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					ABSTRACT  

					ARTICLE INFO  

					The use of certain medications and herbal remedies poses a significant risk to renal function. The  

					study aimed to investigate the effect of binary combinations of Persea americana seed (PAEF)  

					and Bryophyllum pinnatum leaf (BPEF) ethyl acetate fractions on renal function indices of  

					ulcerated rats. Wistar rats were divided into ten groups of five rats each. The groups were  

					designated: normal control (NC) (Group 1), ulcer control (UC) (Group 2), Omeprazole (OMEP)  

					(Group 3), PAEF (Group 4), BPEF (Group 5), PAEF + BPEF (1:1) (Group 6), PAEF + BPEF  

					(1:2) (Group 7), PAEF + BPEF (1:3) (Group 8), PAEF + BPEF (2:1) (Group 9), and PAEF +  

					BPEF (3:1) (Group 10). Groups 4-10 were pre-treated with 400 mgkg-1 body weight/day of ethyl  

					acetate fractions of the plants, and their binary combinations orally for 21 days. On the 22nd day,  

					after 12 h fasting, gastric ulcer was induced in the rats in groups 2-10 by a single oral dose of  

					indomethacin (30 mg/kg body weight). Results showed that the administration of PAEF + BPEF  

					(1:2), PAEF + BPEF (1:3), PAEF + BPEF (2:1), PAEF + BPEF (3:1), and omeprazole caused  

					significant (p<0.05) elevation of serum urea when compared to NC and UC. The binary  

					combinations PAEF + BPEF (1:1), PAEF + BPEF (1:3), PAEF + BPEF (2:1), PAEF + BPEF (3:1)  

					caused normalization of serum calcium, magnesium, and zinc concentrations comparable to  

					normal control. Therefore, the binary combinations of PAEF and BPEF may distort kidney  

					function and electrolyte balance.  
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					The reduction in gastric mucosal cytoprotection by indomethacin  

					follows mechanisms that involve reduced prostaglandin synthesis and  

					Introduction  

					Gastric and duodenal ulcers are classified as peptic ulcer  

					disease (PUD) and are recurrent gastroenterological disorders affecting  

					approximately 8.09 million people annually, with an estimated 5−10%  

					prevalence worldwide.1,2 Peptic ulcers are usually acid-induced,  

					resulting from an imbalance between gastric mucosal protective and  

					causative factors. Abuse of non-steroidal anti-inflammatory drugs  

					(NSAIDs), Helicobacter pylori infection, Oxidative stress, lifestyles  

					such as alcoholism, smoking and genetic characteristics are identified  

					risk factors.3 The risk of the disease in developed countries is reportedly  

					age, economic development, and lifestyle dependent.1 There is an  

					increasing link between gastric ulcer predisposing factors and nephrotic  

					injury. The Cytotoxin-associated gene A (CagA) promotes the  

					induction of underglycosylation of IgA1 of H. pylori and secretion of  

					serum immunoglobulin A1 (IgA1), key factors implicated in  

					nephropathy.4 Acute H. pylori infection have been touted as a possible  

					risk factor in nephropathy, hypertension, and diabetes patients.5,6  

					production of free radicals. The event of a low luminal pH favours free  

					radical oxidation of intestinal matrix focal tissue necrosis. High doses  

					or long-term exposure to NSAIDs are implicated in heightened  

					nephrotoxicity risk, especially acute kidney injury in the elderly and  

					chronic kidney disease (CKD) in long-term exposure.7 NSAIDs may  

					induce renal dysfunction in high-risk subjects with lowered renal blood  

					perfusion, leading to electrolyte imbalance and metabolic acidosis  

					resulting from decreased activity of COX-1 and COX-2.8,9  

					Persea americana Mill., is a common fruit transcending the Nigerian  

					landscape, it is known by various local names such as ube-beke,  

					orewépia, and ganyen piya by the Igbo, Yoruba, and Hausa tribes of  

					Nigeria, respectively.10 P. americana tree is evergreen, Indigenous to  

					the Caribbean, and commonly known as the avocado. The plant's seed,  

					leaves, and stem bark have been widely studied for their antioxidant,  

					anti-inflammatory, antihypertensive, gastroprotective, hypoglycaemic,  

					and hypolipidemic effects.11-13  

					Bryphyllum pinnatum, a Crassulaceae family member, is largely  

					distributed in the rainforest belt of tropical countries. The plant is native  

					to Madagascar, known by names such as "life plant", "love plant",  

					"miracle leaves", and "air plant", all describing their unique  

					characteristics.14 The chemical composition, hepatoprotective activity,  

					pain-relieving effects, gastroprotective activity, and radical inhibitory  

					activities have been reported.15-19 The use of certain orthodox  

					medications and herbal remedies in disease management poses a  

					significant risk to renal function and electrolyte balance.20 Our previous  

					study examined the ulcer-protective potential and toxicity of the binary  

					combination of the plant fractions.19,21 There is a need to investigate the  

					effect of these traditional anti-ulcer remedies in renal homeostasis and  

					turnover, given the attendant feedback of some medication being  

					disguised as poisoned chalice. This work aims to assess the effect of  

					binary mixtures of B. pinnnatum and P. americana ethyl acetate fraction  
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					on kidney function indices and electrolyte balance in indomethacin-  

					induced gastric ulcers in rats.  

					Animal handling strictly followed the principles of laboratory animal  

					care (NIH Publication, 1985 to 1993; revised, 1985). The study was  

					conducted in strict compliance with the department ethics committee  

					rules for using experimental animals  

					Materials and Methods  

					Preparation of ethyl acetate fraction  

					Chemicals/Reagents  

					The preparation of the plant materials followed the method described  

					by Asiwe et al. (2021c),18 and Asiwe et al. (2022).19 The leaves of B.  

					pinnatum were sorted to remove unwanted materials and thoroughly  

					washed free of dust particles with clean water. The seeds of P.  

					americana were obtained by cutting open the fruit pod. The seeds were  

					sliced into cubes of 20 mm in diameter to ease drying. After air-drying  

					at 25 ± 2oC for 14 days, the dry plant matter was crushed into coarse  

					powdered form using a commercial mill. About 500 g of the crushed  

					plant matter was extracted with 1 L of 80% ethanol using a soxhlet  

					extractor. The extract obtained was partitioned in ethyl acetate/water  

					mixture, and the ethyl acetate soluble component was recovered and  

					dried to solid forms in a vacuum desiccator and stored at 4oC until  

					needed for the experiment.  

					Indomethacin and Omeprazole capsules were acquired from Sigma-  

					Aldrich Sigma-Aldrich Mo USA and Sanofi-aventis, Switzerland,  

					respectively. Ethanol and Ethyl acetate (JHD, China), Zinc test Kit  

					(Randox Lab, UK), urea, creatinine, calcium, and magnesium reagents  

					were obtained from Biosystems, Spain, while sodium, potassium,  

					chloride, and bicarbonate reagents were from TECO Diagnostic, USA.  

					All other chemicals and reagents used were of analytical grade.  

					Collection of plant materials  

					Matured fruits of P. americana and fresh, healthy leaves of B. pinnatum  

					were collected from a local farm at Ugiri-Ike autonomous community,  

					Ikeduru L.G.A. Imo State, Nigeria, in April 2019. The plant materials  

					were identified and authenticated by Prof. F. N. Mbagwu, a professor  

					of plant taxonomy at Imo State University, Owerri, Nigeria, Department  

					of Plant Science and Biotechnology. The plant specimens were allotted  

					voucher numbers IMSUH 0225 and IMSUH 0226, respectively, and  

					catalogued in the institution's herbarium. The plants were use according  

					to the guidelines of the Plant Variety Protection Act of the Federal  

					Republic of Nigeria, 2021.  

					Experimental design  

					Male Wistar rats were grouped into ten (10) groups of five (5) rats each,  

					they were treated as outlined in Table 1. Group 1: normal control, rats  

					in this group did not receive any treatment. Group 2: ulcer control,  

					indomethacin-induced ulcer. Group 3: pre-treated with omeprazole 20  

					mg/kg for 21 days. Groups 4 – 10: pre-treated with respective plant  

					fractions and binary mixtures for 21 days. On the last day of treatment,  

					animals were fasted overnight, and on the 22nd day, the animals in  

					groups 2-10 were treated with 30 mg kg-1 body weight indomethacin by  

					intubation in a single dose. After 4 hours of ulcer induction, the animals  

					were humanely sacrificed under dichloromethane anaesthesia. Blood  

					samples were collected via cardiac puncture and allowed to clot at room  

					temperature (25± 2oC). The serum was separated after retraction of cells  

					and centrifugation at 4000 rpm for 10 minutes. A serum was collected  

					and used to determine kidney function parameters. The kidneys were  

					surgically removed, and used for histopathological analysis.  

					Experimental animals  

					Male Wistar rats weighing between 80 -100 g were procured from  

					animal friend farms in Owerri, Nigeria. Prior to the study, the rats were  

					acclimatized for seven (7) days at room temperature (25 ± 2oC), and  

					relative humidity of 55 ± 5% in stainless steel cages, fed standard rat  

					pellets (Vital Finisher, Nigeria), and portable water ad libitum.  

					Ethical approval  

					The protocol was approved by the animal rights and ethical committee  

					of the Department of Biochemistry, Federal University of Technology,  

					Owerri, Nigeria, with (approval number: BIOSC-BCH-EC-019.  

					Table 1: Animal grouping and treatment  

					Group number  

					Group name  

					Treatment  

					1

					2

					3

					4

					5

					6

					Normal control (NC)  

					Ulcer control (UC)  

					Omeprazole (OMEP)  

					PAEF  

					Standard rat diet and drinking water ad libitum for 21 days  

					Indomethacin 30 mgkg-1 b. wt. on the 22nd day after overnight fasting  

					Omeprazole 20 mgkg-1 b. wt. for 21 days + indomethacin 30 mgkg-1 b. wt. on  

					the 22nd day after overnight fasting.  

					P. americana ethyl acetate fraction (PAEF) 400 mgkg-1 b.wt. for 21 days +  

					indomethacin 30 mgkg-1 b. wt. on the 22nd day after overnight fasting  

					BPEF  

					B. pinnatum ethyl acetate fraction BPEF 400 mgkg-1 b.wt for 21 days +  

					indomethacin 30 mgkg-1 b. wt. on the 22nd day after overnight fasting.  

					PAEF + BPEF (1:1)  

					P. americana + B. pinnatum ethyl acetate fraction (1:1) 400 mgkg-1 b. wt.  

					for 21 days + indomethacin 30 mgkg-1 b. wt. on the 22nd day after overnight  

					fasting.  
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					PAEF + BPEF (1:2)  

					PAEF + BPEF (1:3)  

					P. americana + B. pinnatum ethyl acetate fraction (33%:67% ) or (1:2) 400  

					mgkg-1 b. wt. for 21 days + indomethacin 30 mgkg-1 b. wt. on the 22nd day  

					after overnight fasting.  

					8

					P. americana + B. pinnatum ethyl acetate fraction (25%:75%) or (1:3) 400  

					mgkg-1 b. wt. for 21 days + indomethacin 30 mgkg-1 b. wt. on the 22nd day  

					after overnight fasting.  

					9

					P. americana + B. pinnatum ethyl acetate fraction (67%:33%) or (2:1) 400  

					mgkg-1 b. wt. for 21 days + indomethacin 30 mgkg-1 b. wt. on the 22nd day  

					after overnight fasting.  

					PAEF + BPEF (2:1)  

					PAEF + BPEF (3:1)  

					10  

					P. americana + B. pinnatum ethyl acetate fraction (75%:25%) or (3:1) 400  

					mgkg-1 b. wt. for 21 days + indomethacin 30 mgkg-1 b. wt. on the 22nd day  

					after overnight fasting.  

					Assessment of kidney function parameters  

					treatment groups compared to the normal control, except for the  

					omeprazole group, which expressed a marked four-fold increase in  

					creatinine concentration.  

					The concentration of kidney function indices, including urea,  

					creatinine, and electrolytes (sodium, potassium, chloride, and  

					bicarbonate) were determined using respective test kits. Urea  

					concentration was assayed spectrophotometrically as described by  

					Searcy et al. (1967);22 creatinine concentration was assessed as  

					described by Bartels and Boehmer (1971),23 and Fabiny and  

					Ertingshausen (1971).24  

					Results of the electrolyte profile (Table 2) showed that serum potassium  

					concentrations were significantly reduced in groups exposed to  

					indomethacin. However, in treatment groups like PAEF, and  

					PAEF+BPEF (2:1), potassium concentration was restored to normal  

					values by the administration of the ethyl acetate fraction. The decreased  

					potassium concentration may be attributed to increased renal loss of  

					potassium ions. However, sodium concentration was not significantly  

					altered by indomethacin administration. The results showed that  

					indomethacin administration caused no significant alteration in the  

					anions concentrations. Serum chloride and bicarbonate concentrations  

					were not significantly altered, except in the group PAEF+BPEF (3:1)  

					where chloride concentration was elevated above that of the normal  

					control. Administration of omeprazole resulted in an increased serum  

					urea, creatinine, and a slight but non-significant increase in sodium  

					concentration, coupled with a corresponding decrease in serum  

					potassium ion concentration. Derangements in serum urea, creatinine,  

					and electrolyte balance are associated with renal function  

					impairment.35,36 These results suggest a disruptive effect of omeprazole  

					on kidney function. The result of serum calcium concentration (Figure  

					1A) showed that calcium was significantly (p<0.05) elevated in male  

					Wistar rats with indomethacin-induced gastric ulcer. The administration  

					of ethyl acetate fraction binary mixture in the ratios PAEF + BPEF  

					(1:3), PAEF + BPEF (2:1), PAEF + BPEF (3:1), and OMEP resulted  

					in a significant (p<0.05) normalization of calcium concentration  

					comparable to normal control. In addition, the results presented in  

					Figure 1B showed that indomethacin administration significantly  

					(p<0.05) resulted in a depletion of serum magnesium concentration  

					compared to normal control. However, the combinations of P.  

					americana seed and B. pinnatum leaf ethyl acetate fraction in the ratios  

					PAEF, PAEF + BPEF (1:1), PAEF + BPEF (1:2), and PAEF + BPEF  

					(3:1) resulted in significant restoration of magnesium concentration.  

					Potassium and Chloride concentration determination followed the  

					method described by Terri and Sesin (1958)25 and Skeggs and  

					Hochstrasser (1964),26 respectively. The serum sodium and bicarbonate  

					concentrations were assessed based on the method of Maruna (1957),27  

					and Trinder (1951),28 and Kaplan and Glucose (1974),29 respectively.  

					The serum calcium and magnesium concentrations were measured  

					spectrophotometrically as described by Gindler and King (1972),30 and  

					Chauman and Ray (1969),31, respectively. Serum zinc concentration  

					was determined following the method described by Abe et al. (1989),32  

					and Makino (1991).33  

					Histopathological analysis  

					Histopathological analysis of kidney tissues was assessed as described  

					by Abebe and Gebru (2015).34 The kidney tissues were fixed in 10%  

					formal saline and continuously dehydrated with 30%, 50%, 70%, 90%,  

					and absolute ethanol at intervals of 1 h, 2 h, and 3 h. The tissue samples  

					were immersed in xylene for 3 hours and embedded in paraffin wax  

					before cutting into 3–6 μm thick sections. The sections were stained  

					with eosin and hematoxylin (E & H) and examined under a light  

					microscope fitted with a digital camera (Nikon, ECLIPSE, TS100,  

					Japan).  

					Statistical analysis  

					Statistical analysis of data was done using the Statistical Package for  

					Social Sciences (SPSS) version 20. The results were expressed as mean  

					± standard deviation of five (5) determinations. Differences between  

					means were analyzed using one-way analysis of variance (ANOVA),  

					followed by Turkey and Duncan homogeneity of variance test.  

					Statistical significance was determined at p<0.05.  

					Magnesium is an important element associated with blood pressure  

					control; it regulates smooth muscle contraction via activation of protein  

					kinase C.37,38 This is mediated through calcium ion influx. The observed  

					indomethacin-induced reduced magnesium ion concentration may  

					trigger increased blood pressure through calcium ion influx into  

					vascular endothelial smooth muscle cells, narrowing blood vessels and,  

					in turn, activating cardiomyocytes.39 Prolonged use of PPIs may further  

					exacerbate the danger of CKD onset, promoting secretion of  

					atherogenic and inflammatory markers associated with endothelial  

					dysfunction of the renal tissue.40 There is a strong association of PPI  

					use with mild, moderate, and severe hypomagnesemia,41 suggesting that  

					PPI-associated CKD may be mediated through the onset of  

					hypomagnesemia.40,42,43 This may account for the renal loss of  

					magnesium due to poor resorption and absorption caused by PPI-altered  

					gastrointestinal tract pH, decreasing TRPM6 and TRPM7 transporters  

					absorption.42  

					Results and Discussion  

					Kidney function markers are determinants of the presence of renal  

					disease, indicators of the kidney's response to medication,  

					detoxification ability, and overall health of the kidney. The results of  

					the effect of P. americana seed and B. pinnatum leaf ethyl acetate  

					fraction administration on kidney function parameters in indomethacin-  

					induced ulcerated rats are summarized in Table 2. The results showed  

					that urea concentration was not significantly altered by indomethacin  

					administration, but, omeprazole and ethyl acetate fraction combinations  

					of PAEF + BPEF (1:2), PAEF + BPEF (1:3), PAEF+BPEF (2:1), and  

					PAEF + BPEF (3:1) caused a significant elevation in serum urea when  

					compared to those of NC and UC groups. Uremia is characteristic of  

					kidney injury or compromised kidney function. On the other hand,  

					serum creatinine concentration did not significantly vary across the  
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					Table 2: Effect of P. americana seed and B. pinnatum leaf ethyl acetate fraction binary mixtures on kidney function indices of indomethacin-induced ulcerated rats  

					NC  

					UC  

					OMEP  

					PAEF  

					BPEF  

					PAEF + BPEF  

					(1:1)  

					PAEF + BPEF  

					(1:2)  

					PAEF + BPEF  

					(1:3)  

					PAEF + BPEF  

					(2:1)  

					PAEF + BPEF  

					(3:1)  

					Urea (mg/dL)  

					29.79 ± 1.34a 32.14 ± 1.53a  

					88.52 ± 6.52* 36.34 ±  

					1.84a,b  

					32.92 ± 4.74a 39.88 ± 5.19b,c  

					60.53 ± 4.19**  

					50.12 ± 6.02d  

					45.47 ± 1.87c,d  

					65.10 ± 9.26**  

					Creatinine (mg/dL)  

					1.50 ± 0.30*  

					9.19 ± 0.97f  

					1.29 ± 0.16**  

					7.57 ± 0.14c,d  

					7.42 ± 0.73b  

					1.08 ±  

					0.17**  

					0.79 ± 0.28a  

					1.42 ± 0.29b*  

					1.29 ± 0.25**  

					6.06 ± 0.83a,b  

					1.08 ± 0.32**  

					5.89 ± 0.51a  

					1.13 ± 0.16a*  

					8.35 ± 0.42d,e  

					144.26 ± 6.98c  

					63.53 ± 6.79a,b  

					44.08 ± 0.45a,b  

					1.17 ± 0.14**  

					6.31 ± 0.63a,b  

					124.82 ± 6.91a,b  

					76.22 ± 2.01c  

					44.14 ± 0.32a,b  

					Potassium  

					5.91 ± 1.36a  

					8.36 ± 0.80d,e 6.19 ± 0.40a,b 7.05 ± 0.14a,b,c  

					(mmol/L)  

					Sodium (mmol/L)  

					126.06 ±  

					5.64a,b  

					133.43 ±  

					123.41 ±  

					4.17a,b  

					133.00 ±  

					6.30b,c  

					126.28 ±  

					6.06a,b  

					122.98 ± 17.95b,c  

					57.06 ± 7.06a,b  

					133.81 ± 21.35b,c  

					61.60 ± 4.17a,b  

					44.06 ± 0.41a,b  

					114.80 ± 2.64a  

					63.78 ± 5.88a,b  

					43.93 ± 0.35a,b  

					11.89b,c  

					Chloride (mmol/L)  

					61.26 ±  

					5.38a,b  

					56.22 ± 4.98a  

					63.95 ±  

					5.42a,b  

					64.45 ±  

					5.80a,b  

					61.68 ±  

					1.89a,b  

					Bicarbonate  

					(mmol/L)  

					43.70 ±  

					0.53a,b  

					44.35 ± 1.04a,b 44.13 ±  

					0.25a,b  

					43.70 ±  

					0.36a,b  

					44.70 ± 0.24b 43.61 ± 1.72a  

					Results are mean ± SD of 5 determinations. Columns bearing different superscript letters across groups are significantly different (p<0.05).  

					The restoration effect of the ethyl acetate fractions on magnesium concentration may be  

					attributable to their inhibitory effect on pathways that induce hypocalcemia or calcium ion influx.  

					Analysis of serum zinc concentration indicated a significant decrease in serum zinc concentration  

					by indomethacin induction compared to normal control (Figure 1C). However, the administration  

					of omeprazole (OMEP) and the ethyl acetate fractions of PAEF, BPEF, PAEF+BPEF (1:1),  

					PAEF+BPEF (1:2), PAEF+BPEF (1:3), and PAEF+BPEF (3:1) resulted in significant restoration  

					of zinc concentration in comparison to the ulcer control group. The ethyl acetate fraction binary  

					mixtures and the single fractions effectively ensured a balance in serum zinc concentration. Serum  

					zinc levels have been documented to be reduced in gastritis caused by H. pylori, peptic ulcer, and  

					gastric cancer.44,45 Also, Meng-Chieh et al. 46 reported a non-significant decrease in trace elements  

					such as zinc and copper levels in H. pylori-infected patients. Zinc is an essential micronutrient for  

					survival, optimal cellular function, and membrane barrier integrity.45 Zinc deficiency may impair  

					gastric output depending on the severity and increase the lethality of infectious diseases and  

					cellular damage.47 Restoration of zinc level by the binary mixtures of P. americana and B.  

					pinnatum in the present study strongly suggests protection of membrane barrier function integrity  

					against inflammatory factors. The increases in zinc level by the binary mixtures ethyl acetate  

					fraction were important in promoting gastric wound healing.48,49  

					3), the micrograph shows a section of the kidney with reduced cell mass, large urinary space  

					necrosis (N), and loose glomerular membrane (LGM) (Plate 3). These features are indicative of  

					an inflammatory response. In plate 4, the micrograph shows a more organized cellular architecture  

					than group 2. There were no apparent histopathological lesions in the kidney section of rats pre-  

					treated with P. americana (PAEF) 400mg/kg b. wt. and later received indomethacin 30 mg/kg b.  

					wt. However, in the groups induced with indomethacin 30 mg/kg b. wt., rats pre-treated with B.  

					pinnatum (BPEF) 400 mg/kg b. wt. (figure 3, Plate 5) showed an organized architecture of the  

					kidney when compared to the ulcer control group (group 2). There were no apparent  

					histopathological lesions seen. Also, in plate six (6), a better organized kidney structure than that  

					of group 2 was seen in indomethacin-induced ulcerated rats pre-treated with (PAEF + BPEF) (1:1)  

					400 mg/kg b. wt.; no apparent histopathological lesions were seen. Plate 7 shows the  

					histopathology of induced rats pre-treated with (PAEF + BPEF) (1:2) 400 mg/kg b. wt., the  

					micrograph shows an organized kidney structure except for the appearance of a large urinary space  

					(US) and loose glomerular membrane (LGM) (Plate 7).  

					In the induced group, pre-treated with (PAEF + BPEF) (1:3) 400 mg/kg b. wt. (Plate 8), the  

					photomicrograph showed a normal kidney structure when compared to group 2. Furthermore, in  

					the group pre-treated with (PAEF + BPEF, 2:1) 400 mg/kg b.wt. and induced with indomethacin  

					30 mg/kg b. wt., the micrograph showed normal urinary space (US) with a distorted glomerulus  

					(Plate 9).  

					Figure 2 shows the histological sections of rats’ kidney tissues: Plate 1 (Normal control group)  

					show a section typical of normal architecture of the kidney. The tuft of the glomerulus was seen  

					within the cortex with a slightly loose basement membrane. The interstitium and collecting tubules  

					appear normal, with no histopathological lesions. In the ulcer control group, the architecture of the  

					kidney was normal except for mild necrosis (Plate 2). However, in the omeprazole group (group  
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					A

					C

					Figure 1: Effect of P. americana seed and B. pinnatum leaf ethyl acetate fraction binary mixture on serum calcium (A), magnesium (B), and zinc (C)  

					concentrations in indomethacin-induced ulcerated rats. Values are mean ± SD (n = 5). Bars bearing different superscript letters across groups are  

					significantly different (p<0.05).  

					patients.9,52 Histopathological sections of the kidneys in the present  

					In the induced group pre-treated with (PAEF + BPEF, 3:1) 400 mg/kg  

					b. wt., the micrograph (Plate 10) showed a normal architecture of the  

					kidney, but the proximal renal tubule was not well contrasted with the  

					bowman's capsule. Histopathological examination of the kidney tissues  

					revealed kidneys with reduced cell mass, necrosis, and loosed  

					glomerular membrane in the standard (omeprazole) group. However,  

					other groups pre-treated with ethyl acetate fraction of the binary  

					mixtures showed slight changes in kidney architecture but did not differ  

					significantly from the normal control. Compared to the ulcer control  

					group, these groups demonstrated organized architecture with mild  

					necrosis. The observations did not culminate in significant changes in  

					the kidney function indices. This study, however, did not completely  

					align with the findings of Pacifici 50 who reported that indomethacin  

					treatment elevated creatinine concentration in infants with body weight  

					<1 kg. Lee et al.51 reported that the severity of indomethacin's  

					deleterious effects increases with infant immaturity. A high risk of  

					developing nephrotoxicity has been reported in elderly patients  

					receiving NSAIDs.7 This may involve reduced glomerular filtration  

					rate, hyperkalemia, chronic kidney disease, acute interstitial nephritis,  

					sodium retention, edema, and renal papillary necrosis in aged  

					study are suggestive of a possible nephrotoxic effect. The disparity  

					between the present study and previous study may be attributable to  

					differences in duration of administration. Other groups, such as PAEF  

					+ BPEF (2:1) and PAEF + BPEF (3:1), showed normal kidney  

					architecture but mild glomerulus distortion. From the above  

					observations, it is clear that the administration of indomethacin results  

					in a possible toxic effect on the kidney. The alteration in kidney function  

					by omeprazole administration seen in this study is consistent with that  

					reported in the literatures.53-56  

					Omeprazole use has been implicated in triggering pre-acute kidney  

					injury.56 The long-term use of proton pump inhibitors (PPIs) may  

					increase the risk of chronic kidney disease.53-56 These may be possible  

					through some proposed mechanisms involving the bioaccumulation of  

					PPIs and their bye-products in renal tissue, culminating in renal  

					interstitial fibrosis. This disruption directly marked the initiation of  

					chronic kidney disease (CKD), and decreased nitric oxide synthesis was  

					attributed to lysosomal proton pump inhibition. The resultant effect is  

					the generation of cytotoxic superoxide radicals, which causes  

					hypomagnesemia and renal tissue endothelial dysfunction.56,57  
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					Plate 1  

					Plate 3  

					Plate 2  

					Plate 4  

					Figure 2: Photomicrograph of rat kidneys following treatment with P. americana seed and B. pinnatum leaf ethyl acetate fraction binary mixture  

					Key: Plate 1: Group 1 (Control), Plate 2: Group 2 (Ulcer control), Plate 3: Group 3 (Standard Omeprazole) 20 mg/kg b.wt, Plate 4: Group 4 ((PAEF)  

					400 mg/kg bwt )  

					Plate 6  

					Plate 5  
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					Plate 7  

					Plate 8  

					Plate 10  

					Plate 9  

					Figure 3: Photomicrograph of rat kidneys following treatment with P. americana seed and B. pinnatum leaf ethyl acetate fraction binary mixture  

					Key: Plate 5: Group 5 (BPEF), Plate 6: Group 6 (PAEF + BPEF) (1:1), Plate 7: Group 7 (PAEF + BPEF) (1:2), Plate 8: Group 8 (PAEF + BPEF)  

					(1:3), Plate 9: Group 9 (PAEF + BPEF) (2:1)  

					Plate 10: Group 10 (PAEF + BPEF) (3:1)  
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					Conclusion  
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					combinations of PAEF and BPEF may distort kidney function and  

					electrolyte balance.  

					3. Cai S, Garcia-Rodriguez LA, Masso-Gonzalez EL,  

					Hernandez-Diaz S. Uncomplicated peptic ulcer in the UK:  

					trends from 1997 to 2005. Alimen Pharmacol Ther. 2009; 30:  

					1039–1048.  

					4. Xing-Zi L, Yue-Miao Z, Ni-Ya J, Hong Z. Helicobacter  

					pylori infection is associated with elevated galactose-  

					deficient IgA1 in IgA nephropathy. Ren Fail. 2020;  

					42(1):539-546.  

					5. Wei Pan, H, Li W, Tingting Z, Bo C, Junming F. Association  

					between Helicobacter pylori infection and kidney damage in  

					patients with peptic ulcer. Ren Fail. 2019; 41(1):1028-1034.  

					6. Sari TA, Nadir AI, Areej AA, Hatim MM, Hamza MA,  

					Hassan AH, Yahya AA, Waleed HM, Khalid OA. Acute  

					Helicobacter pylori infection prevalence among renal failure  

					Pptients and its potential roles with other chronic diseases: A  

					retrospective cohort study. Infect Drug Resis. 2022; 15:6589-  

					6599.  

					7. Lucas GNC, Leitão ACC, Alencar RL, Xavier RMF, Daher  

					EF, Silva Junior GBD. Pathophysiological aspects of  

					nephropathy caused by non-steroidal anti-inflammatory  

					drugs. J Brasil Nefro. 2019; 41(1):124–130.  

					Conflict of interest  

					The authors declare no conflict of interest.  

					Authors’ Declaration  

					The authors hereby declare that the works presented in this article is  

					original and that any liability for claims relating to the content of this  

					article will be borne by them.  

					References  

					8. Kim S, Joo KW. Electrolyte and Acid-base disturbances  

					associated with non-steroidal anti-inflammatory drugs.  

					Electro. Blood Press. 2007; 5:116–125.  

					9. Harirforoosh S, Asghar W, Jamali F. Adverse effects of  

					nonsteroidal anti-inflammatory drugs: an update of  

					gastrointestinal, cardiovascular and renal complications. J  

					1. Xie X, Ren K, Zhou Z, Dang C, Zhang H. The global,  

					regional and national burden of peptic ulcer disease from  

					1990 to 2019: a population-based study. BMC Gastroenterol  

					2022; 22:58.  

					9676  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, December 2024; 8(12): 9670 - 9678  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Pharm Pharm Sci. 2013; 16:821–847.  

					26. Skeggs LT, Hochstrasser H. Multiple Automatic Sequential  

					Analysis. Clin Chem. 1964; 10:918–936.  

					27. Maruna RF. Serum sodium determination; critical study on  

					colorimetric determination and method. Inter. J Clin Chem.  

					1957; 2(6):581–585.  

					10. Asiwe ES, Igwe CU, Iheanacho KM, Onyeocha IO, Onwuliri  

					VA. Bioactive composition and acute oral toxicity studies on  

					Persea americana seed ethyl acetate fraction. Asian J Res  

					Biochem. 2021a; 8(4):10-17.  

					11. Sokpe A, Mensah MLK, Koffuor GA, Thomford KP, Arthur  

					R, Jibira Y, Baah MK, Adedi B, Agbemenyah HY.  

					Hypotensive and antihypertensive properties and safety for  

					use of Annona muricata and Persea americana and their  

					combination products. Evid-Based Compliment Altern Med.  

					2020; 2020(6):1-13.  

					12. Makelele F, Mukweke N, Hamuli M, Kadima J, Bwironde F,  

					Chasinge T, Murhula H. Antiulcer effect of Persea  

					americana seed against alcohol-induced peptic ulcer in  

					guinea pig. J Pharm Phytochem. 2020; 9(4):1244-1249.  

					13. Alkhalaf MI, Alansari WS, Ibrahim EA, ELhalwagy MEA.  

					Anti-oxidant, anti-inflammatory, and anti-cancer activities of  

					avocado (Persea americana) fruit and seed extract. J King  

					Saud Univ. 2019; 31(4):1358-1362.  

					14. Fernandes JM, Cunha LM, Azevedo EP, Lourenço EMG,  

					Fernandes-Pedrosa MF, Zucolotto SM. Kalanchoe laciniata  

					and Bryophyllum pinnatum: an updated review about  

					ethnopharmacology, phytochemistry, pharmacology and  

					toxicology. Rev Brasil Farmacog. 2019; 29 (4):529-558.  

					15. Andrade AWL, Guerra GCB, de Souza-Araújo DF, de  

					Araújo-Júnior RF, de Araújo AA, de Carvalho TG,  

					Fernandes JM, Diez-Echave P, Hidalgo-García L,  

					Rodriguez-Cabezas ME, Gálvez J, Zucolotto SM. Anti-  

					inflammatory and chemopreventive effects of Bryophyllum  

					pinnatum (Lamarck) leaf extract in experimental colitis  

					models in rodents. Front Pharmacol. 2020; 11(7):1-18.  

					16. Emenike BA, Emmanuel CO, Obiora CU, Valentine ON,  

					Chioma AA, Petra ON, Okwesili FCN. Ulcer-protective  

					property of Bryophyllum pinnatum leaf extract and their  

					phytosomal formulations. Trop J Nat Prod Res. 2020;  

					4(12):1201-1207.  

					28. Trinder P. A rapid method for the determination of sodium  

					in serum. Analyst. 1951; 76:596-599.  

					29. Kaplan LA, Glucose KA. Clinical Chemistry. The C. V.  

					Mosby Co. St Louis. Toronto. Princeton. 1974; 1032-1036 .  

					30. Gindler EM, King JD. Rapid colorimetric determination of  

					calcium in biologic fluids with methylthymol blue. Am J Clin  

					Pathol. 1972; 58(4):376–382.  

					31. Chauman UPS, Ray SBC. Use of Calmagite for the  

					determination of traces of magnesium in biological  

					materials. Anal Biochem. 1969; 13(1):70-80.  

					32. Abe A, Yiamashita S, Noma A. Sensitive, direct  

					colourimetric method for copper in serum. Clin Chem. 1989;  

					35(4):552-554.  

					33. Makino T. A sensitive, direct colorimetric assay of serum  

					zinc using nitro-PAPS and microwell plates. Clin Chim Acta.  

					1991; 197(3):209-220.  

					34. Abebe MS, Gebru G. Toxic effect of Vernonia amygdalina  

					Delile on blood parameters and histopathology of liver and  

					kidney in rats. Global J Med Plants Res. 2015; 1(1):001-008.  

					35. Mehmood HR, Khan Z, Jahangir HMS, Hussain A, Elahi A,  

					Askari SMH. Assessment of serum biochemical  

					derangements and associated risk factors of chronic kidney  

					disease. J Taibah Univ Med Sci. 2021; 17(3):376-383.  

					36. Mercado MG, Smith DK, Guard EL. Acute Kidney Injury:  

					Diagnosis and Management. Am Fam Phy. 2019;  

					100(11):687–694.  

					37. Carvalho MHC, Nigro D, Lemos VS, Tostes RCA, Fortes  

					ZB. Arterial hypertension: the endothelium and its multiple  

					functions/Arterial hypertension: endothelium and multiple  

					functions. Rev. Brasil. Med. 2001; 8(1):76–88.  

					38. AlShanableh Z, Ray EC. Magnesium in hypertension:  

					mechanisms and clinical implications. Front Physiol. 2024;  

					15:1363975.  

					17. Asiwe ES, Igwe CU, Onwuliri VA, Iheanacho KME,  

					Iheanacho JN. Characterization of Chemical Composition of  

					Bryophyllum pinnatum leaf ethyl acetate fraction. Asian J  

					Adv Res Rep. 2021b; 15(4):15-24.  

					18. Asiwe ES, Igwe CU, Iheanacho KME, Onyeocha IO,  

					Onwuliri VA. Antioxidative and Free radical scavenging  

					properties of ethyl acetate fractions of Persea americana  

					seed and Bryophyllum pinnatum leaf. Trop J Nat Prod Res.  

					2021c; 5(8):1486-1492.  

					39. Saini HK, Tripathi ON, Zhang S, Elimban V, Dhalla NS.  

					Involvement of Na+/Ca2+ exchanger in catecholamine-  

					induced increase in intracellular calcium in cardiomyocytes.  

					Am J Physiol Circul Physiol. 2006; 290:373–380.  

					40. Kamal F, Khan MA, Molnar MZ, Howden CW. The  

					Association Between Proton Pump Inhibitor Use with Acute  

					Kidney Injury and Chronic Kidney Disease.  

					J

					Clin  

					19. Asiwe ES, Igwe CU, Iheanacho KME, Onwuliri VA, Alisi  

					CS, Ezeji-Chigbu NG, Ujowundu CO. Ulcero-protective  

					potential of ethyl acetate fractions of Persea americana seed  

					and Bryophyllum pinnatum leaf binary combinations in  

					indomethacin induced gastric ulcer. Asian J Biochem Gen  

					Mol Biol. 2022; 12(4):139-153.  

					20. Hsieh C, Huang S, Chen CL, Chen W, Chang HC, Wu ML,  

					Yang CC. Increased risk of chronic kidney disease among  

					users of non-prescribed Chinese herbal medicine in Taiwan.  

					Prev Med. 2012; 55: 155-159.  

					21. Asiwe ES, Ugenyi AU, Enenebeaku UE, Opara PO, Alisi CS,  

					Ekezie J. (2023). Changes in hepatic function indices in  

					ulcerated rats treated with persea americana seed and  

					Bryophyllum pinnatum leaf ethyl acetate fraction. Trop J Nat  

					Prod Res. 2023; 7(9):4084-4091.  

					Gastroenterol. 2018; 52:468–476.  

					41. Gommers LMM, Hoenderop JGJ, de Baaij JHF. Mechanisms  

					of proton pump inhibitor-induced hypomagnesemia. Acta  

					Physiol. 2022; 235(4):e13846.  

					42. Cheungpasitporn W, Thongprayoon C, Kittanamongkolchai  

					W, Srivali N, Edmonds PJ, Ungprasert P, O'Corragain OA,  

					Korpaisarn S, Erickson SB. Proton pump inhibitors linked to  

					hypomagnesemia: a systematic review and meta-analysis of  

					observational studies. Ren Fail. 2015; 37(7):1237–1241.  

					43. Qiu T, Zhou J, Zhang C. Acid-suppressive drugs and risk of  

					kidney disease: A systematic review and meta-analysis. J  

					Gastroenterol Hepatol. 2018; 10.1111/jgh.14157.  

					44. Nabavi-Rad A, Azizi M, Jamshidizadeh S, Sadeghi A,  

					Aghdaei HA, Yadegar A, Zali MR. The Effects of Vitamins  

					and Micronutrients on Helicobacter pylori Pathogenicity,  

					22. Searcy RL, Reardon JE, Foreman JA. A new photometric  

					method for serum urea nitrogen determination. Am J Med  

					Technol. 1967; 33(1):15–20.  

					Survival, and Eradication:  

					Micronutrients and Immune System. J Immunol Res. 2022;  

					2022:4713684.  

					A

					Crosstalk between  

					23. Bartels H, Boehmer M. Micro-determination of creatinine.  

					Clin Chem Acta. 1971; 32:81-85.  

					24. Fabiny DL, Ertingshausen G. Automated reaction-rate  

					method for determination of serum creatinine with the  

					CentrifiChem. Clin Chem. 1971; 17(8):696–700.  

					45. Namikawa T, Utsunomiya M, Yokota K, Munekage M,  

					Uemura S, Maeda H, Kitagawa H, Kobayashi M, Hanazaki  

					K. Association between Serum Zinc Levels and  

					Clinicopathological Characteristics in Patients with Gastric  

					Cancer. Gastrointest Tumors. 2023;10(1):6-13.  

					25. Terri AE, Sesin PG. Determination of serum potassium by  

					using sodium tetraphenylboro method. Am J Clin Pathol.  

					1958; 29(1):86-90.  

					46. Meng-Chieh W, Chun-Yi H, Fu-Chen K, Wen-Hung H,  

					Sophie SW, Hsiang-Yao S, Chung L. Chien-Yu L. The  

					9677  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					Trop J Nat Prod Res, December 2024; 8(12): 9670 - 9678  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Effect of Helicobacter pylori eradication on the levels of  

					essential trace elements. Biomed Res Int. 2014; 2014:5-15.  

					47. Wessels I, Rolles B, Rink L. The potential impact of zinc  

					supplementation on COVID-19 pathogenesis. Front  

					Immunol. 2020; 11:1712.  

					48. Dovhanj J, Kljaic K, Dodig-Curkovic, K, Curkovic M,  

					Volarevic M, dMarjanovic K. Helicobacter Pylori, Zinc and  

					Iron in Oxidative Stress-Induced Injury of Gastric Mucosa”,  

					Mini-Rev Med Chem. 2009; 9(1):26-30.  

					49. Christudoss P, Fleming J. Mathew G. Zinc levels in paired  

					normal and malignant human stomach and colon tissue.  

					Biomed Res. 2010; 21(4):445-450.  

					50. Pacifici GM. Differential renal adverse effects of ibuprofen  

					and indomethacin in preterm infants: a review. Clin  

					Pharmacol: Adv Appl. 2014; 6:111–116.  

					Anti-Inflammatory Drug Use in the Elderly. Aging Dis.  

					2018; 9(1):143–150.  

					53. Lazarus B, Chen Y, Wilson FP, Sang Y, Chang AR, Coresh  

					J, Grams ME. Proton Pump Inhibitor Use and the Risk of  

					Chronic Kidney Disease. JAMA Int Med. 2016; 176(2):238–  

					246.  

					54. Xie Y, Bowe B, Li T, Xian H, Balasubramanian S, Al-Aly,  

					Z. Proton Pump Inhibitors and Risk of Incident CKD and  

					Progression to ESRD. J Am Soc Nephrol. 2016; 27:3153-  

					3163.  

					55. Morschel CF, Mafra D, Eduardo J. The relationship between  

					proton pump inhibitors and renal disease. J Brasil Nefrol.  

					2018; 40(3):301–306.  

					56. Guedes JV, Aquino JA, Castro TL, Augusto de Morais F,  

					Baldoni AO, Belo VS, Otoni A. Omeprazole use and risk of  

					chronic kidney disease evolution. PloS One. 2020;  

					15(3):e0229344.  

					57. Zheltova AA, Kharitonova MV, Iezhitsa IN, Spasov AA.  

					Magnesium deficiency and oxidative stress: an update.  

					Biomed (Taipei). 2016; 6(4):20.  

					51. Lee CH, Chen HN, Tsao LY, Hsiao CC, Lee ML. Oral  

					ibuprofen versus intravenous indomethacin for closure of  

					patent ductus arteriosus in very low birth weight infants. Ped  

					Neonat. 2012; 53:346–353.  

					52. Wongrakpanich S, Wongrakpanich A, Melhado K,  

					Rangaswami J. A Comprehensive Review of Non-Steroidal  

					9678  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

	EPUB/images/img_09.png





EPUB/images/img_08.png
a

b,c
7

14.00
12.00

10.00
8.00
6.00
4.00

(qp/3uwr) wnped

2.00
0.00





EPUB/images/img_04.png





EPUB/toc.xhtml

Table of Contents


		Page






EPUB/images/img_02.png
N






EPUB/images/img_01.png





EPUB/images/img_22.png





EPUB/images/img_21.png





EPUB/images/img_17.png





EPUB/images/img_20.png





EPUB/images/img_19.png





EPUB/images/img_16.png





EPUB/images/img_15.png
Urinary space

pd 2 i

«— 1 Glomerulus

€—— Glomerular
capsule











EPUB/images/img_14.png





EPUB/images/img_10.png
8.00

7.00 cd de
g oo 2 be
g 500 ] caq b
£ 4.00 %
g 300
N 2.00
1.00
0.00 + "
ORI S S P
TV &g
© S )
£ &S
LR
$ & &
RRE LR LR\





EPUB/images/img_13.png





EPUB/images/img_12.png





