

  molecules-28-05867




molecules-28-05867







Molecules 2023, 28(15), 5867; doi:10.3390/molecules28155867




Review



Suppression of Inflamm-Aging by Moringa oleifera and Zingiber officinale Roscoe in the Prevention of Degenerative Diseases: A Review of Current Evidence



Nur Fatin Nabilah Mohd Sahardi[image: Orcid] and Suzana Makpol *[image: Orcid]





Department of Biochemistry, Faculty of Medicine, Universiti Kebangsaan Malaysia, Jalan Yaacob Latif, Bandar Tun Razak, Cheras, Kuala Lumpur 56000, Malaysia









*



Correspondence: suzanamakpol@ppukm.ukm.edu.my







Academic Editor: Artur M. S. Silva



Received: 16 June 2023 / Revised: 10 July 2023 / Accepted: 19 July 2023 / Published: 3 August 2023



Abstract

:

Inflammation or inflamm-aging is a chronic low-grade inflammation that contributes to numerous types of degenerative diseases among the elderly and might be impeded by introducing an anti-inflammatory agent like Moringa oleifera Lam (moringa) and Zingiber officinale Roscoe (ginger). Therefore, this paper aims to review the role of moringa and ginger in suppressing inflamm-aging to prevent degenerative diseases. Various peer-reviewed publications were searched and downloaded using the reputed search engine “Pubmed” and “Google Scholar”. These materials were reviewed and tabulated. A comparison between these previous findings was made based on the mechanism of action of moringa and ginger against degenerative diseases, focusing on their anti-inflammatory properties. Many studies have reported the efficacy of moringa and ginger in type 2 diabetes mellitus, neurodegenerative disease, cardiovascular disease, cancer, and kidney disease by reducing inflammatory cytokines activities, mainly of TNF-α and IL-6. They also enhanced the activity of antioxidant enzymes, including catalase, glutathione, and superoxide dismutase. The anti-inflammatory activities can be seen by inhibiting NF-κβ activity. Thus, the anti-inflammatory potential of moringa and ginger in various types of degenerative diseases due to inflamm-aging has been shown in many recent types of research.
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1. Introduction


Inflammation is a normal body response towards cellular injury or trauma that serves as a mechanism for eliminating noxious agents and damaged tissue. It also initiates tissue repair processes to maintain normal homeostasis in the body [1]. Inflammation related to the aging process is known as “inflamm-aging”. Inflamm-aging or chronic low-grade inflammation occurs concomitantly with the advancing of age. A previous study showed that inflamm-aging was associated with the accumulation of cytokines such as tumour necrosis factor alpha (TNF-α), interleukin 6 (IL-6), interleukin 1 alpha (IL-1α), and C-reactive protein (CRP) [2]. During inflammation, macrophages and monocytes are activated and release TNF-α and IL-6, which are essential to initiate the progression of systemic processes.



The inflammatory response can be categorised into two types, which are the acute inflammatory response and the chronic inflammatory response. An acute inflammatory response is one of the body’s innate defence mechanisms against infectious or non-infectious agents [3]. It occurs immediately but is non-specific. However, a chronic inflammatory reaction occurs when a critical inflammatory mechanism fails to remove the tissue injury or the pathogen penetrating the body [4]. Prolonged and persistent exposure to chronic inflammation could contribute to the progression of chronic conditions and serious adverse health outcomes, particularly cardiovascular disease, type 2 diabetes mellitus, Alzheimer’s disease, sarcopenia, and osteoarthritis [4]. The topic and scope of this paper were identified before the information collection process, followed by construction of the title of the manuscript. Then, all the previous studies reporting the subject matter within the scope of the review, including peer-reviewed publications, books, and monographs, were downloaded and retrieved from the reputable search engines “Pubmed” and “Google Scholar” using specific search terms or keywords. The previous research information was extracted and analysed before synthesising them into tables and figures. The results were summarised, and conclusions from this study were drawn based on the tabulated table.




2. Causes of Inflamm-Aging


Inflamm-aging can be triggered by several factors related to the changes during aging, such as an alteration in the redox balance, a decrease in effective autophagy, and an increment in senescence-associated secretory phenotype (SASP) [5]. An alteration in the cellular redox balance is associated with a higher level of oxidative stress. The body’s imbalance between the reactive oxygen species (ROS) level and antioxidant defence is known as oxidative stress [6]. ROS are standard side products of cellular metabolism. Excessive production of ROS can react with macromolecules such as nucleic acids, lipids, and proteins and later could contribute to DNA damage and cell membrane damage. ROS are produced from several origins, such as the mitochondria, the nicotinamide adenine dinucleotide phosphate (NADPH) pathway, and the cyclooxygenase (COX) pathway [7]. ROS are released through the mitochondrial electron transport chain in the mitochondria, which consist of complexes I, II, and III. As age advances, mitochondria become sluggish and produce less energy, resulting in mitochondrial dysfunction. ROS can also be produced from the NADPH pathway, which is essential for host defence and bacterial killing [8]. This occurs when phagocytes detect the presence of endogenous or exogenous danger in the body before it fuses with the plasma membrane to form a phagosome. The phagosome will undergo a phagocytic burst and release ROS.



Moreover, the COX pathway is vital in converting lipids using the cyclooxygenase-2 (COX-2) enzyme into prostaglandin H2 (PGH2) and releasing superoxides [9]. The accumulation of superoxides could result in the elevation of oxidative stress. Excessive ROS production triggers inflammasome formation before stimulating the nuclear factor-κβ (NF-κβ) pathway. Then, the stimulated NF-κβ initiates the inflammatory mediators, particularly IL-6, interleukin 1 beta (IL-1B), TNF-α, interleukin 2 (IL-2), and chemokines, which later cause an inflammatory response in the body.



Inflamm-aging is also associated with the poor functioning of autophagy. Autophagy is a cell mechanism that removes damaged proteins and large aggregates that undergo apoptosis or programmed cell death. Two major pathways are responsible for eliminating this cellular protein: the ubiquitin–proteasome system and the lysosome–autophagy system [10]. With increasing age, this mechanism is disturbed, accumulating damaged material in the body and reducing cellular efficacy. Sarcopenia is one of the diseases associated with autophagy dysregulation [11]. In sarcopenia, this dysregulation causes an accumulation of interferences with normal myofiber function, which contributes to the imbalance between protein production and degradation. Excessive autophagy in the muscle can cause protein degradation, resulting in cellular stress and loss of skeletal muscle mass [12]. However, insufficient autophagy in muscle contributes to the abnormal aggregation of misfolded proteins.



The high production of senescent cells also triggers inflamm-aging during aging. The two significant signs of cellular senescence are the generation of SASP, which causes the irreversible arrest of cell proliferation. Cellular senescence is a response to stress initiation via telomere attrition, genomic instability, protein misfolding, ROS production, and DNA damage, which are increased in older people [13]. During aging, the rate of SASP generation is higher than its clearance rate. Inflammation due to the presence of SASP contributes to several degenerative diseases, including atherosclerosis, cancer, and diabetes [14,15,16].




3. Mechanism of Inflammation


InflInflammation which is associated with high production of ROS, is initiated by tissue injury and infection, which later activate mast cells and tissue macrophages, contributing to the generation of inflammatory mediators, particularly vasoactive amines, chemokines, cytokines, and products of proteolytic cascades [17]. Lipopolysaccharides (LPS) function as cell signals which later activate the NFκB pathway [18] (Figure 1). The activation of the NF-κB pathway involves IkappaB kinase (IκB kinase) or IKK, which comprises IKKα and IKKβ [19]. Upon activation of NF-κβ by various stimuli, the IKK will interact with inhibitory IKβa and cause phosphorylation and degradation of IKβa. The phosphorylation and degradation of IKβa contributes to the displacement of NF-κB into the nucleus. Subsequently, activation of the target gene will occur, producing pro-inflammatory cytokines such as interferon-beta (IFN-β), IL-1, TNF-α, and IL-6. After that, COX-2 is released, and this COX-2 produces prostaglandin that promotes inflammation [20]. Continuous inflammation will trigger various degenerative diseases, including diabetes, cardiovascular disease, hypertension, etc.



These degenerative diseases can be prevented by introducing medicinal herbs or plants. Previous studies have shown that numerous medicinal herbs can be used as anti-inflammatory agents in preventing degenerative disease, including ginger, Moringa oleifera, Centella asiatica, palm oil, and others. Moringa and ginger have been consumed as a natural remedy from ancient times. Both herb plants are rich with numerous antioxidants that effectively work against multiple diseases and ailments. Therefore, this review will emphasize the effect of Moringa oleifera and ginger consumption as anti-inflammatory agents in preventing some degenerative diseases.




4. Moringa oleifera and Zingiber officinale Roscoe


Moringa (Moringa oleifera Lam) (MO) comes from the Moringaceae family, and the Moringa genus is among the Indian traditional herbs used widely for health benefits. This plant is also known as “the magic tree” among the local people, which is related to its ability to treat various types of diseases [21]. MO is also recognised as Mulangay, Horseradish tree, Benzolive, Mlonge, Drumstick tree, Saijihan, Sajna, Kelor, and Marango [22]. MO seed, root, leaves, and flowers are useful for medicinal purposes. MO is widely distributed in North West India, Africa, the Caribbean, South East Asia, and South America [21]. A previous study found that the MO plant has been used extensively in treating skin infections, diabetes, anaemia, hypertension, and other types of diseases. MO is rich in bioactive components, particularly beta-carotene, quercetin, phytol, myricetin, and moringine [23]. These bioactive compounds have contributed to several biological events through, for example, their antioxidant, anti-inflammatory, hepatoprotective, antidiabetic, antiproliferative and cardioprotective activities [24,25,26,27]. Chemical structures of the bioactive components of moringa are displayed in Figure 2.



Zingiber officinale Roscoe (ginger) is another medicinal herb studied as an anti-inflammatory agent in the pathogenesis of some degenerative diseases caused by inflammation processes [28]. Ginger, from the Zingiberaceae family and the Zingiber genus, is used as a spice or flavour in cooking. It is also used as a medicinal herb for treating numerous diseases, including hypertension, diabetes, migraine, nausea, cardiovascular disease and Alzheimer’s disease [29,30,31,32]. Ginger originated in tropical and subtropical Asia, China, Far East Asia, India, and Africa [33]. Ginger is composed of various types of bioactive components, including 6-gingerol, 6-shogaol, 8-gingerol, zingerone, and quercetin (Figure 3), which exhibit not only an anti-inflammatory effect but also antibacterial, anticancer, antidiabetic, gastro-protective, antioxidant, and neuroprotective effects [34,35,36]. A summary of the comparison between MO and ginger is shown in Table 1.




5. The Anti-Inflammatory Properties of Moringa oleifera and Ginger


In a previous study, several active compounds, particularly phenols, alkaloids, flavonoids, tannins, β-sitostenone, vanillin, β-sitosterol, moringine, moringinine and hydroxymellein, have been found to promote the anti-inflammatory property of MO [37]. β-Sitosterol, for example, can downregulate inflammatory cytokines, such as IL-6, interleukin 8 (IL-8) and TNF-α, together with induction of haem oxygenase-1 (HO-1), an anti-inflammatory protein [37]. In addition, the inhibition of NLRP3 inflammasomes and the production of active forms of pro-IL-1β and caspase-1 were demonstrated. In another study, quercetin reduced inflammation by inhibiting the action of NF-κβ and subsequent NF-κβ-dependent downstream events of inflammation [38]. This was supported by another study that found that MO significantly repressed the NF-κβ signaling pathway through upregulation of the inhibitor of κβ expression together with the downregulation of pro-inflammatory mediators [39]. Meanwhile, the active compound in leaves of MO significantly suppressed protein expression of inducible nitric oxide synthase (iNOS) β, COX-2 and nitric oxide (NO) and inflammatory markers induced by LPS, particularly prostaglandin E2 (PGE), IL-1β, TNF-α and IL-6 [40]. However, it increased the expression of interleukin 10 (IL-10) by inhibiting the signaling cascades activating NF-κβ. Tan et al. [41] demonstrated that the MO flower possesses the active compounds quercetin and kaempferol, which significantly reduce the generation of NO and downregulate the existence of pro-inflammatory (IL-1β, TNF-α, PGE2 and IL-6) and inflammatory (NF-κβ, COX-2 and iNOS) cytokines. However, this flower extract enhances the expression of IL-10 and the nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha (IκB-α), which are anti-inflammatory cytokines. The anti-inflammatory property of the flower extract was shown by preventing NF-κβ activation and translocation into the nucleus before inhibiting the production of various inflammatory proteins.



Meanwhile, for ginger, 6-shogaol, 6-paradol, and 1-dehydro-6-gingerol possess the most potent anti-inflammatory activity [42]. These active compounds significantly reduce TNF-α and trigger a decrement in the pro-inflammatory cytokines IL-6 and IL1-β [42]. Ginger has been proven to prevent the stimulation of neutrophils and macrophages and affect the migration of monocytes and leukocytes [42]. In another study, it was shown that active compounds such as phenolic acid and flavonoid acid reduced IL-10 levels; at the same time, they increased the expression of pro-inflammatory cytokines, particularly IL-1, IL-6, TNF-α, and interferon-gamma (IFNγ) [43]. The ginger extract has also been proven to increase inflammatory cytokines by impeding NF-κβ and decreasing PGE2, nitrite, and interleukin 8 (IL-8) levels [44]. This was in line with another study that demonstrated that gingerol and shogaol in ginger lowered the expression of the hepatic inflammation markers TNF-α and IL-6 via suppression of the NF-κβ activity [45]. Figure 4 shows the potential mechanism of ginger and MO in suppressing inflammation pathways.




6. The Role of MO and Ginger in Preventing Age-Related Degenerative Diseases


Since many age-related degenerative diseases are caused by inflammation, the function of MO and ginger as anti-inflammatory agents has been studied in vivo, in vitro, and in human studies. Numerous researchers have recognised the use of these medicinal herbs as anti-inflammatory agents in preventing degenerative diseases, especially neurodegenerative disease, cardiovascular disease, diabetes, and cancer.



6.1. Effect of MO and Ginger on Type 2 Diabetes Mellitus


The anti-inflammatory activities of MO have been seen to prevent type 2 diabetes mellitus [46]. The administration of a methanolic extract of MO to Wistar rats with nephrotoxicity induced by diabetes restored the typical unfavourable side effects caused by streptozotocin (STZ) by lessening the presence of TNF-α and IL-6 [47]. Furthermore, this extract significantly reduced malondialdehyde (MDA) levels and glutathione peroxidase (GPx) activity and increased catalase (CAT) activity, suggesting MO’s capability as an antioxidant agent. This was similar to the previous study by Kamaliani et al. [48]. They found that the aqueous leaf decoction of MO led to an upregulation of the mRNA expression of neurogenin 3 (Ngn3), vascular endothelial growth factor (VEGF), insulin like growth factor-1 (IGF-1), insulin promoter factor 1 (PDX-1), and glucose transporter 1 (GLUT-1) in diabetic rats. While fasting, blood glucose (FBG) and MDA levels were reduced after MO treatment. The histopathology of the liver, kidney, and pancreatic tissues of diabetic rats also improved with MO treatment. In another finding, MO leaves could reduce blood glucose, insulin, and TNF-α levels as well as follicle counts in a polycystic ovary syndrome (PCOS) diabetic mice model [49]. Moreover, in a study involving a high-fat-diet mouse model, moringa isothiocyanate-rich seed extract (MIC-1) reduced body weight, improved glucose tolerance, reduced inflammatory gene expression, decreased adiposity, and increased antioxidant gene expression [50]. These positive effects of MO were shown to occur through the activation of Nrf2, which is driven by MIC-1. In addition, they demonstrated that this MO extract inhibited gut microbiota, probably by reducing metabolic endotoxemia and enhancing metabolic health. Meanwhile, in a previous in silico study, Huang et al. [51] showed that the major bioactive compounds that improved insulin resistance in diabetes were glycosidic isothiocyanates and glycosidic benzylamines. These two types of bioactive compounds are involved in insulin related pathways and inflammatory responses by acting on tyrosine-protein phosphatase non-receptor type 1 (PTPN1), the proto-oncogene tyrosine-protein kinase (SRC), and caspase-3 (CASP3). MO extract treatment increased glucose uptake and modulated the expression of SRC and PTPN1.



Various studies have shown that ginger can be an anti-inflammatory agent in treating type 2 diabetes mellitus [52,53]. Carvalho et al. [54] found that the daily consumption of ginger in a 3-month human study reduced the level of triglycerides, fasting blood sugar, and LDL-cholesterol in patients with type 2 diabetes mellitus. Meanwhile, in an animal study, ginger extract ameliorated the hyperlipidaemia, hyperglycaemia, and kidney function of diabetic rats [55]. The histological alteration in the kidney due to diabetes was also minimised by ginger extract. After treatment with ginger extract, the levels of IL-6 and TNF-α were reduced, while the levels of cytochrome c and caspase-3 were increased. The increment in cytochrome C and caspase 3 indicated the ability of ginger extract to prevent apoptosis in the kidney of diabetic rats. In another animal study, it was found that treatment with ginger extract in a diabetic rat model led to the reduction in hippocampal and cortical MDA levels and improved catalase (CAT) activity [56]. It also increased the level of superoxide dismutase (SOD) and total thiols in cortical and hippocampal tissues, contributing to memory improvement in STZ-induced diabetes rats. A previous study also reported that ginger treatment in diabetic rats could improve glucose tolerance, insulin content, and gene expression of Claudin 3 and SOD1 [57]. It also reduced the expression of genes involved in mitophagy (LC3B, PINK1 and LC3B), biogenesis (TFAM and PGC-1α), mitochondrial fission (MFN1), fission (F1S1), and inflammation (NF-κβ).




6.2. Effect of MO and Ginger on Cardiovascular Disease


Current findings report that MO treatment positively affects cardiovascular disease. The administration of MO seed in spontaneously hypertensive rats displayed a protective effect against hypertension [58]. MO extract was reported to improve diastolic cardiac function by stimulating the peroxisome proliferator-activated receptor (PPAR)-α and -δ and plasmatic prostacyclin with decreased fibrosis in the left ventricle as well as reduced inter-septal thickness on the diastole relative wall thickness. It also lowered the level of triglycerides in the heart. Aju et al. [59] reported that the antioxidant potential of MO against oxidative stress in the heart was exhibited through the improved levels of plasma insulin, SOD, CAT, GPx, and glutathione reductase (GRD). MO treatment also led to the reduction in GSH, serum glucose, thiobarbituric acid reactive substances (TBARS), glycated haemoglobin, conjugated dienes (CD), and hydroperoxides (HP). A study by Randriamboavonjy et al. [60] demonstrated that consuming MO with food for 20 weeks reduced the circulating CRP and nitrites associated with the decrement in NF-κβ protein and iNOS expression. In addition, there was an upregulation in the expression of SOD and a reduction in the levels of circulating free 8-isoprostane, p47phox, and p22phox. Meanwhile, Saka et al. reported that MO seed oil significantly reduced cardiac lactate dehydrogenase (LDH), creatinine kinase (CK), and troponin levels, which induced cardiac injury in rats. Moreover, oral administration of this extract contributed to decreased cardiac levels of MDA and increased cardiac activities of SOD and GPx. The cardiac histomorphology also significantly improved with MO oil seed. In another study, MO seed improved aging-related endothelial dysfunction in Wistar rats [61]. The vascular protective effect of MO seed could be observed by the improved carbachol-induced relaxation in both mesenteric arteries and aortas. The improvement in the mesenteric arteries in terms of endothelial-dependent relaxation was associated with the endothelium-derived hyperpolarizing factor (EDHF)- dependent mechanism, while the improvement in the aorta was related to the activation of endothelial NO synthase, an increment in Akt signalling, and the downregulation of arginase-1.



Previous research also found that ginger’s anti-inflammatory properties protect against cardiovascular disease. A previous in vitro study demonstrated that ginger extract improved cardiovascular disease by inducing the relaxation of coronary arteries [62]. The ginger extract also increased vasoprotection by suppressing nitric oxide synthase and the COX pathway. These findings agreed with another in vitro study, which found that fresh ginger improved adenosine deaminase levels, ADP hydrolysis, and acetylcholinesterase activity in the lymphocytes of hypertensive rats [43]. In addition to the decline in interleukin 10 (IL-10), a concomitant increase in IL-6, IL-1, interferon-ϒ, TNF-α and serum butyrylcholinesterase activity and pro-inflammatory cytokine levels was seen in hypertensive rats. Additionally, ginger extract ameliorated ethanol-induced heart abnormalities in male Wistar rats. After six months of ginger treatment, there were significant decreases in the amount of 8-OHdG, β-myosin heavy chain (β-MHC) gene expression, and NADPH oxidase level [63]. However, the level of the paraoxonase enzyme increased significantly with ginger treatment.




6.3. Effect of MO and Ginger on Neurodegenerative Disease


Many findings have revealed the capability of MO to reduce inflammation in neurodegeneration-related diseases, especially Alzheimer’s disease (AD) and Parkinson’s disease. In AD, an animal study has shown that MO can be used as a prevention or treatment against oxidative stress and cognitive impairment [64]. In that study, MO extract was reported to reduce calpain activity, Hyc-induced tau hyperphosphorylation, and amyloid β (Aβ) production [64]. It restored the expression of some synaptic proteins (synaptophysin, PSD93, synapsin 1, and PSD95), which were reduced in Alzheimer-induced rats. The effect of MO on PD in in vitro studies can be seen through the activity of their active compound, isothiocyanate [65]. This active compound modulates the apoptotic and inflammatory pathways and oxidative stress in RAW 264.7 macrophages and a mouse PD model. For the inflammatory pathway, there was a reduction in the manifestation of TNF-α toll-like receptor 4 (TLR4) and IL-1β. In another in vitro study, the neuroprotective effect of MO leaf powder extract could be observed through antioxidative and mitochondrial regulation [66]. The MO extract increased the cell viability and reduced free radicals in a hydrogen peroxide (H2O2)-induced oxidative stress model in human neuroblastoma cells. It also improved the glutathione level and antioxidant enzyme activity and reduced the lipid peroxidation due to H2O2. MO extract inhibited mitochondrial dysfunction by regulating the calcium level and incrementing the mitochondrial membrane potential. The 70% ethanolic extract of MO seeds also displayed a neuroprotective property in a mouse model of cognitive impairment induced by scopolamine [67]. Treatment with MO seed led to an improvement in cholinergic reactivity and neurogenesis in the scopolamine-induced group. These changes were triggered by the enhancement of the cholinergic system and hippocampal neurogenesis by the Akt/ERK1/2/CREB signalling pathway. In a study by Onasanwo et al. [68], an MO-supplemented diet protected against the cortico-hippocampal neuronal degeneration associated with a scopolamine-induced spatial memory deficit in mice. The MO extracts reduced the levels of oxide-inflammatory stress markers such as MDA, nitrite, SOD and TNF-α, and restored cholinergic transmission (AChE) by inhibiting acetylcholinesterase and maintaining the neuronal integrity in mice brains.



Ginger also works effectively in neurodegenerative diseases. A previous study found that ginger extract contributed to the upregulation of brain-derived neurotrophic factor (BDNF) in an amnesia mouse model, which was triggered by the activation of protein kinase B/Akt as well as the cAMP-response element binding protein (CREB) signalling pathway [69]. Furthermore, Na et al. [70] found that ginger extract, especially 6-shogaol, showed both in vitro and in vivo neuroprotective effects in treating AD. Their in vitro study found that treatment with 6-shogaol inhibited the Aβ aggregation in HT22 cells, while the in vivo study demonstrated that 6-shogaol repressed the aggregation of Aβ in the animal brain, which indicates the potential of ginger in AD treatment. Another study supporting this found that ginger extract lessened memory impairment by inhibiting the neuronal cell loss and synaptic disruption caused by Aβ plaque aggregation [71]. In addition, 6-shogaol has been demonstrated to downregulate cysteinyl leukotriene 1 receptor (CysLT1R), a major factor in AD pathogenesis [72]. This downregulation contributed to the inhibition of CysLT1R/cathepsin B as well as reduced the Aβ deposition in the brain and ameliorated the behavioural deficits of the AD mice model.




6.4. Effect of MO and Ginger on Cancer


Moringa oleifera also works effectively as an anti-inflammatory agent in preventing cancer disease. Xie et al. [73] found that 4-[(α-L-Rhamnosyloxy)-benzyl] isothiocyanate (MIC-1) was an active substance in MO with anti-cancer activity. In an in vitro study, this active substance significantly inhibited the growth of five types of renal cell carcinomas, namely OSRC-2, 769-P, 786-O, SK-NEP-1, and ACHN cells. In 786-O and 769-P cells, MIC-1 inhibited cell migration and invasion, reduced the expression of matrix metalloproteinase (MMP)-9 and MMP-2, induced cell-cycle arrest and apoptosis, increased the Bax/Bcl-2 ratio, and decreased protein expression. Meanwhile, an in vivo study found that MIC-1 suppressed the growth of xenograft tumours and enhanced the Bax/Bcl-2 ratio in tumour tissues in mice. In another study, Siddiqui et al. [74] found that MO extract, particularly from the fruit part, promoted anti-proliferative activity against human hepatocellular carcinoma HepG2 cells by activating the caspase 3 enzyme and ROS-mediated apoptosis. In molecular docking analyses, they reported that active substances in MO fruit displayed drug-like candidates without any toxicity effect. The ability of MO leaves as an anti-cancer agent has also been demonstrated in a colitis-associated colon carcinogenesis model [75]. There was a decrease in lipid peroxidation and myeloperoxidase activity after treatment with MO. Pro-inflammatory cytokines in the serum, particularly IL-6, TNF-α, and IL-2, were significantly reduced in the colitis-associated colorectal cancer model. In human prostate PC-3 cancer cells, MO methanolic leaf extract promoted G0/G1 cell-cycle progression and apoptosis by downregulating the Hedgehog signaling pathway [76]. The downregulation of the Hedgehog signaling pathway could be observed via decreased mRNA expression of the GLI1 transcription factor and SMO protein. The findings by Mohd Fisall et al. [77] demonstrated that MO leaf extract induced early apoptosis and increased the expression of pro-apoptotic proteins, including Bax, caspase 8, and p53, in breast cancer cells.



Various studies have shown that ginger exhibits anti-inflammatory characteristics in treating cancer. A previous study reported that 6-gingerol repressed cell proliferation, enhanced the sub-G1 phase ratio, and depolarised the mitochondrial membrane potential of a human bladder cell line [78]. This active compound triggered cell death by downregulating B-cell lymphoma 2 (BCL-2) and survivin and upregulating the Bcl-2 associated X protein (Bax). The anticancer activity of 6-gingerol in this study was also demonstrated by the activation and regulation of caspase-3, caspase-9, and MAPKs. In another finding involving in vitro and in vivo studies, 6-shogaol was demonstrated to suppress cell migration and proliferation, which later contributed to cell-cycle arrest in the G2/M phase in cervical carcinoma cells [79]. Furthermore, 6-shogaol induced apoptosis via the mitochondrial pathway by downregulating the expression of p-Akt, p-mTOR, and Pl3K. Meanwhile, another in vivo finding demonstrated that 6-shogaol significantly inhibited cell proliferation and tumour growth in tumour tissues. Woźniak et al. [80] reported that 6-shogaol was able to improve the anticancer effect of chemotherapeutic agents, particularly 5-fluorouracil, oxaliplatin, and irinotecan, by increasing autophagy and apoptosis in colon cancer cells. In another study involving a mouse colorectal adenoma model, 6-shogaol treatment reversed the effect of Azoxymethane (AOM) and dextran sulphate sodium (DSS) in animal models by reducing colon weight, colon length, and the levels of NO, myeloperoxidase (MPO), H2O2, and TNF-α [81]. In contrast, levels of antioxidant enzymes such as SOD, CAT, glutathione (GSH), and glutathione S transferase significantly increased in the treatment group with 6-shogaol.




6.5. Effect of MO and Ginger on Kidney Disease


Many studies have reported MO as an anti-inflammatory agent in treating kidney disease. A study by Omodanisi, Aboua, and Oguntibeju [47] showed that MO displayed a high antioxidant capacity and improved the profile of serum biochemical markers, particularly SOD, CAT, GPx, GSH, and IL-6. Bioactive compounds in MO also contributed to a reduction in lipid peroxidation, decreasing MDA levels. Another finding supporting this study reported that MO could counteract the effect of the hepato-renal dysfunction induced by methotrexate and oxidative stress in mice [82]. They discovered that MO extracts reduced the amount of alanine aminotransferase (ALT), CAT, aspartate aminotransferase (AST), and SOD. MO also inhibits apoptosis by increasing the expression of XIAP (anti-apoptotic gene) and Bcl-2 and decreasing caspase 3 and Bax levels. Another study involving rats with acute kidney injury induced by glycerol showed that MO inhibited the expression of markers for inflammation, oxidative stress, and renal injury by modifying kidney injury molecule 1 (KIM-1) and NF-κβ signaling pathways [83]. The administration of MO leaf extract contributed to the reduced expression of IL-6, IL-1β, TNF-α, COX-2, and iNOS in renal tissue of type 2 diabetic mice [84]. The histopathological damage was diminished. In renal ischemia–reperfusion injury, MO extract has been shown to reduce the levels of advanced oxidation protein products (AOPP), MDA, protein carbonyl, creatinine and serum blood urea nitrogen (BUN) [85]. It also increased the activities of GPx and glutathione S-transferase (GST) while reducing the level of H2O2 and NO in renal tissue.



Ginger extract also exhibited the role of an anti-inflammatory agent in treating kidney-related diseases in an animal model. In a study using diabetic nephropathic rats, ginger alleviated the effect of hyperglycaemia induced by oxidative stress, apoptosis, and inflammation [55]. The levels of MDA, protein carbonyl, pro-inflammatory cytokines, caspase 3, and cytochrome c were reduced after treatment with ginger extract for six weeks. The ginger extract also minimised alterations in the diabetic rats’ kidneys. This was in line with another finding showing that ginger extract significantly ameliorated the alteration in kidney structure with the restoration of biochemical changes [86]. Research conducted by Rehman et al. [87] demonstrated that zingerone, a bioactive compound in ginger extract, reduced the level of inflammatory molecules, including TNF-α, IL-6, and IL-1β by delaying the stimulation of NF-κβ in streptozotocin/high-fat diet (STZ/HFD)-induced type 2 diabetic rats. The renal function of STZ/HFD rats also improved significantly, as shown by decreased KIM-1, creatinine, and BUN levels and suppressed expression of transforming growth factor beta (TGF-β) and lactate dehydrogenase (LDH). The anti-inflammatory effect of ginger extract was also observed in a study by Gabr et al. [88]. They found that renal toxicity induced by cadmium in rats decreased with ginger extract treatment. In this study, ginger extract was found to restore the total antioxidant content (TAC), renal function, histological changes, and maintenance of molecular DNA. This restoration was due to ginger’s free-radical scavenging and regenerative activities. This was reinforced by other research showing that treatment with ginger extract provides kidney protection against acute mercuric chloride intoxication [89].



Thus, MO and ginger can be utilised as substitute therapy to prevent degenerative diseases. Table 2 shows the current research findings (from in vitro, in vivo, and human studies) on the effects of MO in treating degenerative diseases. In contrast, the outcome of ginger treatment on degenerative diseases is shown in Table 3.





7. Conclusions and Perspective


In this paper, we reviewed the present evidence on the capabilities of MO and ginger in suppressing inflamm-aging to prevent degenerative diseases. Previous studies have revealed that prolonged exposure to inflammation, also known as inflamm-aging, could result in the pathogenesis of numerous degenerative diseases. Medicinal herbs like ginger and MO could prevent these degenerative diseases. The potential to prevent degenerative disease is associated with their active component activity. Many studies have shown that MO and ginger can reduce the level of inflammatory cytokines, including IL-6, TNF-α, IL-1, and MDA, indicating their potential to suppress inflamm-aging, thus proving that these medicinal herbs can reduce inflammation.



To date, no study has investigated the combined effect of MO and ginger on degenerative diseases. The current research investigated the effect of MO and ginger, separately, as inflammatory agents in preventing degenerative diseases. The combination of ginger and MO treatment may produce a synergistic effect in preventing degenerative disease. Hence, future studies should focus on elucidating the molecular mechanism of combined ginger and MO treatment in delaying aging and degenerative diseases.
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Figure 1. Mechanism of inflammation. Adapted from [17,18,19,20]. 
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Figure 2. Chemical structures of bioactive components of Moringa oleifera: (A) beta carotene, (B) quercetin, (C) phytol, (D) myricetin, and (E) moringine. 
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Figure 3. Chemical structures of bioactive components of ginger extract: (A) 6-gingerol, (B) 6-shogaol, (C) zingerone, (D) quercetin, and (E) 8-gingerol. 
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Figure 4. Mechanism of moringa and ginger in preventing inflammation. Adapted from [38,42]. 
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Table 1. The comparison between moringa and ginger.
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	Items
	Moringa
	Ginger
	References





	Scientific name
	Moringa oleifera Lam
	Zingiber officinale Roscoe
	[21,34]



	Family and genus
	Moringaceae family and Moringa genus
	Zingiberaceae family and Zingiber genus
	[21,34]



	Plant parts
	Seed, root, leaves and flower
	Rhizome
	[22,35]



	Bioactive compounds
	Beta-carotene, quercetin, phytol, myricetin and moringine
	6-gingerol, 8-gingerol, 6-shogaol, quercetin, and zingerone
	[22,35]



	Biological activities
	Anti-inflammatory, antioxidant, hepatoprotective, antidiabetic, antiproliferative and cardioprotective activities
	Anti-inflammatory, antibacterial, anticancer, antidiabetic, gastro-protective, antioxidant, and neuroprotective effects
	[24,25,26,27,34,35,36]










[image: Table] 





Table 2. The effects of moringa on degenerative diseases from in vitro, in vivo, and human studies.
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Related Disease

	
Constituent

	
Study Type

	
Potential Mechanism

	
References






	
Diabetes mellitus type 2

	
Methanolic extract of Moringa oleifera

	
In vivo study

	

	
Adverse effects caused by STZ were restored by reducing IL-6 and TNF-α levels.



	
Reduced the activities of MD and GPx.



	
Increased the activity of catalase.






	
[47]




	
Moringa oleifera leaf

	
In vivo study

	

	
Reduced the levels of blood glucose, insulin, and TNF-α, and reduced follicle counts in a PCOS diabetic model.






	
[49]




	
Aqueous leaf decoction of Moringa oleifera

	
In vivo study

	

	
Upregulated the mRNA expression of Ngn3, VEGF, IGF-1, PDX-1 and GLUT-1.



	
Reduced the FBG and MDA levels.



	
Improved alteration of the histopathology of liver, kidney, and pancreas tissues in diabetic rats.






	
[48]




	
Moringa oleifera isothiocyanate-rich seed extract

	
In vivo study

	

	
Reduced body weight.



	
Improved glucose tolerance.



	
Reduced inflammatory gene expression.



	
Decreased adiposity.



	
Increased antioxidant gene expression.



	
Inhibited gut microbiota.






	
[50]




	
Moringa oleifera seed

	
In silico study

	

	
Improved insulin resistance.



	
Modulated the insulin-a-related pathway and inflammatory response by acting on tyrosine-PTPN1, proto-oncogene SRC, and CASP3.






	
[51]




	
Cardiovascular disease

	
Moringa oleifera seed

	
In vivo study

	

	
Improved cardiac diastolic function, the appearance of pPPAR-α and δ, and plasmatic prostacyclin.



	
Reduced fibrosis in the left ventricle and reduced left ventricular anterior wall thickness, interseptal thickness on diastole relative wall, and cardiac triglyceride level.






	
[58]




	
Moringa oleifera seed

	
In vivo study

	

	
Reduced the levels of circulating CRP and nitrites.



	
Decreased NF-κβ protein and iNOS expression.



	
Reduced the level of circulating free p22phox, 8-isoprostane and p47phox expression.



	
Upregulated SOD.






	
[60]




	
Moringa oleifera leaf extract

	
In vivo study

	

	
Improved the levels of plasma insulin, SOD, CAT, GPx, and GRD.



	
Reduction of GSH, serum glucose, TBARS, glycated haemoglobin, CD, and HP levels.






	
[59]




	
Moringa oleifera seed oil

	
In vivo study

	

	
Reduced cardiac lactate dehydrogenase (LDH), creatinine kinase (CK,) and troponin levels.



	
Decreased cardiac level of MDA.



	
Increased the cardiac activity of SOD and GPx.



	
Improved cardiac histomorphology.






	
[90]




	
Moringa oleifera seed oil

	
In vivo study

	

	
Improvement of carbachol-induced relaxation in both mesenteric arteries and aortas.



	
Association of mesenteric arteries with an EDHF-dependent mechanism.



	
The aorta related to the activation of endothelial NO synthase, increment in Akt signalling and downregulation of arginase-1.






	
[61]




	
Neurodegenerative disease

	
Moringa oleifera leaf powder

	
In vivo study

	

	
Reduced calpain activity, Hyc-induced tau hyperphosphorylation and Aβ production.



	
Restored levels of synaptic proteins (Synaptophysin, PSD95, Synapsin 1 and PSD93).






	
[64]




	
Moringa oleifera active compound; isothiocyanate

	
In vitro and in vivo study

	

	
Modulated the apoptotic and inflammatory pathways and oxidative stress.



	
Reduced the manifestation of TNF-α, TLR4, and IL-1β.






	
[65]




	
Moringa oleifera leaf

	
In vitro study

	

	
Increased the cell viability



	
Improved the glutathione and antioxidant enzyme levels and reduced lipid peroxidation.



	
Inhibited mitochondrial dysfunction through regulating calcium levels and increment in mitochondrial membrane potential.






	
[66]




	
Moringa oleifera seed

	
In vivo study

	

	
Improved cholinergic reactivity and neurogenesis in the scopolamine-induced group.



	
Improved cholinergic system and hippocampal neurogenesis involving the Akt/ERK1/2/CREB signalling pathway.






	
[67]




	
Moringa oleifera extract

	
In vivo study

	

	
Reduced MDA, nitrite, SOD and TNF-α.



	
Restored cholinergic transmission by inhibiting acetylcholinesterase and maintaining the neuronal integrity in mice brains.






	
[68]




	
Cancer

	
Moringa oleifera active compound; 4-[(α-L-Rhamnosyloxy) benzyl] isothiocyanate

	
In vitro and in vivo study

	

	
Inhibited the growth of five types of renal cell carcinoma.



	
Inhibited cell migration and invasion.



	
Reduced the expression of MMP-9 and MMP-2.



	
Induced cell cycle arrest and apoptosis.



	
Increased the Bax/Bcl-2 ratio.



	
Decreased protein expression.



	
Suppressed the growth of xenograft tumours in mice and enhanced the Bax/Bcl-2 ratio in tumour tissues.






	
[73]




	
Moringa oleifera fruit

	
In vitro study

	

	
Activation of caspase 3 enzyme and ROS-mediated apoptosis.



	
Molecular docking analyses revealed drug-like candidates that did not exhibit any toxicity effect.






	
[74]




	
Moringa oleifera leaf

	
In vivo study

	

	
Decreased lipid peroxidation and myeloperoxidase activity.



	
Reduced pro-inflammatory cytokines TNF-α and IL-2.






	
[75]




	
Moringa oleifera methanolic leaf extract

	
In vitro study

	

	
Promoted G0/G1 cell-cycle progression and apoptosis through downregulation of the Hedgehog signalling pathway.



	
Decreased mRNA expression of the GLI1 transcription factor and SMO protein.






	
[76]




	
Moringa oleifera methanolic leaf extract

	
In vitro study

	

	
Induced early apoptosis.



	
Increased the expression of pro-apoptotic proteins, including Bax, caspase 8, and p53.






	
[77]




	
Kidney disease

	
Moringa oleifera leaf extract

	
In vivo study

	

	
Possessed high antioxidant capacity.



	
Improved levels of CAT, SOD, GSH, GPx, and IL-6.



	
Reduced MDA level.






	
[47]




	
Moringa oleifera leaf extract

	
In vivo study

	

	
Reduced the levels of AST, ALT, catalase, and SOD.



	
Increased expression of the XIAP and Bcl-2 genes.



	
Decreased Bax and caspase 3 levels.






	
[82]




	
Moringa oleifera stem extract

	
In vivo study

	

	
Inhibited oxidative stress and inflammation markers.



	
Modified NF-κβ and KIM-1 signalling pathways






	
[83]




	
Moringa oleifera leaf extract

	
In vivo study

	

	
Reduced expression of IL-6, IL-1β, TNF-α, COX2, and iNOS.



	
Restored histopathological damage.






	
[84]




	
Moringa oleifera leaf extract

	
In vivo study

	

	
Reduced the MDA amount, advanced protein product oxidation, and protein carbonyl, serum blood urea, and creatinine levels.



	
Increased the activities of GPx and GST.



	
Decreased the level of H2O2 and NO in renal tissues.






	
[85]
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Table 3. The effects of ginger on degenerative diseases from in vitro, in vivo and human studies.
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Related Disease

	
Constituent

	
Study Type

	
Potential Mechanism

	
References






	
Diabetes mellitus type 2

	
Ginger extract

	
Human study

	

	
Reduced the levels of triglycerides, fasting blood sugar, and LDL-cholesterol.






	
[54]




	
Ginger rhizome extract

	
In vivo study

	

	
Ameliorated hyperlipidaemia, hyperglycaemia, and kidney function.



	
Minimised the histological alteration in the kidney due to diabetes.



	
Reduced the levels of IL-6 and TNF-α.



	
Increased the levels of cytochrome c and caspase-3.






	
[55]




	
Ginger extract

	
In vivo study

	

	
Reduced the level of MDA in hippocampal and cortical tissues and improved the level of CAT.



	
Increased the levels of SOD and total thiols in cortical tissues and the hippocampus.






	
[56]




	
Gingerol-enriched ginger

	
In vivo study

	

	
Improved glucose tolerance and increased the insulin content and gene expression of Claudin 3 and SOD1.



	
Reduced the gene expression for pathways involved in mitophagy (LC3B, PINK1 and LC3B), biogenesis (TFAM and PGC-1α), mitochondrial fission (MFN1), fission (F1S1), and inflammation (NF-κβ).






	
[57]




	
Cardiovascular disease

	
Ginger crude extract

	
In vitro study

	

	
Induced the relaxation of coronary arteries.



	
Suppressed the nitric oxide synthase and COX pathways.






	
[62]




	
Ginger extract

	
In vitro study

	

	
Improved the adenosine deaminase, ADP hydrolysis, and acetylcholinesterase activities in lymphocytes of hypertensive rats.



	
Reduced the expression of IL-10 and anti-inflammatory cytokines.



	
Increased the levels of IL-6, IL-1, interferon-ϒ, and TNF-α.



	
Increased serum butyrylcholinesterase activity and pro-inflammatory cytokine levels.






	
[43]




	
Ginger extract

	
In vivo study

	

	
Decreased the 8-OHdG amount, β-MHC gene expression, and NADPH oxidase level.



	
Increased significantly the level of the paraoxonase enzyme.






	
[63]




	
Neurodegenerative disease

	
Ginger active compound; Gingerol

	
In vivo study

	

	
Upregulated BDNF.



	
Activated the protein kinase B/Akt and CREB signalling pathways.






	
[69]




	
Ginger active compound; 6-shogaol

	
In vitro and in vivo study

	

	
Inhibited the Aβ aggregation in HT22 cells.



	
Repressed the Aβ aggregation in the brain animal.






	
[70]




	
Ginger fermented with Schizosaccharomyces pombe

	
In vivo study

	

	
Lessened memory impairment.



	
Inhibited neuronal cell loss and synaptic disruption.






	
[71]




	
Ginger active compound; 6-shogaol

	
In vitro and in vivo study

	

	
Downregulated CysLT1R.



	
Inhibited CysLT1R/cathepsin.



	
Reduced the Aβ deposition in the brain.



	
Ameliorated the behavioural deficits of the AD mice model.






	
[72]




	
Cancer

	
Ginger active compound; 6-Gingerol

	
In vitro study

	

	
Repressed cell proliferation.



	
Enhanced the sub-G1 phase ratio.



	
Depolarised the mitochondrial membrane potential of a human bladder cell line.



	
Downregulated BCL-2 and survivin.



	
Upregulated Bax.



	
Activated and regulated caspase-3, caspase-9, and MAPKs.






	
[78]




	
Ginger active compound; 6-Shogaol

	
In vitro and in vivo study

	

	
Suppressed cell migration and proliferation.



	
Cell-cycle arrest in the G2/M phase.



	
Induced apoptosis via the mitochondrial pathway by downregulating the expression of p-Akt, p-mTOR, and Pl3K.



	
Inhibited the cell proliferation and tumour growth in tumour tissues.






	
[79]




	
Ginger active compound; 6-Shogaol

	
In vitro study

	

	
Improved the anticancer effect of chemotherapeutic agents particularly 5-fluorouracil, oxaliplatin, and irinotecan.



	
Increased autophagy and apoptosis in colon cancer cells.






	
[80]




	
Ginger active compound; 6-Shogaol

	
In vivo study

	

	
Reduced colon weight, length, and NO, MPO, H2O2, and TNF-α levels.



	
Increased expression of antioxidant enzymes SOD, CAT, GSH, and glutathione S transferase.






	
[81]




	
Kidney disease

	
Ginger rhizome extract

	
In vivo study

	

	
Reduced levels of MDA, protein carbonyl, pro-inflammatory cytokines, caspase 3, and cytochrome c.



	
Minimised alterations in the kidney






	
[55]




	
Ginger extract

	
In vivo study

	

	
Ameliorated the alteration of kidney structure.



	
Restored biochemical changes.






	
[86]




	
Zingerone

	
In vivo study

	

	
Reduced the levels of TNF-α, IL-6, and IL-1β.



	
Decreased KIM-1, creatinine, and BUN levels.



	
Suppressed TGF-β and LDH expression.






	
[87]




	
Ginger extract

	
In vivo study

	

	
Restored TAC.



	
Restored renal function biomarkers, histology, and molecular DNA.






	
[88]




	
6-Gingerol

	
In vivo study

	

	
Restored alteration of gamma-glutamyl transferase, transaminase, ALT, LDH, bilirubin, triglyceride, cholesterol, urea, creatinine, uric acid, and BUN levels.



	
Increased protein and albumin concentrations.



	
Decreased lipid peroxidation.



	
Increased the glutathione content and antioxidant enzyme activities.






	
[89]
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