 

depletion of GSH[16]. This research was to investigate the preventive, 

protective and ameliorative effect of the aqueous extract of date palm 

against oxidative stress from paracetamol-induced hepatotoxicity.  

2. Materials and methods

   Acetaminophen was bought from Sigma-Aldrich Co., France. 

Date palm (P. dactylifera) was obtained from Nigerian Institute for 

Oil Palm Research, Benin City. They were further verified in the 

Department of Botany of University of Benin. The fruits were sun-

dried to a constant weight, the seeds were removed and the fruits 

were ground to fine powder. Fifty grams of the pulverized fruit 

were then placed in 1 L of distilled water for 72 h with constant stir 

to avoid fermentation. A 15 g solution of the extract was prepared 

and stored in a refrigerator. This solution was used as a stock crude 

extract.

   Proximate analysis was then carried out on the pulverised sample 

to determine the moisture content, total ash, total lipid, crude fibre 

and crude protein.

   The extract was tested for the presence of bioactive compounds 

such as carbohydrates, phenol, tannins, flavonoid, saponins, 

glycosides, steroid, terpenoids and alkaloids using standard methods 

described by Sofowara et al.[17], Trease and Evans[18] and Harborne 

et al.[19].

2.1. Experimental animal and design

   A total of 50 male Wister albinos rats were used for this study. 

They were obtained from the Anatomy Department of University of 

Benin, Benin City. The rats were grouped with 10 rats per group and 

placed in five metallic cages. The rats were allowed to access to food 

and water unlimitedly to acclimatize for 2 weeks.

   The grouped rats were named as group A (vehicle control), 

group B (paracetamol control), group C (preventive), group D 

(ameliorative) and group E (protective). Rats in groups B, C, D and 

E were induced orally with paracetamol (2 g/kg body weight) for 7 

days by gavage.

   The plant extract served as the stock crude drug. It was 

administered orally by the means of gavage at a dose of 400 mg/

kg body weight for rats in groups B, C, D and E. Rats in group C 

were administered with the extracts for 7 days prior to the induction 

of paractemol this served as the preventive group, rats in group D 

were given the extract at 400 mg/kg body weight after being induced 

with paracetamol for 7 days. This served as the ameliorative group, 

while rats in group E were administered with the extract alongside 

paracetamol. This served as the preventive group.

2.2. Animal sacrifice 

   At the end of 14 days of treatment, the rats were anesthetized with 

chloroform in a closed chamber. The animals were dissected and 

their livers were put in labelled containers and transferred into ice-

cold containers and then stored in a refrigerator in preparation for 

assay. One gram of the liver harvested from the experimental animal 

after 14 days of the experiment was homogenised in 10 mL of 

normal saline solution and the homogenate was centrifuged at 20 000 

r/min for 15 min. The supernatant was collected and used for the 

antioxidant analysis.

2.3. Antioxidant assay

2.3.1. Estimation of malondialdehyde (MDA) level 
   This was based on the method of Guttridge and Wilkings[20], 

a modification of the procedure used by Hunter et al.[21]. The 

principle that underlay this assay was that MDA, a product of lipid 

peroxidation, when heated with thiobabituric acid, in the presence 

of an acid formed a pink or redish complex that was measured 

spectrophotometrically at 535 nm. 

2.3.2. Superoxide dismutase (SOD) activity
   This was determined according to the method of Misra and 

Fridovich[22]. Adrenaline auto-oxidises rapidly in aqueous solution 

to adrenochrome, whose concentration can be determined at 420 

nm using a spectrophotometer. The auto-oxidation of adrenaline 

depended on the presence of superoxide anions. The enzyme 

SOD inhibited the auto-oxidation of adrenaline by catalysing the 

breakdown of superoxide anions. The degree of inhibition was thus 

a reflection of the activity of the SOD and it was determined at one 

unit of the enzyme activity. 

2.3.3. Peroxidase assay
   Peroxidases were oxidoreductases which used H2O2 as an electron 

acceptor for catalysing different oxidative reactions. 

   The Chance and Maehly method utilized pyrogallol as shown 

below:

H2O2 + Pyrogallol→2H2O + Purpurogallin (donor) (oxidized donor) 
   The formation of purpurogallin was measured by measuring its 

absorbance at 420 nm spectrophotometrically. 

2.3.4. Estimation of catalase assay
   Catalase was present in nearly all animal cells, plants and bacteria 

and acted to prevent the accumulation of noxious H2O2 which was 

converted to O2 and water, i.e. H2O2 →2H2O + O2.
   The release of O2 caused a discolouration of the KMnO4 which 

was measured spectrophotometrically. The rate of discolouration 

was proportional to the catalase activity. Catalases which were less 

widely distributed catalyzed the above reaction.

2.4. Data analysis

   Data for each parameter were analyzed separately using One-way 

ANOVA followed by Duncan’s multiple comparisons test. P < 0.05 

was considered statistically significant.

3. Result

   Animals treated with 2 g/kg body weight paracetamol showed 
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significant decrease in SOD, catalase and peroxidase activity as 

compared to the ameliorative, preventative, protective groups and the 

vehicle control group.

   Animals treated with 2 g/kg body weight paracetamol showed 

significant decrease in the total protein level and an increase in MDA 

level as compared to the ameliorative, preventative, protective groups 

and the vehicle control group (Tables 1–4).

Table 1
Phytochemical analysis of aqueous extract of P. dactylifera.

S/N Phytochemical Tests performed Aqueous extract of 
P. dactyliferia

1 Carbohydrate Molisch test +
2 Saponins Foam test +
3 Alkaloids Dragendorff test +
4 Reducing sugars Benedict test ++
5 Tannins Lead acetate test +
6 Flavonoids Aluminum chloride method +
7 Steroids Ring test +
8 Cardiac glycoside Ring test +

P. dactylifera tested positive for all the phytochemicals listed above.

Table 2
Proximate analysis of P. dactylifera.

Crude protein Cude fiber Lipids Moisture content Ash Non-protein energy
14.42 3.50 10.00 15.00 5.00 52.08

Table 3
Effect of the aqueous extract of P. dactylifera on SOD, catalase and 
peroxidase activity levels (unit/mg protein) in paracetamol-induced 
hepatotoxicity in experimental rats. 

Groups SOD activity Catalase activity Peroxidase activity
Group A 0.225 ± 0.015a 3.286 ± 4.250a  4.905 ± 4.350a

Group B  0.130 ± 0.029b 1.027 ± 5.300a  2.930 ± 5.890b

Group C 0.171 ± 0.005b 1.247 ± 2.150a  6.038 ± 6.220a

Group D 0.252 ± 0.014b 5.999 ± 3.500b 10.416 ± 8.080ab

Group E 0.187 ± 0.019b 3.476 ± 8.300a   7.370 ± 4.680ab

Each value is the mean of 6 replicates. Values in column followed by the 
same letters are not significantly different at P < 0.05 according to Duncan’s 
multiple range tests.

Table 4
Effect of the aqueous extract of P. dactylifera on total protein and MDA 
level in paracetamol-induced hepatotoxicity in experimental rats.

Group Total protein level (mg/dL) MDA level (µg/mg protein)
Group A 2.706 ± 4.870a 2.150 ± 0.480a

Group B 0.647 ± 1.120b 6.603 ± 1.770b

Group C 3.650 ± 6.320a 1.540 ± 0.190a

Group D 5.504 ± 9.530b 0.388 ± 0.030a

Group E 1.862 ± 3.220a 2.123 ± 0.130a

Each value is the mean of 6 replicates. Values in column followed by 
the same letters are not significantly different at P < 0.05 according to 
Duncan’s multiple range tests.

4. Discussion

   The phytochemical screening of chemical constituents of the 

aqueous extract of date palm showed a wide range of phenolic 

compounds including alkaloids, saponins, tannins, steroid, 

flavonoids and procyanidins as shown in Table 1 above. Reducing 

sugars, carbohydrate and cardiac glycoside were also found. They 

were known to have medicinal values as well as physiological 

activities[17].

   Proximate analysis of aqueous extract of date palm in Table 2 

showed the presence of crude protein, crude fibre, ash, non-protein 

energy, lipids and moisture. They were therefore rich in certain 

nutrients and provided a good source for rapid energy (70%–80%)
[23].

   In Table 3, the activity of SOD was significantly decreased (P < 

0.05) in paracetamol-controlled rats. The role of SOD depletion 

in the pathogenesis and intoxication has been reported by various 

studies performed using different experimental models[24,25]. A 

decrease in SOD production could be attributed to an enhanced 

superoxide generation and utilization of this enzyme during reactive 

metabolites detoxification. SOD is well known to be the primary 

defense mechanism against oxidative stress in tissue. Catalase and 

peroxidase are also antioxidant enzymes which help in intracellular 

detoxification of hydrogen peroxide. The activities of the antioxidant 

enzymes were inhibited (P < 0.05) due to the high level of toxic 

metabolite emanating from the detoxification process. 

   In Table 4, the total protein was significantly reduced in the 

paracetamol control group (P < 0.05) as compared to the vehicle 

control. The MDA level of the paracetamol control group was 

significantly increased (P < 0.05) as compared to the vehicle control. 

   Acetaminophen is a well-known antipyretic and analgesic drug that 

is harmless in therapeutic doses, but it has been shown to result in 

fatal liver cell death in experimental animals as well as humans when 

an overdose is used[26], and is now a well-established hepatotoxic 

agent for pre-clinical research. The access to paracetamol in 

pharmacies without prescription has led to it being kept in many 

homes and, therefore, it is not surprising that it is often involved 

in accidental and deliberate self-poisoning. The drug is considered 

safe with an excellent safety record with respect to unwanted side 

effects. However, intentional or accidental use of paracetamol 

overdose could cause life-threatening damage to the liver and other 

diseases[27].

   The beneficial effect of aqueous extract of date palm was observed 

to have increased the activity of SOD, catalase and peroxidase in the 

preventive, ameliorative and protective groups, since the effect of 

paracetamol toxicity overwhelms the natural antioxidant enzyme in 

the hepatocytes. This effect of date palm in preventing the progress 

of liver damage from paracetamol toxicity is as a result of the 

presence of flavonoids and other phytochemicals[5], which enhances 

the activity of antioxidant enzymes. The ameliorative group was 

found to have the highest value for peroxidase activity. The total 

protein was increased in aqueous extract of date palm treated group 

with the ameliorative group having the highest value for total protein.

   MDA, one of the end-products of polyunsaturated fatty 

acid peroxidation, is a good indicator of the degree of lipid 

peroxidation[28], which is related to paracetamol-induced 

hepatotoixicity. The significant increase in MDA level observed 

in the liver homogenate of paracetamol-induced hepatotoxicity in 

rats was reduced by the treatment of aqueous extract of date palm, 

indicating its ability to break the chain reaction of lipid peroxidation. 

This protective effect of P. dactylifera on acetaminophen-induced 

hepatotoxicity in rats appears to be related to the inhibition of lipid 

peroxidation and enhancement of antioxidant enzyme levels in 

addition to free radicals scavenging action. Based on these results, 
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we may suggest that the therapeutic potential of aqueous extract of 

date palm is dependent on antioxidant mechanism.

   This study has shown that P. dactylifera has a therapeutic action 

by inhibiting stress due to oxidative action from paracetamol 

hepatotoxicity. However, the study revealed that aqueous extract 

of P. dactylifera has a better ameliorative effect than protective 

or ameliorative effects and thus can be used in ameliorating liver 

damage from the use of paracetamol.

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgments

  We are grateful to the Vice Chancellor of University of Benin, 

Prof. Nwanze, for allowing us to use their facilities and providing 

support as grant to carry out this work in Nigeria. (Grant No. 

PGLSC1209388C).

References

[1]   �Vayalil PK. Date fruits (Phoenix dactylifera) Linn: an emerging 

medicinal food. Crit Rev Food Sci Nutr 2012: 52(3): 249–271. 

[2]   �Okwuosa CN, Udeani TK, Umeifekwem JE, Onuba AC, Anioke IC, 

Madubueze RE. Hepatoprotective effect of methanolic fruit extracts of 

Phoenix dactylifera (Arecaceae) on thioacetamide induced liver damage 

in rats. Am J Phytomed Clin Ther 2014; 2(3): 290-300. 

[3]   �El Arem A, Thouri A, Zekri M, Saafi EB, Ghrairi F, Zakhama A, et al. 

Nephroprotective effect of date fruit extract against dichloroacetic acid 

exposure in adult rats. Food Chem Toxicol 2014; 65: 177-84.

[4]   �Saleh EA, Tawfik MS, Abu-Tarboush HM. Phenolic contents and 

antioxidant activity of various date palm (Phoenix dactylifera L.) fruits 

from Saudi Arabia. Food Nutri Sci 2011: 2(10): 1134-41. 

[5]   �Pujari RR, Vyawahare NS, Kagathara VG. Evaluation of antioxidant 

and neuroprotective effect of date palm (Phoenix dactylifera L.) against 

bilateral common carotid artery occlusion in rats. Indian J Exp Biol 

2011; 49(8): 627-33.

[6]   �Al-Shahib W, Marshall RJ. The fruit of the date palm: its possible use as 

the best food for the future? Int J Sci Nutr 2003; 54(4): 247-59. 

[7]   �Ahmed IA, Ahmed AWK. Robinson RK. Chemical composition of date 

varieties as influenced by the stage of ripening. Food Chem 1995: 54(3): 

305-9. 

[8]   �Mansouri A, Embarek G, Kokkalouc E, Kefalas P. Phenolic profile 

and antioxidant activity of the Algerian ripe date palm fruit Phoenix 

dactylifera. Food Chem 2005: 89(3): 411-20. 

[9]   �Hong YJ, Tomas-Barberan FA, Kader AA, Mitchell AE. The flavonoid 

glycosides and procyanidin composition of Deglet Noor dates Phoenix 

dactylifera. J Agric Food Chem 2006: 54(6): 2405-11.

[10] �Abdelaziz DH, Ali SA. The protective effect of Phoenix dactylifera L. 

seeds against CCl4-induced hepatotoxicity in rats. J Ethnopharmacol 

2014; 155(1): 736-43.

[11] �Hussein AM, El-mousalamy AMD, Hussein SAM, Mahmoud SA. 

Effects of palm dates (Phoenix dactylifera l) extracts on hepatic 

dysfunctions in type 2 diabetic rat model. World J Pharm Pharm Sci 

2015; 4(7): 62-9.

[12] �Wong LT, Whitehouse LW, Solemonraj G, Paul CJ. Pathways of 

acetaminophen conjugate in the mouse. Toxicol Lett 1981; 9(2): 145-51.

[13] �Vermeulen NP, Bessems JG, Van-de-Straat R. Molecular aspects of 

paracetamol-induced hepatotoxicity and its mechanism based prevention. 

Drug Metab Rev 1992: 24(3): 367-407.

[14] �Zangiabadi N, Asadi-Shekaari M, Sheibani V, Jafari M, Shabani M, 

Asadi AR, et al. Date fruit extract is a neuroprotective agent in diabetic 

peripheral neuropathy in streptozotocin-induced diabetic rats: a 

multimodal analysis. Oxid Med Cell Longev 2011: 2011: 976948. 

[15] �Moore M, Thor H, Moore G, Nelson S, Moldéus P, Correnius S. The 

toxicity of acetaminophen and N-acetyl P-benzoquinoneimine in isolated 

hepatocytes is associated with thiol depletion and increased cytosolic 

Ca2+. J Biol Chem 1985: 260(24): 13035-40.

[16] �Kanchana N, Sadiq AM. Hepatoprotective effect of Plumbago zeylanica 

on paracetamol induced liver toxicity in rats. Int J Pharm Pharm Sci 

2011: 31(1): 151-4.

[17] �Sofowara A. Medicinal plants and traditional medicine in Africa. 

Ibadan: Spectrum Books Ltd; 1993, p. 289. 

[18] �Trease GE, Evans WC. Pharmacognosy, 11th ed, London: Baillière 

Tindall; 1978, p. 45-50.

[19] �Harborne JB. Phytochemical methods. London: Chapman and Hall Ltd: 

1973, p. 49.

[20] �Gutteridge JM, Wilkins S. Copper-dependent hydroxyl radical damage 

to ascorbic acid: formation of a thiobarhuric acid reactive product. FEBS 

Lett 1982; 173(2): 327-30.

[21] �Hunter FE Jr, Gebicki JM, Hoffstein PE, Weinstein J, Scott A. Swelling 

and lysis of rat liver mitochondria induced by ferrous ions. J Biol Chem 

1963; 238: 828-35.

[22] �Misra HP, Fridovich I. The role of superoxide anion in the autoxidation 

of epinephrine and a simple assay for superoxide dismutase. J Biol 

Chem 1972; 247(10): 3170-5.

[23] �Saafi EB, Louedi M, Elfeki A, Zakhama A, Najjar MF, Hammami M, et 

al. Protective effect of date palm fruit extract Phoenix dactylifera L. on 

dimethoate induced-oxidative stress in rat liver. Exp Toxicol Pathol 2011: 

63(5): 433-41.

[24] �McGill MR, Sharpe MR, Williams CD, Taha M, Curry SC, Jaeschke 

H. The mechanism underlying acetaminophen-induced hepatotoxicity 

in humans and mice involves mitochondrial damage and nuclear DNA 

fragmentation. J Clin Invest 2012: 122(4): 1574-83.

[25] �Patel SJ, Milwid JM, King KR, Bohr S, Iracheta-Vellve A, Li M, et 

al. Gap junction inhibition prevents drug-induced liver toxicity and 

fulminant hepatic failure. Nat Biotechnol 2012: 30(2): 179-83.

[26] �Amar PJ, Schiff ER. Acetaminophen safety and hepatotoxicity-where do 

we go from here? Expert Opin Drug Saf 2007: 6(4): 341-55.

[27] �Fakurazi S, Sharifudin SA, Arulselvan P. Moringa oleifera 

hydroethanolic extracts effectively alleviate acetaminophen-induced 

hepatotoxicity in experimental rats through their antioxidant nature. 

Molecules 2012: 17(7): 8334-50; 

[28] �Nakbi A, Tayeb W, Grissa A, Issaoui M, Dabbou S, Chargui I, et al. 

Effects of olive oil and its fractions on oxidative stress and the liver’s 

fatty acid composition in 2,4-Dichlorophenoxyacetic acid-treated rats. 

Nutr Metab (Lond) 2010: 7: 80.


