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					ABSTRACT  

					ARTICLE INFO  

					Article history:  

					Acetaminophen, widely used as an analgesic and antipyretic, poses risks of nephrotoxicity and  

					hepatotoxicity on prolonged use, leading to cumulative organ damage. Glycine max (edamame),  

					recognized for its antioxidant, and anti-inflammatory properties, can offer potential protective  

					effects against this form of chronic toxicity. This study aimed to evaluate the hepatorenal  

					protective effect of edamame ethanol extract in acetaminophen-induced organ damage in rats.  

					Wistar rats were divided into six groups: normal control, negative control given acetaminophen  

					(1 g/kg) only, positive control given vitamin C (28 mg/kg) and acetaminophen, and three  

					intervention groups receiving edamame extract at 200, 400, and 600 mg/kg once daily for ten  

					days, acetaminophen was administered on the eleventh day. Hepatorenal protective effects of the  

					extract was evaluated by measuring serum levels of liver and kidney function parameters,  

					including aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea, and  

					creatinine. Effect of the extract on inflammatory biomarkers [kidney injury molecule-1 (KIM-1)  

					and tumor necrosis factor- (TNF-)] as well as kidney and liver histopathology were also  

					assessed. Results showed significant reductions in serum levels of urea (32%) and creatinine  

					(28%) in the higher-dose groups, with marked improvements in kidney and liver histopathology,  

					particularly in tubular and glomerular structures. ALT and AST levels were also significantly  

					decreased by up to 35%, underscoring the extract's hepatoprotective potential. Although  

					reductions in KIM-1 and TNF-α levels were not significant, histological assessments indicated  

					decreased inflammation and oxidative damage. This study highlights edamame ethanol extract as  

					a promising natural agent for mitigating cumulative acetaminophen-induced nephrotoxicity and  

					hepatotoxicity.  
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					Glycine max (L.) Merr, also known as edamame or soybean, has long  

					been consumed for its nutritional benefits. Recent research has  

					Introduction  

					One of the most widely used medications for relieving pain  

					and reducing fever globally is acetaminophen, also called paracetamol  

					or N-acetyl-p-aminophenol (APAP).1 Acetaminophen usage is mostly  

					safe at therapeutic doses, but overdose almost certainly will lead to  

					acute liver injury and kidney damage known as hepatotoxicity and  

					nephrotoxicity, respectively.2 The toxic effect of acetaminophen is due  

					to the production of an extremely reactive substances called N-acetyl-  

					p-benzoquinone imine (NAPQI), which leads to a reduction in  

					glutathione levels and results in oxidative stress and damage to the  

					liver and kidney cells.3  

					Considering the wide use of acetaminophen and the severe  

					consequences of its overdoses, there is an urgent need for effective  

					protective agents. Currently used antidote, N-acetyl-cysteine, have  

					some limitations, including adverse effects and reduced efficacy if not  

					administered promptly.4,5 Thus, researchers are interested in exploring  

					natural sources as alternative protective agents.  

					attracted attention to its potential therapeutic uses, including its anti-  

					inflammatory, antioxidant, and hepatoprotective effects.6 Edamame  

					contains significant amounts of isoflavones, genistein, and saponins,  

					which are compounds recognized for their antioxidant abilities. These  

					capabilities may help in mitigating the oxidative stress caused by  

					acetaminophen overdose.7  

					Previous research has shown that Glycine max extract has protective  

					effect on the liver in animal models.8 Likewise, there is increasing  

					evidence indicating its potential to protect the kidneys.9, 10 However,  

					the protective potentials of Glycine max on liver and kidney diseases  

					have not yet been completely evaluated.  

					This study therefore seeks to close the gap by assessing the protective  

					effect of edamame ethanol extract on the liver and kidneys from  

					acetaminophen-induced toxicity in rats. Through the evaluation of  

					liver and kidney function parameters, histopathological changes, and  

					relevant biomarkers, this study aimed to gain a comprehensive  

					understanding of the protective ability of Glycine max. The study’s  

					findings may lead to the discovery and development of effective  

					natural remedies to protect organs against acetaminophen-induced  

					damage.  
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					Materials and Methods  

					Collection of Plant sample and extract preparation  

					Fresh Edamame samples were obtained from local markets in Medan,  

					North Sumatra, Indonesia. The plant was identified and authenticated  

					at the Department of Mathematics and Natural Sciences, Universitas  

					Sumatera Utara, where a voucher number 1510/MEDA/2023 was  

					Official Journal of Natural Product Research Group, Faculty of Pharmacy,  

					University of Benin, Benin City, Nigeria.  
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					assigned. The plant material (7 kg) was washed, sliced, and dried at  

					40°C for 6 days until it became simplicia. The simplicia obtained was  

					blended and sieved to obtain a fine powder.  

					The simplicia (730 g) was macerated in 96% ethanol (7.3 L) for 72  

					hours. The extract obtained were filtered, and the resulting filtrate was  

					concentrated at 50°C in a rotatory evaporator at reduced pressure.  

					correlates directly with SGPT activity. The assay is linear up to 600  

					U/L, with a sensitivity of 4 U/L. Serum creatinine concentration was  

					measured using the Creatinine Enzymatic PAP Kit (DIALAB,  

					Austria). The measured absorbance at 550 nm is proportional to the  

					creatinine concentration. The assay had a detection limit of 0.14–30  

					mg/dL and a sensitivity of 0.14 mg/dL. Urea concentration was  

					determined using the Urea UV Auto Kit (DIALAB, Austria). A  

					decrease in absorbance at 340 nm is proportional to urea concentration.  

					The assay had a detection limit of 2–600 mg/dL and a sensitivity of 2  

					mg/dL.  

					Animals  

					Twenty-four (24) male Wistar rats weighing between 200 – 250 g were  

					obtained from the Pharmacology Laboratory of the Faculty of  

					Pharmacy, Universitas Sumatera Utara, North Sumatera, Indonesia.  

					They were kept in cages, and acclimatized for ten days. The rats were  

					fed with standard rodent feed, and allowed access to drinking water ad  

					libitum.  

					Measurement of biomarkers of inflammation  

					The biomarkers of inflammation measured in this study were kidney  

					injury molecule-1 (KIM-1), and tumor necrosis factor- (TNF-).  

					KIM-1 level was measured using the Rat KIM-1 ELISA Kit (FineTest,  

					China), a sandwich ELISA. The absorbance of the serum sample (50  

					µL) was measured at 450 nm after colour development with 3,3′,5,5′-  

					Tetramethylbenzidine (TMB) substrate. The assay had a detection  

					limit of 62.5–4000 pg/mL and a sensitivity of 37.5 pg/mL. TNF-α level  

					was measured using the Rat TNF-alpha ELISA Kit (ABclonal), a  

					biotin-labeled sandwich ELISA. The absorbance of the serum sample  

					(100 µL) was measured at 450 nm. TNF-α concentrations were  

					determined from a standard curve, with a detection limit of 31.2–2000  

					pg/mL and a sensitivity of 15.2 pg/mL.  

					Ethical approval  

					The study was approved by the Research Ethics Committee of the  

					Universitas Prima Indonesia, with approval reference number  

					051/KEPK/UNPRI/1/2024.  

					Animal grouping  

					Wistar rats were divided into six groups (A – F) of four rats per group,  

					and treated as follows;  

					Group A: Normal control, rats were only given standard feed for ten  

					days.  

					Group B: Negative control, rats were given acetaminophen (1 g/kg,  

					p.o.) on the eleventh day  

					Group C: Positive control, rats were given vitamin C (28 mg/kg, p.o.)  

					once daily for ten days and acetaminophen (1 g/kg, p.o.) on the  

					eleventh day  

					Group D: Rats were given edamame extract (200 mg/kg, p.o.) once  

					daily for ten days and acetaminophen (1 g/kg, p.o.) on the eleventh day  

					Group E: Rats were given edamame extract (400 mg/kg, p.o.) once  

					daily for ten days and acetaminophen (1 g/kg, p.o.) on the eleventh day  

					Group F: Rats were given edamame extract (600 mg/kg, p.o.) once  

					daily for ten days and acetaminophen (1 g/kg, p.o.) on the eleventh day  

					Histopathological examination  

					Kidney and liver tissues were collected, and fixed in 10% formalin at  

					4°C for 3 days. The tissues were soaked in paraffin, and then cut into  

					5 m sections. Tissue sections were stained with hematoxylin and  

					eosin (H&E), and then examined under a light microscope to evaluate  

					pathological damage.  

					Statistical analysis  

					Data were analyzed using Microsoft Excel and SPSS software. All  

					data were reported as mean ± standard error of the mean (mean ±  

					SEM). Statistical differences between means were analyzed using one-  

					way analysis of variance (ANOVA), followed by Bonferroni post hoc  

					test for each parameter. P < 0.05 was regarded as significant.  

					Measurement of kidney and liver function biochemical parameters  

					On the twelfth day, that is 24 hours post acetaminophen induction, all  

					rats were anaethesized by intraperitoneal administration of ketamine.  

					Blood were collected by cardiac puncture, and centrifuged at 4000 rpm  

					at 4°C for 10 min to obtain serum. Hepatoprotective effect of the  

					extract was assessed by measuring the concentrations of aspartate  

					aminotransferase (AST), and alanine aminotransferase (ALT).  

					Nephroprotective effect was assessed by measuring kidney enzyme  

					levels such as urea and creatinine. AST concentration was measured  

					using the GOT (AST) mod. IFCC Kit (DIALAB, Austria) through a  

					UV-kinetic assay at 340 nm. The method quantifies NADH oxidation,  

					which is proportional to SGOT activity. The assay is linear up to 700  

					U/L, with a sensitivity of 4 U/L. Measurement of ALT level was done  

					using GPT (ALT) mod. IFCC Kit (DIALAB, Austria) via a UV-kinetic  

					assay at 340 nm. In this method, the measured NADH oxidation  

					Results and Discussion  

					Acetaminophen, while effective as an analgesic and antipyretic, has a  

					high risk of hepatorenal toxicity when consumed in high doses over  

					time.11 This study investigated the protective effect of edamame  

					(Glycine max) ethanol extract in an acetaminophen-induced toxicity  

					rat model, assessing both kidney and liver function through  

					biochemical and histopathological analyses.  

					Several studies had shown that soybeans have possess antioxidative  

					properties, preventing osteoporosis, exerting antithrombotic effects,  

					boosting immunity, lowering blood pressure, and promoting liver  

					function. These studies showed that soy protein have positive effects  

					on kidney and liver functions.21-2  

					Table 1: Effect of edamame extract on urea levels in acetaminophen-induced toxicity  

					Bonferroni Post-hoc  

					Urea  

					(mg/dL)  

					Group  

					p-value  

					A

					B

					C

					D

					E

					F

					A

					B

					C

					D

					E

					F

					<0.05*  

					-

					0.000  

					-

					0.000  

					0.159  

					-

					0.000  

					0.000  

					0.001  

					-

					0.000  

					0.000  

					0.000  

					0.002  

					-

					0.013  

					0.000  

					0.000  

					0.000  

					0.001  

					-

					38.25  3.86  

					103.50  4.44  

					95.25  4.65  

					79.50  3.42  

					65.50  3.11  

					49.75  4.79  

					0.000  

					0.000  

					0.000  

					0.000  

					0.013  

					0.159  

					0.000  

					0.000  

					0.000  

					0.001  

					0.000  

					0.000  

					0.002  

					0.000  

					0.001  

					Values are mean ± SEM, n = 4. * Indicates significant difference.  

					Table 2: Effect of edamame extract on creatinine levels in acetaminophen-induced toxicity  
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					Bonferroni Post-hoc  

					Creatinine  

					(mg/dL)  

					Group  

					p-value  

					A

					B

					C

					D

					E

					F

					A

					B

					C

					D

					E

					F

					<0.05*  

					-

					0.000  

					-

					0.000  

					1.000  

					-

					0.000  

					0.000  

					0.001  

					-

					0.000  

					0.000  

					0.000  

					0.000  

					-

					0.076  

					0.000  

					0.000  

					0.000  

					0.006  

					-

					0.49  0.06  

					1.02  0.05  

					0.98  0.02  

					0.84  0.01  

					0.69  0.03  

					0.58  0.04  

					0.000  

					0.000  

					0.000  

					0.000  

					0.076  

					1.000  

					0.000  

					0.000  

					0.000  

					0.001  

					0.000  

					0.000  

					0.000  

					0.000  

					0.006  

					Values are mean ± SEM, n = 4. * Indicates significant difference.  

					Table 3: Effect of edamame extract on AST levels in acetaminophen-induced toxicity  

					Bonferroni Post-hoc  

					Group  

					AST (U/L)  

					p- value  

					A

					B

					C

					D

					E

					F

					A

					B

					C

					D

					E

					F

					<0.05*  

					-

					0.013  

					0.000  

					0.117  

					1.000  

					1.000  

					104.25  12.18  

					359.25  126.05  

					260.25  16.28  

					221.25  39.80  

					176.75  15.52  

					145.25  14.66  

					0.000  

					0.013  

					0.117  

					1.000  

					1.000  

					-

					0.313  

					-

					0.036  

					1.000  

					-

					0.003  

					0.700  

					1.000  

					-

					0.001  

					0.131  

					1.000  

					1.000  

					-

					0.313  

					1.000  

					0.700  

					0.131  

					0.036  

					0.003  

					0.001  

					1.000  

					1.000  

					1.000  

					Values are mean ± SEM, n = 4. * Indicates significant difference.  

					Table 4: Effect of edamame extract on ALT levels in acetaminophen-induced toxicity  

					Bonferroni Post-hoc  

					Group  

					ALT (U/L)  

					p- value  

					A

					B

					C

					D

					E

					F

					A

					<0.05*  

					-

					0.000  

					0.000  

					0.000  

					0.000  

					0.003  

					54.25  2.99  

					B

					C

					D

					E

					0.000  

					0.000  

					0.000  

					0.000  

					-

					0.001  

					-

					0.000  

					0.002  

					-

					0.000  

					0.000  

					0.013  

					-

					0.000  

					0.000  

					0.000  

					0.001  

					205.00  20.99  

					170.50  2.65  

					140.50  3.42  

					115.25  2.50  

					0.001  

					0.002  

					0.000  

					0.000  

					0.000  

					0.013  

					F

					0.003  

					0.000  

					0.000  

					0.000  

					0.001  

					-

					83.50  2.38  

					Values are mean ± SEM, n = 4. * Indicates significant difference.  

					Table 5: Effect of edamame extract on KIM-1 levels in acetaminophen-induced toxicity  

					Bonferroni Post-hoc  

					KIM-1  

					(mg/dL)  

					Group  

					p-value  

					A

					B

					C

					D

					E

					F

					A

					B

					C

					D

					E

					F

					0.078  

					-

					0.204  

					-

					1.000  

					0.239  

					-

					0.690  

					1.000  

					0.800  

					-

					1.000  

					1.000  

					1.000  

					1.000  

					-

					1.000  

					1.000  

					1.000  

					1.000  

					1.000  

					-

					151.02  91.82  

					259.40  24.99  

					153.98  30.83  

					235.93  17.41  

					208.97  52.14  

					206.97  76.23  

					0.204  

					1.000  

					0.690  

					1.000  

					1.000  

					0.239  

					1.000  

					1.000  

					1.000  

					0.800  

					1.000  

					1.000  

					1.000  

					1.000  

					1.000  

					Values are mean ± SEM, n = 4.  

					Table 6: Effect of edamame extract on TNF- levels in acetaminophen-induced toxicity  
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					Uji Post Hoc Bonferroni  

					TNF-  

					Group  

					p value  

					(pg/mL)  

					A

					-

					B

					1.000  

					-

					C

					D

					E

					F

					A

					B

					C

					D

					E

					F

					0.096  

					0.300  

					0.372  

					1.000  

					1.000  

					1.000  

					1.000  

					1.000  

					0.551  

					122.38  14.48  

					158.53  16.98  

					123.84  20.34  

					148.12  26.87  

					142.93  3.78  

					126.58  27.55  

					0.300  

					1.000  

					1.000  

					1.000  

					1.000  

					0.372  

					1.000  

					1.000  

					1.000  

					-

					1.000  

					-

					1.000  

					1.000  

					-

					1.000  

					1.000  

					1.000  

					-

					1.000  

					1.000  

					0.551  

					1.000  

					1.000  

					1.000  

					Values are mean ± SEM, n = 4.  

					Table 7: Effect of edamame extract on kidney histopathology in acetaminophen-induced toxicity  

					Damage on tissue type  

					Group  

					Tubulo/  

					Interstitial  

					Tubular  

					Endothelium  

					Glomerulus  

					A

					0.00  0.00  

					1.50  1.00  

					0.25  0.50  

					1.00  0.00  

					0.25  0.50  

					1.50  1.00  

					0.75  0.50  

					1.00  0.00  

					0.00  0.00  

					2.75  0.50  

					0.00  0.00  

					1.25  0.50  

					0.00  0.00  

					1.00  0.00  

					0.25  0.50  

					1.00  0.00  

					B

					C

					D

					E

					F

					1.00  0.00  

					1.75  0.96  

					<0.05*  

					1.00  0.00  

					1.00  0.00  

					0.057  

					1.00  0.00  

					2.50  0.58  

					<0.05*  

					1.00  0.00  

					1.00  0.00  

					<0.05*  

					p-value  

					Values are mean ± SEM, n = 4. * Indicates significant difference  

					Table 8: Effect of edamame extract on liver histopathology in acetaminophen-induced toxicity  

					Type of damage  

					Group  

					Ballooning  

					degeneration  

					Inflammation  

					Apoptosis  

					Fibrosis  

					0.00  0.00  

					3.00  0.00  

					0.00  0.00  

					0.00  0.00  

					0.75  0.96  

					1.75  0.50  

					<0.05*  

					0.00  0.00  

					2.75  0.50  

					0.50  1.00  

					1.25  0.50  

					1.50  0.58  

					1.75  0.50  

					<0.05*  

					0.50  0.58  

					1.00  0.00  

					0.25  0.50  

					1.00  0.00  

					1.00  0.00  

					1.00  0.00  

					<0.05*  

					0.00  0.00  

					1.50  0.58  

					0.00  0.00  

					0.50  1.000  

					0.00  0.00  

					0.00  0.00  

					<0.05*  

					A

					B

					C

					D

					E

					F

					p value  

					Values are mean ± SEM, n = 4. * Indicates significant difference.  

					Nephroprotective effect of edamame extract  

					and prevents cellular damage.12 Isoflavones like genistein and  

					daidzein, abundant in edamame, are known for their antioxidant,  

					antibacterial, and anti-inflammatory properties, which might enhance  

					kidney protection by modulating oxidative pathways and reduce  

					cellular stress.7,13 These findings highlight the protective effects of  

					edamame extract on kidney function, consistent with previous studies  

					demonstrating the antioxidant effects of isoflavones in improving renal  

					biomarkers.14  

					In the kidney function tests, edamame extract demonstrated a clear  

					dose-dependent reduction in urea and creatinine levels (Tables 1 and  

					2). The highest dose (600ꢀmg/kg) significantly reduced serum urea  

					levels from 103.50ꢀ±ꢀ4.44ꢀmg/dL in the negative control group to  

					49.75ꢀ±ꢀ4.79ꢀmg/dL, and serum creatinine levels dropped from  

					1.02ꢀ±ꢀ0.05ꢀmg/dL to 0.58ꢀ±ꢀ0.04ꢀmg/dL (pꢀ<ꢀ0.05). These reductions  

					underscore the nephroprotective potential of edamame extract, likely  

					driven by its flavonoid content, which neutralizes oxidative radicals  

					407  

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

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, January 2025; 9(1): 404 – 410  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Figure 1: Effect of edamame extract on kidney histopathology in acetaminophen-induced toxicity in rats (H&E). Kidney sections in the groups; (A)  

					Normal group, (B) Negative control given only acetaminophen (1 g/kg), (C) Positive control given Vitamin C (28 mg/kg) + acetaminophen (1 g/kg),  

					(D) Edamame extract (200 mg/kg) + acetaminophen (1 g/kg), (E) Edamame extract (400 mg/kg) + acetaminophen (1 g/kg), (F) Edamame extract (600  

					mg/kg) + acetaminophen (1 g/kg)  

					Hepatoprotective effect of edamame extract  

					Effect of edamame extract on biomarkers of inflammation  

					Liver function test revealed that the 200ꢀmg/kg of edamame extract  

					significantly reduced AST levels from 359.25ꢀ±ꢀ126.05ꢀU/L in the  

					negative control group to 221.25ꢀ±ꢀ39.80ꢀU/L, and ALT levels  

					decreased from 205.00ꢀ±ꢀ20.99ꢀU/L to 140.50ꢀ±ꢀ3.42ꢀU/L (pꢀ<ꢀ0.05),  

					indicating a hepatoprotective effect (Tables 3 and 4). However, higher  

					doses (400ꢀmg/kg and 600ꢀmg/kg) did not result in further reductions  

					in AST and ALT levels, suggesting that the protective effect does not  

					increase with increase in dose.  

					Although improvements in urea and creatinine levels were observed,  

					Kidney Injury Molecule-1 (KIM-1), a biomarker highly sensitive to  

					proximal tubule injury, remained unchanged across all the treatment  

					groups (Table 5). This lack of reduction in KIM-1 levels shows that  

					edamame's protective mechanism may be more effective in mitigating  

					oxidative damage rather than addressing immediate tubular injury.15, 16  

					Although TNF-α levels showed a modest reduction in groups treated  

					with edamame, this effect was not statistically significant (Table 6).  

					Figure 2: Effect of edamame extract on liver histopathology in acetaminophen-induced toxicity in rats (H&E). Kidney sections in  

					the groups;(A) Normal group, (B) Negative control given only acetaminophen (1 g/kg), (C) Positive control given Vitamin C (28  

					mg/kg) + acetaminophen (1 g/kg), (D) Edamame extract (200 mg/kg) + acetaminophen (1 g/kg), (E) Edamame extract (400  

					mg/kg) + acetaminophen (1 g/kg), (F) Edamame extract (600  

					mg/kg) + acetaminophen (1 g/kg)  

					TNF-α, a primary inflammatory cytokine, play a major role in  

					regulating liver inflammation and immune responses. Although,  

					studies have indicated the potential of soy protein and isoflavones in  

					reducing TNF-α levels,17-19 the lack of significant change in this  

					research suggests that the anti-inflammatory effects of edamame  

					extract may require further investigation, particularly regarding  

					optimal dosing.  

					level of protection and were associated with increased liver damage  

					scores. The effect of edamame extract on the histopathological  

					changes caused by acetaminophen hepatorenal toxicity is displayed in  

					Figures 1 and 2.  

					The isoflavones genistein and daidzein may support liver health by  

					neutralizing reactive oxygen species (ROS) and stabilizing cell  

					membranes, helping to reduce liver cell damage and inflammation.20  

					However, the decreased efficacy at higher doses may indicate a  

					threshold beyond which the protective effects plateau or reverse.  

					The strengths of this study include its detailed examination of both  

					kidney and liver markers, along with histopathological assessments,  

					which clarify the efficacy of edamame extract across different doses.  

					However, the lack of significant impact on KIM-1 and TNF-α levels  

					limits the understanding of the extract's influence on inflammatory  

					pathways. Additionally, the unexpected increase in liver damage at  

					higher doses underscores the need for careful consideration of dosing  

					in future research.  

					Effect of edamame extract on kidney and liver histopathology  

					Histopathological examination provided additional insight into the  

					protective effect of edamame extract on the kidneys and liver (Tables  

					7 and 8). Microscopic analysis revealed that the 200ꢀmg/kg dose of  
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					scores comparable to the positive control group treated with vitamin  

					C. Ballooning degeneration, inflammation, apoptosis, and fibrosis  

					scores were lowest in the 200ꢀmg/kg group among the edamame-  

					treated groups. In contrast, the higher doses did not exhibit the same  
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