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					ABSTRACT  

					ARTICLE INFO  

					Moringa oleifera Lam leaves are traditionally used to alleviate inflammation and boost immunity.  

					The study aimed to evaluate the immunostimulatory effects of Moringa oleifera Lam leaf ethanol  

					extract in albino male mice (Mus musculus Linn) induced with the COVID-19 antigen. The study  

					measured T CD8+ cell levels, total leukocyte count, and relative lymph weight. Twenty-five male  

					mice were divided into five groups: group 1 (control, 0.5% Na-CMC suspension), group 2  

					(COVID-19 vaccine), and groups 3–5 (COVID-19 antigen and ethanol extract doses of 10 mg/kg  

					BW, 30 mg/kg BW, and 100 mg/kg BW). The extract was administered orally for seven days,  

					while COVID-19 antigen was injected intramuscularly on days 1 and 7. On day 8, T CD8+ cell  

					levels, total leukocyte count, and relative lymph weight were assessed. Results showed that the 10  

					mg/kg BW group achieved T CD8+ levels of 14.28 ng/L, total leukocytes of 8,095 mm3, and  

					relative lymph weight of 0.75. The 100 mg/kg BW group achieved T CD8+ levels of 21.85 ng/L,  

					total leukocytes of 11,117 mm3, and relative lymph weight of 0.95. There were significant  

					differences (p<0.05) were observed across groups, with the 100 mg/kg BW dose yielding the most  

					optimal results. The study concludes that Moringa oleifera Lam leaf ethanol extract effectively  

					enhances T CD8+ cell levels, total leukocyte count, and relative lymph weight in albino male mice  

					(Mus musculus Linn), demonstrating its potential as an immunostimulant.  
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					Cytotoxic T cells,  

					medicinal properties whose contents are beyond of those of plants in  

					general.7 The immune system provides body protection by fighting or  

					Introduction  

					The COVID-19 pandemic, which has spread worldwide,  

					including Indonesia, is caused by the Severe Acute Respiratory  

					Syndrome-Coronavirus 2 (SARS-CoV-2).1 This virus attacks the  

					human respiratory system, namely the cells lining the alveoli. This virus  

					contains several structural proteins, one of which is the spike (S)  

					protein, which covers the surface of SARS-CoV-2 and binds to the host  

					cell receptor angiotensin-converting enzyme 2 (ACE2) and then  

					mediates the entry of the virus into cell plasma. This protein will carry  

					out genetic and protein duplication to form new virions.2 Until June  

					2024, COVID-19 in Indonesia reached 1,368 cases.3 Therefore, people  

					need to maintain their immune systems not to contract the COVID-19  

					virus. The use of traditional medicine has increased after the COVID-  

					19 pandemic because it is widely used to improve the body's resistance.4  

					With so much biodiversity in Indonesia, it is not wrong to start  

					exploring local plants often found in the surrounding environment for  

					consumption.5 According to the Basic Health Research Report  

					(Riskesdas), in 2018, it was reported that as many as 49% of the  

					Indonesian population used herbal plants as traditional medicine. 6 One  

					type of plant that has the potential to provide benefits to the human  

					immune system is Moringa oleifera Lam. It is known as the “miracle  

					tree” because it has been proven to be a natural source nutrient with  

					eliminating pathogens in the human body, consisting of two categories:  

					the innate immune system, which is non-specific, and the adaptive  

					immune system, which is specific.8 CD8+ cells kill infected cells  

					influenced by stimuli from natural substances outside the body that can  

					act as immunomodulators.8 It is a specific compound that can affect the  

					quality and intensity of the immune response by stimulating  

					(immunostimulants), restoring immune system function (immune  

					restoration), or suppressing or normalising abnormal immune reactions  

					(immunosuppressants).9 Moringa oleifera Lam's activity as an  

					immunostimulant has been evaluated by investigating the impact on the  

					capacity of phagocytic macrophage cells and calculating the percentage  

					of leukocyte cells and the type of leukocyte cells.10 As an  

					immunostimulant, Moringa oleifera Lam leaf extract fights infections  

					and removes damaged cells from body tissues by increasing phagocytic  

					activity.11 The quercetin content in Moringa oleifera Lam leaves can  

					improve the activities of the immune system, by accelerating the  

					production of leukocytes and activating the lymphoid system to  

					increase antibody activity. It indicates the activation of immunological  

					reactivity to antigenic stimulation.12 In addition, pre-clinical studies  

					demonstrated that the use of Moringa oleifera Lam leaf extract is safe  

					for the liver and kidneys of albino male mice.13-14 Based on the  

					description above, this research was carried out to investigate the  

					activities of Moringa oleifera Lam leaf extract on T CD8+ cell activity  

					in male albino mice induced by the COVID-19 antigen in increasing the  

					body's defence system. Moreover, this research also measured the effect  

					of Moringa oleifera Lam leaf extract on the number of leukocytes and  

					weight of lymph organs. This research is expected to provide scientific  

					evidence regarding Moringa oleifera Lam leaf extract on CD8+ levels  

					and obtain pharmacological data as a basis for future studies.  
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					water, and incandesced in a crucible until the weight remained at  

					800±25℃ The acid-insoluble ash content of the air-dried material is  

					calculated with the following equation.29  

					Materials and Methods  

					Materials  

					Moringa oleifera Lam leaf, 70% distilled ethanol (Andalas Laboratory),  

					phytochemical reagents, quercetin standard, silica gel TLC plate, male  

					white mice (Mus musculus), standard mouse food, COVID-19 vaccine  

					(Indovac), Na CMC, aqua pro injection, distilled water (Andeska  

					Laboratory), ethyl acetate (Andeska Laboratory), n-hexane (Andeska  

					Laboratory), aluminium chloride 10%, sodium acetate 1 M, Turk's  

					solution and ELISA CD8+ kit (BT Lab).8,15  

					Acid insoluble ash content = w1-w0 x 100% ……………… (4)  

					w1-w0  

					Phytochemical screening of Moringa oleifera Lam. extract  

					Flavonoid examination  

					1 mL of extract was placed in a test tube and then a few drops of  

					concentrated HCl and a little Magnesium powder were added to it. The  

					orange-red to purple-red tint indicates that the extract contains  

					flavonoids.11  

					Sample Preparation and Identification  

					The sample used was Moringa oleifera Lam. leaf extract, obtained by  

					extracting the Moringa oleifera Lam. leaf taken in the Kuranji District  

					area, Padang City, West Sumatra (0°55'43.658"S, 100°24'0.637"E).  

					Sample identification was carried out at the ANDA Herbarium, Plant  

					Taxonomy Laboratory, Biology Department, Faculty of Mathematics  

					and Natural Sciences, Universitas Andalas, Padang, West Sumatra,  

					Indonesia, with letter number 603/K-ID/ANDA/IX/2023  

					Phenolic examination  

					1 mL of extract was placed in a test tube and then FeCl3 1% was added  

					to it. The formation of a blue-black colour characterises positive  

					results.11  

					Preparation of Moringa leaf ethanol extract  

					Saponin examination  

					One (1) kg of Moringa oleifera Lam leaf powder was macerated using  

					70% ethanol. The maceration process was carried out in a ratio of 1:10.  

					100 g of dried Simplicia powder containing 1 L of ethanol was added  

					to the macerator. The mixture was allowed to stand for the first six  

					hours, stirring occasionally, then for 18 hours. After maceration, the  

					mixture was filtered. The filtering process was carried out 3 times. The  

					macerate obtained in three repetitions was collected and then  

					evaporated using a rotary evaporator at 40℃ until a thick extract was  

					obtained.13  

					1 mL of test extract was placed in a tube and shaken vertically for 10  

					seconds. A stable foam formed indicates a positive test for saponins.11  

					Steroid and triterpenoid screening  

					The extract was dissolved in 3 mL of chloroform and then 2 mL of  

					anhydrous acetic acid and 2 mL of concentrated sulfuric acid were  

					added through the tube wall. A brownish or violet ring formed at the  

					restriction of two solvents, indicates the presence of triterpenoids, while  

					a bluish-green colour indicates the presence of steroids11.  

					Characterisation of Moringa oleifera Lam Extract  

					Organoleptic  

					The extracts obtained were tested organoleptically using observations  

					of the five senses, which described the extract's smell, shape, taste, and  

					colour.  

					Alkaloid screening  

					A few mg of extract was collected and a few drops of Wagner's reagent  

					were added to it. Positive results are characterised by the formation of  

					a brown precipitate11.  

					Preparation of experimental animals  

					Yield  

					The animals used were healthy, naïve 25 male albino mice aged 2-2.5  

					months, weighing 20-25 g. Before being used as experimental animals,  

					mice were acclimatised for 7 days to adjust to the environment.  

					Experimental animals were grouped into 5 groups of 5 mice in one  

					group.8  

					The yield was calculated by weighing the Moringa leaf crude drug  

					(Simplicia) to obtain mass (A), followed by weighing the obtained  

					extract to obtain mass (B).29 The yield can be calculated using the  

					formula below:  

					Yield = B x 100% …………………………………. (1)  

					A

					Dosage planning  

					The doses of Moringa oleifera Lam leaf ethanol extract used were 10  

					Determination of moisture content  

					mg/kg BW, 30 mg/kg BW, and 100 mg/kg BW.10  

					Approximately 10 g of extract was weighed in a pre-weighed container.  

					It was dried at 105℃ or 5 hours and weighed again. Subsequently, it  

					was again dried at 105℃ for 5 hours and reweighed. The process of  

					drying and weighing continued for 1 hour apart until the difference  

					between two consecutive weighing was less than 0.25%.29  

					Preparation of Moringa oleifera Lam leaf extract suspension  

					The extract was suspended in 0.5% Na CMC. Na CMC was weighed at  

					250 mg and then poured into a mortar with 10 mL of warm water. It  

					was mixed to give a homogeneous solution and made into a 50 mL  

					volume with distilled water. The extract was dissolved with 0.5% Na  

					CMC.15  

					Moisture content = (w1-w0) – (w2-w0) x 100% …………………. (2)  

					w1-w0  

					Grouping experimental animals  

					Determination of total ash content  

					Mice were divided into 5 groups, each consisting of 5 mice.16 Treatment  

					group:  

					2 - 3 g of the extract is weighed carefully and transferred into a crucible  

					that has been incinerated gently incandescent until the charcoal is  

					exhausted, cooled and weighed. When the charcoal is difficult to  

					remove, hot water is added, stirred, and filtered using filter paper and  

					the rest of the filter is put back in the same crucible. The filtrate was  

					placed into the crucible, steamed, and ignited until a constant weight  

					was obtained at 800 ± 25ºC. The ash content of the material dried in the  

					air was calculated from the following equation29.  

					Group I: Control (0.5% Na CMC suspension)  

					Group II: Disease control (COVID-19 vaccine)  

					Group III: COVID-19 vaccine and Moringa oleifera Lam leaf  

					ethanol extract suspension at a dose of 10 mg/kg BW  

					Group IV: COVID-19 vaccine and Moringa oleifera Lam leaf  

					ethanol extract suspension at a dose of 30 mg/kg BW  

					Group V: COVID-19 vaccine and Moringa oleifera Lam leaf ethanol  

					extract suspension dose 100 mg/kg BW  

					Total ash content = w1-w0 x 100% ………………………… (3)  

					w1-w0  

					The treatment was carried out for 7 days with the extract suspension  

					administered orally. On the first and seventh days, mice were given the  

					COVID-19 vaccine at a dose of 10, 30, and 100 mg/kg BW  

					intramuscularly. On the eighth day, the mice's blood was taken to  

					Determination of acid-insoluble ash content  

					The derived ash was boiled with 25 mL of dilute hydrochloric acid LP  

					for 5 minutes to determine the total ash content. The acid-insoluble part  

					was collected, filtered through ash-free filter paper, washed with hot  
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					measure CD8+ levels, and the total number of leukocyte cells, and the  

					mice were dissected to calculate the relative lymph weight.  

					Table 1: The total number of leukocytes of white male mice  

					administering Moringa oleifera Lam Leave Extract for 7th days  

					after being induced with COVID-19 Antigen  

					Calculation of CD8+ levels  

					On the eighth day, the animals were sacrificed, and the blood was taken  

					by guillotine (neck artery). After that, the blood was collected and  

					centrifuged for 30 minutes at 3000 rpm until serum was obtained. Then,  

					the serum was used to measure CD8+ levels using the ELISA method.  

					The results obtained involved a colour change, and the OD (optical  

					density) value was read using an ELISA reader. The OD value was used  

					to obtain the CD8+ concentration value.16  

					Group  

					Total Leukocyte Count / mm3  

					3,059 ± 265.53  

					Negative control  

					Positive control  

					5,254 ± 362.50  

					8,095 ± 352.11  

					Dosage 10 mg/kg BW  

					Percentage of leukocyte cells  

					Fresh blood from the carotid artery or neck artery was withdrawn with  

					a leukocyte pipette until the number 0.5 mL was then sucked with Turk's  

					solution until the number 11, then shaken for 1 minute. The first and  

					second drops were discarded, and one drop was placed in the  

					hemacytometer counting chamber. The fluid was left for 2 minutes for  

					the leukocytes to settle. The number of leukocytes was calculated using  

					the formula in the four corners of the counting room.17  

					Dosage 30 mg/kg BW  

					Dosage 100 mg/kg BW  

					9,177± 232.75  

					11,117 ± 203.56  

					activity and killing power will be maximised if they involve  

					complement antibodies.10,20The lymph organ is a place where B cells  

					(80%) gather, and this is where antigens interact with B cells, which  

					ultimately produce antibodies. Increasing the weight of the lymph nodes  

					shows that the specific immune system activity is rising. In this study,  

					we tried to observe the activity of Moringa oleifera Lam leaf extract on  

					the lymph organ.  

					Total number of leukocyte cells = number of leukocyte x 20...…..(5)  

					0.4  

					Determination of relative lymph weight  

					On day 8, when the mice had been dissected, the mice's lymph was  

					excised and weighed. Percent relative lymph weight was calculated  

					using the formula:17  

					11117.60  

					9177.20  

					12000.00  

					10000.00  

					8000.00  

					6000.00  

					4000.00  

					2000.00  

					0.00  

					8095.20  

					5254.40  

					3059.20  

					% Relative lymph weight = Lymph weight  

					Mice body weight  

					X 100…………. (6)  

					Results and Discussion  

					In this study, extract standardisation used specific and non-specific  

					characterisation and extract content testing methods. This test aims to  

					ensure that the extract obtained is safe and has guaranteed quality  

					according to standards.18 The extract obtained was 153.22 g (25.53%  

					yield). The extract obtained was standardised to ensure its quality. The  

					results of the organoleptic test showed that the extract was thick,  

					brownish-green in colour, and had a distinctive smell. The results of the  

					phytochemical test show that the Moringa oleifera Lam leave extract  

					contains alkaloids, phenolics, flavonoids, terpenoids, and steroids. Non-  

					specific standardisation was carried out for water content, total ash  

					content, and acid-insoluble ash content. The water content obtained was  

					9.73%, the total ash content was 1.38%, and the acid-insoluble ash  

					content was 0.63%. The thin-layer chromatography test results showed  

					that the extract's Rf value was 0.87. The total flavonoid test results  

					obtained was 6.56%.19 The chosen mice did not experience a 10%  

					change in body weight and showed normal behaviour.18  

					Figure 1: Correlation of dosage of Moringa oleifera Lam  

					Leave Extract administered for seventh days to Total Leukocyte  

					Count on white male mice induced with COVID-19 Antigen  

					In the lymph weight test, the mice's lymph was taken, and the relative  

					lymph weight percentage was calculated. In the statistical test results of  

					one-way analysis of variance, it was seen that the percentage of lymph  

					weight after administration of Moringa oleifera Lam leaf extract  

					increased significantly (p<0.05). The DMRT was conducted to  

					determine the differences in the effects of each dose. The results  

					obtained showed that there were real differences between dose groups,  

					with a dose of 100 mg/kg BW providing the best effect. According to  

					these results, it is known that immunostimulant influence is related to  

					lymph weight. An increase in the weight of the lymph organ can occur  

					due to an increase in the proliferative activity of lymphocyte cells. The  

					results of the examination of relative lymph weight are shown in Table  

					2, and the relationship between the dose of Moringa oleifera Lam leaf  

					extract and relative lymph weight is presented in Figure 2.  

					The administration of Moringa oleifera Lam leaf extract will stimulate  

					an increase in the weight of the lymph and thymus in healthy mice, and  

					the mice will experience immunostimulation. The increase in lymph  

					weight is caused by the proliferation of lymphocyte cells in the  

					lymphoid organ. Therefore, the results obtained by researchers follow  

					previous research that the administration of Moringa oleifera Lam leaf  

					extract can increase the lymph weight of male white mice  

					The first test was to determine the total leukocyte cells after the animals  

					were given moringa leaf extract for 7 days, with mice exposed to the  

					COVID-19 virus antigen. This was followed by the total number of  

					leukocytes using the counting room method with a hemacytometer. This  

					test was carried out to evaluate changes in the total number of leukocyte  

					cells when Moringa leaf extract was given. Moringa oleifera Lam leaf  

					extract effectively increases the total number of leukocytes, immune  

					cells that play a role in humoral and cellular responses. The examination  

					results are shown in Table 1, and the relationship between the dose of  

					extract given and the number of leukocyte cells is shown in Figure 1.  

					The result of the total number of leukocyte cells obtained was  

					significantly increased in animals that received Moringa oleifera Lam  

					extract (p<0.05). In addition, the Duncan Multiple Range Test (DMRT)  

					was carried out to determine the differences in the effects of each dose.  

					The results showed that 100 mg/kg BW extract was optimal for  

					increasing leukocytes.18 Total leukocyte cells need to be determined  

					because these cells play a critical role in extracellular infections, such  

					as bacteria. Bacterial infections can occur after exposure to the COVID-  

					19 virus. This infection occurs due to a decrease in the body's immune  

					system due to a viral infection, called a secondary infection. For this  

					extracellular infection, leukocyte cells are the leading killers, and their  
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					easily monitor cells for signs of infection. CD8+ T cells can also be  

					activated as effector T cells after direct encounter with antigens on  

					APCs and receiving signals from cytokines such as IL-2 IFNγ and TNF-  

					α released by CD4+ helper T cells.8,15  

					Table 2: The percentage of relative lymph weight of white  

					male mice administering Moringa oleifera Lam Leave Extract  

					for 7th days after being induced with COVID-19 Antigen  

					Group  

					% relative lymph weight  

					0.406 ± 0.036  

					40.00  

					35.00  

					30.00  

					25.00  

					20.00  

					15.00  

					10.00  

					5.00  

					33.26  

					Negative control  

					Positive control  

					23.26  

					21.85  

					20.71  

					0.642 ± 0.018  

					14.28  

					Dosage 10 mg/kg BW  

					Dosage 30 mg/kg BW  

					Dosage 100 mg/kg BW  

					0.741 ± 0.041  

					0.851 ± 0.034  

					0.00  

					0.950 ± 0.018  

					1.2  

					1

					0.95  

					0.851  

					0.75  

					0.648  

					0.8  

					0.6  

					0.4  

					0.2  

					0

					0.421  

					Figure 3: Correlation of dosage of Moringa oleifera Lam  

					Leave Extract administered for seventh days to total CD8+  

					cells on white male mice induced with COVID-19 Antigen  

					CD8+ (cytotoxic) T cells kill infected cells by producing enzymes that  

					can damage cells, such as perforin, granzyme, and granulysin. The  

					perforin enzyme can create holes or pores in cells so that they become  

					the entry point for granzyme into the cell. In contrast, the granzyme  

					enzyme itself can induce cells to undergo apoptosis (cell death). Then  

					granulysin, which acts like perforin, can create pores in cells, but the  

					impact it causes can kill infected cells. These responses are beneficial  

					for controlling viral infections, and despite these, cytotoxic/suppressor  

					T cells also regulate other immune responses by releasing soluble  

					factors that will act on B lymphocytes to produce antibodies.10,15,20  

					Figure 2: Correlation of dosage of Moringa oleifera Lam  

					Leave Extract administered for seventh days to Lymph Weight  

					on white male mice induced with COVID-19 Antigen  

					The results of the T CD8+ cell test showed that the average T CD8+  

					cell levels in mice given Moringa leaf extract increased. The highest T  

					CD8+ cell levels were found in the Moringa leaf extract group with a  

					dose of 100 mg/kg BW, indicating that this group had the most optimal  

					effect in increasing CD8+ levels compared to other groups. The results  

					of the CD8+ T cell measurement are shown in Table 3, and the  

					relationship between the dose of moringa leaf extract and the total  

					CD8+ T cells is shown in Figure 3. The statistical test results of one-  

					way analysis of variance, show that Moringa leaf extract increased  

					CD8+ levels significantly (p<0.05).  

					Conclusion  

					Administration of ethanol extract of Moringa oleifera Lam leaves had  

					a significant effect (p<0.05) as indicated by an increase in CD8+ levels,  

					an increase in the total number of leukocytes, and an increase in the  

					relative lymph weight of male white mice induced by the COVID-19  

					vaccine.  
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					Group  

					CD8+ levels (ng/L)  

					14.28 ± 2.50  

					20.71 ± 4.60  

					21.85 ± 4.41  

					23.26 ± 7.31  

					33.26 ± 4.00  
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