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					ABSTRACT  

					ARTICLE INFO  

					Norovirus infection is a significant public health concern, particularly among children, due to its  

					association with diarrhea. The current management strategies for Norovirus primarily focus on  

					rehydration and symptomatic relief. This research was performed to examine the effects of  

					propolis on the viral load and the severity of diarrhea caused by Human Norovirus (HuNoV)  

					infection. In this experimental research, a total of 21 BALB/c mice were randomly assigned to  

					three groups: Group K(-) (control group), Group K(+) (exposed solely to HuNoV), and Group P  

					(exposed to HuNoV with propolis intervention). A 1 ml suspension of HuNoV was administered  

					to the mice via the intraperitoneal route. Rapid Diagnostic Tests (RDT) Norovirus Kit and Real-  

					Time Polymerase Chain Reaction (RT-PCR) were performed 48 hours post-infection to confirm  

					successful viral infection. The severity of diarrhea was assessed using the paper towel method.  

					Propolis was administered as a suspension at a dosage of 2.5 mg/kg body weight for five days. On  

					day eight, the mice were euthanized, and fecal samples were collected from the colon for further  
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					indicated a significant reduction in viral load in Group P, whereas Group K(-) showed no such  

					reduction. Furthermore, the severity of diarrhea in the mice treated with propolis was found lower.  

					These findings suggest that propolis contributes to the reduction of viral load and the diarrhea  

					severity in mice infected with Norovirus.  
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					Introduction  

					In recent decades, scientific research has extensively  

					identified viruses and bacteria as the primary causes of various  

					complications and disorders within the human digestive system.  

					Norovirus has been recognized as a major pathogen that significantly  

					contributes to gastrointestinal issues, particularly among children.1,2  

					Norovirus often causes disease outbreaks in high-density settings,  

					including schools, daycare centers, and healthcare facilities.3,4 In  

					addition to younger population, the elderly population is also highly  

					vulnerable with high mortality and morbidity associated with Norovirus  

					infection.5,6 Comprehensive global research estimates the prevalence of  

					Norovirus infection of approximately 19.04%,2 which percentage varies  

					across regions.  

					A study by Qi and Colleagues in 2018 reported that Africa shows the  

					highest prevalence rate of 15%, while Europe and North America  

					exhibit the lowest rates at 4%.7 Despite significant advances in research,  

					data regarding the incidence and prevalence of Norovirus infection  

					remain limited.8 Norovirus infection can be prevented and treated using  

					antimicrobiotics, antioxidant, and anti-inflammatory substances.  

					Propolis is a resinous substance bees produce from plant sap that  

					contains antimicrobial, antioxidant, and anti-inflammatory  

					properties.9,10 Propolis has a wide range of antiviral activities effective  

					against numerous viral pathogens, including herpes simplex virus types  

					1 and 2 (HSV-1 and HSV-2), influenza viruses A and B, human  

					immunodeficiency virus (HIV), and SARS-CoV-2, the virus  

					responsible for the COVID-19 pandemic, among others.11–14 Propolis  

					also has antibacterial activity. A study by Megantara and colleagues in  

					2024 showed that routine administration of propolis for 12 weeks was  

					able to inhibit the growth of E. coli bacteria. Through this study, it also  

					acts as an immunomodulator that stimulates IL-6 levels to overcome  

					inflammation due to bacterial infections.15 Flavonoids, including  

					quercetin, kaempferol, and apigenin, are recognized as key chemical  

					constituents that significantly contribute to the antiviral properties of  

					propolis.16,17 In addition to these flavonoids, phenolic acids, such as  

					caffeic acid and chlorogenic acid, enhance the antiviral efficacy of  

					propolis, thereby contributing to its overall therapeutic potential against  

					a wide range of viral infections that impact human health.18–20 This  

					*Corresponding author. E mail: soetjipto@fk.unair.ac.id  

					Tel: + (+62) 877-8491-1731  

					Citation: Rusdi WE, Soetjipto, Lusida MI, Farindra I, Suwito BE, Rusdi  

					MS, BengeWDMR, Farmananda IR, HanifaMH, Hidayat.The Potential  

					Effect of Propolis on Norovirus Viral Load: An Experimental Research  

					using Balb/c Mice. Trop J Nat Prod Res. 2024; 9(1): 306 - 310  

					https://doi.org/10.26538/tjnpr/v9i1.39  

					Official Journal of Natural Product Research Group, Faculty of  

					Pharmacy, University of Benin, Benin City, Nigeria  

					306  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, January 2025; 9(1):306 – 310  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					research aims to investigate and assess the effects of propolis  

					administration on Norovirus viral load in mice with diarrhea.  

					Furthermore, it seeks to explore the potential advantages or  

					disadvantages of using propolis in such medical contexts.  

					examination was conducted to verify successful HuNoV infection in the  

					K (+) and P group.  

					Propolis Extract  

					A commercially available propolis product manufactured by PT. Melia  

					Sehat Sejahtera in a 6 ml preparation was used, with each 1 ml  

					containing 150 mg of propolis. The preparation was subsequently  

					reconstituted into a suspension, with the dosage adjusted for the  

					experimental animals. The dose calculation followed the method  

					outlined by Nair and Jacob.22 Propolis was administered to the mice at  

					a dose of 2.5 mg/kg body weight orally via gavage for 7 days post-  

					infection.  

					Material and Methods  

					Experimental Animal and Ethical Clearance  

					A total of 21 male BALB/c mice, aged 8 weeks and weighing 25 grams,  

					were obtained from the Pharmacology Laboratory at the Faculty of  

					Medicine, Airlangga University, Indonesia. The mice were  

					acclimatized in the laboratory for 7 days to stabilize their homeostasis  

					prior to the experiment. Each mouse was housed individually in a cage  

					measuring 15 cm x 25 cm x 15 cm, with the cages arranged on a shelf  

					by group. The animals were provided with water and standard feed ad  

					libitum under a 12-hour light/dark cycle. All procedures involving the  

					experimental animals were reviewed and approved by the Health  

					Research Ethics Committee of the Faculty of Medicine, Airlangga  

					University (Approval No: 65/EC/KEPK/FKUA/2024).  

					Diarrhea Degree Severity  

					The severity of diarrhea in the mice was assessed using the method  

					described by Kim and colleagues, where observations can be effectively  

					made by placing tissue paper at the bottom of the cage, which provides  

					a clear image of the mouse feces with minimal disturbance. The severity  

					of diarrhea was categorized based on fecal condition into four levels:  

					(+) wet feces, (++) pale feces, (+++) semi-liquid feces, and (++++)  

					runny feces.23  

					Experimental design  

					This true experimental research was performed in three groups of mice  

					(7 mice per group) that were randomly assigned to different treatments.  

					Group K(-) served as the control group, receiving neither a HuNoV  

					injection nor any intervention. Group K(+) was injected with HuNoV  

					but did not receive any further treatment. Lastly, group P was both  

					injected with HuNoV and administered propolis at a dose of 2.5 mg/kg  

					body weight for 5 days.  

					Stool Extraction  

					Fecal examination of the mice was conducted on day 8. The procedure  

					began with anesthesia administered via the intraperitoneal route using  

					ketamine at a dose of 0.05 mL. A surgical procedure followed,  

					involving a transverse incision in the lower central abdominal region,  

					extending superiorly. The spleen was carefully separated from  

					surrounding tissues, and the ileum was excised, from the ileocecal  

					junction to approximately 2-3 centimeters proximally. Fecal specimens  

					were collected from sections of the descending and transverse colon.  

					The samples were placed in sterile containers, stored at -80°C, and then  

					sent to the Viral Diarrhea Laboratory at the Institute of Tropical Disease  

					Center, Universitas Airlangga for further analysis.  

					HuNoV sample  

					A 25 ml suspension of HuNoV was obtained from the Institute of  

					Tropical Disease Center, Airlangga University. Before use, the virus  

					titer was quantified using qPCR, and set at 10^5. The viral strain was  

					further characterized by sequencing the RdRp (ORF1) and the junction  

					regions of ORF ½. The HuNoV suspension was prepared in a  

					phosphate-buffered saline (PBS) solution at a concentration of 10%  

					w/v, and then clarified through centrifugation. The virus suspension  

					was stored in a 10 ml Eppendorf tube, kept at -80°C, and subsequently  

					transported to the laboratory for the experiment.  

					RT-PCR Examination  

					A fecal sample was meticulously collected and subjected to a detailed  

					analysis aimed at detecting Norovirus using RT-PCR, specifically  

					targeting the GII strain to accurately measure the viral titer present in  

					the sample. The RT-PCR procedure was conducted in strict accordance  

					with established protocols, ensuring that all steps were meticulously  

					followed to maintain the integrity and reliability of the results. A 10%  

					fecal suspension was prepared by diluting the sample in distilled water,  

					followed by centrifugation at 21,130 g for 10 minutes. Subsequently,  

					the extraction of RNA was meticulously carried out from a total volume  

					of 140 microliters of the supernatant that had been previously obtained,  

					utilizing the highly efficient QIAamp microspin columns specifically  

					designed for such molecular biology applications. This process  

					facilitated the effective separation of components by density, enabling  

					thorough analysis of both the sediment and supernatant for viral  

					detection. The probe primers used for GII screening of HuNoV strains  

					are shown in Table 1.  

					HuNoV Administration  

					The administration of the HuNoV suspension to the mice followed the  

					procedure outlined by Rusdi and colleagues in previous research in  

					2024.21 Before the initiation of the infection protocol, fecal specimens  

					from all acclimatized mice were examined utilizing the Rapid  

					Diagnostic Test (RDT) Norovirus Kit (Bionevan Co. Ltd) to ascertain  

					their absence of Norovirus infection. The evaluation was performed by  

					procuring fecal specimens from each individual mouse within the entire  

					group. The frozen HuNoV suspension was thawed by centrifuging at  

					5,300 g for 5 minutes at 15°C. The virus was injected intraperitoneally  

					in the posterior quadrant of the abdomen at a dose of 1 cc of the HuNoV  

					suspension for all groups. Forty-eight hours after infection, a re-  

					Table 1: RT-PCR primers probe used for HuNoV strain GII screening  

					Genogroup  

					Primer of Probe  

					Primer COG2F  

					Sequence (5’→3’)α  

					Polarityb  

					Location  

					5003  

					CARGARBCNATGTTYAGRTGGATGAG  

					TCGACGCCATCTTCATTCACA  

					+

					-

					GII  

					Primer COG2R  

					5100  

					Primer RING-TP  

					FAM-TGGGAGGGCGATCGCAATCT-TAMRA  

					+

					5048  

					suspension in phosphate-buffered saline (PBS) was administered to all  

					mice in the K(+) and P1 groups via the intraperitoneal route. The initial  

					examination was conducted 48 hours post-infection using the RDT  

					Norovirus Kit, which yielded positive results. To further confirm the  

					Results and Discussion  

					A total of 21 BALB/c mice were utilized in this experimental research.  

					On the first day following the acclimatization period, 1 ml of HuNoV  
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					successful HuNoV infection in the mice, additional testing was  

					performed using RT-PCR on fecal samples collected from the mice. The  

					examination results indicated an increase in viral load, reaching 10^5 in  

					all fecal samples from the K(+) and P1 group, confirming that all mice  

					were infected with HuNoV (Table 2). The severity of diarrhea in the  

					mice was monitored starting from the first-day post-infection.  

					Measurement of diarrhea severity was conducted by observing feces  

					adhering to tissue paper placed at the bottom of the cage. In the K(+)  

					group, one day after infection, most mice exhibited diarrhea classified  

					as (+), while only one mouse showed symptoms in the (++++) category.  

					On the third day, one mouse succumbed, likely due to an inability to  

					withstand the high titers of Norovirus, resulting in severe diarrhea.  

					From that day onward, the severity of diarrhea in the remaining mice  

					continued to escalate.  

					Table 2. Summary of RT-PCR and RDT results  

					48h Post Infection  

					Day 8  

					Sample ID  

					RT-PCR  

					Viral Load  

					RT-PCR  

					Viral Load  

					Rapid Test  

					Rapid Test  

					Call  

					Call  

					*Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					***Pos  

					Pos  

					Neg  

					ND  

					ND  

					ND  

					ND  

					ND  

					ND  

					ND  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					**ND  

					ND  

					ND  

					ND  

					ND  

					ND  

					ND  

					K-1  

					K-2  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Neg  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					K-3  

					K-4  

					K-5  

					K-6  

					K-7  

					K+1  

					K+2  

					K+3  

					K+4  

					K+5  

					K+6  

					K+7  

					P1.1  

					P1.2  

					P1.3  

					P1.4  

					P1.5  

					P1.6  

					P1.7  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					10^5  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					10^5  

					ND  

					Pos  

					Pos  

					ND  

					ND  

					ND  

					ND  

					ND  

					ND  

					Pos  

					Pos  

					Pos  

					Pos  

					Pos  

					*ND = No viral load was detected  

					**Neg = Negative  

					***Pos = Positive  

					On the other side, the P1 group showed changes in fecal characteristics  

					within hours of infection, with some mice displaying semi-liquid  

					diarrhea (+++) and others presenting pale feces (++). The severity of  

					diarrhea increased until the second day after infection. Following the  

					administration of propolis on the third day, noticeable changes in fecal  

					characteristics began to emerge on the fourth day, with most mice  

					producing feces categorized as (++). By the day prior to sacrifice, all  

					mice in this group exhibited feces with characteristics classified as (+).  

					All observation data on the severity of diarrhea in the K(+) and P groups  

					are shown in Figure 1.  

					day. Such results highlight the antiviral properties of propolis in  

					mitigating viral replication within the host organism.  

					Propolis exerts an influence on viral replication by obstructing the entry  

					of viruses into host cells and by facilitating the degradation of RNA  

					prior to the entry of the virus.24 Propolis extracts have demonstrated  

					significant antiviral effects, notably against the SARS-CoV-2 virus,  

					which causes COVID-19, as well as considerable efficacy against  

					various respiratory viruses, including influenza, parainfluenza, and  

					rhinoviruses commonly associated with respiratory illnesses.12,13  

					Furthermore, a reduction in viral replication in SARS-CoV-2 infections  

					when treated with 80% extract from poplar propolis was identified by  

					Sberna and colleagues.25 In vitro research also found virucidal activity  

					of Brazilian green propolis extract against the ACV-resistant AR-29  

					HSV-1 strain (PE-8) infection.26  

					HuNoV infection has the potential to induce significant alterations in  

					the histological architecture of the human digestive system, primarily  

					due to the inflammation and cellular damage occurring at the  

					microscopic level within the affected tissues. To date, over 500  

					compounds in propolis have been successfully identified, each  

					possessing a diverse array of properties and health benefits.27 Phenolic  

					The rapid transmission rate of Norovirus with unavailable a vaccine  

					creates significant public health challenges. This research investigates  

					the impact of propolis administration on Norovirus viral load in mice  

					with diarrhea, aiming to comprehensively evaluate the potential of  

					propolis as a treatment option for diarrhea resulting from Norovirus  

					infection. Observations in the P group indicated a decrease in viral load  

					following the administration of propolis at a consistent dose over five  

					consecutive days. This finding suggests that propolis can effectively  

					inhibit viral replication, leading to a reduction in viral load by the fifth  
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					compounds, including flavonoids, exhibit antiviral properties that  

					contribute to the inhibition of viral replication within the host.  

					Figure 1: Diarrhea severity in mice. (left) group K(+), (right) group P (propolis intervention). Both in K(+) and P groups, one mice was  

					found death.  

					Note. Scale 1 indicates category (+), 2 (++), 3 (+++), and 4 (++++). H+1 - H+8 indicates the days after mice were infected with HuNoV.  

					This inhibition may occur through various mechanisms, including  

					biochemical interactions and cellular pathways that collectively work to  

					suppress viral proliferation and enhance the host's immune response to  

					invading pathogens. The components of propolis serve as a barrier that  
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