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Neurogenesis encompasses the formation and development of neurons in the mammalian brain, mainly occurring in hippocampus and the olfactory system. This process is rapid, accurate, and very sensitive to the external stressors including environment, diet, age, anxiety, stress, depression, diet, and hormones. The range of stressors is big and directly impacts the generation, maturation and migration, efficacy, and myelination of the neuronal cells. The field of regenerative medicine focuses on combating the direct or indirect effects of these stressors on the process of neurogenesis, and ensures increased general and neuronal communications and functioning. Understanding the deep secrets of brain signaling and devising ways to increase drug availability is tough, considering the complexity and intricate details of the neuronal networks and signaling in the CNS. It is imperative to understand this complexity and introduce potent and efficacious ways to combat diseases. This perspective offers an insight into how neurogenesis could be aided by nanotechnology and what plausible nanomaterials are available to culminate neurogenesis-related neurological disorders. The nanomaterials are promising as they are minute, robust, and effective and help in diagnostics and therapeutics such as drug delivery, maturation and neuroprotection, neurogenesis, imaging, and neurosurgery.
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INTRODUCTION
Neurogenesis is defined as the process by which new neurons develop in the mammalian brain, and this process may be carried over throughout the human life in selective areas such as the hippocampus and the olfactory system, termed as neurogenic regions (Reid et al., 2020; Khan et al., 2021; Riddle and Lichtenwalner, 2011; Liaw et al., 2019) (Figure 1, Niklison-Chirou et al., 2020). Even though the phenomenon of neurogenesis happens throughout the life span, it is observed to be faster in young ages compared to aging subjects, where it is much slower. The most significant neurogenesis happens in the hippocampus region of the brain which is directly associated with memory formation and learning, and any defect in hippocampus neurogenesis has severe effects (Kempermann et al., 2015; Eriksson et al., 1998; Gage et al., 2019; Gonçalves et al., 2016; Ihunwo et al., 2016; Paredes et al., 2018). The newly formed neurons advance into the formation of new synaptic connections along with the old network of neurons, leading to the development of activity-dependent structural plasticity in the brain (Kolb and Gibb, 2011). The process of neurogenesis then advances into maturation and migration of the neural cells, synapse formation, and neuronal myelin formation to form mature healthy functioning neurons (Kolb and Gibb, 2011; Kolb et al., 2014). The process of initial neurogenesis is mostly achieved by 5 months, but the cells in hippocampus continue to produce neuronal cells for the entire lifetime. Adult neurogenesis is regulated by copious stimuli, which could be specific or non-specific stimuli and contribute toward acclimatization of the neuronal response in complex or novel situations (Kempermann et al., 2015).
[image: Figure 1]FIGURE 1 | Adult mammalian neurogenesis and the associated factors. The important steps are cell proliferation, differentiation, and survival, which are rhythmic and very sensitive to external stressors and cellular environment (Niklison-Chirou et al., 2020); copyright permission from Frontiers 2020.
The formation and development of neurons is very sensitive to external stressors such as environmental stress, hormones, diet, psychoactive drug abuse, psychedelic drugs, aging, anxiety and depression, and lifestyle (Begdache et al., 2020). This process of neuronal developmental is fast and accurate; therefore, it is more sensitive to the brain perturbations and stressors. In addition, adult neurogenesis process is carried out in the dentate gyrus as well along with the hippocampus, which is easily affected by physical and environmental stressors (Fares et al., 2019; Ming and Song, 2011). Many factors have an effect on the efficacy and speed of adult neurogenesis, which could be positive such as exercise, diet, mindfulness-based meditation, and good environment (Shaffer, 2016; Phillips, 2017, Jackson et al., 2016, Mora, 2013). Neurogenesis is important for the regeneration of adult CNS neurons after any disorder or injury. The failure of adult neurogenesis in hippocampus results in complexity and various disorders such as depression, dementia, epilepsy, and stress (Kempermann et al., 2015).
REGENERATIVE MEDICINE AND NEUROGENESIS
Understanding of neurogenesis in various tissues especially in the CNS opens an important task toward damage control of human cells and tissues, and this field devoted to studying genesis is called regenerative medicine (Liaw et al., 2019). Therefore, regenerative medicine is currently an urgent need for CNS-related disorders and injuries. Regenerative medicine is a research front which studies human cell regeneration into heathy and functional cells to ensure recovery and efficacy after damage of tissues due to diseases or trauma. It comprises studying of various tools such as biological delivery, cellular delivery and function, and therapeutics intervention to the target tissues (Tian et al., 2018). It is a promising tool in aiding a lot of tissue damage and disorders but faces a big challenge in treating CNS-related degenerative disorders due to limiting access of the pharmaceuticals in the CNS pertaining to the semipermeable nature of the blood–brain barrier and increases risk of causing damage to the healthy tissue while targeting the nervous system injuries and degeneration as neurogenesis comprises both cellular genesis and replacement of old cells as well as functional efficacy such as restoration and synaptic plasticity. The neuronal cells and associated immune factors play an important role and need external aid during regeneration after coping with neuronal or CNS-associated trauma and injury.
EXISTING CHALLENGES IN NEUROGENESIS
It is imperative to understand that after an external CNS damage or impact, the stimulation and start of neurogenesis is important along with the suppression of the growth-inhibiting processes of the biological response to injury (Urbán and Guillemot, 2014; Zamproni et al., 2021). This process is convoluted and involves various cellular pathways and the bioavailability of the regenerative medicine without extreme invasion is highly required as well as difficult to achieve. That is why the clinical win of the regenerative medicine with CNS injury–related recovery has been thin. There is a pressing need for an intervention and introduction of alternate ways to account for more bioavailability of the drugs in the brain without extreme invasive approach in patients. Alternate strategies including bio scaffolds (Zamproni et al., 2021), bioengineering (Oliveira et al., 2018), and nanotechnology (Liaw et al., 2019) have been reported to increase the availability of therapeutics in the CNS and aid neuro repair. Current mediations lack direct stimulation of neurogenesis as they tend to target the stabilization, maturation, and alleviation of neuronal death. Therefore, there is more inclination toward nanotechnology as it has been aiding and introducing innovative therapeutic advances in several fields of research such as infectious diseases (Kaushik et al., 2017; Kaushik et al., 2018), cancer, pulmonary, and several more including the field of regenerative medicine and neurological disorders (Kaushik et al., 2016; Tiwari et al., 2019). The nanomedicine focuses on the pairing of the available drugs with a wide range of available nanoparticles to enhance drug delivery, overcome the shortcoming of less bioavailability of the drugs at the target, and stimulate signaling and cellular processes.
ASSISTANCE OF NANOTECHNOLOGY FOR NEUROGENESIS
Neurogenesis happens in the CNS and is extremely vulnerable to innate and environmental factors, affecting the overall process of neuron regeneration in the brain. It is only fit to address the overview of nanotechnology and its applications in CNS regeneration, its targeting efficacy of cellular and extracellular targets. Unraveling the functioning of the CNS milieu and understanding the functioning of various molecules and pathways is not robust due to the severe complexity and intricacy of CNS neuronal network, and it poses a big challenge (Das et al., 2016; Kumar et al., 2017; Tan et al., 2017). Where the current available interventions lag in providing direct stimulation of neurogenesis, neuro-nanotechnology in medicine stands as one of the potent and promising tools to provide faster, more efficacious, and targeted aid in neurogenesis to contribute toward successful clinical trials of various available and potent therapeutics and pharmaceuticals.
The nanotechnology has evolved and incorporates sophisticated nanomaterials to increase accessibility to the brain, in efforts toward ensuring the regenerative medicine reaches the brain and aids synaptic and functional repair of the neurons and plasticity. Nanotechnology provides innovative materials to aid nervous system regeneration by direct stimulation with the least invasion (Kumar et al., 2017). Nanotechnological maneuvers enhance the crucial cellular and tissue recovery and function and repair. Some of the important nanotechnological front comprises the delivery of nanotechnological devices for targeted cellular stimulation of neuronal cells, delivery of therapeutics, and targeted gene delivery to aid neurogenesis (Singh et al., 2021; Asghari et al., 2021; Krishnan, 2021; Carradori et al., 2017). It also comprises drugs loaded within or on the surface of the nanoparticle to ensure increased bioavailability, less toxicity, accurate targeting, and increased potential (Rakotoarisoa and Angelova, 2018; Pampaloni et al., 2018). Some of the promising tools for efficacious delivery in the field of infectious diseases and cancer, against the semipermeable blood–brain barrier, include organic nanoparticles, non-toxic hydrogels, polymers, carbon nanotubes, nano-scaffolds, liposomes, and magnetic nanoparticles (Xu et al., 2021; Kaushik, 2019; Bhardwaj et al., 2019) (Figure 2).
[image: Figure 2]FIGURE 2 | Nanotechnology introduces various types of nanoparticles to be employed in the non-invasive and effective CNS drug delivery which aids in neurogenesis (Figure from article Dubey et al., 2022).
Rakotoariosa et al. demonstrated the development of soft lipid– and polymer-based delivery carriers of curcumin, with focus on amphiphilic liquid crystalline nanocarriers for encapsulating curcumin, for ease in delivery to minimize the advanced neuronal loss in neurological disorders (Rakotoarisoa and Angelova, 2018). Furthermore, nanomaterials aid in developing novel and effective tissue engineering and therapeutics for CNS repair. Nanotube scaffolds are promising candidates for increasing conductivity to enhance regenerative potential of the implant site by increasing electrochemical activity (Kumar et al., 2015). Moreover, hydrogels which have promising potential (Buwalda et al., 2017), carbon-based materials, such as carbon nanotubes and graphene (Rauti et al., 2016), nano-scaffolds (Bosi et al., 2015), carbon nanotubes as substrates for neuronal growth (Mattson et al., 2000; Lovat et al., 2005), polymers (Cui et al., 2016) have been widely studied in clinical and applied neuroscience research. Nanobiotechnology brings in a platform to aid early-stage neurogenesis and provide therapy of specific neurodegeneration-related disorders (Nehra et al., 2021; Kumar et al., 2021; Dubey et al., 2022).
CONCLUSION
There is an urgency to unravel the various novel nanotechnological devices, therapeutics, and strategies to assure targeted and efficacious delivery of pharmaceuticals and therapies to target especially CNS injuries and aid in neurogenesis. It is important to advocate technologies which can aid in targeting and activating immune cells with nanotechnology, boost activation of immune system during tissue injury with nanotechnology, target injured tissues, and activate neurogenesis and repair with the aid of nanotechnology, nanomedicine to increase bioavailability of pharmaceuticals in the CNS, nanomedicine to facilitate delivery across blood–brain barrier, nano biosensors to sense tissue damage and activate repair, nanomedicine to target CNS cells and stimulate immune cells, and nano-enabled efficiency increase in neurogenesis in the CNS. This will promote the understanding of the neurogenesis strategies and how nanotechnology will bring development in this field, promising potential growth and efficacy in this field leading to more successful clinical trials, to combat neuronal disorders, as illustrated in Figure 3.
[image: Figure 3]FIGURE 3 | Schematic presentation of strategies and steps by which nanobiotechnology assists CNS neurogenesis.
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