


Nephroprotective Effects of Capparis spinosa L. Leaves Against Streptomycin- and CCl₄-Induced Renal Injury in Rats


		
Abstract:
[bookmark: _GoBack]To evaluate the nephroprotective efficacy of Capparis spinosa L. leaves against Streptomycin-induced nephrotoxicity in albino rats.  The leaf powder was extracted with 95% ethanol (maceration method) to produce EECSL (Ethanolic extract Capparis spinosa leaves). The extract was tested in rats to determine its LD50 (lethal dose). Furthermore, the extract was subjected to early photochemical evaluation experiments. The extract was next tested for nephroprotective efficacy in a variety of experimental conditions, including streptomycin and Ccl4 in rats. Different parameters in serum, such as urea, uric acid, creatinine, total protein, and albumin, are analyzed using the nephrotic model. Streptomycin, a standard antibiotic, was employed as the reference compound in all models. When the extract was tested for LD50, none of them caused aberrant behavior or mortality in rats, even at the highest dose level of 2000 mg/kg body weight. Streptomycin, EELPN-treated groups were compared to Streptomycin, and Ccl4-induced nephrotoxicity in rats dramatically increases biomarkers such as urea, creatinine, and uric acid levels. Total protein and albumin levels are significantly decreased. The prepared extract brings the values extremely close to normal levels. EELPN demonstrated a much higher percentage inhibition of DPPH and lipid peroxidation scavenging efficacy than ascorbic acid. The histopathological alterations include haemorrhage and tubular necrosis. Were partially or completely prevented.
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Introduction:
The world's greatest source of organic compounds is plants, which are nature's "chemical factories." Traditional medicine uses a lot of the natural flora to treat a wide range of illnesses. Traditional medicines, the majority of which employ plant extracts, provide primary medical treatment to around 80% of the world's population. The effects of photochemical compounds on the pharmacological system have been investigated using screening techniques. Organically dynamic chemicals derived from ordinary sources have long been of great interest to researchers studying unstoppable illnesses1.
Indian healthcare is characterized by restorative pluralism, and Ayurveda continues to dominate cutting-edge pharmaceuticals, especially when it comes to treating a wide range of chronic illnesses. Thousands of India's more than 45,000 plant species have been found to have medicinal properties. India is known as the "world's botanical garden." The widespread perception that herbal and natural medicines are better than synthetic ones is primarily to blame for the rise in interest in these forms of therapy over the past ten years2.
 Exposure to CCL4 can result in renal failure, which often peaks in the second week after exposure and may begin hours after liver damage appears, in addition to nephrosis and nephritis. Two to four days after exposure, liguria or andria may develop along with oedema, azotemia, protonuria, hemoglobinuria, and glucoseuria. It may result in hypertension and acidity. White blood cell counts can occasionally rise somewhat, which may be caused by necrotic liver or kidney injury. Excessive fluid consumption can cause lung congestion and edema. Furthermore, CCL4 could have negative effects on the lungs. A control-A test or effects on the heart or blood vessels from The CNS is the central nervous system are most likely the cause alterations in blood pressure or heart rate3.
Despite its extensive phytochemical profile and historic usage, little is known about Capparis spinosa L.'s nepro-protective potential. Therefore, the current study aims to investigate the preventative effects of Capparis spinosa L. in experimental animal models. extract against nephrotoxicity caused by CCL4. Using CCL4 as a well-established model to simulate oxidative kidney injury, the extracts' efficacy in altering renal function markers, oxidative stress measures, histological changes, and overall renal integrity can be evaluated. This study aims to confirm the traditional claims made about Capparis spinosa L. and contribute to the growing body of evidence showing the safety and effectiveness of herbal treatments as options for the treatment of kidney diseases1,4. The findings of this research might help develop novel plant-based nephroprotective medications. The objective is to assess the nephroprotective potential of Capparis spinosa Linnaeus. leaves. against nephrotoxicity caused by streptomycin and nephrotoxicity caused by CCl4 and capparis spinosa L. antioxidant action. 
 
Materials & Methods:  Fresh aerial parts of Capparis spinosa L. were collected from Araku, Visakhapatnam (Andhra Pradesh) in October 2024. The material was shade-dried at room temperature and coarsely powdered5.
Chemicals used included streptomycin (40 mg/mL), CCl₄, CMC, formalin, anaesthetic ether, alcohol, normal saline, potassium chloride, ammonium ferrous sulphate, ascorbic acid, thiobarbituric acid, and SDS, all procured from standard Indian suppliers. Diagnostic kits were obtained from Erba Mannheim. Equipment used included a centrifuge, spectrophotometer, autoanalyzer, digital balance, and refrigerator. Other laboratory materials included micro-hematocrit tubes, micropipettes, syringes, oral feeding tubes, water bath, Petri dishes, surgical blades, scissors, forceps, and gloves.
Thirty male Wistar albino rats (150–200 g) were procured from Mahavir Enterprises, Hyderabad. The animals were housed in polyacrylic cages (38 × 23 × 10 cm), with up to six rats per cage, under standard conditions (25 ± 2°C, 12 h light–dark cycle). They had free access to water and a pellet diet (Vysa Labs, Hyderabad). All rats were acclimatized for one week prior to the study.
Collected leaves were shade-dried and coarsely powdered using a mechanical grinder, then passed through a 40-mesh sieve. About 800 g of the powder was subjected to cold maceration with 95% ethanol for seven days with intermittent stirring. The mixture was vacuum-filtered, the solvent was removed by simple distillation, and the extract was freeze-dried and stored in a vacuum desiccator. 63 g of total extract is produced from 800 g of coarse podwer. Yield: 63 grams. 
Percentage extractive yield =	[image: ] Yield percentage → 7.8%. These extracts will be subjected for the above activity.
Qualitative Phytochemical Identification
Qualitative tests were performed on Capparis spinosa leaf extracts to identify major phytochemical constituents6.
· Molisch’s test: The extract mixed with alcoholic α-naphthol forms a violet ring at the interface upon adding concentrated H₂SO₄, indicating carbohydrates.
· Benedict’s test: Heating the extract with Benedict’s reagent yields a reddish-brown precipitate, confirming reducing sugars.
· Barfoed’s test: Heating the extract with Barfoed’s reagent for 2 minutes produces red cuprous oxide, indicating monosaccharides.
· Selwinoff’s test: Boiling the extract with resorcinol and HCl gives a rapid red color, indicating ketoses (e.g., fructose).
· Fehling’s test: Heating the extract with Fehling’s A and B produces a brick-red cuprous oxide precipitate, confirming reducing sugars.
· Caramelization: Strong H₂SO₄ causes dehydration and a burnt sugar odor, indicating carbohydrates.
· Tollen’s test: A silver mirror formation with Tollen’s reagent indicates the presence of aldose sugars.
· Bromine water test: Decolorization of bromine water confirms aldoses, as they oxidize to aldonic acids.

Protein and Amino Acid Tests
· Millon’s test: Millon’s reagent forms a white precipitate that turns crimson on heating, indicating proteins.
· Ninhydrin test: Boiling with 0.2% ninhydrin produces a violet color, confirming proteins and amino acids.
Triterpenoid and Sterol Tests
· Libermann–Burchard test: Extract treated with acetic anhydride and H₂SO₄ shows a green upper layer for triterpenoids and a brown ring at the junction for steroids.
· Salkowski’s test: Extract in chloroform with H₂SO₄ gives a red lower layer for sterols and a yellow layer for triterpenoids.
Glycoside Tests
· Test I: Extract hydrolyzed with dilute H₂SO₄, neutralized with NaOH, and heated with Fehling’s A and B gives a red precipitate indicating reducing sugars.
· Test II: Extract boiled without acid, neutralized, and tested similarly; a smaller precipitate than Test I suggests glycosides (after hydrolysis).
Alkaloid Tests
· Mayer’s test: White precipitate forms with Mayer’s reagent.
· Dragendorff’s test: Brownish-red precipitate forms with Dragendorff’s reagent.
· Wagner’s test: Brownish-red precipitate forms with Wagner’s reagent.
· Hager’s test: Yellow precipitate forms with Hager’s reagent.

Phenol Compound Tests

Ferric chloride test: The extract solution becomes blue-green when a few drops of Fecl3 are added. 
The Shinoda test, also called the magnesium hydrochloride reduction test, involves gradually adding strong hydrochloric acid and a little quantity of magnesium ribbon to the extract solution.The solution turns yellowish-orange with sporadic orange undertones after a few minutes.After a few minutes, the extract solution containing zinc particles and strong hydrochloric acid turns yellowish, yellow-orange, and eventually sometimes orange. This is known as the zinc-hydrochloride reduction test.
Flavonoid Tests

The Shinoda Test (Reduced magnesium hydrochloride test): involves adding a little quantity pertaining to magnesium ribbon to the extract solution drop by drop together with strong hydrochloric acid. After a few minutes, the solution becomes pink, scarlet, crimson red, or occasionally green to blue.
Zinc-Hydrochloride reduction test: Mix the extract solution with a strong hydrochloric acid solution and zinc dust. It becomes scarlet after a few minutes.
Alkaline reagent test: The extract solution glows bright yellow when a few drops of sodium hydroxide solution are added, and turns colorless when a few drops of diluted acetic acid are added. This suggests that flavonoids are present[77].
Tannin Testing

Gelatin test: Mixing the extract with 10% NaCl and 1% gelatin produces a white precipitate.
Ferric chloride test: Addition of FeCl₃ gives a blue-green precipitate.
Vanillin–HCl test: The extract turns purple-red with vanillin hydrochloride reagent.
Alkaline reagent test: Mixing the extract with NaOH produces a rapid yellow to crimson precipitate.

Steroidal Glycoside Test
Kedde's test: Chloroform-extracted leaf powder treated with 3,5-dinitrobenzoic acid and 20% NaOH yields a purple color, indicating a β-unsaturated γ-lactone in the aglycone..
Test for mucilage and gums

Molisch's Test: A violet ring at the liquid interface indicates carbohydrates, gums, and mucilage after adding concentrated sulfuric acid to the extract mixed with 10% alcoholic α-naphthol.
        Test for saponins:

Foam Test: Extract (1 mL) was mixed with 10 mL distilled water, shaken, and left to stand; a 1 cm foam layer after 30 minutes indicated saponins. Animals were kept at 26 ± 2°C, 45–55% humidity, with a 12:12 h light–dark cycle.
Toxicity Studies: In compliance with the standards for Economic Cooperation & Development (OECD no.425[82]), the Organization conducted toxicological testing. Acute toxicity was assessed using OECD Guideline 425. Albino mice (200–250 g) were acclimatized, fasted, and given a limit dose of 2000 mg/kg of Capparis spinosa extract. With no mortality observed after 24 hours, 1/5th and 1/20th of this dose was selected as high and low doses for subsequent nephroprotective studies in albino rats.
Animal grouping: 30 wister rats for the CCL4 experiment and 30 rats for the Streptomycin-induced nephrotoxic model. The total number of rats, divided by model, was six rats per group, which were individually marked with picric acid and placed in different locations.
Solution preparation for the experiment: The Capparis spinosa extract was dissolved in 10% CMC–distilled water and prepared according to each rat’s body weight. Similarly, 140 mg of streptomycin was dissolved in distilled water to prepare the standard solution based on body weight.
Blood sample collection method: The animal was gently restrained, and the head stabilized. Mild pressure behind the jaw engorged the retro-orbital plexus. A heparinized capillary tube was inserted at the medial canthus to collect blood by capillary action. About 1 mL of blood was transferred into a microcentrifuge tube containing potassium oxalate and a trace of sodium fluoride.
Serum preparation: Blood was drawn using retiro orbital pleiuxus and collected in blood collection containers for the analysis of biochemical markers.
Analysis of statistics: The T-paired test was employed to compute the statistical analysis. The SEM and mean values are computed.
Methods:
The effects of leaf extract from Capparis spinosa L. on streptomycin-induced nephrotoxicity:
Experimental protocol: The Male Wistar rats (150–200 g) were housed under standard conditions and divided into five groups (n = 6).
· Group I: Normal control; received saline for 21 days.
· Group II: Streptomycin control; received streptomycin (100 mg/kg/day) for 10 days, then saline (days 11–21).
· Group III: Received streptomycin for 10 days, followed by a standard drug (80 mg/kg/day, days 11–21).
· Group IV & V: Received streptomycin for 10 days, then Capparis spinosa extract at 200 mg/kg/day and 400 mg/kg/day respectively (days 11–21).
After treatment, 1 mL of blood was collected via the retro-orbital plexus for renal biomarker analysis (albumin, creatinine, urea, uric acid, total protein). Animals were then euthanized under anaesthesia, and kidneys were isolated for histopathological examination.
Effect of Capparis spinosa L. leaves extract on Ccl4-induced nephrotoxicity:

The study evaluated the protective effect of Capparis spinosa L. against gentamicin-induced toxicity in male Wistar rats (150–200 g). Thirty rats were divided into five groups (n = 6). Group I received normal saline for 14 days. Group II received CCl₄ in olive oil (1:1, 1 mL/kg/day). Group III received streptomycin (200 mg/kg/day) one hour after CCl₄ administration. Groups IV and V received Capparis spinosa extract orally at 200 and 400 mg/kg, respectively, along with the toxicant for 14 days. On day 15, blood was collected via the retro-orbital plexus for renal biochemical analysis (total protein, uric acid, urea, creatinine, albumin). Animals were then anesthetized, sacrificed by cervical dislocation, and their kidneys and vital organs were isolated for histopathological evaluation. 
      RESULTS AND DISCUSSION
Biochemical parameters in Streptomycin model:
Healthy rats showed albumin, total protein, urea, creatinine, and uric acid levels of 4.096 g/dl, 6.794 g/dl, 6.144 mg/dl, 0.8052 mg/dl, and 3.396 mg/dl, respectively. In the toxic group treated with streptomycin (40 mg/ml), urea, creatinine, and uric acid increased to 8.923, 1.838, and 5.605 mg/dl, while total protein and albumin decreased to 4.472 and 3.729 g/dl. In the standard group (streptomycin 200 mg/kg), urea, creatinine, and uric acid levels were reduced to 6.138, 0.8155, and 3.730 mg/dl, and total protein and albumin were 4.045 and 4.499 g/dl. Rats treated with 200 mg/kg EELCS showed urea, creatinine, and uric acid levels of 8.015, 1.138, and 4.414 mg/dl, and albumin and total protein of 8.706 and 6.934 g/dl. Treatment with 400 mg/kg EELCS further improved the levels to 6.828 mg/dl (urea), 0.7548 mg/dl (creatinine), and 3.529 mg/dl (uric acid), with albumin and total protein recorded as 4.045 and 6.934 g/dl.
Biochemical parameters in CCl4 model:

Albumin, total protein, creatinine, urea, and uric acid levels in healthy rats were 3.684 g/dl, 6.987 g/dl, 0.8140 mg/dl, 6.538 mg/dl, and 3.505 mg/dl, respectively. In the toxic group treated with CCl₄ (1 mL/kg in olive oil), urea, creatinine, and uric acid increased to 10.739, 1.990, and 5.243 mg/dl, while albumin and total protein decreased to 2.063 and 4.815 g/dl. The standard group (streptomycin 200 mg/kg) showed improved levels, with urea, creatinine, and uric acid reduced to 7.276, 1.013, and 3.688 mg/dl, and total protein and albumin increased to 6.987 and 3.846 g/dl. Rats treated with 200 mg/kg EELCS showed urea, creatinine, and uric acid levels of 8.923, 1.097, and 6.029 mg/dl, along with total protein and albumin levels of 3.055 and 5.646 g/dl. Treatment with 400 mg/kg EELCS further improved the values to 7.705 mg/dl (urea), 0.8657 mg/dl (creatinine), and 3.681 mg/dl (uric acid), with albumin and total protein recorded as 3.909 and 7.386 g/dl.
The active ingredients in the ethanolic extract of Capparis spinosa L. were qualitatively analysed chemically. Proteins, proteins, steroids, terpenoids, carbohydrates, alkaloids, flavonoids, tannins, and glycosides are all found in EElCS, with the exception of volatile oils and amino acids.
Table 1-Estimation of Albumin (g/dl) against Streptomycin induced nephrotoxicity model in rats: Normal range: 3.2-5g/dl, Pathological range: <3g/dl

	
Animals
	
Normal
	
Toxicant (Streptomycin)
	Standard (Streptomycin)
200mg/kg
	
EELCS
200mg/kg
	
EELCS
400mg/kg

	R1
	3.575
	2.722
	3.464
	2.42
	4.472

	R2
	3.565
	3.614
	4.482
	4.392
	4.442

	R3
	4.532
	2.798
	4.512
	4.408
	5.458

	R4
	3.492
	4.851
	5.572
	5.354
	3.379

	R5
	3.486
	4.684
	5.549
	2.148
	3.502

	R6
	5.621
	3.673
	3.412
	3.513
	3.321

	Mean
± SEM
	4.045±0.
3555**
	3.729±0.9020***
	4.499±0.3876**
	3.706±0.5098
ns
	4.096±0.345
6***



The mean albumin levels (g/dl) in the streptomycin-induced nephrotoxicity model ranged as follows: Normal group—4.045 ± 0.3555; Toxicant (streptomycin) group—3.729 ± 0.9020; Standard (streptomycin 200 mg/kg)—4.499 ± 0.3876; EELCS 200 mg/kg—3.706 ± 0.5098; and EELCS 400 mg/kg—4.096 ± 0.3456.
Table 2-Estimation of Total protein (g/dl) against Streptomycin induced nephrotoxicity model in rats: Normal range: 6-8.3g/dl, Pathological range: <6g/d.
	Anima ls
	Normal
	Toxicant (Streptomyci n)
	Standard (Streptomyci n)
200mg/kg
	EELCS
200mg/kg
	EELCS
400mg/kg

	R1
	7.370
	3.98
	5.987
	4.289
	6.549

	R2
	7.924
	3.19
	6.023
	5.012
	6.342

	R3
	6.786
	4.18
	5.898
	5.912
	7.539

	R4
	6.479
	3.89
	5.274
	4.123
	6.421

	R5
	6.124
	5.74
	6.172
	6.374
	8.478

	R6
	6.079
	5.85
	5.762
	6.852
	6.273

	Mean
± SEM
	6.794±0.2982
***
	4.472±0.440
3**
	5.853±0.128
3ns
	5.427±0.459
4ns
	6.934±0.3628
***



The mean total protein levels (g/dl) in the streptomycin-induced nephrotoxicity model were as follows: Normal group—6.794 ± 0.2982; Toxicant (streptomycin) group—4.472 ± 0.4403; Standard (streptomycin 200 mg/kg)—5.853 ± 0.1283; EELCS 200 mg/kg—5.853 ± 0.1283; and EELCS 400 mg/kg—6.934 ± 0.3628.
Table 3- Estimation of Urea (mg/dl) against Streptomycin induced nephrotoxicity model in rats: Normal range: 6-10mg/dl, Pathological range: >10mg/dl

	
Animals
	
Normal
	Toxicant (Streptomycin)
	Standard (Streptomycin)
200mg/kg
	EELCS
200mg/kg

	R1
	6.398
	9.01
	6.021
	7.412

	R2
	6.214
	8.21
	6.541
	8.012

	R3
	6.572
	9.982
	6.987
	8.212

	R4
	5.479
	8.135
	6.579
	7.89

	R5
	6.124
	8.458
	5.215
	8.637

	R6
	6.079
	9.74
	5.486
	7.925

	
Mean	± SEM
	
6.144±0.1527***
	
8.923±0.3236**
	
6.138±0.2810***
	
8.015±0.1646**




The mean urea levels (mg/dl) in the streptomycin-induced nephrotoxicity model were as follows: Normal group—6.144 ± 0.1527; Toxicant (streptomycin) group—4.472 ± 0.4403; Standard (streptomycin 200 mg/kg)—6.138 ± 0.2810; and EELCS 200 mg/kg—8.015 ± 0.1646.
The estimation of Creatinine (mg/dl) against Streptomycin induced nephrotoxicity model in rats is done: Normal range: 0.7-1.4mg/dl, Pathological range : >1.4. Creatinine (mg/dl) estimation in rats using a model of streptomycin-induced nephrotoxicity: The range of R1 to R6 mean values was 0.8052±0.04498 for Noraml, 1.838±0.08458 for the toxicant (Streptomycin), 0.8155±0.04876 for the standard (Streptomycin) 200 mg/kg, 1.138±0.07116 for EELCS 200 mg/kg, and 0.7548±0.04558 for
EELCS 400 mg/kg.
The estimation of Uric acid (mg/dl) against Streptomycin induced nephrotoxicity model in rats: Normal range: 2.5-4.0mg/dl, Pathological range: >4.0mg/dl. The mean value ranges for uric acid (mg/dl) against Streptomycin-induced nephrotoxicity model in rats R1 to R6 were 3.396±0.3018, 5.605±0.3190 for toxicant (Streptomycin), 3.730±0.2211 for standard (Streptomycin) 200mg/kg, and 4.414±0.3186 for EELCS 200mg/kg.
Table  4-Streptomycin model Effect of Capparis spinosa L. leaves on Kidney markers (Streptomycin model): Mean ± SEM

	
Paramet ers
	

Normal
	Toxicant
(Streptomy cin
80mg/kg)
	Standard
(Streptomyci n 200mg/kg)
	

T1(200mg)
	
T2 (400mg)

	Albumin g/dl
	4.045±0.3555
**
	3.729±0.902
0***
	4.499±0.3876
**
	3.706±0.50
98ns
	4.096±0.345
6***

	Total protein g/dl
	6.794±0.2982
***
	4.472±0.440
3**
	5.853±0.1283
ns
	5.427±0.45
94ns
	6.934±0.362
8***

	Urea mg/dl
	6.144±0.1527
***
	8.923±0.323
6**
	6.138±0.2810
***
	8.015±0.16
46**
	6.828±0.104
0***

	Creatinin e mg/dl
	0.8052±0.044
98***
	1.838±0.084
58**
	0.8155±0.048
76***
	1.138
±0.07116***
	0.7548
±0.04558***

	Uric acid mg/dl
	3.396±0.3018
***
	5.605±0.319
0***
	3.730±0.2211
**
	4.414±0.31
86ns
	3.529±0.321
2***


Values are expressed as mean ± S.E.M. (n=6)

When comparing the disease control group to the control group, *P>0.10 and #P>0.10, respectively (one-way ANOVA followed by Bonferroni's Multiple Comparison Test).
The Albumin (g/dl) was estimated against the CCL4-induced nephrotoxicity model in rats R1 to R6. The mean values for Noraml were 3.684±0.2306, the toxicant (CCL4) was 2.063±0.3314, the standard (Streptomycin) was 200 mg/kg at 3.846±0.2280, and the EELCS was 200 mg/kg at 3.909±0.2476. The estimation of Total protein (g/dl) against Ccl4 induced nephrotoxicity model in rats R1 to R6 are in normal ranges. The Urea (mg/dl) was estimated against the CCL4-induced nephrotoxicity model in rats R1 to R6. The mean values for normal were 6.538±0.1573, toxicant (CCL4) 10.732±0.2892, standard (Streptomycin) 200mg/kg 7.276±0.2140, EELCS 200mg/kg ranged from 8.923±0.2233, and EELCS 400mg/kg ranged from 7.705±0.3094.
The estimation of Keratinize (mg/dl) against Ccl4 induced nephrotoxicity model in rats: Normal range: 0.7-1.4mg/dl, Pathological range: >1.4. The mean values for Keratinise (mg/dl) against the Ccl4-induced nephrotoxicity model in rats R1 to R6 ranged from 0.8140±0.04687 for normal, 1.990±0.2001 for toxicant (CCl4), 1.013±0.08803 for standard (Streptomycin) 200mg/kg, and 1.097±0.08494 for EELCS 200mg/kg.
The estimation of Uric acid (mg/dl) against Ccl4 induced nephrotoxicity model in rats: Normal range: 2.5-4.0mg/dl, Pathological range :>4.0mg/dl. The mean value ranges for uric acid (mg/dl) against the Ccl4-induced nephrotoxicity model in rats R1 to R6 were 3.505±0.2101 for normal blood, 5.243±0.4084 for toxicant (CCl4), 3.688±0.2247 for standard (Streptomycin) 200 mg/kg, and 6.934±0.3626.029±0.3278 for EELCS 200 mg/kg.
Table  5-CCl4 model: Effect of Capparis spinosa leaves on Kidney markers (Ccl4 model): Mean± SEM
	
Parameters
	
Normal
	Toxicant (ccl4 1m1/kg)
	Standard
(Streptomyc in 200mg/kg)
	
T1(200mg)
	
T2(400mg)

	Albumin g/dl
	3.684±0.2306
**
	2.063±0.33
14***
	3.846±0.228
0**
	3.055±0.346
4ns
	3.909±0.2476
***

	Total protein g/dl
	6.987±0.1953
***
	4.815±0.39
35ns
	6.987±0.087
43***
	5.646±0.382
5ns
	7.386±0.3274
***

	Urea mg/dl
	6.538±0.1573
***
	10.732±0.2
892**
	7.276±0.214
0***
	8.923±0.223
3***
	7.705±0.3094
**

	Creatinine mg/dl
	0.8140±0.046
87***
	1.990±0.20
01**
	1.013±0.088
03***
	1.097±0.084
94***
	0.8657±0.046
04***

	Uric acid mg/dl
	3.505±0.2101
**
	5.243±0.40
84***
	3.688±0.224
7**
	6.029±0.327
8ns
	3.681±0.2250
**

	Albumin g/dl
	3.684±0.2306
**
	2.063±0.33
14***
	3.846±0.228
0**
	3.055±0.346
4ns
	3.909±0.2476
***


According to the CCL4 model, the effects of Capparis spinosa leaves on kidney markers—albumin, total protein, urea, creatinin, and uric acid—show precise values when compared to the normal.
Table  6-Effect of EELCS on In vitro antioxidant models (Values are 3 replicates inhibition %)
	
Concentr ation (µg/ml)
	
DPPH
	
Lipid peroxidation

	
	Ascorbic acid
	EELCS
	Ascorbic acid
	EELCS

	
	
1
	
2
	
3
	Mea n± SE M
	
1
	
2
	
3
	Mea n± SE M
	
1
	
2
	
3
	Mea n± SE M
	
1
	
2
	
3
	Mea n± SE M

	5
	48.
10
	49.
44
	47
.4
	48.3
2±
0.58
	45.
55
	46
.9
	44
.8
	45.7
5±
0.61
	30
.1
	31.
20
	30.
80
	30.7
0±
0.32
	35.
90
	35
.4
	35.
00
	35.4
3±
0.26

	10
	55.
28
	54.
47
	56
.5
	55.4
1±
0.59
	65.
00
	66
.0
	64
.0
	65.0
0±
0.57
	42
.9
	43.
90
	41.
90
	42.9
0±
0.57
	60.
10
	61
.0
	59.
00
	60.0
3±
0.57

	25
	56.
66
	57.
48
	55
.4
	56.5
1±
0.60
	74.
44
	74
.9
	74
.1
	74.4
8±
0.23
	51
.6
	50.
90
	51.
00
	51.1
6±
0.21
	70.
20
	69
.5
	71.
60
	70.4
6±
0.59

	50
	64.
80
	63.
90
	65
.9
	64.8
6±
0.57
	80.
66
	80
.8
	81
.0
	80.8
4±
0.10
	63
.6
	62.
70
	64.
70
	63.6
8±
0.57
	84.
40
	83
.8
	85.
90
	84.7
0±
0.62

	100
	84.
90
	85.
90
	83
.9
	84.9
0±
0.57
	85.
60
	86
.6
	84
.6
	85.6
0±
0.57
	80
.9
	81.
40
	81.
00
	81.1
0±
0.15
	86.
60
	85
.6
	87.
58
	86.5
9±
0.57



Table  7-Effect of EECS on In vitro antioxidant models (Values are mean and SEM of 3 replicates inhibition %)
	Concentration (µg/ml)
	DPPH
Ascorbic acid EELCS
	Lipid peroxidation
Ascorbic acid EELCS

	5
	48.32±0.58
	30.70±0.32

	
	45.75±0.61
	35.43±0.26

	10
	55.41±0.59
	42.90±0.57

	
	65.00±0.57
	60.03±0.57

	25
	56.51±0.60
	51.16±0.21

	
	74.48±0.23
	70.46±0.59

	50
	64.86±0.57
	63.68±0.57

	
	80.84±0.10
	84.70±0.62

	100
	84.90±0.57
	81.10±0.15

	
	85.60±0.57
	86.59±0.57

	IC50µg/ml
	71.21
	52.63

	
	76.71
	43.99
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                                         Fig 1- DPPH MODEL
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Fig 2-LIPID PEROXIDATION MODEL

Histological analysis of the saline-treated group showed normal renal architecture, with only mild dilation and congestion of some blood vessels in the interstitial space. In contrast, the CCl₄-treated toxic group exhibited severe renal damage, including intraluminal casts, tubular necrosis, vascular degeneration, and epithelial desquamation. The standard drug group (streptomycin) showed partial improvement, with only mild vascular dilation. Treatment with EELCS at 200 mg/kg (Group IV) demonstrated focal glomerular and peritubular congestion, focal hydropic degeneration of tubular epithelial cells, and occasional mononuclear inflammatory cell infiltration, indicating moderate protection. The 400 mg/kg EELCS group (Group V) exhibited near-normal renal histology, suggesting a marked protective effect against CCl₄-induced nephrotoxicity. Overall, the findings indicate that Capparis spinosa extract, particularly at 400 mg/kg, confers significant nephroprotective activity. Further studies are recommended to elucidate its underlying mechanisms and explore its potential in developing new therapeutic agents for renal disorders.
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Figure 3: Inducing nephrotoxicity               Figure 4: Oral administration of EECS
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Figure 5: Blood Collecting	Figure 6: Rat dissection[image: ]
Figure 7: Isolation of kidneys for histological studies

Discussion 
Streptomycin, a broad-spectrum aminoglycoside antibiotic, preferentially targets Gram-negative bacteria but is well known for its nephrotoxic effects. Streptomycin-induced nephrotoxicity is a recognized experimental model, with oxidative stress and renal phospholipidosis playing key roles through the inhibition of lysosomal hydrolases such as phospholipases and sphingomyelinase. Acute tubular necrosis caused by this drug is typically reflected by elevated blood urea nitrogen, serum creatinine, and uric acid6.
In the present study, streptomycin administered intraperitoneally for 10 days produced significant nephrotoxicity in rats, as evidenced by increased levels of urea, creatinine, uric acid, and tubule-nephritis when compared with the normal control group. However, 12 days of oral treatment with graded doses of Capparis spinosa L. leaf extract markedly reduced these biochemical markers. Streptomycin-treated groups receiving the extract also showed improved albumin and total protein levels relative to the toxicant group.
While streptomycin-induced anorexia may have contributed to the elevated biochemical parameters in toxicant animals, the plant extract effectively restored renal markers in a dose-dependent manner. The 400 mg/kg dose was particularly effective, returning most values to near-normal levels. Because streptomycin accumulates in proximal tubular cells after glomerular filtration and causes tubular injury and reduced GFR, the observed reductions in urea, uric acid, and creatinine following C. spinosa treatment indicate strong nephroprotective activity7.
Overall, the findings suggest that Capparis spinosa L. leaf extract mitigates streptomycin-induced nephrotoxicity, likely due to its flavonoid and alkaloid constituents.
Excessive CCl₄ exposure is associated with metabolic disturbances, particularly elevated serum urea, uric acid, and creatinine, which serve as key indicators of drug-induced nephrotoxicity in both humans and animals. CCl₄ toxicity results from its bioactivation by hepatic cytochrome P-450 enzymes, generating trichloromethyl and phosgene radicals. These reactive intermediates bind to cellular macromolecules, causing lipid peroxidation, membrane damage, and nephrosis.
In the present study, CCl₄ administration produced oxidative stress–induced injury in the liver, kidneys, and hematopoietic system—tissues highly vulnerable to xenobiotics due to their rapid metabolic and proliferative activity. Consistent with nephrotoxic damage, Group II rats (CCl₄ only) exhibited significantly increased serum urea, uric acid, and creatinine compared with the normal control (Group I) and treatment groups (III–V)7,8.
Oral administration of Capparis spinosa L. ethanolic leaf extract markedly reduced these biochemical markers in Groups III and IV relative to the toxicant group. Although Group III values remained higher than those of Groups IV, V, and normal controls, the extract demonstrated a clear dose-dependent protective effect.
CCl₄ toxicity also resulted in reduced albumin and total protein levels in the toxicant group. Treatment with the plant extract restored these parameters, with Group V showing significantly higher total protein than Group II. While Groups III and IV showed modest improvements, their total protein levels remained lower than those of Group V. Overall, C. spinosa extract effectively mitigated CCl₄-induced nephrotoxicity9.
Effect of Capparis spinosa L. leaves on antioxidant parameters of kidney in CCl4 model
CCL₄-induced nephrotoxicity is primarily driven by lipid peroxidation and oxidative stress generated during its hepatic metabolism. The cytochrome P-450–mediated formation of trichloromethyl and related radicals promotes the early generation of reactive oxygen species (ROS), leading to membrane damage, intracellular antioxidant depletion, and subsequent liver and kidney injury. Previous studies confirm that acute CCL₄ exposure increases lipid peroxidation while suppressing renal antioxidant defense mechanisms10.
In this study, CCL₄ administration significantly reduced intracellular DPPH levels, indicating impaired antioxidant capacity. Treatment with Capparis spinosa L. extract effectively attenuated this depletion, suggesting improved radical-scavenging efficiency. Since ROS readily initiate lipid peroxidation through hydroxyl radicals generated via Fenton chemistry, antioxidants can counteract this process by scavenging radicals, chelating iron, or inhibiting ferryl–perferryl complex formation.
The DPPH radical scavenging assay—a simple and reliable method for assessing antioxidant potential—demonstrated strong activity of the ethanolic extract of C. spinosa leaves (EELCS). The extract donated protons to the DPPH radical, evidenced by decreased absorbance at 517 nm. EELCS showed dose-dependent free radical inhibition, with a high percentage of scavenging activity attributed to its phytochemicals such as β-carotene, caffeic acid, ferulic acid, quercetin, rutin, and kaempferol.
Similarly, EELCS markedly inhibited FeSO₄–ascorbic acid–induced lipid peroxidation in vitro. Although its IC₅₀ was higher than that of ascorbic acid, the extract still exhibited strong antioxidant capacity. Histological evaluation supported the biochemical findings, revealing only mild tubular enlargement and preservation of glomerular architecture in treated groups, confirming its nephroprotective effect13,14.
The protective activity of C. spinosa extract is likely due to the presence of flavonoids and alkaloids, which are known to suppress lipid peroxidation and enhance antioxidant enzyme activity. Collectively, these results indicate that the ethanolic extract of Capparis spinosa L. exhibits significant nephroprotective potential, warranting further investigation to clarify its mechanisms and therapeutic applicability in renal disorders.
Conclusion
Kidney disease remains a significant health concern, and medicinal plants offer valuable therapeutic alternatives where allopathic options are limited. This study shows that the ethanolic leaf extract of Capparis spinosa L. provides notable protection against streptomycin- and CCl₄-induced nephrotoxicity in rats, supported by biochemical, antioxidant, and histological findings. These results validate its traditional use for renal ailments and highlight its potential as a complementary therapy. Further studies are needed to identify its active constituents and clarify its mechanisms in additional nephrotoxicity models.

COMPETING INTERESTS DISCLAIMER:
 I have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.
Disclaimer
I hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
References:
1. Mahmoodpoor F, Hosseini S H, Ahmadian E, Ardalan M, Kamali K, Zununi Vahed S (2023). The Histopathological Evaluation of the Effects of Capparis spinosa Seed Hydroalcoholic Extract on Cisplatin- induced-Nephrotoxicity in Rats. J Adv Med Biomed Res ; 31 (144) :73-79
2. Tir M, Feriani A, Labidi A (2019). Protective effects of phytochemicals of Capparis spinosa seeds with cisplatin and CCl4 toxicity in mice.Food Biosci.;28:42-8. [DOI:10.1016/j.fbio.2019.01.002]
3. Saliem, Ali & Hashim, Sarmad. (2022). Evaluation the Protective Effect of Capparis spinosa Fruits Hydroalcoholic Extract Against Nephrotoxicity Induced by Cisplatin in Rats. University of Thi-Qar Journal of agricultural research. 11. 25-35. 10.54174/utjagr.v11i2.178. 
4. Hoitsma, A. J., Wetzels, J. F., & Koene, R. A. (1991). Drug-induced nephrotoxicity: aetiology, clinical features and management. Drug Safety, 6(2), 131-147. https://doi.org/10.2165/00002018-199106020-00004
5. Paller, M. S. (1990). Drug-induced nephropathies. Medical Clinics of North America, 74(4), 909–917. https://doi.org/10.1016/s0025-7125(16)30525-9
6. Nair, R. R., & Gupta, S. D. (2003). Somatic embryogenesis and plant regeneration in black pepper (Piper nigrum L.): I. Direct somatic embryogenesis from tissues of germinating seeds and ontogeny of somatic embryos. The Journal of Horticultural Science and Biotechnology, 78(3), 416-421. https://doi.org/10.1080/14620316.2003.11511641
7. Abbasi, B. H., Ahmad, N., Fazal, H., & Mahmood, T. (2010). Conventional and modern propagation techniques in Piper nigrum. Journal of Medicinal Plants Research, 4(1), 7-12. https://doi.org/10.5897/JMPR.B6C0E0C14792
8. Tiwari, P., & Singh, D. (2008). Antitrichomonas activity of sapindus saponins, a candidate for development as microbicidal contraceptive. Journal of Antimicrobial Chemotherapy. https://doi.org/10.1093/jac/dkn223
9. Awen BZ, Ganapati S, Chandu BR. “Influence of sapindus mukorossi on the permeability of ethyl cellulose free film for transedermal use”, Res. J. Pharmacy. Biol. Chem. Sci 2010; 1: 35- 38.
10. Hussain A, Naz S, Nazir H, Shinwari ZK.” Tissue culture of Black pepper (Piper nigrum L.)”, in Pakistan.Pak. J. Bot 2011; 43: 1069-1078.
11. Sunila, E. S., & Kuttan, G. (2004). Immunomodulatory and antitumor activity of Piper longum Linn. and piperine. Journal of Ethnopharmacology, 90(2-3), 339-346. https://doi.org/10.1016/j.jep.2003.10.016
12. Panda, S., & Kar, A. (2003). Piperine lowers the serum concentration of thyroid hormones, glucose and hepatic 5D activity in adult male mice. Hormone and Metabolic Research, 35(9), 523-526. https://doi.org/10.1055/s-2003-42652
13. Ahmad, N., Fazal, H., Ayaz, M., Abbasi, B. H., Mohammad, I., & Fazal, L. (2011). Dengue fever treatment with Carica papaya leaves extracts. Asian Pacific Journal of Tropical Biomedicine, 1(4), 330–333. https://doi.org/10.1016/S2221-1691(11)60055-5
14. Arslan, U., Ilhan, K., & Karabulut, O. A. (2009). Antifungal activity of aqueous extracts of spices against bean rust (Uromyces appendiculatus). Allelopathy Journal, 24(1), 207-213. https://www.allelopathyjournal.com/archives/
15. Naseem, M. T., & Khan, R. R. (2011). Comparison of repellency of essential oils against red flour beetle Tribolium castaneum Herbst (Coleoptera: Tenebrionidae). *Journal of Stored Products and Postharvest Research*, *2*(7), 131–134. http://www.academicjournals.org/JSPPR
16. Flora of North America Expertise Network. (2007-2010). Update for ITIS in connection with USDA PLANTS. Integrated Taxonomic Information System. https://www.itis.gov/






image4.jpeg




image5.png




image6.png




image1.png
eld of extractx100
"Weight of powder





image2.png
Yo olmhibition

Concentration (pg/ml)

= Ascorbic acid




image3.jpeg




