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					ABSTRACT  

					ARTICLE INFO  

					Phytotherapy is one example of an alternative therapy that is thought to help individuals with  

					chronic non-communicable illnesses. Moringa oleifera (Mo) is now being investigated in this area  

					for its total phenolic content and nutritional benefits. In addition to phenolic chemicals, there is a  

					lot of interest in the phytochemical makeup. The presence of isothiocyanates and glucosinolates  

					characterizes this composition. The extra sugar in the isothiocyanates produced by the  

					biotransformation of Moringa glucosinolates gives these bioactive chemicals stability over other  

					isothiocyanates derived from other crops. Isothiocyanates have been reported to be effective in  

					preventing and improving some chronic diseases such as obesity which has a fairly high  

					prevalence. Separation of Isothiocyanate compounds in Moringa tissue can be improved by certain  

					separation techniques, which are modified. This review aims to highlight certain separation  

					techniques and study the properties and potential use of Moringa isothiocyanate (MITC) as a drug  

					against obesity through various methods. MITC compound found in Moringa extract can reduce  

					liver fat accumulation, body weight, fat weight, and fat tissue estimation. In addition, MITC can  

					increase HDL levels while decreasing TC, TG, LDL, and VLDL. In addition, leptin, vaspin, and  

					resistin levels were all decreased by MITC.  
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					Introduction  

					Mo tolerates many different climate conditions, making it easier to  

					Life expectancy has increased significantly as a result of medical  

					improvements. By 2050, two billion individuals will be over the age of  

					sixty.1 Every five years, a twofold increase in age-related diseases like  

					Alzheimer's, cancer, and heart disease will coincide.2 This presents  

					issues, with an increasing number of degenerative diseases straining the  

					healthcare system, both socially and economically. As a result, attempts  

					must be made to intervene in the aging process and promote healthy  

					aging for the elderly population to remain productive. Several  

					hypotheses attempt to explain the mechanism of aging. Cellular  

					senescence, telomere shortening, chronic inflammation, increased  

					oxidative stress, stem cell depletion, diminished function, and mortality  

					are all consequences of the aging process.3 Senescence-associated  

					secretory phenotypes (SASPs) release inflammatory factors, including  

					nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB),  

					a crucial transcription factor, Tumor necrosis factor-alpha (TNF-α),  

					interleukin-1β (IL-1β), and interleukin-6 (IL-6).4 These can cause  

					chronic inflammation and a reduction in immunological function,  

					leaving the body unable to manage inflammatory factors as it ages.  

					Chronic inflammation related to cell aging occurs systemically.5  

					Moringa oleifera (Mo) is a tree from the Moringaceae family that  

					originated in the Himalayas of Northwest India. Because of its ability  

					to survive in tropical and subtropical temperatures, it has invaded  

					several locations.1  

					thrive even in harsh situations such as very high temperatures, and  

					locations with little snow. Long dry seasons don't harm moringa, and it  

					thrives in regions with annual rainfall between 250 and 1500 mm. It can  

					survive in clay-dominated soil although it prefers dry soil with a sandy  

					layer.2 Geographical location and growth characteristics must be  

					considered since they influence the chemical and phytochemical  

					makeup of the tree. So it is thought that Mo plants contain compounds  

					that are antioxidants in the leaves, seeds, stems and roots of the plant.3  

					Numerous investigations have shown that the active flavonoid and  

					polyphenolic components found in Mo extract include niazirin,  

					quercetin, cytokinin, and caffeoylquinic acid. According to research,  

					initial phytochemical analyses on Mo extracts contain steroids,  

					alkaloids, tannins, phenolics, saponins, and triterpenoids.4 Morphine is  

					an alkaloid chemical found in it.5 Mo contains niacin (Vit.B3) and  

					ascorbic acid (Vit. C).5,6 Nevertheless, most of its nutraceutical  

					qualities are connected to glucosinolates (GLS) and isothiocyanates  

					7

					(ITC). Mo glucosinolates have a sulfur-bound rhamnose moiety and  

					nitrogen in their chemical structure. When a plant is stressed or injured,  

					an endogenous enzyme called myrosinase hydrolyzes the GLS and  

					converts them into ITC. As it can activate detoxification enzymes,  

					MITC is a bioactive chemical that has demonstrated antioxidant and  

					anti-inflammatory action. 8  

					Within the past few decades, Mo has been considered a normal elective  

					treatment to anticipate the advancement of a few constant non-  

					communicable illnesses (NCDs) such as cancer, type 2 diabetes, joint  
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					pain, and cardiovascular diseases. The people have long utilized the  
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					Mo plant as a traditional medicine. Numerous types of research have  

					demonstrated that this plant is effective against a wide range of  

					illnesses, including obesity, diabetes, hepatitis, high blood pressure,  

					rheumatic medications, inflammation, lower back or kidney pain, anti-  

					inflammatory, hypertension, liver poison removal, gastrointestinal acid,  

					rheumatic joint pain, antibacterial, antifungal, heart-stirring tonic, and  

					even cancer and tumors.10 The World Health Organization (WHO)  

					projects that by 2023, 18% of individuals in developing nations who are  
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					over the age of 18 will be obese, and 60% of them will be overweight.  

					An abnormal build-up of body fat is the hallmark of obesity, a medical  

					disorder. A state of obesity when energy intake exceeds energy  

					expenditure. This causes an excessive amount of body fat to  

					accumulate. Adipose tissue, or fat-containing connective tissue, is  

					where body fat is kept. Numerous factors, including heredity, a poor  

					diet, and inactivity, can contribute to obesity. 11  

					chromatography. There are numerous ways to analyze the  

					isothiocyanate chemicals in moringa extract, including Liquid  

					chromatography-mass spectrometry (LC-MS), Electrospray ionization  

					mass spectrometers (ESI-MS), high-resolution fast-atom bombardment  

					mass spectroscopy (HRF-ABMS), Fast Atom Bombardment Mass  

					Spectrometry (FAB-MS) techniques. In addition, to analyze the  

					isolation results of ITC compounds Hydrogen-Nuclear Magnetic  

					Resonance (H-NMR) and Carbon-Nuclear Magnetic Resonance (C-  

					NMR) can be used to analyze the results. 8,23-34.  

					Mo plant has natural medical compounds that may have antiobesity  

					12  

					properties according to some studies that have been conducted.  

					Therefore, will examine the role of MITC as a natural medicine that  

					functions as a weight loss through various mechanisms.  

					Materials and Methods  

					Data Sources  

					Ideal Detailing Things for Precise Audit and Meta-Analysis, or  

					PRISMA, is the guide that manages this efficient survey. Every study  

					that was published between January 1, 2010, and January 1, 2024, is  

					included in this analysis. Google Scholar can be used for manual  

					searches, while PubMed and Scopus databases can be used to search for  

					English-language publications.3  

					Figure 2: (A) Chemical structure of several types of  

					isothiocyanates in nature; (B) Enzymatic conversion of Moringa  

					glucosinolate to Moringa isothiocyanate  

					The potential of Moringa Isothiocyanate (MITC) as an Antiobesity  

					Examination of lipid profiles, such as decreased levels of triglycerides  

					(TG), total cholesterol (TC), very low-density lipoprotein (VLDL), and  

					low-density lipoprotein (LDL), and increased levels of high-density  

					lipoprotein (HDL), is one of the methods often used in testing the  

					antiobesity effects of herbs. In addition, other measurements such as  

					body mass index (BMI), pancreatic lipase activity, adiposity index, and  

					weight of organs such as liver and other related organs are also taken.  

					Figure 1: Research flow diagram  

					Inclusion and Exclusion Criteria  

					32  

					Abstracts will be carefully assessed as a basis for considering full  

					publication. To ensure the originality of your work, you can use one of  

					the many online plagiarism detectors available. Applicable criteria  

					include academic work published in English between 2010 and 2023.  

					In vivo, in vitro and clinical research are included, while in silico  

					research and review articles are excluded. The focus of this research is  

					on moringa extracts containing isothiocyanate compounds, which are  

					relevant in obesity prevention investigations.  

					Figure 3 shows that Mo supplementation may have inhibited  

					pancreatic lipase, reducing the conversion of triglycerides to fatty acids.  

					There is substantial evidence that Mo can enhance the lipid profile by  

					boosting HDL levels while decreasing triglycerides, total cholesterol,  

					LDL, and VLDL. Mo extracts inhibit fat formation by increasing the  

					expression of lipolysis-associated proteins (ATGL) and decreasing the  

					expression of adipogenesis-associated proteins (PPARγ and FAS).  

					Furthermore, Mo was successful in lowering oxidation stress, lipid  

					peroxidization, protein oxidation, and inflammation by raising the  

					levels of antioxidant enzymes. In addition, Mo improved insulin  

					signaling and resistance while effectively reducing glucose absorption,  

					gluconeogenesis, and glucose tolerance. Mo further affected the satiety  

					Results and Discussion  

					The antiobesity properties and mechanisms of Moringa extracts have  

					been investigated in various studies. The research results selected for  

					qualitative synthesis are summarized and discussed in this section. The  

					research publications analyzed include clinical trials, in vivo  

					investigations, and in vitro studies. This qualitative synthesis refers to  

					studies regarding the isothiocyanate concentration of Moringa  

					(Moringa isothiocyanate/MITC), the potential antiobesity effect of  

					Moringa isothiocyanate, as well as the antiobesity mechanism of the  

					compound.  

					32  

					hormones, raising ghrelin levels while lowering leptin levels. The  

					investigations on the in vivo, in vitro, and clinical applications of  

					Moringa isothiocyanate’s antiobesity benefits are summarized in Table  

					2. Through a variety of processes, MITC, which can be derived from  

					the roots, leaves, seeds, and fruit of the Moringa plant, has the potential  

					to operate as an antiobesity agent (Figure 3 and Table 2).32  

					Table 2 shows that the isothiocyanates in moringa extract can  

					substantially lower body weight, adiposity index, fat weight, size of fat  

					tissue, and accumulation of liver fat. In addition, it can raise HDL levels  

					and lower TC, TG, LDL, and VLDL. 13,35-53  

					Isothiocyanate (ITC)  

					The isothiocyanate concentrations of known moringa components,  

					including leaves, roots, and seeds, are explained by this study.  

					Moringa's natural isothiocyanate components have functional groups (-  

					N=C=S).13 Glucosinolates can be converted to moringa isothiocyanate  

					(MITC) by the protein myrosinase. 8,14-15 The enzymatic transformation  

					strategy of moringa glucosinolates to isothiocyanate is depicted in  

					Figure 2, along with the chemical structures of commonly found  

					isothiocyanates in nature. 16-19  

					According to several earlier research, MITC has antibacterial,  

					antimicrobial, anti-inflammatory, anti-cancer, and anti-hypertensive  

					properties.20-23 Mo has a variety of isothiocyanate forms, as seen in  

					Table 1.  

					Antiobesity Mechanism of Moringa Isothiocyanate (MITC)  

					Research indicates that MITC is involved in the control of adipogenesis.  

					By lowering triglycerides, moringa isothiocyanate extract can prevent  

					adipogenesis. In addition, MITC was shown to inhibit lipase and α-  

					glucosidase in additional investigations. MITC can boost thermogenesis  

					while lowering lipid buildup and inflammation. Additionally, extract  

					lowers the level of lipids in cells and helps to activate heme oxygenase  

					1 (HO-1), an antioxidant and protective enzyme. It significantly reduces  

					the expression of molecules that play an active role in adipogenesis and  

					increases expressions of mediators involved in thermogenesis as well  

					as lipid metabolism.38,40,54  

					The ITC content has been evaluated using techniques like liquid or gas  
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					Table 1: Types of Isothiocyanates contained in Mo  

					S/N  

					1

					Extract  

					Mo Part/ Extraction  

					Method  

					Isothiocyanate Types  

					Analysis Method Reference  

					Methanol  

					Seeds, Leaves/  

					maceration and  

					isolation  

					4-(α -L-rhamnosyloxy)benzyl  

					isothiocyanate  

					LC-MS  

					24-25  

					4-(4’-O-acetyl-α-L-rhamnosyloxy) benzyl  

					isothiocyanate  

					4-(2’-O-acetyl-α-L-rhamnosyloxy) benzyl  

					isothiocyanate  

					4-(3’-O-acetyl- α-L- rhamnosyloxy) benzyl  

					isothiocyanate  

					2

					3

					4

					5

					Methanol:  

					Chloroform (1:1)  

					Methanol:  

					Chloroform (1:1)  

					n-Hexane  

					Seeds/ maceration  

					and isolation  

					Roots/ maceration  

					and isolation  

					Roots/ modified  

					maceration  

					Leaves/ modified  

					maceration  

					4-(α -L-rhamnopyranosyloxyl)benzyl  

					isothiocyanate  

					m-Tolyl isothiocyanate  

					FAB-MS, H-  

					NMR, C-NMR  

					FAB-MS, H-  

					NMR, C-NMR  

					ESI-MS  

					23  

					26  

					4-O-(α-L-rhamnopyranosyloxy)- benzyl  

					isothiocyanate  

					n-Hexane  

					4-O-(α-L-rhamnopyranosyloxy)- benzyl  

					isothiocyanate (Rhamno-ITCs)  

					Acetyl- isothiocyanate (Ac-ITCs)  

					4-[(α-L-rhamnosyloxy) benzyl]  

					isothiocyanate (MIC-1)  

					ESI-MS  

					ESI-MS  

					LC-MS  

					6

					7

					Ethanol: Water (4:1) Seeds/ maceration  

					27  

					8

					Water  

					Leaves/ minor  

					maceration  

					4-(α -L-rhamnosyloxy)benzyl  

					isothiocyanate  

					LC-MS  

					modifications and  

					isolation  

					4-(4’-O-acetyl-α-L-rhamnosyloxy) benzyl  

					isothiocyanate  

					8

					Methanol  

					Aquades  

					Aquades  

					Seeds/ maceration  

					and isolation  

					Seeds/ maceration  

					and isolation  

					Leaves/ maceration  

					and isolation  

					4-(α -L-rhamnosyloxy)benzyl  

					isothiocyanate  

					4-(α -L-rhamnosyloxy)benzyl  

					isothiocyanate  

					4-(α -L-rhamnosyloxy)benzyl  

					isothiocyanate  

					FAB-MS, H-  

					NMR, C-NMR  

					FAB-MS, H-  

					NMR, C-NMR  

					LC-MS  

					23  

					9

					10  

					28  

					benzyl isothiocyanate  

					11  

					Aquades  

					Fruits/ maceration  

					and isolation  

					4-(2’-O-acetyl-α-L-rhamnosyloxy) benzyl  

					isothiocyanate  

					HRFABMS and  

					NMR  

					29-30  

					4-(3’-O-acetyl- α-L- rhamnosyloxy) benzyl  

					isothiocyanate  

					12  

					13  

					14  

					Ethanol  

					Leaves/ maceration  

					and isolation  

					Roots/ maceration  

					and isolation  

					Seeds/ maceration  

					and isolation  

					4-(4’-O-acetyl-α-L-rhamnosyloxy) benzyl  

					isothiocyanate  

					4-(α -L-rhamnosyloxy)benzyl  

					isothiocyanate  

					4-(α -L-rhamnosyloxy)benzyl  

					isothiocyanate  

					HRFABMS and  

					NMR  

					HRFABMS and  

					NMR  

					HRFABMS and  

					NMR  

					31-32  

					33  

					Methanol  

					Methanol  

					29, 33  
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					Table 2: Antiobesity Effects of Moringa Isothiocyanate (MITC)  

					S/N Study  

					Type  

					Mo parts/  

					Samples  

					Treatments  

					+ HFD)  

					(MO Results  

					References  

					Components  

					1

					2

					Animal  

					Study  

					Leaves  

					Leaves  

					56 mature, healthy male albinos Mo compares a 500  

					Mo has antioxidant,  

					anti-lipidemic, and anti-  

					diabetic properties. Mo  

					may control blood  

					sugar, triglycerides,  

					total cholesterol, body  

					weight, and insulin.  

					35  

					Rats Wistar  

					mg/kg bw extract  

					dosage for a 4-week  

					course of therapy.  

					Animal  

					Study  

					50 mature Sprague-Dawley  

					albino rats  

					Mo is 200 mg/kg bw of Mo has a considerable  

					extract for 12 weeks.  

					36  

					weight-loss effect in  

					rats. Mo can help rats  

					with metabolic  

					syndrome with their  

					lipid profiles.  

					3

					4

					Animal  

					Study  

					Fruits  

					Rabbits  

					Mo 200 mg/kg/day BW Mo lowers the liver's  

					37  

					13  

					of methanol extract for  

					120 days  

					lipids levels.  

					Animal  

					Study  

					Leaves  

					50 male albino Wistar rats  

					Mo methanol extract  

					was given for eight  

					weeks at dosages of  

					250 and 500 mg/kg  

					BW.  

					Mo significantly  

					decreases LDL,  

					triglyceride, and total  

					cholesterol levels.  

					VLDL and markedly  

					elevated HDL levels.  

					Mo lowers the rise in  

					LDL, triglycerides, and  

					cholesterol brought on  

					by HFD and inhibits the  

					buildup of fat and  

					hypercholesterolemia.  

					Mo significantly  

					5

					6

					Animal  

					Study  

					Leaves  

					Leaves  

					20 male mice  

					The dose of 1% (g/kg)  

					petroleum ether extract  

					for 7 weeks of  

					38  

					39  

					treatment  

					Animal  

					Study  

					24 adult albino Wistar rats  

					Mo Methanol Extract  

					dose for 3 weeks: 200  

					and 400 mg/kg/day  

					decreases VLDL  

					triglycerides, HDL, and  

					total cholesterol while  

					raising HDL and  

					lowering BMI and  

					Lee's index.  

					7

					8

					9

					Animal  

					Study  

					Leaves  

					Leaves  

					Leaves  

					60 male mice  

					Doses of 125, 250, and  

					500 mg/kg of  

					petroleum ether extract  

					were administered for 6 lowers body weight,  

					weeks.  

					Mo can lower the levels 40  

					of LDL, triglycerides,  

					and fat tissue. It also  

					mesenteric fat weight,  

					fat tissue size, and  

					hepatic fat buildup.  

					There was a substantial  

					decrease in body  

					weight, organ weight,  

					total cholesterol,  

					triglyceride, and LDL  

					levels, but a rise in  

					HDL levels.  

					Animal  

					Study  

					50 adult male albino rats  

					36 male albino Wistar rats  

					Doses of 200 and 400  

					mg/kg of methanol  

					extract over 7 weeks.  

					41  

					37  

					Animal  

					Study  

					Doses of 150, 300, and  

					600 mg/kg of methanol considerably rose while  

					HDL levels  

					extract were  

					administered for 4  

					weeks.  

					body weight,  

					atherogenic index, total  

					cholesterol,  

					triglyceride, and LDL  

					levels were all greatly  

					decreased.  

					10  

					Animal  

					Study  

					Leaves  

					48 male albino rats  

					800 mg/kg bw of  

					extract equates to MO  

					for 8 weeks.  

					MO significantly  

					lowers total cholesterol  

					and triglyceride levels  

					and reduces oxidative  

					stress indicators  

					42  

					associated with  

					hyperglycemia.  
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					11  

					Animal  

					Study  

					Leaves  

					36 adult male Wistar rats  

					200 mg/kg BW of  

					ethanol extract Mo  

					Mo can raise HDL  

					levels while  

					43  

					administered for 6  

					weeks  

					considerably lowering  

					LDL, total cholesterol,  

					triglycerides, total  

					lipids, and the  

					atherogenic index.  

					Intracellular lipid  

					accumulation is greatly  

					reduced by an IC50 of  

					9.2 µg/mL (29.6 µM).  

					Mo has a significant  

					IC50 value of 437.1  

					µg/mL for pancreatic  

					lipase activity.  

					Mo showed a decrease  

					in the activity of the  

					pancreatic cholesterol  

					esterase.  

					12  

					13  

					14  

					Laboratory 4-(α -L-  

					study rhamnosyloxy)benzyl-  

					ITC  

					3T3-L1 adipocyte cells  

					Pancreatic lipase  

					Measurement of 3T3-  

					L1 adiposity cells'  

					inhibition of lipid  

					accumulation  

					Measurement of  

					inhibitory activity  

					44  

					45  

					46  

					Laboratory Leaves  

					study  

					Laboratory Leaves  

					study  

					Cholesterol esterase  

					Measurement of  

					inhibitory activity  

					15  

					16  

					Animal  

					Study  

					Seed  

					Root  

					48 Male Sprauge-Dawely rats  

					32 Albino rats  

					800 mg/kg bw Mo seed Mo significantly  

					47  

					48  

					oil extract  

					reduced leptin and  

					resistin levels.  

					Animal  

					Study  

					600 mg/kg bw of  

					Mo Extract improves  

					extract administered for and decreases food  

					12 weeks  

					consumption, BMI,  

					leptin, and resistin  

					levels. In addition, it  

					significantly increases  

					adiponectin levels.  

					Mo extract increased  

					the expression of the  

					adiponectin gene in  

					tandem with a drop in  

					body weight while  

					downregulating the  

					mRNA expression of  

					resistin and leptin.  

					17  

					18  

					Animal  

					Study  

					Root  

					32 adult Wistar rats  

					HCD intervention was  

					provided to rats and  

					treated with 600 mg/kg  

					bw of ethanol extract  

					Mo for 12 weeks  

					49  

					50  

					Animal  

					Study  

					Leaves  

					42 male Albino rats  

					Rats with HFD-induced Mo extract was able to  

					obesity and treated  

					with 400 mg/kg bw of  

					petroleum ether extract  

					extract Mo for 12  

					weeks  

					significantly decrease  

					the levels of leptin, and  

					vaspin.  

					19  

					20  

					Animal  

					Study  

					Root  

					Root  

					40 Adult rats (Enzyme activity  

					of paraoxonase and  

					arylesterase)  

					Obese rats received  

					600 mg/ kg bw for 12  

					weeks  

					Mo extract significantly 51  

					increased serum PON1,  

					TAS, CAT, and SOD  

					levels.  

					Animal  

					Study  

					78 adult Wistar rats  

					Diabetic rats received  

					15 g/kg bw for 4 weeks significantly increased  

					SOD, CAT, and GPx  

					Mo extracts  

					52  

					levels and able to  

					control insulin.  

					21  

					Animal  

					Study  

					Pod  

					50 Adult Sprague-Dawley rats  

					Diabetic rats received  

					200 mg/kg bw for 3  

					weeks  

					Mo extract significantly 53  

					reduced TC, TG, LDL,  

					and increased HDL  

					In addition, MITC (isothiocyanate from Moringa) regulates insulin  

					resistance and glucose uptake. In laboratory experiments, 3T3-L1  

					preadipocytes were used as a model, and at a concentration of 50  

					μg/mL, an increase in insulin-induced glucose uptake was shown.  

					Research using H4IIE rat hepatoma cells showed that MITC can inhibit  

					gluconeogenesis. In additional animal experiments, MITC was shown  

					to help prevent weight gain, lower blood glucose levels, and  

					significantly restore insulin levels to the normal range. Moreover,  

					MITC can increase the expression of genes related to antioxidant  

					defense, insulin signaling, and glucose tolerance.8,19,55-56  

					MITC regulates leptin, ghrelin, vaspin, and resistin levels. Many  

					hormones are regulated, which has an impact on obesity. Ghrelin and  

					leptin are two appetite-regulating hormones that may significantly  

					impact energy balance, appetite, food intake, and weight. 47,50  
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					Conclusion  

					Several in vivo and in vitro investigations have demonstrated the  

					antiobesity efficacy of Moringa Isothiocyanate (MITC), an  

					isothiocyanate chemical found in Moringa (Mo). Weight loss and lipid  

					profile improvement through decreased total cholesterol levels,  

					triglycerides, low-density lipoproteins, and very low-density  

					lipoproteins and increased levels of high-density lipoproteins and high-  

					density lipoprotein are mechanisms of antiobesity activity linked to this  

					potential. In addition, leptin, vaspin, and resistin levels are all decreased  

					by MITC. Through laboratory and animal studies, MITC has clearly  

					shown antiobesity potential. However, the available evidence regarding  

					MITC's effects on body mass index, total cholesterol, low-density  

					lipoprotein, and postprandial blood glucose only is very limited, as  

					these results are based on human clinical trials. Thus, clinical studies  

					investigating several pathways of moringa’s possible anti-obesity  

					effects in humans may be the focus of future studies.  
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