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 Introduction 
Free radicals are extremely reactive species that initiate a 

series of harmful reactions in the cell. The balance between the 
production of reactive oxygen species (ROSs) and antioxidants 
(AOX) is vital in a biological system to eliminate the adverse 
effects of oxidative stress [1]. Increased production of ROSs and/
or reduced antioxidant systems rather than decreased efficiency 
in repairing the balance between both linked to several diseases. 
Reactive oxygen species play an important role in the genesis 
of calcium oxalate stone through free radical generation that 
eventually lead to lipid peroxidation causing renal injury [2,3]. 

Previous studies demonstrated that oxalate disturbs the 
mitochondrial electron transport chain and induces the leakage 
of free radicals [4,5]. Dysfunction of the endogenous antioxidant 
systems during lithiasis or other pathological conditions 
increases oxidative stress [4]. Most of the ROSs is short lived 
and does not travel long distances and hence the generated 
free radical interacts rapidly with lipids, amino acids, proteins, 
carbohydrates and nucleic acids causing severe injury [6].

Sodium oxalate (NaOx), a strong dicarboxylic acid, is present 
in many foods such as cocoa, chocolates, almonds, pasta noodles 
[7]. It is produced in the body by metabolism of glyoxylic acid or 

ascorbic acid. It is not metabolized in the body, but is excreted 
inurine. Sodium oxalate generates oxidative stress via the release 
of malondialdehyde and reduction of the superoxide dismutase 
and catalase activities [8,9]. Wang et al. [10] clarified that NaOx 
elicits renal toxicity through oxidative stress in the kidney, 
resulting in DNA damage and cell apoptosis.

Lately, there is a great attention on the usage of natural plants 
in disease therapy all over the world. Thus, a prophylactic natural 
agents very important to control the onset and/or progression 
of diseases [11]. Fruits are generally one of the most consumed 
foods due to their sweet taste. Generally, fruits have health-
promoting properties due to their high AOX concentration. Some 
phytochemicals of fruits are strong AOX which reduce the risk of 
chronic diseases by protecting against free radical damage [12]. 

Ananas comosus (pineapple) is the most economically 
important plant in the family Bromeliaceae and it is widely grown 
in tropical and subtropical regions. Pineapple called as ‘the king of 
fruit’ due to its attractive crown leaves shape. It is consumed as a 
fresh and canned fruit, as well as in processed juices. A. comosus 
has immense health benefits as it contains considerable quantity 
of vitamins and essential trace elements. Additionally, it is rich 
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The present study was performed to evaluate the antioxidative efficacy of Ananas comosus fruit extract (ACFE) against sodium oxalate 
(NaOx) induced oxidative damage in rats. Thirty rats were divided mainly into control group and NaOx group (70mg/kgb.wt, i.p.). The last 
one was subdivided into 4 subgroups; rats received vehicle (untreated NaOx), and ACFE at 500, 750, and 1000mg/kg b.wt respectively 
concurrently with NaOx for seven days. ACFE improved the serum and urine creatinine, urea, uric acid levels. Further, ACFE reduced the renal 
LPO concentration and enhance the levels of antioxidant enzymes. The present study concluded that the ameliorative effect of ACFE may 
be due to its chemical active substances such as phenols, flavonoids, alkaloids, saponins, glycosides, triterpenes, and tannins. However, the 
antioxidative ability of ACFE-derived bioactive compounds should be further investigated as a natural remedy for kidney diseases.
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with flavonoids and other phenolic compounds which enhance 
its antioxidant activities [13,14]. Thereby, Ananas comosus fruit 
extract (ACFE) may act as free radical scavengers and/or metal 
chelator that may prevent membrane lipid peroxidation. Thus, 
the present study was carried out to evaluate the antioxidative 
activity of different doses of ACFE against sodium oxalate 
mediated oxidative stress. 

Materials and Methods
Sample collection

Fresh fruit pineapple, Anans comosus, belongs to the 
subfamily Bromelioideae, order Bromeliales, genus Ananas and 
species comosus [15] was purchased from local market in Giza, 
Egypt.

Preparations of crude fruit extract of ananas comosus
To prepare Ananas comosus fruit extract (ACFE), Ananas 

comosus fruit chopped into small pieces (Figure 1A), shade dried 
and coarsely powdered (Figure 1B-1D). 300g A comosus powder 
was soaked in 1L of absolute ethanol. The extract was kept in 
the shaker for 24h and the suspension was filtered. The extract 
obtained was evaporated in rotary evaporator and stored in a 
desiccator until used for various evaluations [16]. 

Figure 1: Preparation of Ananas comosus fruit extract. (A) 
Displays the ripe slices. (B) Shows air dried Ananas comosus. 
(C&D) showing grinding of Ananas comosus.

Determination of bioactive constituents of ACFE
Test for phenols (ferric chloride test): The fraction of 

ACFE was treated with 5% ferric chloride solution and observed 
for the formation of deep blue or black color which indicated the 
presence of a phenolic hydroxyl group.

Test for flavonoids (sodium hydroxide test): 0.2g of ACFE 
was dissolved in water and then 2ml of the 10% sodium hydroxide 
was added. Yellow color appeared. A change in color from yellow 
to colorless on addition of dilute HCl was an indication for the 
presence of flavonoids [17]. 

Test for alkaloids (wagner’s test): Fifty grams of the ACFE 
was boiled in 1% HCl, then cooled and filtered. On the filtrate 
the few drops of Wagner’s test [2g of iodine and 6g of potassium 
iodide in 100ml dist. Water] was added to 5ml filtrate and 
observed in the formation of reddish brown or a brown color 
precipitate.

Test for saponin (foam test): 10g of ACFE were boiled in 
100ml dist. water, cooled and filtered. 5ml of the filtrate inserted 
in measuring cylinder and shaken vigorously for 15 minutes. 
Appearance of one cm (or more) layer of foam indicates the 
presence of saponin. i.e. a voluminous stable persistent froth 
(appearance of creamy miss of small bubbles) indicates the 
preliminary evidence for the presence of saponin. The frothing 
was mixed with 3 drops of olive oil and shaken vigorously. The 
formation of an emulsion indicates the presence of saponin.

Test for terpenoids (Salkowiski’s test): To 0.5g of the 
ACFE, add 2ml of chloroform. 3ml conc. H2SO4 was carefully 
added to form a layer. A reddish brown coloration of the interface 
indicates the presence of terpenoids.

Test for steroids and sterols (Liebermann-Burchard 
test): 0.2g of ACFE was mixed with 10ml chloroform; then 
filtered. 2ml of the filtrate was added to 2ml acetic anhydride 
followed by carefully addition of 2ml H2SO4. The appearance of a 
reddish violet color at the junction of the two layers and a bluish 
green color in the acetic layer indicates the presence of sterols.

Test for tannin (Acetic acid test): 200mg of ACFE was 
dissolved in 10ml dist. water and filtered. Few drops of acetic 
acid solutions were added to 5ml of filtrate. Formation of red 
color solution indicates the presence of tannins.

Test for glycosides (sulphuric acid test): To 2ml of ACFE, 
1ml of glacial acetic acid and 5%ferric chloride was added. Then 
few drops of sulphuric acid were added. Presence of greenish 
blue color indicates the presence of glycosides.

Test for carbohydrates (benedict’s test): Five grams of the 
ACFE were boiled in 100ml dist. water and filtered. To 1ml of 
the filtrate, 5ml of Benedict’s reagent was added and the mixture 
was heated. The appearance of red precipitate indicates the 
presence of reducing sugars.

Test for quinones

a. A small amount of ACFE was treated with concentrated HCl 
and observed for the formation of a yellow color precipitate.

b. About 0.5g of extract was taken and added 1ml of extract 
and 1ml of conc. H2SO4. Formation of red color shows the 
presence of quinones.

Test for anthraquinones: 0.5g of ACFE was boiled with 10% 
HCl for few min. The reaction mixture were filtered and allowed to 
cool. Equal volume of chloroform was added to each filtrate. Few 
drops of 10% ammonia was added to each mixture and heated. 
Rose-pink color indicates the presence of anthraquinones.

Detection of resins
To 5g of the ACFE, add 50ml of 95% ethanol, boiled on a 

water bath for 20 minute, then filtered. Then, add 5ml dist. water. 
A white precipitate or turbidity indicates the presence of resins. 
Phytochemical screening of ACFE was performed according to 
Dhivya and Manimegalai [18].
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In vitro total antioxidant capacity of ACFE: The total 
antioxidant capacity (TAC) assay was determined in ACFE to 
get an impressive about the cooperative action of antioxidants 
[18,19]. TAC of ACFE was determined spectrophotom etrically by 
the hydrogen peroxide (H2O2) assay using the method described 
by Koracevic et al. [18]. Briefly, 20µl of ACFE and ascorbic acid 
(AA) from each concentration was mixed with 500µl of H2O2. 
Incubation was then carried out for 10 minutes in a water bath 
at 37 °C. Then, the absorbance of the solutions was measured 
using a UV-visible spectrophotometer at 505nm against a blank 
(reagents without ACFE). TAC activity is expressed as the number 
of gram equivalent of ascorbic acid (mg /g AA). The calibration 
curve was prepared from 50-250mg/ml methanol.

Animals 
Male Wistar albino rats (130±20g) were purchased from the 

National Research Center (Egypt). Animals were housed for one 
week in laboratory animal room of Zoology Department, Faculty 
of Science, Cairo University and free access to diet and tap 
water. Experiment was performed according to the guidelines 
of the Care and Use of Laboratory Animals (8th edition) and the 
study was approved by the Institutional Animal Care and Use 
Committee (IACUC) (CUFS/S/PHY/25/14) of the Faculty of 
Science, Cairo University, Egypt.

Experimental design and protocol
Thirty male albino rats were divided randomly into the 

following groups (n=6). Rats administered distilled water 
orally by gastric gavages (control group). NaOx group which 
intraperitoneally injected with 70mg sodium oxalate (NaOx) / 
kg b.wt for 7 days [20] and concurrently administered ACFE at 
three dosages (500,750 and 1000mg/kg b.wt) orally by gastric 
gavages.

Animal handling and specimen collection
At the 8th day, the rats were weighted and placed individually 

in the metabolic cage. Urine sample was collected for 24h and 
measured by measuring cylinder. Then, the collected urine 
samples were centrifuge at 3000rpm for 10 minute and the 
urine supernatant was used for analysis of calcium, phosphorus, 
magnesium, creatinine, urea and uric acid using Biodiagnostic 
kits (Dokki, Egypt).After urine collection, the animals were 
euthanized and blood was collected by heart puncture. Blood was 
centrifuged for 10 minute at 3000rpm for serum preparation. 
Two kidneys were excised from each animal, weighed relative 
to its rat body weight. The right kidney immediately blotted by 
filter paper to remove traces of blood and stored at -80°C for 
biochemical analysis. 

Serum analysis
The collected serum was used for determination of kidney 

function markers such as creatinine [21], urea and uric acid [22]. 

Kidney homogenate preparation and analysis: A 10% 
kidney tissue homogenate was prepared using Tris-HCl buffer 

(0.1M, pH 7.4). The homogenate was centrifuged at 860×g for 15 
min. at 4 °C and the obtained supernatant was used to determine 
the oxidant/antioxidant markers. Then, lipid peroxide (LPO) 
[23], glutathione reduced (GSH) [24], glutathione- S- Transferase 
(GST) [25], superoxide dismutase (SOD) [26] and catalase [27] 
were determined according to manufactures instructions using 
Bio-diagnostic kits (Giza, Egypt).

Statistical analysis: Data are presented as mean±SEM. 
Statistical differences between groups were statistically analyzed 
using one-way ANOVA post hoc by Duncan’s test. A p value<0.05 
considered statistically significant. SPSS software was used for 
statistical computations. 

Results 

Preliminary phytochemical screening
Preliminary phytochemical analysis of ACFE revealed the 

existence of phenols, flavonoids, alkaloids, saponins, terpenoids, 
steroids and sterol, tannins, glycosides, carbohydrates, quinines 
and absence of anthraquinone and resins (Table 1).
Table 1: +: Presence; -: Absence.

Test ACFE

Phenols +

Flavonoids +

Alkaloids +

Saponins +

Terpenoids +

Steroids&Sterols +

Tannins +

Glycosides +

Carbohydrates +

Quinone +

Anthraquinone -

Resins -

Total antioxidant capacity of ACFE 

Figure 2: Total antioxidant capacity (TAC) of ACFE. AA: ascorbic 
acid.
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Figure 2 showed that ACFE has high TAC activity. The 
results indicate that TAC of ACFEis concentration dependent. It 
means that the ACFE contain as much quantity of antioxidants 
compounds as equivalents of ascorbic acid (AA) to effectively 
reduce the oxidants in the matrix. 

Effect of ACFE on serum and urinary creatinine 
concentration of NaOx treated rats

Figure 3: Percentage improvement of ACFE on serum creatinine 
concentration of NaOx treated rats.

Figure 4: Percentage improvement of ACFE on urinary 
creatinine concentration of NaOx treated rats.

Figures 3 and Figure 4 display that ACFE (500, 750, 1000mg/
kg b.wt) improved the increased serum creatinine level of NaOx 
treated rats with 137.6%, 118.8%, 156.52% respectively, and 
with 17.6%, 31.3%, 37.92% regarding the urinary creatinine 
level. Moreover, a marked increase in the creatinine clearance 
was observed after co-treatment with ACFE (500,750 and 
1000mg/kg b. wt) (Figure 5).

Figure 5: Percentage improvement of ACFE on creatinine 
clearance of NaOx treated rats.

Effect of ACFE on serum and urinary urea concentration 
of NaOx treated rats

Figure 6: Percentage improvement of ACFE on serum urea 
concentration of NaOx treated rats.

Concurrent administration of NaOx and ACFE (500,750 and 
1000mg /kgb.wt) for 7 days caused amelioration on serum urea 
level other than the NaOx treated only group with percentage of 
improvement 57.2%, 46.9%, and 54.8%, respectively and with 
percentage of 81.1, 71.6, and 80.1 for urinary urea concentration 
Figure 6 and Figure 7.

Figure 7: Percentage improvement of ACFE on urinary urea 
concentration of NaOx treated rats.

Effect of ACFE on serum and urinary uric acid 
concentration of NaOx treated rats

It is obvious that ACFE treatment not only reduced the 
elevated serum uric acid level of NaOx treated group, but also 
restored this level to normal value. Since, ACFE (500,750 and 
1000mg/kg b.wt) improved the altered serum uric acid level 
to 47.1%, 43.5, 47.1%. Similarly, concurrent administration of 
ACFE to NaOx group recovered the urine uric acid level to 47.5%, 
43.3%, 49.5% (Figure 8).

Figure 8: Percentage improvement of ACFE on serum and 
urinary uric acid NaOx treated rats.

Effect of ACFE on oxidative and antioxidative markers 
of NaOx treated rats
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A marked amelioration in the renal LPO was observed after 
the NaOx group co-treated with ACFE (500, 750 and 1000mg/
kg b.wt). This amelioration manifested by percentage decline 
reached to 51.3%, 71.5%, 45.7% than the increased LPO level of 
untreated NaOx group (Figure 9).

Figure 9: Percentage improvement of ACFE on renal lipid 
peroxide (LPO) concentration of NaOx treated rats.

Figure 10: Percentage improvement of ACFE on renal 
glutathione (GSH) concentration of NaOx treated rats.

Regarding the GSH concentration, its low NaOx value was 
enhanced by 56.1%, 67.8%, and 54% upon administration 
of ACFE (500, 750 and 1000mg/kg b.wt) (Figure 10). Further, 
injection of NaOx with ACFE (500,750, and 1000mg/kg b.wt) 
treatment improved the renal GST concentration (49.3%, 38.5%, 
47.29%) than the untreated NaOx group (Figure 11).

Figure 11: Percentage improvement of ACFE on renal 
glutathione-s-transferase (GST) concentration of NaOx treated 
rats.

Figure 12: Percentage improvement of ACFE on renal 
superoxide dismutase (SOD) concentration of NaOx treated rats.

Figure 13: Percentage improvement of ACFE on renal catalase 
(CAT) concentration of NaOx treated rats.

Figure 12 displays that ACFE (500, 750 and 1000mg/kg 
b.wt) has the ability to improve the renal SOD of NaOxtreated 
rats to 38.8%, 29.3%, 37.4%. Likewise, oral administration of 
ACFE (500, 750 and 1000mg/kg b.wt) increased the renal CAT 
concentration of NaOx treated group with percentage of 20.75%, 
32.35%, 25.68% (Figure 13). 

Discussion 
Reactive oxygen species (ROS) contribute to the pathogenesis 

of numerous human degenerative diseases [1]. Phytoextracts 
are being commonly used to cure a wide variety of clinical 
disorders due to its ability to scavenge ROSs. Notably, plant-
based compound mixtures generally have low or no toxic side 
effects [28]. Thus, great attention is being paid on the medicinal 
plants to avoid drug induced toxicity in the cell [9]. In this 
context, the purpose of the present study is to evaluate the in 
vivo antioxidative capacity of the extract of one of the most 
important fruits (Ananas comosus) against ROSs induced by 
sodium oxalate (NaOx).

The present investigation revealed that ACFE ameliorates the 
altered renal markers such as creatinine, urea, and uric acid in 
serum and urine. These findings reflected the diagnosis of renal 
toxicity due to NaOx injection. This is on parallel with the results 
of Takawale et al. [29]; İlhan et al. [30]; Pawar & Vyawahare [20]. 
The current study supposed that the renotoxicity of NaOx backed 
to the overproduction of ROSs provoked by it. This supported 
by the report of Ojha et al. [31], who demonstrated that ROS 
induced lipid peroxidation is a marker of cellular oxidative 
damage and is an important pathogenic event in renal injury. 
This interpretation is matching with the renal oxidative influx 
caused by NaOx. Since, the current study revealed that oral 
administration of ACFE decline the increased LPO level in kidney 
which means the increased renal LPO due to NaOx injection. This 
finding is parallel with Saha & Verma [8]. 

Thamilselvan et al. [32] clarified that oxalate binds with the 
membrane proteins of the cell subsequently can induce lipid 
peroxidation by oxalate-enzyme interaction due to its chelating 
activity. Further, oxalate leads to the initiation of lipid signaling 
pathways and hence causing the overproduction of ROS and 
exhausting of the endogenous AOX enzymes and/or molecules 
[33]. Indeed, the present study evidenced that an improvement 
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in the AOX system was occurred after the NaOx rats received 
ACFE which confirmed the relationship between the increased 
level of LPO and the decline in the level of AOX enzymes (GST, 
SOD, CAT) in this study. The potency of ACFE to express GSH, SOD, 
and CAT confirms the ability of ACFE to detoxify free radicals. 
This manifested by the mechanistic cascade of ROSs production 
(Figure 14).

Figure 14: Schematic representation of the antioxidant enzymes 
and the reactions they

catalyze.SOD for superoxide dismutase, CAT for catalase, 
GPx for glutathione peroxidase, GSH for reduced glutathione 
(monomeric glutathione), GSSG for oxidized glutathione 
(glutathione disulfide) Bhattacharya et al. [9].

 Since, GSH is one of intracellular non protein thiols compound 
which contribute in second lineof defense as a substrate or 
cofactor for GSH-dependent enzymes to detoxify ROS generated 
toxic byproducts and arrest propagation of free radicals [34]. 
Moreover, GSH serves as a cofactor for the GST which helps to 
remove certain drugs and chemicals as well as other reactive 
molecules from the cells. SOD played a major role to scavenge 
superoxide anion, whereas CAT detoxifies hydrogen peroxide by 
catalyzing a reaction between two hydrogen peroxide molecules, 
resulting in the formation of water and oxygen (Figure 14). 
This is in line with Saha and Verma [8], who reported that AOX 
therapy reduced renal toxicity through inhibition of membrane 
lipid peroxidation. Thereby, the present study demonstrated that 
ACFE administration reduced the ROSs by decreasing the LPO 
level and increasing the level of AOX substances such as GSH, 
GST, SOD, and CAT.

The present study attributes the antioxidative ability of 
ACFE to its bioactive compounds. Since, this study proved 
that ACFE contains a large pool of natural products, including 
phenols, flavonoids, alkaloids, saponins, glycosides, triterpenes, 
and tannins which may modulate multiple molecular pathways 
involved in the pathobiology of complex diseases. Where, health-
beneficial role of natural extracts arising from synergistic or 
additive effects of pools of natural products which affirm that the 
sum of the whole compound is more than its single entities [28]. 

It has been reported that the phenolic compounds present 
in the natural extracts may be responsible by virtue of their 
hydrogen-donating capacity that confirming scavenging ability 
of such extracts [8]. Indeed, the present study revealed the high 
TAC content of ACFE. Further, flavonoids (present in ACFE) 

have the ability to capture and neutralize the oxidizing agents 
and stimulate the AXO enzymes such as SOD and CAT [35]. 
This emphasizes the increasing percent of these enzymes after 
ACFE administration. Karamac´ et al. [36] reported that tannins 
(present in ACFE) have the ability to chelate metal ions and 
retard oxidation specifically lipid peroxide. Moreover, saponin 
(present in ACFE) was its activity on lipid hydroperoxide and 
oxidative stress [37].

Conclusion
The present study indicates that sodium oxalate induced 

renal tissue damages due to oxidative stress influx. However, the 
polyphenolic rich compounds of ACFE have prophylactic role in 
sodium oxalate induced renal damage and oxidative stress. Thus, 
ACFE may be effective as renoprotective agent and hence further 
work should be performed to identify and purify its bioactive 
substance to be utilized in therapeutic implications. There is no 
marked variation between ACFE doses, so this study recommend 
the low one (500mg/kg b.wt) to be used in the future.
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