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					ABSTRACT  

					ARTICLE INFO  

					Single-form plants such as Garcinia mangostana, Moringa oleifera folium, and Phyllanthus niruri  

					herb showed immunomodulatory activity. Sefa-Fit or combination extract (CE) is a herbal product  

					that combines three plants (G. mangostana, M. oleifera, and P. niruri), expected to be used as an  

					alternative therapy for immune system disorders. This study aimed to evaluate the in vivo  

					immunostimulant efficacy of Sefa-Fit or combination extract (CE). The research used carbon  

					clearance (for phagocytosis test), antibody titre production using the SRBC (sheep red blood cell)  

					methods, and organ histopathology examination. The results showed that CE showed strong  

					immunostimulant activity based on the phagocytic index parameter at doses of 195 and 390 mg/kg  

					BW to be 1.55±0,08 and 1.51±0,05 (k>1.5). While the dose of 97.5 showed moderate  

					immunostimulant activity (k=1.48). Based on antibody titre testing using the SRBC method, all three  

					doses of CE showed higher antibody titres (1:512; 1:1054, and 1:512), respectively, than the negative  

					control (1:256). The organ histopathology tests showed that damage to the spleen, liver, and kidneys  

					was much less than the negative control (p<0.001). The CE contains secondary metabolites such as  

					the flavonoid, alkaloid, terpenoid, and saponin groups. These findings showed that CE can be  

					developed as an immunostimulant phytotherapy.  
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					Meniran herb has been proven to increase the function of both humoral and  

					cellular immune cells.7,8 Sefa-Fit is an herbal product that combines three  

					plants and is expected to be an alternative therapy for immune system  

					disorders. The explanation above shows that mangosteen peel, moringa  

					leaves, and meniran herb in a single preparation have been proven to have  

					immunomodulatory activity, especially as an immunostimulant.  

					However, until now, the activity and mechanism of action of the Sefa-Fit  

					as an immunomodulator, a herbal product containing a combination of the  

					three plants (mangosteen peel, moringa leaves, and meniran herb), are not  

					yet known. Traditional medicine is usually used with other drugs, which is  

					expected to increase pharmacological activity. Therefore, it is necessary to  

					investigate the immunostimulant activity of Sefa-Fit, which contains a  

					combination of mangosteen peel extract, moringa leaves, and meniran herb  

					on macrophage phagocytosis activity and antibody titre production.  

					Introduction  

					The increasing cases of HIV, autoimmune diseases, the development of  

					infectious diseases, and a stressful lifestyle can trigger immune disorders.  

					Therefore, an immunomodulatory agent is needed to help the immune  

					system. Public interest in using herbal immunomodulators to modulate the  

					immune system and prevent infection is increasing. Plant materials have  

					been shown to modulate and activate immune function.1,2 The advantages  

					of immunomodulators derived from natural ingredients are that they are  

					less toxic and do not show significant side effects. Plants in a single form  

					that has immunomodulatory properties include mangosteen rind (Garcinia  

					mangostana), moringa leaves (Moringa oleifera), and meniran herb  

					(Phyllanthus niruri). Mangosteen rind has been shown to increase the  

					production of cytokines and lymphocytes in peripheral blood mononuclear  

					cells, suppressing IL-2 production without disrupting the human immune  

					system.3 Moringa leaves can increase the secretion of immunoglobulins  

					(antibodies) and the proliferation of T lymphocytes and splenocytes in  

					mice induced by S. typhimurium.4,5 Supplementation of 1% to 2% Moringa  

					oleifera extract as prebiotic and 1% to 2% probiotic can enhance the  

					production performance of starter phase broilers compared to the control. 6  

					Materials and Methods  

					Sefa-Fit (combination extract of G. mangostana, M. oleifera, and P.  

					niruri) obtained from the SEFA Study Center, Faculty of Pharmacy,  

					UMS (Indonesia), carbon (Indian ink), gelatin, CMC Na, Levamisole  

					(Pharmaceutical grade, PT. Konimex, Indonesia), Methylprednisolone  

					tablet, 0.9% NaCl, Sheep Red Blood Cell obtained from the Sukoharjo,  

					Indonesia, EDTA (Titriplex III, Merck).  
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					Animals  

					Citation Sujono A T, Maryati M, Nugraheni Y A, Suhendi A, Yanuarsyah D  

					F, Sutrisna E, Wahyuni S A, SelvianaY, Dewi J P S. Immunostimulant Effect  

					of Combination Extract of Garcinia mangostana, Moringa oleifera, and  

					Phyllantus niruri based on Phagocytic Index and Titre Antibody Production  

					Healthy Balb/C mice 8-10 weeks old, weighing 20-30 g, were obtained  

					from the Faculty of Medicine UNS (Surakarta, Indonesia). The animals  

					were maintained under controlled light (12 h dark and 12 h light),  

					constant temperature (23±2oC), and constant relative humidity (55±5 %),  

					drinking water ad libitum, and fed standard rodent chow. Before the  

					research, animal tests were acclimatised for seven days.  
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					Ethical approval  

					negative control group: CMC-Na 0.5%, the positive control group  

					(immunostimulant) Levamisole 2.5 mg/kg BW, the positive control  

					group (immunosuppressant) Methylprednisolone 40 mg/kg BW and the  

					Sefa-Fit group (combination of extracts) in successive doses of 1 to 3.  

					Mice were given the test extract for 13 days orally. On the 3rd day, mice  

					were immunized with 10% SRBC antigen as much as 0.1 mL/10 g BW  

					intraperitoneally. Furthermore, mice blood was taken through the orbital  

					vein after Sefa-Fit administration on the 8th day to determine the primary  

					antibody titre. Mice were re-immunized with 10% SRBC the same day  

					after taking the primary antibody titre blood (day 8). Five days after the  

					second immunization (day 13), mouse blood was taken again to  

					determine the secondary antibody titre value.16 Mice blood was collected  

					in an Eppendorf tube and then centrifuged for 10 minutes at 4000 rpm.18  

					Serum was diluted twofold (1:2; 1:4; 1:8; 1:16; 1:32; 1:64; 1:128; 1:256;  

					1:512; 1:1024; 1:2048). Dilution was done by adding 50 µL of 0.9% NaCl  

					solution into a 96-well V-bottom microplate up to the 11th well. In the  

					1st well, 50 µL of serum was added, then 50 µL of the solution in the 1st  

					well was pipetted and transferred into the 2nd well. This step was carried  

					out up to the 11th well. In the 11th well, 50 µL of the solution was  

					discarded. After dilution, 50 µL of 1% SRBC was added to each well.  

					The 96-well V-bottom microplate was incubated at 37oC for 24 hours,  

					and haemagglutination was observed visually. 19 The antibody titre value  

					was determined at the highest serum dilution, which showed  

					The test protocol uses animals regarding the immunomodulatory activity  

					of Sefa-Fit (containing G. mangostana, M. oleifera, and P. niruri) was  

					approved by the Health Research Ethics Commission at Dr. Moewardi  

					Hospital with the number: 2.783/XII/HREC/2024.  

					Phytochemical screening  

					Alkaloid test  

					CE (0.1 g) was added to 10 mL chloroform and a few drops of ammonia.  

					The chloroform fraction was separated and H2SO4 was added, then  

					divided into 3 parts. It contains an alkaloid by the formation of a white  

					precipitate in the Mayer reagent, a brown colour precipitate in the  

					Wagner reagent, and a red precipitate in the Dragendorff reagent. 9,10  

					Flavonoid Test  

					CE (0.1 g) was mixed with 5 mL of distilled water and then filtered. Mg  

					powder, 1 mL of concentrated HCl, and 1 mL of amyl alcohol were added  

					to the filtrate. The mixture was shaken vigorously and allowed to  

					separate. The formation of a yellow, orange, or red colour on the layer of  

					amyl alcohol showed the presence of a flavonoid compound. 11  

					Saponins test  

					CE (0.1 g) was added to water and boiled for several minutes. After that,  

					it was filtered, and the filtrate was shaken vigorously. The presence of  

					stable foam showed saponin compounds for 10 min. 12  

					18  

					haemagglutination. For routine blood testing, serum taken from test  

					animals was subjected to routine blood haematology analysis in the form  

					of leukocyte levels using a Hematology analyzer (URIT 3000A, China)  

					at the time of blood collection on the 8th and 13th days. The spleen and  

					liver organs were taken and weighed to compare the increase in weight  

					of both organs after administration of the combination of extracts  

					between sample groups. This indicates an increase in the immune system  

					due to the administration of immunostimulants.  

					Tannins test  

					CE (0.1 g) was added to 5 mL distilled water and then filtered. 3 drops of  

					1% FeCl3 was added to the filtrate. The formation of a blue or greenish-  

					black colour indicated the presence of tannins tannins.13  

					Steroid and triterpenoid test  

					About 0.1 g of the extract was added to 5 mL of ethanol, then filtered and  

					evaporated to dryness. 1 mL of diethyl ether was added, followed by 1  

					mL of concentrated H2SO4, and 1 mL of anhydrous CH3COOH. The  

					presence of triterpenoids was indicated by purple or red colour formation,  

					while blue or green indicated steroids.13  

					Data analysis  

					The normality of the data on the phagocytic index, organ index, leukocyte  

					counts and histopathology organ of mice was tested using the Shapiro-  

					Wilk test, and the data homogeneity was tested using the Levene test  

					using IBM SPSS Statistic version 27. Because the data were not normally  

					distributed and/or homogeneous, non-parametric tests used the Kruskal  

					Wallis and the Mann-Whitney t-test with a 95% confidence level.  

					Test of immunomodulatory activity  

					Carbon clearance examination  

					Thirty mice were divided into 6 groups, namely negative control (CMC-  

					Na), positive control immunostimulant levamisole 2.5 mg/kg BW,  

					positive control immunosuppressant methylprednisolone 40 mg/kg  

					BW,14 a Sefa-Fit (consisting of G. mangostana, M. oleifera folium, and  

					P. niruri) at doses of 97.5; 195; and 390 mg/kg BW, respectively. The  

					treatment was given orally for 7 consecutive days. On the 8th day before  

					being induced with carbon suspension, 20 µL of blood samples were  

					taken from the mice at minute 0 (as a baseline). The mice were injected  

					with 0.1 mL/10 g BW carbon ink suspension intravenously through the  

					tail; then blood samples were taken through the tail at minutes 5, 10, 15,  

					20, and 30 minutes.15 About 20 µL of blood was collected in an EDTA  

					solution and lysed in 3 mL of 1% acetic acid solution; then, the sample  

					was measured for transmittance at 675 nm using UV-Vis  

					Spectrophotometer (UVmini-1240, Shimadzu). Phagocytosis activity  

					was determined by comparing the slope of the linear regression line from  

					100 % transmittance to treatment time in the control and test groups.16  

					The phagocytosis index that indicates immunomodulatory activity is if  

					the phagocytosis index value (k) <1.2, the extract has no  

					immunostimulant effect, 1.3-1.5 moderate immunostimulant effect and if  

					Results and Discussions  

					The results of the phytochemical screening test showed that combination  

					extract (CE) contained alkaloids, tannins, saponins, flavonoids, and  

					triterpenoids (Table 1).  

					The carbon clearance method can be used to evaluate non-specific  

					immune responses. Carbon acts as an antigen. It has a small molecular  

					weight and a stable particle size, so it does not clog blood vessels or  

					lungs.20 Due to its small molecular weight, Carbon must be suspended  

					with gelatin to increase its molecular weight and function as an antigen.  

					Carbon as a foreign object will be phagocytosed by leukocyte cells,  

					especially macrophages and neutrophils in the test animal's body. When  

					carbon is injected intravenously, it will be phagocytosed by  

					macrophages.  

					Table 1: Phytochemical screening of combination extract  

					(Garcinia mangostana, Moringa. oleifera, and  

					Phyllanthus niruri)  

					17  

					(k)>1.5, is said to have a strong immunostimulant effect. After mice  

					were sacrificed, the organs of the spleen and liver were taken and  

					weighed. The relative organ weights were calculated using equation 1.  

					Group of the chemical compound  

					Alkaloids  

					Results  

					+

					+

					+

					+

					+

					표푟푔푎푛 푤푒푖푔ℎ푡 (푔)  

					% Relative organ weight =  

					푥 100 (Equation 1)  

					Tannins  

					푚푖푐푒 푏표푑푦 푤푒푖푔ℎ푡 (푔)  

					Saponins  

					Antibody titre test  

					Sheep Red Blood Cells (SRBC) were prepared by collecting sheep blood  

					in an EDTA vacutainer tube (anticoagulant) and then centrifuging for 10  

					minutes at 3000 rpm. The supernatant in the form of plasma was  

					discarded while the platelets were washed 3-4 times with 0.9% NaCl  

					solution, as much as 3 times the volume of SRBC, resulting in 100%  

					SRBC. The test animals were divided into 6 groups using a completely  

					randomized design, each group consisting of 5 test animals, namely the  

					Triterpenoids and Steroids  

					Flavonoids  

					Note: + (positive): contains a group of chemical compounds  
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					Table 2: Average transmittance value (%) from 0 to 30 minutes in all treatment groups (n=5)  

					Groups  

					Minutes to :  

					Baseline (0)  

					70.57±0.90  

					71.03±0.62  

					70.20±0.67  

					70.96±0,69  

					70.30±0.65  

					68.74±0.50  

					5

					10  

					15  

					20  

					30  

					CMC Na  

					Levamisole  

					CE dose 1  

					CE dose 2  

					CE dose 3  

					MP  

					29.13±0.82  

					27.47±0,48  

					27.38±0.93  

					28.14±0.86  

					27.08±0.71  

					32,06±1.17  

					36.07±0.43  

					36.10±1.31  

					37.35±1.08  

					40.18±1.70  

					36.15±0.35  

					39.28±1.40  

					42.65±1.67  

					50.70±1.22  

					45.13±1.66  

					47.27±0.42  

					47.40±1.75  

					44.92±1.24  

					47.77±0.52  

					57.00±1.22  

					59.35±0.43  

					58.30±1.28  

					55.48±1.50  

					50.06±1.19  

					55.33±0.23  

					66.43±2.05  

					66.08±1.28  

					67.15±0.74  

					65.88±0.97  

					55.16±1.00  

					Note: MP (methylprednisolone 40 mg/kg BW), CE (combination of extracts consisting of G. mangostana, M. oleifera folium, and P.  

					niruri) doses 1,2,3 respectively (97.5; 195; and 390 mg/kg BW)  

					Table 3: Immunomodulatory activity of the combination extract (CE) on the non-specific immune response of normal mice using the  

					carbon clearance method  

					Groups  

					Dose (mg/kg)  

					Regression  

					coefficient (slope)  

					(Kr)  

					Correlation  

					Phagocytic index (k)  

					Classification  

					immunostimulating  

					effects  

					of  

					k=퐾푟 푡푟푒푎푡푚푒푛푡 푔푟표푢푝  

					coefficient (r)  

					퐾푟 퐶푀퐶 푁푎 푔푟표푢푝  

					CMC-Na  

					Levamisole  

					CE dose 1  

					CE dose 2  

					CE dose 3  

					MP  

					-

					-1.04±0.03  

					-1.59±0.07  

					-1.55±0.08  

					-1.62±0.08  

					-1.57±0.06  

					-0.92±0.02  

					0.97±0.01  

					0.93±0.01  

					0.98±0.01  

					0.96±0.01  

					0.97±0.01  

					0.95±0.01  

					1.00±0.03  

					1.52±0.07  

					1.48±0.08  

					1.55±0.08  

					1.51±0.05  

					0.88±0.02  

					-

					2.5  

					97.5  

					195  

					390  

					40  

					Strong  

					Moderate  

					Strong  

					Strong  

					Note:  

					MP  

					Immunosuppressant  

					(methylprednisolone 40 mg/kg BW), CE (combination of extracts consisting of G. mangostana, M. oleifera folium, and P. niruri)  

					doses 1,2,3 respectively (97.5; 195; and 390 mg/kg BW); index value (k)<1.2 has no immunostimulant effect, 1.3-1.5 has a  

					moderate immunostimulant effect and if (k) >1.5 indicates a strong immunostimulant effect 36  

					Table 4: Relative organ weights (spleen and liver) after 7 days of treatment of combination extract  

					Groups  

					Weight of mice (g)  

					Liver organ (g)  

					Spleen organ (g)  

					Organ Index  

					Liver (%)  

					5.19±0.35  

					4.62±0.15  

					4.91±0.28  

					4.97±0.13  

					4.87±0.15  

					4.90±0.18  

					Spleen (%)  

					0.52±0.05  

					0.60±0.03  

					0.58±0.03  

					0.81±0.13*  

					0.81±0.09*  

					0.50±0.03  

					CMC-Na  

					26.33±0.88  

					27.00±0.58  

					28.00±0.41  

					29.60±1.21  

					30.50±0.55  

					25.60±0.75  

					1.36±0.08  

					0.14±0.02  

					0.16±0.01  

					0.16±0.01  

					0.25±0.05  

					0.25±0.03  

					0.13±0.01  

					Levamisole  

					CE dose 1  

					1.25±0.02  

					1.38±0.10  

					1.48±0.10  

					1.49±0.07  

					1.25±0.05  

					CE dose 2  

					CE dose 3  

					Methylprednisolone  

					Note: CE (combination of extracts consisting of G. mangostana, M. oleifera folium, and P. niruri) doses 1,2,3 respectively (97.5; 195; and  

					390 mg/kg BW); * significantly different compared to the negative control (p<0.05), this experiment used 5 replicates in each  

					sample.  

					Table 5: WBC (leukocyte) and antibody titre results after administration of combination extract (CE) on humoral immune response  

					WBC Primary  

					(xퟏퟎퟑµl)  

					WBC Secondary  

					Primary antibody  

					titre  

					Secondary  

					antibody titre  

					1 : 256  

					Groups  

					(xퟏퟎퟑµl)  

					CMC-Na  

					6.67 ± 0.92  

					9.65 ± 1.17  

					1 : 512  

					Levamisole  

					CE dose 1  

					CE dose 2  

					8.7 ± 1.49  

					11.07 ± 0.96  

					15.15 ± 2.26*#  

					14.00 ± 3.11*#  

					1 : 128  

					1 : 512  

					12.10 ± 3.59*#  

					1 : 256  

					1 : 512  

					10.19 ± 3.69  

					1 : 512  

					1 : 1024  
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					CE dose 3  

					10.44 ± 1.39  

					6.43 ± 1.55  

					12.67 ± 3.02  

					7.83 ± 0.43  

					1 : 256  

					1 : 128  

					1 : 512  

					1 : 128  

					Methylprednisolone  

					Note: WBC (white blood cell/leukocyte); * significantly different compared to the negative control (p<0.05),  

					# Significantly different compared to methylprednisolone (p<0.05)  

					The rate of carbon elimination at minutes 0 to 30 can be seen in Table 2.  

					The results of the macrophage phagocytosis test using a combination of  

					extracts using the carbon clearance method are shown in Table 2). The  

					immunomodulatory activities of the extracts were classified according to  

					their phagocytic index (Table 3). As shown in Table 3 and Figure 1, the  

					CE showed efficacy as a strong immunostimulant at doses of 195 and 390  

					mg/kg BW and a moderate immunostimulant at 97.5 mg/kg BW. The  

					positive control, levamisole, showed a phagocytic effect (k>1.5).17 This  

					buttressed the fact that levamisole is an immunostimulant. While  

					methylprednisolone, as the positive control immunosuppressant, had a  

					phagocytic index value (k<1) that was indicated as an  

					immunosuppressant. CMC-Na as a suspending agent was chosen as a  

					negative control because it does not contain active substances so it cannot  

					provide pharmacological effects on test animals.21 Table 4 shows the  

					relative weight of lymphoid organs (spleen) and liver. As seen in Table  

					4, the group given a CE dose of 195 and 390 mg/kg BW showed an  

					increase in the relative weight of the spleen. The organ index of lymphoid  

					organs was measured because lymphoid organs are needed for the  

					maturation, differentiation, and proliferation of lymphocytes related to  

					the immune system response.22 The spleen is a secondary lymphoid  

					organ. Combination extract (CE) significantly increased spleen  

					lymphocytes.22 Both lymphocytes were classified as antibodies. In this  

					study, the parameters of lymphocyte testing were measured by testing the  

					antibody titre of each treatment group. The test results in this study  

					involved the reaction between B lymphocytes and 1% SRBC antigen.  

					The mechanism of antibody response will later act as an effector of the  

					adaptive immune response that will bind the antigen so that antigen  

					neutralization occurs. Then, macrophages will perform the antigen  

					elimination process through the phagocytosis process. Antibody titre  

					testing is determined by the Haemagglutination method, namely by  

					looking at the last or highest serum dilution on the microplate, which still  

					shows a Haemagglutination reaction, hereinafter referred to as the  

					antibody titre value. Haemagglutination occurs when there is a bond  

					between the antigen and the antibody, which will cause a clot at the  

					bottom of the microplate.24 The more antibodies that are formed, the  

					higher the dilution of the antibody titre produced. This is because the  

					amount of antibodies is directly proportional to the antibody titre value  

					produced. In this study, levamisole was used as a positive control. This  

					is evidenced by the levamisole group's primary and secondary antibody  

					titre values being higher than those of the CMC-Na and  

					methylprednisolone groups. The mechanism of action of levamisole is by  

					increasing T lymphocyte motility, increasing macrophage phagocytic  

					activity, and increasing antibody formation against various antigen  

					exposures.25 The increase in secondary antibody titres compared to  

					primary antibody titres is due to increased body immunity due to repeated  

					antigen exposure in the 10% SRBC reimmunization process on the 8th  

					day. The antibody titre test results in the methylprednisolone treatment  

					group had the same values between the primary and the secondary. This  

					is possible because methylprednisolone acts as an immunosuppressant to  

					suppress the immune system when antigen exposure occurs by inhibiting  

					lymphocyte differentiation and proliferation. Methylprednisolone also  

					interferes with intracellular communication between leukocytes and  

					lymphokine production (IL-1, IL-2, and TNF), disrupting macrophage  

					maturation.26,27 The results of the secondary antibody titre in all Sefa-Fit  

					dose treatment groups showed an increase compared to the primary  

					antibody titre. This is because the first exposure to the antigen that  

					triggers the formation of Immunoglobulin M (IgM) takes 5-7 days and its  

					affinity (the strength of the bond between antigen and antibody) is still  

					low, while the second exposure triggers the formation of  

					Immunoglobulin G (IgG) which takes less time, usually 1-3 days and its  

					affinity is more potent so that the resulting antibody titre will be higher.  

					It is known that Immunoglobulin M and G are antibodies produced by B  

					lymphocyte cells and will bind to antigens to form antigen-antibody  

					complexes for the antibodies to recognize them and call other immune  

					cells to eliminate the antigen. 28 Secondary antibodies have high antibody  

					titre and affinity values accompanied by a shorter lag phase than primary  

					antibodies because the primary immune response will quickly transform  

					and differentiate into memory cells.29 The study showed that the  

					combination of extracts had immunostimulant activity against specific  

					immune responses because the antibody titre results were higher than  

					those of negative and positive immunosuppressant controls. The  

					immunostimulant effect of Sefa-Fit may be due to the flavonoid,  

					xanthone, and carotenoid content contained in the extracts of Garcinia  

					mangostana, Moringa oleifera folium, and Phyllanthus niruri in the  

					product composition. Flavonoids increase the activity of T-helper 2 (Th2)  

					cells, which stimulates the production of IL-4 and IL-13 and helps the  

					proliferation and differentiation of B cells into memory cells and plasma  

					cells.30  

					Figure 1: Phagocytosis index by carbon clearance method.  

					** significantly different compared to negative control  

					(p<0.001), # not significantly different compared to negative  

					control (p>0.05), ns not significantly different between CE doses  

					1, 2, and 3 (p>0.05)  

					weight and organ index (p<0.05) compared to negative control.  

					Increasing the spleen organ index indicates a response to the proliferation  

					of lymphocytes (B and T cells), which play a role in the immune system.  

					B lymphocyte proliferation contributed to increased spleen weight  

					(73.3%). 23 In this study, the primary antibody titre was measured on day  

					8, while the secondary antibody titre was measured on day 13. Leukocyte  

					number measurements were performed on the 8th (primary leukocyte  

					number) and the 13th (secondary leukocyte number). The antibody titre  

					results that occurred in each treatment group are presented in Table 5. It  

					shows that the primary antibody titre in various Sefa-Fit (combination  

					extract) dose groups was higher than levamisole (positive control  

					immunostimulant) and methylprednisolone (positive control  

					immunosuppressant). The secondary antibody titre shows that all extract  

					combination groups have secondary antibody titres higher than the  

					negative control and positive control immunosuppressant, and the extract  

					combination dose groups 97.5 and 390 mg/kg BW were equivalent to the  

					levamisole group. The groups that increased their antibody titres were  

					levamisole, extract combination dose 97.5; 195; and 390 mg/kg BW. In  

					contrast, the treatment group given CMC-Na (0.5%), and  

					methylprednisolone did not experience an increase in antibody titres. The  

					immune response is played by the innate (primary) immune system  

					consisting of basophil, eosinophil, neutrophil, and macrophage cells, and  

					the adaptive (secondary) immune system consisting of T and B  

					Proliferation activity indicates that there is immune response activity in  

					the body. The content of active polysaccharide compounds in Moringa  

					oleifera leaf extract significantly increases the activity of NO release,  

					5

					which increases the phagocytic activity of macrophages. The increase  

					in the weight of the spleen organ indicates an increase in lymphocyte  

					proliferation, known in the immune system as B cells and T cells.23  

					Antibodies are formed and secreted by B cells in response to  
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					immunological antigens entering the body and playing a role in the  

					humoral immune response. In this case, the antigen is SRBC. The  

					increase in the weight of the spleen organ (Table 4) is in line with the  

					production of antibody titres (Table 5) after administration of the extract  

					combination. The normal range of leukocyte counts in Balb/c mice is 4 -  

					12 x 103µL. The primary leukocyte counts in all Sefa-Fit groups were  

					higher than the negative control CMC-Na and the positive control  

					methylprednisolone (Table 5). The One Way Anova test results  

					measuring primary leukocyte counts showed no significant difference  

					(p>0.05). In contrast, the secondary leukocyte count test obtained  

					significant results (p<0.05). The average secondary leukocyte count of  

					mice at all doses of Sefa-Fit was higher than the negative controls CMC-  

					Na and methylprednisolone. This shows that the administration of Sefa-  

					Fit supplements can have an immunostimulant effect. This proves that  

					administering Sefa-Fit (a combination of mangosteen peel extract,  

					moringa leaves, and meniran) can increase leukocyte count compared to  

					negative controls and even exceed secondary leukocytes in positive  

					immunostimulant controls. A preclinical in vivo study on P. niruri  

					showed its ability to stimulate the mitogenic activity of lymphocytes and  

					macrophages in test animals. The same study also reported that P. niruri  

					has immunosuppressive properties as an anti-inflammatory agent that can  

					suppress leukocyte production in test animals.7 However, other studies  

					have shown that P. niruri can be an immunostimulant by increasing  

					leukocyte numbers through a non-specific immune system response. The  

					content of Moringa oleifera extract has been shown to increase  

					leukocytes, neutrophils, and blood immunoglobulins in Balb/c mice.31  

					The significant increase in leukocyte numbers in secondary leukocyte  

					testing is likely due to the test animals having been twice exposed to the  

					antigen (SRBC 10%). The results of the linear regression test between  

					the dose of Sefa-Fit and the secondary leukocyte number showed a  

					significant negative correlation. This proves the influence of the Moringa  

					oleifera leaf extract content, namely quercetin. It is known that quercetin  

					compounds, a group of flavonoids, have anti-inflammatory activity to  

					inhibit the production of pro-inflammatory cytokines, namely NO and IL-  

					6.32  

					Table 6: Histopathology results of the spleen organs (mean ± SD) (n = 3)  

					Groups  

					Necrosis cell of the spleen  

					Total cell  

					damage  

					Normal cell  

					Pyknosis  

					Karyorrhexis  

					34.67±1.53  

					16.00±1.00  

					21.33±1.53  

					20.00±1.00  

					16.33±2.08  

					27.67±0.58  

					Karyolysis  

					5.00±1.00  

					4.00±1.00  

					4.33±0.58  

					5.00±1.00  

					6.00±1.00  

					6.00±1.00  

					CMC-Na  

					17.33±1.15  

					11.00±1.00  

					15.00±0.58  

					13.00±1.00  

					9.67±2.08  

					14.00±1.00  

					57.00±2.00  

					43.00±2.00  

					Levamisole  

					CE dose 1  

					31.00±2.00**  

					40.67±1.53**  

					38.00±2.65**  

					32.00±3.61**  

					47.67±1.53**  

					69.00±2.00**  

					59.33±1.53**  

					62.00±2.65**  

					68.00±3.61**  

					52.33±1.53**  

					CE dose 2  

					CE dose 3  

					Methylprednisolone  

					** Significant compared to negative control (p<0.001)  

					Table 7: Histopathology results of the liver organ (mean ± SD) (n = 3)  

					Groups  

					Necrosis cells of the liver  

					Total cell  

					damage  

					Normal cell  

					Pyknosis  

					Karyorrhexis  

					23.67±3.79  

					14.00±1.00  

					19.00±1.00  

					14.00±1.00  

					10.67±1.15  

					19.00±1.00  

					Karyolysis  

					CMC-Na  

					21.00±3.61  

					14.67±1.53  

					17.33±1.53  

					13.00±2.65  

					12.33±1.53  

					20.00±2.00  

					6.00±1.00  

					4.00±1.00  

					6.00±1.00  

					5.67±1.15  

					6.33±1.53  

					5.67±0.58  

					50.67±1.53  

					49.33±1.53  

					Levamisole  

					CE dose 1  

					32.67±1.53**  

					42.33±1.53**  

					32.67±1.53**  

					29.33±2.52**  

					44.67±2.08**  

					67.33±1.53**  

					57.67±1.53**  

					67.33±1.53**  

					70.67±2.52**  

					55.33±2.08**  

					CE dose 2  

					CE dose 3  

					Methylprednisolone  

					** Significant compared to negative control (p<0.001)  

					Table 8: Histopathology results of kidney organs (mean ± SD) (n = 3)  

					Groups  

					Necrosis cells of the kidney  

					Total cell  

					damage  

					Normal cell  

					Pyknosis  

					Karyorrhexis  

					33.00±2.65  

					19.00±3.00  

					26.33±1.53  

					19.67±1.53  

					20.50±0.71  

					31.67±1.53  

					Karyolysis  

					CMC-Na  

					13.67±1.53  

					8.33±1.53  

					11.67±1.53  

					14.67±2.52  

					9.50±0.71  

					10.33±2.08  

					6.00±1.00  

					5.00±1.00  

					5.67±1.53  

					5.33±0.58  

					4.50±0.71  

					5.67±0.58  

					52.67±2.08  

					47.33±2.08  

					Levamisole  

					CE dose 1  

					32.33±4.04**  

					43.67±3.51**  

					39.67±4.16**  

					34.50±0.71**  

					47.67±2.52  

					67.67±4.04**  

					56.33±3.51**  

					60.33±4.16**  

					65.50±0.71**  

					52.33±2.52  

					CE dose 2  

					CE dose 3  

					Methylprednisolone  

					** Significant compared to negative control (p<0.001)  
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					(A)  

					`

					(B)  

					(C)  

					Figure 2: Spleen organ (A), liver organ (B) and kidney organ (C)  

					with a magnification of 1000 times. Description: a. Normal cells, b. Pyknosis, c. Karyorrhexis, and d. Karyolysis  

					Figure 3: Number of cells damaged in the organs of the spleen (A), liver (B), and kidneys (C) after treatment with a combination of  

					extracts  

					** Significant compared to negative control (p<0.001)  

					The higher the dose of Sefa-Fit (combination extract), the greater the anti-  

					inflammatory effect and inhibition of leukocyte production in mice. As a  

					result, the physiological process of the mouse's body takes longer to  

					increase leukocyte production, and new leukocytes will be seen in  

					secondary immunity after the 2nd SRBC reimmunization. The liver has  

					various physiological roles, including synthesis and metabolism. In  

					addition, the liver is responsible for eliminating foreign objects from the  

					body, such as toxins. The liver is an organ that produces complement  

					proteins that play a role in the innate immune response, and Kuppfer cells  

					have a major role in eliminating antigens.33 The results of statistical tests  

					showed that giving a combination of extracts did not cause a significant  

					increase in the liver organ weight index (p> 0.05). However, this does not  

					indicate that every variation in the dose of Sefa-Fit (combination of  

					extracts) cannot increase the immune response. An increase in the liver  

					organ weight index can also be related to indications of toxicity given  

					herbal supplements. The spleen is an organ that plays a role in the process  

					of haematopoiesis and immunosurveillance. This organ is where the  

					primary and secondary immune systems work. The spleen has a structure  

					consisting of 2 zones, namely white pulp, which is the location where the  

					secondary immune system works, and red pulp, which is the location  

					where the primary immune system works, such as monocytes,  

					neutrophils, and dendritic cells. Red pulp is also responsible for  

					Pyknosis is cell damage characterised by the presence of black dots on  

					the cells, karyorrhexis is cell damage characterised by the disappearance  

					or fragmentation of the cell nucleus, karyolysis is the final stage of cell  

					damage that causes the cells to be unable to be stained. Based on the  

					results of organ histopathology, the liver is responsible for eliminating  

					foreign objects from the body, such as toxins. The liver is an organ that  

					produces complement proteins that play a role in the innate immune  

					response, and there are Kuppfer cells that have a major role in eliminating  

					antigens. 33  

					Microscopic results of histopathology of the spleen (Table 6), liver  

					(Table 7), and kidneys (Table 8) showed 2 differences in cells, necrotic  

					and normal. In the negative control group treated with only suspending  

					agent CMC Na, 0.5% of cells showed more damage compared to the  

					treatment group with both the positive control of the immunostimulant  

					levamisole and the combination of extracts at doses 97.5; 195, and 390  

					mg/kg BW. For the positive control group of immunosuppressants  

					(methylprednisolone), damaged kidney cells showed no significant  

					difference compared to the negative control. It is known that the  

					combination extract of mangosteen, moringa leaves, and meniran herbs  

					can reduce the number of cells damaged by exposure to antigens in the  

					form of SRBC.  

					Conclusion  

					destroying abnormal red blood cells. In addition, the spleen also works in  

					34  

					the maturation of IgG antibodies,  

					10% SRBC immunization given  

					Based on the phagocytic index, Sefa-Fit or combination extract (G.  

					mangostana, M. oleifera and P. niruri) at doses 195 and 390 mg/kg BW  

					showed strong immunostimulant activity (k>1.5). Three doses of  

					combination extract (CE) showed higher antibody titres than the negative  

					control. The results of the histopathology test of the organs, in the group  

					given the combination of extracts (CE) significantly reduced the amount  

					of cell damage in the spleen, liver, and kidney organs compared to the  

					negative control. The combination of mangosteen peel extract, moringa  

					leaves and meniran herb can be developed as an immunostimulant.  

					twice acts as an antigen that can induce antibody production, which can  

					later be measured as a parameter for increasing the immune system. The  

					selection of 10% SRBC as an agent to induce the immune response of  

					test animals because this agent has good immunogenic potential. The  

					limitation of this study is that antibody titre measurements were carried  

					out without replication, so the amount of data was only one in each group,  

					and statistical analysis could not be carried out. This is because the  

					availability of Balb/c mouse serum was limited.  

					The results of histopathological observations of the liver and kidney  

					organs microscopically are presented in Figure 2. There are 2 differences  

					in cells, namely necrotic cells and normal cells. But there are also, three  

					types of necrotic cells, namely pyknosis, karyorrhexis, and karyolysis. 35  
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