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    FOREWORD




    


    


    


    


    


  




  

    The book titled “The Chemistry inside Spices and Herbs: Research and Developments (Volume: 2)” edited by: Dr. Pankaj Kumar Chaurasia and Dr. Shashi Lata Bharati has an excellent collection of 10 chapters written by the experts of their subjects from countries like India, UK, and Turkey. Each chapter of the volume, attractively written by the experts, is also full of research as well as academically momentous information. This book brilliantly deals with biologically valuable information on chemistry and biochemistry of spices and herbs along with in-depth scientific updates on natural drugs for the management of skin diseases, turmeric and curcumin for arthritis, curcumin in oral health, resveratrol in osteoarthritis, and piperine with wide range of therapeutic properties. It also includes the chemistry, biochemistry and pharmaceutical roles of various types of plants like Fenugreek (Trigonella foenum-graecum L.), Ashwagandha, Basil (Ocimum basilicum L.), turmeric (Curcuma longa Lin) and Terminalia chebula.




    In the present time of pandemic and other problems, when the whole world is searching for various types of immunity boosters to fight this virus, volume-2 like volume-1 may also be helpful in this direction in order to provide in-depth information because there are also different types of spices, herbs and their constituents discussed in the book which are radiantly useful in the treatment of various human problems and enhancements of immunity. In my view, after giving a thorough look at the contents, this book may be very advantageous for academicians, researchers and scientists working in the field of spices, herbs, their related chemistry, natural medicinal therapy and so on. I am congratulating the editors of the book for creating such a useful, academically as well as a scientifically relevant book by compiling the comprehensive chapters contributed by the experts of various countries. I also strongly recommend this volume for UG and PG students of life sciences, natural chemistry, biochemistry, natural medicinal studies and scientists working in aforesaid areas.




    

      Prof. Gurdip Singh (Retd)


      Chemistry Department D.D.U. Gorakhpur University,


      Gorakhpur –273 009,


      India


    


  




  




  




  

    

      PREFACE


    


  




  

    Plants are the boon of nature on the earth for us in many ways. They detoxify the environments and save the lives living on this earth. Out of several advantages of plants, their different parts and/or substances are known for their noteworthy medicinal values. Spices and herbs which are involved in our daily routine life are the treasure of good health. Spices, a routine part of the kitchen, as well as herbs of our garden, are full of medicinal virtues and benefits and can be significantly used for the treatment of various disorders and diseases of humans. Spices are actually fruits, seeds, barks, roots and other parts of the plants widely used for enhancing the taste, color and quality of the foods (https://en.wikipedia.org/wiki/Spice) and are the source of various valuable chemical constituents of pharmaceutical significances while herbs are leafy green or flowering parts of the various plants with savory or aromatic properties (https://en.wikipedia.org/wiki/Herb). They are the major source of Ayurveda and other traditional culture of treatments and also have a great potential in the modern time. Spices and culinary herbs and their various chemical constituents involved in the treatment of various problems, diseases and wounds have been beautifully covered in this book.




    In the present time of the serious pandemic COVID 19 period, demands of pharmaceutically valuable spices and herbs have been surprisingly enhanced all over the world because they have a substantial and valuable position as nutraceutical which doubtlessly are due to their significant healthy, nutritious and immunity boosting properties. Actually, the main objective of the construction of this book was to collect the more significant valuable researches and information on spices and herbs, which are being widely used in our daily life either in the form of taste enhancing savory materials or quality improving materials or beautiful home decoration and so on. Collection of weighty researches on biologically active pharmaceutically interesting chemical compounds and their compositions and structure activity relationships of these compounds was the second most interesting objective of this book.




    This book is full of scientific knowledge on spices, herbs, associated internal chemistry and wide biological performances. It includes biochemistry and biotechnology of spices and herbs, along with the in-depth approach to natural drugs in skin diseases, Fenugreek, Basil, Terminalia chebula, Curcumin, Resveratrol in osteoarthritis, Piperine, Turmeric and Curcumin in Arthritis, Natural Medicinal Therapy, and so on.




    This book consists of total ten chapters and each chapter has been written by the various learned experts of their field. Learned experts come from various countries like India, UK, and Turkey. This unique collection of ten chapters may be highly beneficial for the students of graduate and post graduate level studying in the field of life sciences, biotechnology and biochemistry, plant sciences and for researchers and scientists working research in the field of spices, herbs, compounds with biological activity, natural treatment and natural pharmacology. The book is full of updated knowledge, information and recent researches, and without any doubt, it will be very much fruitful for the readers.




    Chapter 1, titled “Drugs from Natural Sources in the Management of Skin Diseases” is written by Mandlik and Kulkarni and aims to provide detailed scientific information about the management of skin diseases by using drugs from natural sources.




    Chapter 2, titled “Turmeric and Curcumin for Arthritis: Evidence for their therapeutic use” is written by Kudva et al. In this chapter, they compiled the validated observations and discussed their mode of action that confers their beneficial effects.




    Chapter 3, titled “Curcumin, the principal compound of turmeric (Curcuma longa Lin) in oral health: a mini review”, is written by Lasrado et al. This article looks into the chemoprotective and immunomodulant roles of curcumin in regards to the oral diseases and proposes the importance of naturally occurring phytochemicals in general health.




    Chapter 4, titled “Resveratrol in osteoarthritis: a memoir”, is written by Mathai et al. This memoir looks into the origin, structure and patho-mechanism of resveratrol on its action against osteoarthritis.




    Chapter 5, titled “Piperine: An alkaloid from Piper species with a wide range of therapeutic properties”, is written by Singh, S. The present chapter accounts for an overview of therapeutic properties of piperine, the bioactive constituent of pepper. It also focuses on methods used to extract piperine from pepper along with recent approaches for the enhancement of the bioavailability of piperine.




    Chapter 6, titled “Fenugreek (Trigonella foenum-graecum L.): A Palatable Spice, An Active Herb, A Promising Functional Food and Even More”, is written by Onder et al. They have comprehensively discussed the plants’ phytochemical content and biological activity.




    Chapter 7 titled “Clinical Aspects of Ashwagandha”, concisely describes the various recent clinical aspects and researches on this medicinally valuable herb.




    Chapter 8, titled “Phytoconstituents, Biological Properties and Health Benefits of Basil (Ocimum basilicum L.)”, is written by Urvashi et al. This chapter has covered up-to-date information on pharmacological investigations of the herb and its health-related benefits.




    Chapter 9, titled “Phytochemistry and Pharmacology of Terminalia chebula: an Update”, is written by Agrawal and Kulkarni. They have given an update on the phytochemistry and pharmacology of T. chebula.




    Chapter 10, titled “Role of Plants in Natural Medicinal Therapy”, is written by Mulgund and Bhat. They have discussed the potential and significance of plants for natural pharmacological care.
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      Abstract




      The skin or dermis is the largest organ of the human body, having important functions, such as protection and thermoregulation. Skin-related diseases are an important public health concern. A variety of skin diseases like acne, eczema, psoriasis, dermatitis, and skin cancer affect a large group of people throughout the world. The innumerable etiological factors for skin diseases are bacteria, fungi, viruses, and protozoa infections, declining immunity, interaction with allergens, noxious substances, or infected skin of other person's and genetic factors.




      Many synthetic drugs in various dosage forms are available in the market to treat these skin conditions, but they are associated with certain drawbacks. The usage of medicinal plants for the management of various diseases is as ancient as mankind. Treatment of different skin diseases with herbs and natural products is an economical and safe option. Many plants like Aloe vera, Azadirachta indica, Curcuma longa, etc., are reported to have significant effects on various skin problems. The present chapter aims to provide detailed scientific information about the management of skin diseases by using drugs from a natural source.
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      Introduction




      

        



        Skin




        The skin comprises three layers; the epidermis, dermis, and subcutaneous fat layer (hypodermis). These layers comprise various kinds of cellular level components bringing about various skin structures displaying diverse functions and different




        sorts of light proliferation. The outer layer is called the epidermis and is made out of five sublayers: the stratum corneum (inner layer), stratum granulosum, stratum spinosum, stratum basale, and stratum lucidum. The second layer of skin is the dermis, thicker and composed of collagen and elastic fibers. It also consists of papillary and reticular layers. The third layer is made up of fats [1].




        Skin is the largest organ of the human body that covers a major part of the human body. It is continually exposed to dangerous compounds, physical and natural toxins. It gives essential protection against microorganisms, as it acts as a significant barrier between environmental conditions and the body. It is involved in thermoregulation, protection, and a strikingly decent boundary against microbial diseases [2]. Skin is populated by enormous microbes, the vast majority of that is innocuous and beneficial. Cooperative microorganisms possess extensive scope of specialties of the skin and give defence against attack by pathogenic microbes. The microbiota of the skin is linked to the skin site. There is, nonetheless, a harmony between the host and the microorganisms; interruptions in a critical position can bring about skin diseases or infections [3].


      




      

        



        Skin Infections




        These are brought about by different organisms, including bacteria, fungi, parasites, and protozoa. Skin diseases can occur in any size and area, either in the form of a spot or covering the whole-body surface, as well as entering the circulatory system. Many skin diseases are transmitted by means of individual to individual contact and cause sickness, mortality, and morbidity [4]. As indicated in a study by Patel and Patel concentrating on the North Gujarat district, a significant skin issue was tingling with redness, swelling, and inflammation, and most of the antihistaminic medications are utilised to battle the skin diseases [5]. A few people are at specific risk of skin infections. For instance, individuals with diabetes can have a poor blood supply, particularly in the hands and feet, and the increased sugar in their blood declines the capacity of the body to battle infections. The individuals who are older, infected by human immunodeficiency virus or other immunological issues, and who are experiencing chemotherapy or medicines with different medications that suppress the immune system are at high risk because of the weakened immune system. Skin that is harmed by sunburn, scratching, or other injury is more prone to infection. There are five unique sorts of skin diseases: atopic dermatitis, psoriasis, skin inflammation vulgaris, skin pigmentation, skin microbial contaminations, and skin cancer.




        Throughout the years, the prevalence of skin infections has likewise expanded in many parts of the world because of their relationship with human immunodeficiency infection (HIV) and AIDS [6]. Over 8 percent of individuals infected with HIV lead to skin maladies [7]. In many parts of the world, the high occurrence of skin diseases is not viewed as a noteworthy medical issue considering the low degree of seriousness and lethality. Skin diseases present a significant wellbeing concern since they are systematically diagnosed and hard to treat [8]. They significantly affect the quality of life. Skin diseases have been related to expanded pressure, tension, and gloom in individuals, and patients with serious cutaneous skin diseases have expanded suicidality analyses, particularly patients of the youth stage [6]. The human being can suffer from skin disease at any stage in life. Various medications are available in the market to treat these ailments. The motive behind this chapter is to present scientific information on the effects of medicinal plants and bioactive compounds in important skin diseases (Fig. 1 & Table 1).
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Fig. (1))


        Types of skin diseases.



        

          Table 1 Overview of skin diseases with respect to their clinical features and treatments.




          

            

              

                	Skin Disease



                	Definition



                	Clinical Features



                	Treatment/s



                	References

              


            



            

              

                	
Atopic dermatitis


                (Atopic eczema)




                	Chronic inflammatory skin disease characterised by intense itching and recurrent eczematous lesions



                	Pruritus, eczematous lesions, skin dryness, densely aggregated follicular papules excoriated papules



                	Emollients, Anti-inflammatory therapy, Topical corticosteroids,


                Calcineurin inhibitors (Tacrolimus, Pimecrolimus), Phototherapy, Systemic immunosuppressants



                	[9]

              




              

                	
Pscoriasis vulgaris


                (Plaque psoriasis)




                	Papulosquamous skin condition characterized by red, scaly papules & plaques



                	Erythematous macules, extend peripherally, to form plaques, dry lesions, sharp demarcated round/ oval plaques with loose silvery-white scales



                	Topical treatments: Corticosteroids, Calcipotriene, Anthralin, Tazarotene, Tacrolimus, Pimecrolimus


                Systemic medications: Acitretin


                Methotrexate, Cyclosporine,



                	[10, 11]

              




              

                	Acne vulgaris



                	Most common dermatologic diseases in the domain caused by Propionibacterium acnes




                	Scaly red skin (seborrhea), Pinheads (papules), blackheads & whiteheads (comedones), large papules (nodules) & scarring (piples)



                	Benzoyl peroxide, Clindamycin & Erythromycin, Topical retinoid (Tretinoin, Adapalene & Tazarotene), Azelaic acid, Dapsone, Salicylic acid


                Tetracyclines, Macrolides, Flutamide, Trimethoprim, Spironolactone, Isotretinoin, Minocycline foam



                	[12, 13]

              




              

                	Skin pigmentation



                	Hyperpigmentation is a common skin condition in which skin produces more melanin


                Hypopigmentation is a common skin condition in which skin produces less melanin



                	Brown, tan or black spots on the skin with sun overexposure, Large patches of darkened skin, Spots or patches of darkened skin after an inflammatory skin condition (acne or eczema)



                	Hydroquinone, Resorcinols, Kojic acid, Arbutin, Ascorbic acid, Deoxyarbutin, Ellagic acid, Glucosamine, Tunicamycin, Niacinamide, Protease inhibitors, Retinoid, Vitamin E, Sulfhydryl compounds, Hydrocortisone, Glycyrrhetinic acid, Retinoids, Salicylic acid



                	[14]

              




              

                	Skin infectios



                	Contagious dermatologic diseases, caused by a variety of microorganisms like bacteria and fungi



                	Skin rashes, dermatitis, psoriasis, acute erythema, vitiligo on burning & deeper wounds



                	Antifungal azoles (Imidazoles&Triazoles), Antidermatophytic agents (Griseofulvin, Terbinafine & Lufenuron), Cephalosporins, Vancomycin, Linezolid



                	[15]

              




              

                	Skin cancer



                	Fatal disease & important public health problem


                throughout the world that grouped into melanoma & non-melanoma



                	Shiny pink, red, pearly bump, uneven edges of lesions, unusual color of spot, changing size, color, or shape of a mole



                	Chemotherapy (Cisplatin, Cyclophosphamide), Immune modulators, Monoclonal antibodies, Cetuximab & Panitumumab, Radiotherapy, Topical agent (Piroxicam, Mebutate, Potassium dobesilate, Ingenolmebutate, Imiquimod, 5-Flourouracil, Betulinin acid, Resiquimod, Calcium, obesilate & Topical retinoids), Ionizing radiations



                	[16, 17]

              


            

          




        


      


    




    

      



      Herbs and phytoconstituents for the treatment of skin diseases




      Medicinal plants contribute fundamentally to the prime well-being of the world population, and they have been utilized by the rural population for a considerable length of time for the treatment of various illnesses, including skin illnesses [8]. Moreover, the utilization of herbal medications to treat animal maladies is far-reaching among provincial individuals, most presumably attributable to accessibility and cost-effectiveness [18]. In routine medication, diverse procedures are used to prepare herbal preparations. For instance, crushing the herb’s parts to a fine powder and making a paste is the utmost widely recognized remedy for the management of various kinds of skin infections [19]. The herbs and phytoconstituents have been routinely utilized as drugs since the old time [20]. Researchers have increased enthusiasm for phytochemicals, which led to the systematic studies of different bioactive constituents [21]. Herbs and phytoconstituents have been reported to suppress various signalling pathways involved in the process of inflammation [22]. They also have the capability to suppress the catalytic action of several protein kinases that are identified to activate MAP kinase and NF-қB pathway for indication of inflammatory reactions in a variety of illnesses [23].




      




      Atopic Dermatitis (AD)




      Atopic dermatitis is a type of skin inflammation. Various etiological factors such as genetics, immune system, and ecological exposures have been supposed to play a significant role in the development of AD [24]. AD is a long-lasting, incurable immunological illness, described by lapsing progression. In spite of the fact that the etiology of AD has not been completely understood, both hereditary and ecological components are accepted to add to the fundamental pathogenic system, bringing about unevenness between the Th1 and Th2 cytokines. In AD, elevated expression of cytokines released from activated Th2 cells such as interleukin (IL)-4, IL-5, and IL-13 stimulate host hypersensitive reaction, eventually upregulating the B cell production of IgE. Alternately, serum levels of Th1 related cytokines, such as IL-2 and interferon-gamma, are essentially diminished [25]. Furthermore, serologically, AD is described by elevated eosinophils and immunoglobulin E levels. Such an increase in eosinophil numbers intensifies manifestations of AD and result in an expansion of eosinophilic infiltration into the skin dermis six hours after peak levels. Almost after one or two days, these cells cause secretion of eosinophil cationic protein, which stimulates the gathering of further immune cells into the dermis region of skin and finally leads to the formation of new lesions [26]. The distinctive increment in the serum IgE expression is recognized to show infection as well as responsible for the pathogenesis of AD [27]. Topical steroidal medications are generally used for the treatment of mild to serious AD; however, chronic utilization of steroids at a higher amount is linked to various side effects. Medicinal plants are generally utilized in the treatment of AD because of their less toxicity and cost (Tables 2 & 3) [28].




      

        Table 2 Medicinal plants in the management of AD.




        

          

            

              	Scientific Name of the Plant & Family



              	Nature of Extract



              	AD Inducing Agent



              	Mechanism of Action



              	References

            


          



          

            

              	
Cinnamomum cassia,


              Lauraceae




              	Ethanol



              	HDM antigen



              	Reduce IgE, histamine, pro-inflammatory cytokines & TARC mRNA expressions



              	[29]

            




            

              	
Morus alba,


              Moraceae




              	Ethanol



              	Biostir-AD



              	Decrease PGE2 &NO production; suppress IgE, TARC & histamine levels



              	[30]

            




            

              	
Angelicaedahuricae,


              Apiaceae




              	Water



              	DNCB



              	Reduce pro-inflammatory cytokines levels, decrease inflammatory cells, mast cells & CD4+ cells



              	[31]

            




            

              	
Tribulus terrestris,


              ‎Zygophyllaceae




              	Ethanol



              	Oxazolone



              	Reduce transepidermal water loss (TEWL), Orai-1 & TRPV3 activation, inhibit inflammatory cell



              	[32]

            




            

              	
Artemisia scoparia,


              Asteraceae




              	Butanol



              	DNFB



              	Inhibit TSLP, histamine, IgE, pro-inflammatory cytokines levels & suppress caspase-1



              	[33]

            




            

              	
Pseudostellaria heterophylla,


              Caryophyllaceae




              	Water



              	DNCB



              	Suppress mast cells, IgE, pro-inflammatory cytokines, MAPKs & NF-κB expression



              	[34]

            




            

              	Rheum tanguticum, Polygonaceae



              	Ethanol



              	Hapten



              	Decrease WBC, IgE& 5-LOX levels



              	[35]

            




            

              	
Cervus nippon,


              Cervidae




              	Water



              	DNCB



              	Reduce mast cells, CD4+T, downregulate IgE, pro-inflammatory cytokines levels



              	[36]

            




            

              	
Amomum xanthioides,


              Zingiberaceae




              	Water



              	DNCB



              	Reduce IgE, CCL-17, CCL22, pro-inflammatory cytokines levels



              	[37]

            




            

              	
Cynanchumatratum,


              Apocynaceae




              	Water



              	DNCB



              	Ameliorate total IgE; reduce mast cell & pro-inflammatory cytokines levels



              	[38]

            




            

              	Betula platyphylla, Betulaceae



              	Aqueous



              	Picryl chloride



              	Suppresses T-helper 2 cell response & serum IgE level



              	[39]

            




            

              	
Saussurealappa,


              Asteraceae




              	Methanol



              	Biostir-AD



              	Downregulate MDC, IL-8, IgE, TARC, RANTES, histamine & TARC levels



              	[40]

            




            

              	
Scutellariae radix,


              Lamiaceae




              	Aqueous



              	Environmental stimuli



              	Decrease IL-5 expression



              	[41]

            




            

              	
Panax ginseng,


              Araliaceae




              	Water



              	TNCB



              	Decrease IFN-γ, TNF-α, IgE, substance P, TSLP & TNF-α levels



              	[42]

            




            

              	
Bambusae caulis,


              Poaceae




              	Bamboo stem



              	2,4-DNFB



              	Suppression of IgE, IL-4, IL-13 & TNF-α levels



              	[43]

            




            

              	
Actinidia argute,


              Actinidiaceae




              	Water



              	DNCB



              	Decrease inflammatory cells, lymphocyte, elevate Treg-related & Foxp3 expression



              	[44]

            




            

              	
Broussonetia kazinoki,


              Moraceae




              	Ethanol



              	D. farina



              	Reduce IgE, IL-4 & skin mast cells levels



              	[45]

            




            

              	
Schizandra chinensis,


              Schisandraceae




              	Water



              	DNCB



              	Inhibit histamine, IgE, IgM, mast cell, IL-4, IL-5 expression



              	[46]

            




            

              	
Artemisia argyi,


              Asteraceae




              	Ethanol



              	DNCB



              	Reduce IgE, histamine, pro-inflammatory cytokines; Inhibit IκBα & PI3K/Akt phosphorylation



              	[47]

            


          

        




      




      

        Table 3 Phytochemicals in the management of AD




        

          

            

              	Name of Phytoconstituent



              	Plant Source



              	AD Inducing Agent



              	Mechanism of Action



              	References

            


          



          

            

              	Chlorogenic acid



              	Artemisia capilliaris



              	D. farina



              	Inhibit histamine & NO,


              Reduce histamine, IgE& levels



              	[48]

            




            

              	Gintonin



              	Panax ginseng



              	DNFB



              	Inhibit microglial activation & reduce IL-4, IgE, histamine, INF-γ levels



              	[49]

            




            

              	Decursin



              	Angelica sinensis



              	DNCB



              	Reduce pro-inflammatory cytokines, NF-κB,


              IgE, MAPKs levels



              	[50]

            




            

              	Cordycepic acid



              	Cordyceps sinensis



              	DNFB



              	Inhibit IL-4, INF-γ, histamine &IgE



              	[51]

            




            

              	Ergosterol



              	Poria cocos



              	DNCB



              	Increase aryl hydrocarbon receptor expression



              	[52]

            




            

              	Crocin



              	Gardenia jasminoides



              	D. farina



              	Inhibit activation of IL-4, IL-13,


              STAT6 & NF-κB



              	[53]

            




            

              	Geniposide



              	Gardenia jasminoides



              	D. farina



              	Reduce INF-γ, IgE, histamine, mast cells, IL-4, IL-6 & TNF-α levels



              	[53]

            




            

              	Chrysophanol



              	
Rumex crispus


              Cordyceps militaris




              	DNFB



              	Reduce histamine, IgE, TSLP, ICAM-1, IL-4,


              IL-6 & TNF-α, MIP-2



              	[54]

            




            

              	Daidzein, Genistein



              	Glycine max Merr



              	D. farina



              	Reduce IL-12, TNF-α, IL-4, PKC, MMP-9, IL-4, substance P, iNOS & p-IκB levels



              	[55]

            




            

              	Liquiritigenin, Liquritin



              	
CoptidisRhizoma


              Glycyrrhiza uralensis




              	DNFB



              	Inhibit Substance P, MMP-9; reduce COX-2, TNF-α, p-IκB, iNOS & levels



              	[56]

            




            

              	Momordin



              	Kochia scoparia



              	DNCB



              	Reduce expression of NF-κB, IL-1β, TNF-α & MAPKs



              	[57]

            




            

              	Forsythiaside, Phillyrin, Phylligenin, Pinoresinol



              	Forsythia suspensa



              	D. farina



              	Reduce VCAM-1, ICAM-1, IgE, histamine, mast cell, TARC, MDC, RANTES, IL-4 levels



              	[58]

            




            

              	Gallic acid



              	Cortex Moutan



              	OXA



              	Suppress pro-inflammatory cytokine, CCL7 & CCL8



              	[59]

            




            

              	Oregonin



              	Alnus japonica



              	Biostir AD



              	Decrease the eosinophil count; Reduce IgE, IL-4, IL-5, IL-13 levels



              	[60]

            




            

              	GinsenosideRh2


              Ginsenoside Rg3



              	Panax ginseng



              	DNCB



              	Inhibit TARC, TAR, TSLP, IL-4, IL-10, IL-6, TNF-α & MAPKs



              	[61, 62]

            




            

              	Indirubin



              	Polygonum tinctorium



              	DNFB



              	Inhibit TSLP, IgE, IL-4, IL-6, caspase-1 & histamine levels



              	[63]

            




            

              	Lancerin



              	Polygala tenuifolia



              	Trimellitic anhydride



              	Reduce IgE& histamine levels, Inhibit degranulation of tryptase, HMC-1 cells & PKA



              	[64]

            




            

              	Naringin



              	Drynaria fortune



              	D. farina



              	Decrease IgG, IgE, IL-4, IL-6 & TNF-α expressions



              	[65]

            




            

              	β-pinene



              	Alpinia intermedia



              	HDM



              	Inhibit mast cell & TLSP expression



              	[66]

            




            

              	Rutin



              	Broussonetia kazinoki



              	D. farina



              	Inhibit TARC, MDC & RANTES production; Reduce IgE, IL-4, IL-5, IL-13



              	[67]

            




            

              	Linolenic acid



              	Coriandrum sativum



              	DNCB



              	Reduce Th-1 & Th2-mediated cytokines



              	[68]

            




            

              	Valencene



              	Cyperus rotundus



              	DNCB



              	Inhibit TARC, GM-CSF & I-CAM levels;


              Reduce IgE, IL-1β, IL-6, IL-13 levels



              	[69]

            




            

              	Polysaccharide



              	Ericerus pela



              	DNCB



              	Decrease IgE& mast cell; Inhibit Th1, Th17 activation, IL-6, IL-17A & INF-γ



              	[70]

            




            

              	Quercetin



              	Dendrobium tosaense



              	TNCB



              	Upregulate INF-γ; Downregulate


              IgG, IL-4 &IgE,



              	[71]

            




            

              	7, 8, 4′-trihydroxyisoflavone



              	Glycine max



              	DNCB



              	Decrease eosinophils count, lower pro-inflammatory cytokines levels



              	[72]

            




            

              	Ziyuglycoside I



              	Sanguisorba officinalis



              	DNCB



              	Reduce IgE& β-HEX levels



              	[73]

            




            

              	Cupressuflavone



              	Juniperus rigida



              	OXA/DNCB



              	Inhibit IL-4, IgE& β-hexosaminidase release



              	[74]

            


          

        




      

[image: ][image: ][image: ][image: ]





      




      Psoriasis Vulgaris




      Psoriasis vulgaris is a typical skin problem linked to the development of inflamed and elevated lesions that continually shed scales developed from the extra progression of skin epithelial cells [75]. It is a common condition worldwide with an incidence rate of 3% [76]. Initially, it was identified as a disease of epidermal keratinocytes, but now it is considered an immune-mediated disease [77]. It is characterized by a progression of connected cell alterations in the skin, an increase in the size of epidermal keratinocytes, ectasia, gathering of neutrophils, T lymphocytes, and leucocytes in the affected dermis region [75]. Around 33% of individuals with psoriasis have a family history of the disease. Physical injury, occasional environmental changes, short-term infections, and a few drugs like lithium and β-blockers are known to trigger the disease condition. A couple of observational investigations have connected psoriasis with distressing life events and with lifestyle containing cigarette smoking and alcohol consumption. Others have discovered a relationship between psoriasis and body mass index with a low intake of fruits and vegetables. The disease has a multifaceted mechanism involving hereditary nature and cellular structures. Therapeutics for this condition are exceptionally assorted, acting on various targets, changing from symptomatic treatment of lessening inflammation to improving the immune system of the body. Leukotrienes are considered as the main player in inflammation, and 5-lipoxygenase is a key enzyme for the synthesis of the leukotrienes; therefore, drugs with 5-lipoxygenase inhibitory activity are important in the treatment of psoriasis [78]. Due to the impact on the quality of life of patients and adverse reactions of synthetic drugs, the drugs from natural sources are being continuously explored for the management of this condition (Tables 4 & 5).




      

        Table 4 Medicinal plants studied for the management of psoriasis.




        

          

            

              	Scientific Name of the Plant & Family



              	Nature of Extract



              	Plant Part



              	
Animal Model


              (Preclinical/Clinical)




              	Mechanism of Action



              	References

            


          



          

            

              	
Saccharum officinarum,


              Graminae




              	Wax oil



              	-



              	Albino mice tail test



              	-



              	[79]

            




            

              	
Angelica dahurica,


              Apiaceae




              	Aqueous



              	Roots



              	Clinical trial



              	Accelerates breakdown of psoriatic cells



              	[80]

            




            

              	
Betula alleghaniensis,


              Betulaceae




              	Polyphenolic



              	Bark



              	MTT & TBDE



              	-



              	[81]

            




            

              	
Piceamariana,


              Pinaceae




              	Polyphenolic



              	Bark



              	MTT & TBDE



              	-



              	[81]

            




            

              	
Alpinia galangal,


              Zingiberaceae




              	Ethanol



              	Rhizome



              	HaCaT



              	Inhibit CSF-1 & NF-қB expression



              	[82]

            




            

              	
Annona squamosal,


              Annonaceae




              	Ethanol



              	Leaf



              	HaCaT



              	Decrease CD40 & NF-kB expression



              	[82]

            




            

              	
Curcuma longa,


              Zingiberaceae




              	Ethanol



              	Rhizome



              	HaCaT



              	Reduce CSF-1, IL-8 & NF-қB expression



              	[82]

            




            

              	
Caesalpinia bonduc,


              Caesalpiniaceae




              	Hydro-alcoholic



              	Leaves



              	HaCaT


              Mouse tail test



              	-



              	[83]

            




            

              	
Pinus maritime,


              Pinaceae




              	Aqueous



              	Bark



              	HaCaT



              	Reduction of


              ICAM-1 expression



              	[84]

            




            

              	
Celastrus orbiculatus,


              Celastraceae




              	-



              	Crude



              	HaCaT



              	Initiation of apoptosis



              	[85]

            




            

              	
Aloe vera,


              Liliaceae




              	Aqueous



              	Leaves



              	Clinical trial



              	-



              	[86]

            




            

              	
Centella asiatica,


              Apiaceae




              	Aqueous



              	Aerial parts



              	SVK-14



              	Inhibition of keratinocyte replication



              	[87]

            




            

              	Coptis chinensis, Ranunculaceae



              	Ethanolic



              	Rhizomes



              	HaCaT



              	-



              	[88]

            




            

              	
Rubia cordifolia,


              Rubiaceae




              	Ethanolic



              	Roots



              	HaCaT



              	Neutrophilic PAF receptor antagonism



              	[88]

            




            

              	
Eruca sativa,


              Brassicaceae




              	Aqueous



              	Seeds



              	Keratinocytes & THP-1 Monocytes



              	-



              	[89]

            




            

              	
Tabebuia avellanedae,


              Bignoniaceae




              	Herbal tea



              	Bark



              	HaCaT



              	-



              	[90]

            




            

              	
Mahonia aquifolium,


              Berberidaceae




              	Aqueous



              	Fruits



              	Clinical trial



              	-



              	[91]

            




            

              	
Panax ginseng,


              Araliaceae




              	Aqueous



              	Roots



              	Oxazolone mouse ear model



              	Regulation of COX-2, IL-4 & interferon-γ



              	[92]

            




            

              	
Thespesia populnea,


              Malvaceae




              	Butanolic, Pet ether



              	Bark



              	Perry’s scientific mouse tail model



              	-



              	[93]

            


          

        




      




      

        Table 5 Natural products studied for the management of psoriasis.




        

          

            

              	Phytoconstituent



              	Source



              	Animal Model (Preclinical/Clinical)



              	Mechanism of Action



              	References

            


          



          

            

              	Curcumin



              	
Curcuma longa,


              Zingiberaceae




              	Clinical trial



              	Selective phosphorylase kinase


              inhibitor



              	[94]

            




            

              	Hypericin



              	
Hypericum perforatum,


              Hypericaceae




              	Mouse epithelial test



              	Reduces erythema, erosions & desquamation



              	[95]

            




            

              	Camptothecin



              	
Camptothecaacuminata,


              Nyssaceae




              	Mouse vaginal epithelium & tail epidermis



              	Inhibiting proliferation & inducing differentiation



              	[96]

            




            

              	Koumine



              	
Gelsemium elegans,


              Loganiaceae




              	Mouse vaginal epithelium &tail epidermis



              	Inhibit epidermal cell proliferation & decrease IL-2



              	[97]

            




            

              	Artesunate



              	
Artemisia annua,


              Asteraceae




              	HaCaT



              	Regulating CXCR2 expression & enhancing TGF β1 secretion



              	[98]

            




            

              	Capsaicin



              	
Capsicum annuum,


              Solanaceae




              	Clinical trial



              	-



              	[99]

            




            

              	Colchicine



              	
Colchicum autumnale,


              Colchicaceae




              	Clinical trial



              	Anti-chemotactic activity



              	[100]

            




            

              	Quercetin



              	
Smilax china,


              Smilacaceae




              	Mouse tail model



              	Decrease epidermal thickness & inhibit leukocyte migration



              	[101]

            




            

              	Fumaric acid



              	
Fumaria officinalis,


              Fumariaceae




              	Clinical trial



              	Inhibition of T cell activity



              	[102]

            




            

              	Podophyllotoxin



              	
Podophyllum peltatum,


              Berberidaceae




              	Clinical trial



              	-



              	[103]

            




            

              	Psoralen



              	Psoralea corylifolia, Fabaceae



              	Clinical trial



              	Inhibition of epidermal DNA


              synthesis & control cell division



              	[104]

            




            

              	Embelin



              	
Embeliaribes,


              Myrsinaceae




              	TPA induced ear edema



              	Inhibition of IL-1β, TNF-α & block leukocyte accumulation



              	[105]

            




            

              	iso-Camptothecin



              	
Camptotheca acuminata,


              Nyssaceae




              	HaCaT



              	Inhibit keratinocyte proliferation & induce apoptosis



              	[106]

            




            

              	Cannabinoids



              	
Cannabis sativa,


              Cannabaceae




              	HaCaT



              	-



              	[107]

            




            

              	Gossypol



              	
Gossypium species,


              Malvaceae




              	HPV-16



              	Antiproliferative & antioxidant


              activity



              	[108]

            




            

              	Isoquinoline



              	
Argemone species,


              Papaveraceae




              	Clinical trial



              	-



              	[109]
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        Acne Vulgaris




        Acne, as a group of skin diseases, is one of the most predominant dermatological infections. Generally, everyone faces this problem during their lifetime [110]. Even though it is not a dangerous disease, it influences the person’s quality of life by putting mental pressure by creating patches on the face, chest, and back side body [111]. In youngsters and adolescents, the incidence of acne is about 70% [112]. The pathophysiology of Acne vulgaris is very complicated; however, reliant on main components such as androgen-prompted activation of sebaceous glands, hyperkeratinization of follicles, grouping, and exacerbation of the Propioni bacterium acnes bacterium [113]. The gathering of sebum and damaged skin cells inside the sebaceous gland follicle upgrades the microbial burden that breaks down the follicular barrier bringing about the skin inflammatory condition known as acne. Sebum development and hormonal shifts are the endogenous variables, though the variation in the action of the skin microflora is an utmost significant contributor to the acne pathophysiology. The microbial flora derived from acne patients that are likely to contribute to acne pathogenesis include P. acnes, S. aureus, S. epidermidis, Streptococcus, K. pneumoniae, Enterobacter, etc [114]. Acne usually impacts skin with a higher amount of oil glands which induces acne, papules, skin infections, and hyperpigmentation. Scientific reports suggest that acne has a hereditary, hormonal, psychological, and contagious history [115]. Acne occurs because of follicular blockage, hyperkeratinisation, keratin plug development, and sebum buildup (microcomdo). Sebaceous glands are expanded with increased action of androgen, which is linked to increased sebum production. The high sebum levels triggered by androgen induce the multiplication of P. acnes in the sebaceous gland and lead to an inflammatory reaction with the liberation of the inflammatory cytokines such as tumor necrosis factor α, IL-8, IL-1β, granulocyte-macrophage colony-stimulating factor, and accumulation of complement [116]. Furthermore, P. acnes, S. epidermidis, and P. ovale are the major causative microorganism present in acne lesions [117]. Acne has 3 types: nodular, comedonal, and papulopustular. Comedonal is not inflammatory, while the inflammatory forms are nodular and papulopustular [118]. The microcomedo can be enlarged to form an open comedo or a closed comedo. Comedones exist when sebaceous glands are clogged with sebum, oil, and dead skin cells [119]. S. epidermidis and Propionibacterium have been described as bacteria that initiate the inflammation in the acne lesions [120]. There are several drugs available for the treatment of Acne vulgaris, such as oral antibiotics, topical, oral retinoids, and oral hormonal treatments. Considering protection from existing microbial operators, reactions, and some of the time significant expense of treatments for the condition, interest in herbs has been increased (Tables 6 & 7) [121].




        

          Table 6 Effect of medicinal plants in Acne (In-vitro studies).




          

            

              

                	Scientific Name of Plant & Family



                	Extract



                	Plant Part



                	Active Compound



                	Activity



                	References

              


            



            

              

                	Abies koreana, Pinaceae



                	Aqueous



                	Leaves



                	Limonene, Essential oil


                Bornyl acetate



                	Anti-bacterial &


                anti-inflammatory



                	[122]

              




              

                	Magnolia sp., Magnoliaceae



                	-



                	Stem bark



                	Honokiol, Phenols, Magnolol



                	Anti-bacterial & anti-inflammatory



                	[123]

              




              

                	Aralia continentalis, Araliaceae



                	Methanol



                	Root



                	Diterpene acid



                	Anti-inflammatory



                	[124]

              




              

                	Impatiens balsamina, Balsaminaceae



                	Ethanol



                	Aerial parts



                	Bisnaphthquione derivative



                	Testosterone 5α-reductase inhibitory



                	[125]

              




              

                	
Cassia tora,


                Fabaceae




                	Aqueous



                	Seed



                	Saponins, Glycosides, Flavonoids



                	Anti-bacterial



                	[126]

              




              

                	Calendula officinalis, Asteraceae



                	Aqueous



                	Flowers



                	Flavanoids, Glycosides, Saponins, Terpenes



                	Anti-bacterial



                	[126]

              




              

                	Garcinia mangostana, Guttiferae



                	Ethanol



                	Fruits



                	Xanthone, Phenols,


                Tannin, Flavonoid



                	Anti-oxidant & anti-bacterial



                	[127]

              




              

                	Eucalyptus maculate, Myrtaceae



                	Methanol-dichloromethane



                	Leaves



                	8-desmethyleucalyptin, Eucalyptin



                	Anti-bacterial



                	[128]

              




              

                	Camellia sinensis, Theaceae



                	Aqueous



                	Leaves



                	Uronic acids



                	Anti-bacterial



                	[129]

              




              

                	Humulus lupulus, Cannabaceae



                	CO2 Extract



                	-



                	Lupulones, Prenylfalvonoid, Humulones



                	Anti-oxidant &


                Anti-bacterial



                	[130]

              




              

                	Eucalyptus viminalis, Myrtaceae



                	Methanol-dichloromethane



                	Leaves



                	-



                	Anti-bacterial



                	[128]

              




              

                	Clerodendrum trichotomum, Lamiaceae



                	Methanol



                	Leaves



                	Penylpropanoid glycosides, Acteoside



                	Anti-inflammatory



                	[131]

              




              

                	Coptis chinensis, Ranunculaceae



                	Aqueous



                	Rhizome



                	Alkaloid



                	Anti-inflammatory



                	[132]

              




              

                	
Backhousia citriodora,


                Myrtaceae




                	Essential oil



                	-



                	Geranial, Neral, Iso-citral& Trans-citral



                	Anti-bacterial



                	[133]

              




              

                	Ilex paraguariensis, Aquifoliaceae



                	Methanol,



                	Leaves



                	-



                	Anti-bacterial & anti-inflammatory



                	[134]

              




              

                	Eupatorium odoratum, Asteraceae



                	Ethanol



                	Leaves



                	-



                	Anti-oxidant



                	[135]

              




              

                	
Anthemis aciphylla,


                Asteraceae




                	Aqueous



                	Aerial, leaves, flowers



                	Essential oil


                A-pinene terpinen-4-ol



                	Anti-bacterial



                	[136]

              




              

                	Garcinia mangostana, Guttiferae



                	Ethanol



                	Whole parts



                	Xanthone derivative



                	Anti-bacterial



                	[137]

              




              

                	Ocimum basilicum, Lamiaceae



                	Sweet basil oils



                	-



                	α-bergamotene,


                Methyl chavicol



                	Anti-bacterial



                	[138]

              




              

                	Peperomia pellucida, Piperaceae



                	Pet ether



                	Methanol



                	Phenols



                	Anti-oxidant



                	[139]

              




              

                	
Lygodium japonicum,


                Lygodiaceae




                	Water



                	Whole parts



                	Phenol



                	Anti-oxidant &


                anti-microbial



                	[140]

              




              

                	Phyllanthus emblica, Phyllanthaceae



                	Methanol



                	Fruit



                	Tannin, Phenol



                	Anti-oxidant



                	[141]

              




              

                	
Mahonia aquifolium,


                Berberidaceae




                	Crude



                	Stem bark



                	Alkaloid



                	Anti-bacterial



                	[142]

              




              

                	Momordica charantia, Cucurbitaceae



                	Aqueous



                	Seed



                	Flavonoids, Alkaloids, Triterpenes, Tannins



                	Anti-bacterial



                	[126]

              




              

                	Rhinacanthus nasutus, Acanthaceae



                	Ethanol



                	Leaves



                	Naphthoquinone



                	Anti-bacterial



                	[143]

              




              

                	Ocimum sanctum, Lamiaceae



                	Holy basil oils



                	-



                	Eugenol, Methyl eugenol



                	Anti-bacterial



                	[138]

              




              

                	Terminalia arjuna, Combretaceae



                	Acetone



                	Stem bark



                	Flavonoid, Tannin



                	Anti-bacterial



                	[144]

              




              

                	
Senna alata,


                Fabaceae




                	Chloroform, Methanol



                	Whole parts



                	-



                	Anti-bacterial



                	[137]

              




              

                	Prumnopitys andina, Podocarpaceae



                	Methanol fraction



                	Stem bark



                	Abietane diterpene



                	Anti-bacterial



                	[145]

              




              

                	Punica granatum, Lythraceae



                	Methanol



                	Fruits



                	Ellagic acid



                	Anti-bacterial &


                anti-inflammatory



                	[146]

              




              

                	Rosa multiflora Thumb., Rosaceae



                	Ethanol



                	Fruits



                	Unsaturated fatty acid



                	Anti-bacterial



                	[134]

              




              

                	
Rabdosiarosthornii,


                Lamiaceae




                	Ether



                	Leaves



                	Diterpenoid



                	Anti-bacterial



                	[147]

              


            

          




        




        

          Table 7 Effect of medicinal plants in Acne (In-vivo studies).




          

            

              

                	Plant and Family



                	Extract



                	Plant Part



                	Active Constituent



                	Activity



                	References

              


            



            

              

                	Vitex negundo, Verbenaceae



                	Water



                	Leaves



                	-



                	Anti-inflammatory



                	[148]

              




              

                	Aralia continentalis, Araliaceae



                	Methanol



                	Root



                	Diterpene acid



                	Anti-inflammatory



                	[124]

              




              

                	Scutellaria baicalensis, Lamiaceae



                	Methanol



                	Radix



                	Flavonoid



                	Anti-inflammatory



                	[149]

              




              

                	Peperomia pellucida, Piperaceae



                	Pet ether, Methanol



                	Whole plant



                	Phenols



                	Anti-inflammatory



                	[139]

              




              

                	
Rosmarinus officinalis


                Lamiaceae




                	-



                	Leaves



                	Essential oil



                	Anti-bacterical



                	[150]

              


            

          




        


      




      

        



        Skin Pigmentation Disorders




        Human pigmentation differs greatly as compared to other organisms and depends on cultural, genetic, and physiological origin. Several skin disorders that involve dyspigmentation impair the physical look, and therefore have an immense psychological effect on patients. Pigmentary disorders can be divided into two main types: hyperpigmentation and hypopigmentation, which can be localized or generalized. Hyperpigmentation in which excess pigment is synthesized, and hypopigmentation is the condition in which pigment synthesis is reduced. General pigment conditions are underlying hereditary conditions (albinism), autoimmune conditions (vitiligo), or conditions such as haemochromatosis and endocrine disorders includes Addison's disease, Cushing’s disease, hypothyroidism, and hyperthyroidism. Moreover, suntan is the most frequent source of widespread hyperpigmentation (at skin exposed to sun). Generalized hypopigmentation is typically the product of hereditary causes, which may be ethnic or may represent a skin melanization congenital disorder. Oculocutaneous albinism is the most severe hereditary source of skin, eyes, and hair hypopigmentation [151]. Melanin pigment is necessary to shield human skin from radiation; however, aggregation of excessive melanin causes pigmentation defects such as ephelides, melasma, freckles, and senile lentigines [152]. Melanin is the pigment that gives the skin its colour. Specific skin disorders lead to impairment of melanin synthesis and destroy melanocytes (melanin-producing cells). Melanogenesis takes place in melanocytes situated in the epidermis basal layer [153]. The process of melanogenesis can be regulated in several steps, comprising inhibition of gene expression of tyrosinase and specifically inactivating the enzyme [154]. The melanogenesis process is activated by a tyrosinase enzyme when the skin is exposed to ultraviolet radiation. Tyrosinase is a multifunctional copper consisting enzyme in vertebrates and fungi, catalyzing the primary phase of melanin formation from tyrosine. Tyrosinase inhibitors are also the most important non-invasive option for the management of skin pigmentation [155]. Undesired pigmentation of the skin induced by pathophysiological or environmental factors has triggered scanning for appropriate natural and chemical agents that reduce skin pigmentation [156]. Usage of current depigmenting agents is very restricted due to high toxicity, less stability, inadequate skin penetration, and inadequate action [157]. Synthetic drugs frequently result in skin inflammation, inadequate penetration, or clinical efficacy. So, there is an unmet need to find new drugs for this condition [158]. The use of medicinal plants and herbal ingredients in skin diseases and pigmentation disruption management is a popular part of many traditional medicines [159]. Due to their safety and efficacy, great efforts have been taken into isolating bioactive chemicals from traditional medicinal plants (Tables 8 & 9) [160].




        

          Table 8 The effect of medicinal plants on Skin pigmentation.




          

            

              

                	Scientific Name of Plant



                	Family



                	Part Used



                	Extract



                	Effect



                	References

              


            



            

              

                	Alpinia officinarum



                	Zingiberaceae



                	Rhizome



                	Aqueous acetone



                	Anti-tyrosinase activity.


                Decrease in TPR-1 & 2



                	[161]

              




              

                	Nardostachys chinensis



                	Caprifoliaceae



                	Root & Rhizome



                	Methanol



                	Anti-tyrosinase activity; Decrease in Tyrosinase-related protein (TPR)-1



                	[162]

              




              

                	Panax ginseng



                	Araliaceae



                	Root



                	Ethyl acetate



                	Anti-tyrosinase activity


                Reduction of ROS



                	[163]

              




              

                	Rheum rhabarbarum



                	Polygonaceae



                	Rhizome



                	Methanol



                	Decrease in tyrosinase, tyrosine kinase activity, IL-1α, TNF-α



                	[164]

              




              

                	Cornus officinalis



                	‎Cornaceae



                	Fruit



                	Methanol



                	Increase in tyrosinase activity, TRP-1 & 2



                	[165]

              




              

                	Camellia sinensis



                	Theaceae



                	Leaves



                	Water



                	Reductin of melanin content



                	[166]

              




              

                	Withania somnifera



                	Solanaceae



                	Root



                	Ethanol



                	Decrease in tyrosinase activity



                	[167]

              




              

                	Curcuma comosa



                	Zingiberaceae



                	Rhizome



                	Methanol



                	-



                	[168]

              




              

                	Cassia fistula



                	Fabaceae



                	Pods



                	Methanol



                	Tyrosinase inhibitory effect



                	[169]

              




              

                	Tribulus terrestris



                	Zygophyllaceae



                	Fruit



                	Water



                	Activate melanocytes & tyrosinase at high conc. & inhibit at low conc.



                	[170]

              




              

                	Thymus vulgaris



                	Lamiaceae



                	Whole plant



                	Ethanol



                	Anti-melanogenic activity



                	[171]

              




              

                	Ecliptaprostrata



                	Asteraceae



                	Aerial



                	Water



                	Increase in tyrosinase activity & melanocyte migration



                	[172]

              




              

                	Zea may



                	Gramineae



                	Corn bran



                	Ethanol



                	Suppress melanin synthesis



                	[173]

              




              

                	Paeonia lactiflora



                	Paeoniaceae



                	Root



                	-



                	Reductin of melanin content



                	[174]

              




              

                	Hippophae rhamnoides



                	Elaeagnaceae



                	Berries



                	Methanol



                	Melanin content reduction



                	[169]

              




              

                	Vitis vinifera



                	‎Vitaceae



                	Seeds



                	Aqueous ethanol



                	Melanin content reduction



                	[175]

              




              

                	Gaillardia aristata



                	Asteraceae



                	Flowers



                	Ethanol



                	Anti-tyrosinase activity & reduced melanin content



                	[176]

              




              

                	Pueraria tunbergiana



                	Fabaceae



                	Aerial parts



                	Aqueous ethanol



                	Suppress melanogenesis process



                	[177]

              




              

                	Hizikia fusiformis



                	Sargassaceae



                	Whole plant



                	Water



                	Suppression of melanin production



                	[178]

              




              

                	Gaillardia aristata



                	Asteraceae



                	Flowers



                	Ethanol



                	Anti-tyrosinase activity



                	[176]

              




              

                	Lonicera japonica



                	‎Caprifoliaceae



                	Whole plant



                	Ethanol



                	Anti-tyrosinase activity & reduce melanin content, TRP-1& 2



                	[179]

              


            

          




        




        

          Table 9 The effect of phytoconstituents on Skin pigmentation.




          

            

              

                	Name of Phytoconstituent



                	Source & Family



                	Plant part & Extract



                	Mechanism of Action



                	References

              


            



            

              

                	Biochanin A



                	
Trifolium pretense,


                Asteraceae




                	Leaf & Stem


                Methanol



                	Deccrease in Tyrosinase activity



                	[180]

              




              

                	Wogonin



                	
Scutellariabaicalensis,


                Lamiaceae




                	Root


                Ethanol & Methanol



                	Decrease in SOX9 &Melanophilin



                	[181]

              




              

                	Baicalin



                	
Scutellariabaicalensis,


                Lamiaceae




                	Root



                	Decraese in reactive oxygen species



                	[182]

              




              

                	Eupafolin



                	
Phyla nodiflora,


                Verbenaceae




                	Aerial


                Methanol



                	Deccrease in Melanocyte Inducing Transcription Factor (MITF)



                	[183]

              




              

                	Quercetin-3-O-β-D-glucopyranosyl-(1→6)-β-D-glucopyranoside



                	
Diospyros kaki,


                Ebenaceae




                	Calyx


                Aqueous &


                Acetone



                	Anti-tyrosinase activity & reduce melanin content, TRP-1 & 2



                	[184]

              




              

                	Bavachin



                	
Psoralea corylifolia,


                Fabaceae




                	Fruit



                	Deccrease in Tyrosinase activity



                	[185]

              




              

                	4-(3,4-dihydroxybenzoyloxymethyl) phenyl-O-β-D-glucopyranoside



                	
Origanum vulgare


                Lamiaceae




                	Aerial


                Ethanol



                	Decrease in tyrosinase activity & TRP-1& 2, MITF



                	[186]

              




              

                	Isoliquiritigenin



                	
Glycyrrhiza uralensis,


                Fabaceae




                	Root


                Rhizome



                	Increase in tyrosinase activity & Reactive oxygen species



                	[187]

              




              

                	Bakuchiol



                	
Piper longum,


                Piperaceae




                	Fruit


                Ethanol



                	Decrease in tyrosinase activity &MITF



                	[188]

              




              

                	Oligopin


                Cosmythic



                	
Pinus pinaster,


                Pinaceae




                	Pine bark



                	Anti-melanogenesis activity



                	[189]

              




              

                	Paeonol



                	
Paeonia suffruticosa,


                Paeoniaceae




                	Root & Cortex



                	Decrease in tyrosinase activity



                	[190]

              




              

                	Gomisin N



                	
Schisandra chinensis,


                Schisandraceae




                	Fruit



                	Decrease in tyrosinase activity & TRP- 1& 2, MITF



                	[191]

              




              

                	Protocatechuic acid



                	Origanum vulgare, Lamiaceae



                	Aerial


                Ethanol



                	Decrease in tyrosinase activity & TRP-1& 2, MITF



                	[192]

              




              

                	1-O-methyl-fructofuranose



                	
Schisandra chinensis,


                Schisandraceae




                	Fruit


                Chloroform, Methanol



                	Decrease in tyrosinase activity & TRP-2, MITF



                	[193]

              




              

                	Kadsuralignan F



                	
Kennedia coccinea,


                Fabaceae




                	Root


                Ethanol



                	Deccrease in Tyrosinase activity



                	[194]

              




              

                	Trans-Caffeic acid stearyl ester



                	
Paeonia suffruticos,


                Paeoniaceae




                	Root



                	Decrease in tyrosinase activity & TRP-1 & 2, MITF



                	[195]

              




              

                	2,5-Dihydroxyacetophenone




                	
Clerodendrumbungei,‎


                Lamiaceae




                	Root


                Ethanol



                	Decrases in tyrosinase activity



                	[196]

              




              

                	tetrahydroxystilbene-2-O-beta-D-glucoside



                	
Polygonatum multiflorum


                Asparagaceae




                	Root



                	Increase in MITF activity



                	[197]

              




              

                	Geniposide



                	
Gardenia jasminoides,


                Rubiaceae




                	Fruit



                	Increase in extracellular signal regulated kinase



                	[198]

              




              

                	Floralginsenoside



                	
Panax ginseng,


                Araliaceae




                	Fruit


                Methanol



                	Decrease in tyrosinase activity & MITF



                	[199]

              




              

                	Origanoside



                	
Origanum vulgare,


                Lamiaceae




                	Aerial parts



                	Inhibit tyrosinase activity



                	[200]

              




              

                	Ginsenosides


                p-coumaric acid



                	
Panax ginseng,


                Araliaceae




                	Rhizomes



                	Anti-melanogenesis activity



                	[201]

              




              

                	Saponified oil



                	
Oenothera biennis,


                Onagraceae




                	-



                	Inhibit melanin synthesis



                	[202]

              




              

                	γ-Oryzanol



                	
Oryza sativa,


                Gramineae




                	-



                	Inhibit melanin synthesis



                	[203]

              




              

                	Paeonol



                	
Paeonia suffruticosa,


                Paeoniaceae




                	Root cortex



                	Inhibit tyrosinase activity & reduction in melanin content



                	[204]

              




              

                	Rengyolone



                	
Euryaemarginata,


                Theaceae




                	Root


                Methanol



                	Inhibit melanin synthesis & melanogenesis process



                	[72]

              




              

                	Protocatechuic Acid



                	
Pyrus pyrifolia,


                Rosaceae




                	Fruit


                Ethanol



                	Deccrease in MITF



                	[205]

              




              

                	Salidroside


                Paeonol



                	Rhodiola rosea, Crassulaceae



                	-



                	Anti-tyrosinase activity



                	[204]

              




              

                	Hydroquinone



                	
Vaccinium microcarpum,


                Ericaceae




                	-



                	Inhibits melanin synthesis



                	[206]

              




              

                	Glabridin



                	
Glycyrrhiza glabra,


                Fabaceae




                	Rhizomes



                	Potent tyrosinase inhibitor



                	[207]
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