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            Abstract

            
               
Emergence and spread of new viral and bacterial originated infectious diseases along with mutated new strains posing enormous
                  global challenges. Respiratory infection is one of the major concerns in the current and past situation. With the lack of
                  a safe and effective vaccine and small molecules drugs for effective treatments there is a need of efficacious herbal medicine
                  to tackle infectious diseases. The herbal treatments mentioned in the Ayurveda can be excellent source for an effective treatment.
                  In the present study a hard- boiled candy formulation was from promising herbs recommended herbs from Ayurveda for respiratory
                  health and immunmodulatory actions. The herbs selected were Ocimum sanctum-OS (leafs), Terminalia chebula-TC (fruit), Glycyrrhiza glabra-GG (roots), Curcuma longa-CL (rhizomes), Zingiber officinale-ZO (rhizomes), Piper longum-PL (fruits). The herbs were evaluated for antiviral and antibacterial activity. The results indicated that most of the extracts
                  exhibited antimicrobial activity against pathogens B. subtilis, S.aureus, S.pyogens and S.pneumoniae and showed significant antiviral activity against DENV  virus in vitro. The formulated hard-boiled candy was found to be having satisfactory quality parameters of hardness, friability, and dissolving
                  time. The HPTLC profile was developed for the candy formulation as an effective quality control tool. This study indicates
                  that the hard-boiled candy (HBC) could be an ideal solid oral dosage form for herbal drug delivery at local region of oropharyngeal
                  region. 
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               Introduction

            The emergence of new viral and bacterial originated infectious diseases has rapidly increased in the past few decades. As
               per the WHO report, infectious diseases kill over 17 million people a year.  Some of the major outbreaks of viral infection
               are ebola, severe acute respiratory infection (SARS), middle east respiratory infection (MERS), zika, H5N, H7N9 avian flu,
               H1N1 influenza, swine flu, chikungunya, Marburg, rift valley fever, Lassa, Nipah, Crimean-congo haemorrhagic fever virus including
               recent pandemic novel coronavirus designated as SARS-COV-2 commonly known as COVID-19 in December 2019  (Bloom, Black, & Rappuoli, 2017). It has been declared as a global pandemic by the world health organization (WHO). 
            

            Current approaches to tackle the viral infection include the development of effective diagnostics, vaccines, a monoclonal
               antibody (mab), plasma therapy, and potent and safe drugs. But the development of vaccines and drugs cost over billions of
               dollars and more than 10 years with a chance of a high rate of failure during various developmental stages  (Gouglas et al., 2018).  In addition, the bacterial infection is also becoming a threat causing various diseases such as typhoid, cholera and food-borne
               infection, throat infection. These infections lead to indiscriminate consumption of antibiotics leading to the emergence of
               antibiotic resistance ‘superbugs’ such as multiple drug-resistant Staphylococcus aureus (MRSA). Antibiotic consumption is a primary driver of antibiotic resistance. It has been estimated that between years of
               2000 and 2015, a global daily dose of antibiotic consumption has increased up to 65% and the antibiotic consumption rate increased
               by 39%  (Eili et al., 2018). The common cold is one of the most common types of respiratory infectious diseases that occur with various symptoms such
               as sneezing, sore throat, runny nose, nasal congestion, headache, and fever. It is one of the most prevalent infectious diseases
               that pose a great burden on society in terms of suffering and economic losses. The common cold is a conventional term that
               includes acute respiratory tract infections, i. e. rhinitis, sinusitis, pharyngitis, laryngitis, and upper respiratory tract
               infection like bronchitis. In respiratory infection, bacteria only represent approximately 10% of all upper respiratory tract
               infections with the subsequent 90% of infections caused by respiratory viruses  (Kardos & Malek, 2017).  acterial infection commonly referred to as strep throat, or strep pharyngitis is caused by gram-positive bacteria, e.g.
               Group A streptococci (GAS) or Streptococcus pyogenes  (Hueston, Mainous, Dacus, & Hopper, 2000). Various viruses that cause infections include rhinoviruses, enteroviruses, respiratory syncytial viruses (RSV), human metapneumovirus
               (hMPV), Bocavirus, human coronaviruses, e.g. Severe Acute Respiratory Syndrome coronavirus (SARS-CoV), human coronavirus NL63
               (HCoV-NL63), HCoV-HKU1, Middle East Respiratory Syndrome coronavirus (MERS-CoV) influenza A and B virus (IAV and IBV)  (Berry, Gamieldien, & Fielding, 2015; Judith, 2015) parainfluenza virus (PIV, type 1 to 3), respiratory syncytial virus (RSV) and human adenovirus (ADV)  (Yingchen et al., 2018).  
            

            Current treatment methods for the respiratory infections include supplements such as vitamin C and Zinc lozenges and combinations
               of antihistamines and nasal decongestants pseudoephedrine  (Gail & John, 2008) and analgesics painkillers like ibuprofen  (Heikkinen & Jarvinen, 2003) and acetaminophen  (Choi, Lee, Ji, Hwang, & Kim, 2013). But most of the existed medicines are having various side effects. Though origin, most of the respiratory infections are
               of virus they are treated with antibiotics exacerbating antibiotic abuse. Till the date, there are no commercial vaccines
               available for most of these viruses except for few like influenza A and B viruses  (Kardos et al., 2017). Other medicines that have been researched and re-purposed currently are for severe cases of respiratory infection like
               SARS-COV-2 are drugs such as chloroquine, hydroxychloroquine (anti-malarial), azithromycine (antibiotics), ivermectin (antiparasitic),
               favipiravir, paritaprevier, ritonavir, entecavir  (Cheng, Chan, To, & Yuen, 2013; Cleri, Ricketti, & Vernaleo, 2010), remdesivir  (Gordon et al., 2020; Liang et al., 2020). None of them has been proven to be successful for the newly emerging virus infections. In this context, the herbal extract
               could be an interesting treatment option for both bacterial and viral infections with fewer side effects, relatively low cost
               and easy availability. Development of suitable herbal drugs with potential anti-viral and anti-bacterial properties could
               reduce the unnecessary use with the antibiotics. In the current projects, the polyherbal based formulation was developed as
               a hard-boiled lozenges from. These herbs have been reported in Ayurveda for  respiratory-related ailments and have been studied for anti-viral, anti-microbial activity and immunomodulatory activities.
               The herbs consist of combinations. The herbs consist of combinations Ocimum sanctum-OS (leafs), Terminalia chebula-TC (fruit), Glycyrrhiza glabra-GG (roots), Curcuma longa-CL (rhizomes), Zingiber officinale-ZO (rhizomes), Piper longum-PL (fruits). 
            

            
               
                  Ocimum sanctum
                  
               
            

            Ocimum sanctum commonly known as Tulasi  In Ayurveda has been reported for various biological activities like antiviral activity against avian influenza H9N2, adaptogenic,
               immunomodulatory, anticancer, anti-inflammatory, antioxidant, hepatoprotective, radioprotective, and antimicrobial effects
               (Jadhav, Lal, & Kshirsagar, 2014; Negar & Marc, 2017). The major chemical constituents of O. sanctum are oleanolic acid, ursolic acid, rosmarinic acid, eugenol, carvacrol, linalool, and β-caryophyllene of terpenoids, phenolics
               and flavonoids class  (Negar et al., 2017). The flavonoid glycoside orientin from tulasi leaves has been reported to improve the platelet counts in thrombocytopenia
               (Yadav, Song, & Huang, 2018). A molecular modelling study has reported the inhibitory potential of OS on SARS coronavirus main protease inhibiting replication
               of coronavirus and ACE-II blocking properties  (Ghoke et al., 2018). 
            

            
               
                  Terminalia
                  
               
                   chebula
                  
               
            

            It is commonly used for healing of conditions such as sore throat, allergies. The dried ripe fruit of Terminalia chebula, locally known as haritaki in India, is widely used for the treatment of fever, sore throat, cold, cough and nasal congestions.
               The fruits have been studied for various biological activities like anti-tussive, free radical scavenging, anti-inflammatory,
               antimicrobial and immune-boosting activities, antibacterial, antiviral, adaptogenic, cytoprotective, antiallergic, immunomodulatory
               (Bag, Bhattacharyya, & Chattopadhyay, 2013; Gabriel et al., 2013), would-healing, anti-inflammatory activities  (Arora et al., 2011). The fruits are rich in phytochemicals like gallic acid, chebulagic acid, chebulinic acid, corilagin, punicalagin, chebulanin
               polysaccharides, chebulosides. The hydrolyzable tannins chebulagic acid and punicalagin has been reported to act against herpes
               simplex virus type 1 (HSV-1)  (Lin et al., 2013).  
            

            
               
                  Glycyrrhiza glabra
                  
               
            

            Glycyrrhiza glabra commonly known as liquorice is a common traditional herb which has been used in many Ayurvedic and traditional Chinese medicine
               for centuries. It has been reported for numerous pharmacological activities such as antitussive  (Sahaa, Nosalova, Ghosh, Fleskova, & Capek, 2011), antiviral, anti-inflammatory, Immunomodulatory, antioxidant, antitumor, antimicrobial  (Wang, Yang, Yuan, Liu, & Li, 2015; Yanagawa, Ogura, Fujimoto, Shono, & Okuda, 2004). The roots of the herb reported for phytochemicals like triterpenoids and flavonoids like glycyrrhizin, glycyrrhetinic acid
               liquiritigenin, licochalcone and glabridin. Glycyrrhizin has been shown to be beneficial to patients with upper respiratory
               tract infection  (Yanagawa et al., 2004). Glycyrrhizin isolated from Glycyrrhiza glabra has been reported for its antiviral potential against SARS coronavirus replication  (Cinatl et al., 2003).
            

            
               
                  Curcuma longa
                  
               
            

            Curcuma longa has been reported for antiviral activity against influenza viral strainsH1N1 and H9N2  (Dao et al., 2012), immunomodulatory  (Sengupta, Sharma, & Chakraborty, 2011), anti-inflammatory  (Houssen et al., 2010), pulmonary diseases  (Lelli, Sahebkar, Johnston, & Pedone, 2017). Curcumin has been reported to inhibit coronavirus infection by inhibiting SARS-CoV CL protease  (Barnard & Kumaki, 2011; Zahedipour et al., 2020).
            

            
               
                  Zingiber
                  
               
                   officinale
                  
               
            

            The rhizome of ginger (Zingiber officinale) is a common spice widely used in various Ayurvedic medicines. Ginger has been reported for antiviral properties against
               the human respiratory syncytial virus (HRSV)  (Chang, Wang, Yeh, Shieh, & Chiang, 2013) and other activities like antioxidant, anti-inflammatory, antimicrobial  (Ewnetu, Lemma, & Birhane, 2014), immunomodulatory activity  (Townsend et al., 2013). The bioactive compounds identified from the herbs are gingerols, shogaols, paradols, gingerdione, gingerdion, gingerenone
               (Mao et al., 2019; Townsend et al., 2013)
            

            Piper longum 
            

            Piperine the major phytochemical of its fruits has found to possess antiviral activity against the hepatitis-b virus (HBV)
               (Jiang et al., 2013). It has been traditionally used for the treatment of cold, rhinitis  (Mouhajir, Hudson, Rejdali, & Towers, 2001). Various pharmacological activities like anti-inflammatory, analgesic, antioxidant, immunomodulatory, anti-microbial have
               been reported for Piper longum  (Mouhajir et al., 2001; Yadav, Krishnan, & Vohora, 2020). 
            

         

         
               Materials and Methods

            The herbal ingredients used in the formulation were purchased from the local vendors and identified on the basis of the Pharmacopoeial
               standards. Isomalt was procured from Beneo-Palatinit GmbH, Germany in the trade name of GalenQTM 990. Liquid glucose was received from Roquette. The chemicals and solvents used were of analytical grade procured from Himedia,
               Rankem. High Performance-Thin-layer chromatography (HPTLC) was performed on silica gel 60F254 TLC plates (Merck). 
            

            Preparation of Extracts 
            

            The dried leafs of Ocimum sanctum, fruits rinds Terminalia chebula, and roots of Glycyrrhiza glabra were made into coarse powder and were subjected to soxhlet extraction with water. These extracts were dried over a water
               bath to yield a dry powder. The rhizome of Zingiber officinale and Curcuma longa, fruits of Piper longum were powdered and passed through 100 mesh sieves to make very fine and free-flowing powder. The polyherbal candy formulation
               was prepared from the combination of the above extracts and powder. 
            

            
               Preliminary phytochemical analysis
               
            

            Physicochemical parameters of the herbal raw materials like water-soluble extractive (WSE) value, alcohol soluble extractive
               (ASE) value, and Ash value were determined as per Pharmacopoeial methods mentioned in Ayurvedic Pharmacopoeia of India. Preliminary
               phytochemical analysis of the extracts was qualitatively tested for identification of various plant secondary metabolites
               such as alkaloids, flavonoids, steroids, terpenoids, phenolics, tannins, amino acids, proteins and carbohydrates. 
            

            
               Antibacterial Activity Tests
               
            

            The antibacterial activity of the herbal extracts against Gram-positive bacterial strains of S. aureus, S. pneumoniae, B. subtilis  and S. pyogenes was evaluated by disk diffusion method. A 100µL sample of freshly-grown bacterial suspension (with a concentration of ~104and ~106 colony-forming unit (CFU)/ML of S. aureus, S. pneumoniae, B. subtilis  and S. pyogenes respectively) cultured in Luria Bertani broth was spread on the nutrient agar plates. The extracts were prepared in 10mg/ml
               concentration in DMSO. Small sterile paper disks of 10 mm size were placed on the nutrient agar plates and 20µ of each of
               the herbal extracts was placed on it. Ciproﬂoxacin (10ng) disk was placed on a nutrient agar medium as a positive control.
               Plates were then incubated at 37oC for 24h and. Each experiment was done in triplicate. The average diameter of the inhibition zone was measured. 
            

            
               Antiviral activity
               
            

            Vero cells were purchased from the National Centre for Cell Sciences (NCCS, Pune, India). Cells were maintained and propagated
               in Eagle’s minimum essential medium (EMEM) containing 10% fetal bovine serum. Cultured Vero cells were incubated at 37°C in
               5% CO2 humidified chamber. For virus propagation, the serum concentration of the medium was reduced to 2 %. Dengue virus type-2
               (DEN-2) New Guinea C strain was propagated using Vero cell line, and harvested after cytopathic effect (CPE) 7 days post-infection.
               After titration, the viral stock was maintained at -70°C.
            

            
               Cytotoxicity activity
               
            

            In cytotoxicity assays, quadruplicate wells of confluent monolayers of Vero cells were grown in 96-well tissue culture plates.
               Cells were incubated with different concentrations of herbal extracts. Then, we examined cell viability, as the ability of
               the cells to cleave the tetrazolium salt MTT [3-(4,5-dimethylthiazol-2)-2,5diphenyltetrazoliumbromide), Sigma Chem. Co. St.
               Louis, USA], by the mitochondrial enzyme succinate dehydrogenase which develops a formazan crystal. Each concentration was
               replicated three times.
            

            
               Virus quantification by plaque formation assay
               
            

            A 10-fold serial dilution of medium supernatant was added to new Vero cells grown in 24-well plates (1.5x105cells) and incubated for 1 h at 370C. The cells were then overlaid with DMEM containing 1.1% methylcellulose. The viral plaques were stained with crystal violet
               dye after 5-days incubation. The virus titres were calculated according to the following formula: Titre (PFU/ ml) = number
               of plaques × volume of the diluted virus added to the well x dilution factor of the virus used to infect the well in which
               the plaques were enumerated. The percentage of the PFU was calculated using the formula: % PFU = (Viral titre of treated cells/viral
               titre of untreated cells) x 100. The anti-viral activity was as per the method described by  (Sujitha et al., 2015). 
            

            Preparation of Sugar-based Hard-boiled Candy 
            

            The hard-candy based formulation was prepared from a combination of sucrose and liquid glucose. Sucrose and liquid glucose
               were used in combination of 60:40 after several trials. The required quantity of sucrose was dissolved in the distilled water
               under slow heating and then liquid glucose was added into the sucrose solution under gentle stirring under heating to remove
               maximum water. Then above herbal extracts, citric acid was added and mixed under to get a homogenous mixture and added to
               the mold of suitable shape. Then the lozenegs were kept aside to congeal. After congealing the lozenges were packed in moisture
               barrier pack and sealed and stored for further evaluation and characterization. 
            

            Preparation of Isomalt based Hard-Boiled Candy. 
            

            Isomalt based sugar-free lozenegs were prepared following the above process from isomalt using heating and congealing method.
               Isomalt was dissolved in water under heating and converted to a syrupy mass. Then the herbal actives were added into the molten
               syrup and mixed and added to the mold to make uniform shaped lozenegs The composition of both the sugar-based and isomalt
               based lozenges are mention in the Table  1. 
            

            
               Quality Evaluation of Herbal Candies 
               
            

            The formulated sugar-based and Isomalt based hard-boiled candies (Figure  1) prepared was evaluated for various physical quality parameters such as hardness, friability, average weight, dissolution
               time. The diameter and thickness were measured using Vernier callipers. The hardness of the tablets was evaluated by using
               Monsanto hardness tester. The friability was determined in a Roche friabilator. Twenty candies were weighed and placed in
               the friabilator. They subjected to 100 rpm rotations. The candies were dusted and reweighed. The candies should not lose more
               than 1% of their weight Dissolving time of the lozenges was determined in phosphate buffer at pH 6.8 using USP disintegration
               apparatus-II at 37±2°C.
            

            

            
                  
                  Table 1

                  Composition of the polyherbal candy formulation

               

               
                     
                        
                           	
                              
                           
                           S.No

                           
                        
                        	
                              
                           
                           Ingredients

                           
                        
                        	
                              
                           
                           Sugar-based candy 

                           
                        
                        	
                              
                           
                           Isomalt candy

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Sucrose

                           
                        
                        	
                              
                           
                           52.00

                           
                        
                        	
                              
                           
                           -

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           Liquid glucose

                           
                        
                        	
                              
                           
                           32.00

                           
                        
                        	
                              
                           
                           -

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           Isomalt

                           
                        
                        	
                              
                           
                           -

                           
                        
                        	
                              
                           
                           85.00

                           
                        
                     

                     
                           	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           Water

                           
                        
                        	
                              
                           
                           20.00

                           
                        
                        	
                              
                           
                           30.00

                           
                        
                     

                     
                           	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           Herbal extracts 2.5gm each for all the herbal extracts 

                           
                        
                        	
                              
                           
                           15.00

                           
                        
                        	
                              
                           
                           15.00

                           
                        
                     

                     
                           	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           Citric acid

                           
                        
                        	
                              
                           
                           0.1

                           
                        
                        	
                              
                           
                           0.1

                           
                        
                     

                     
                           	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           Gum acacia

                           
                        
                        	
                              
                           
                           1.00

                           
                        
                        	
                              
                           
                           1.00

                           
                        
                     

                  
               

            

             

            
                  
                  Table 2

                  Preliminary phytochemical analysis of the aqueous extracts of the herbal actives

               

               
                     
                        
                           	
                              
                           
                           Phytochemicals

                           
                        
                        	
                              
                           
                           Name of tests

                           
                        
                        	
                              
                           
                           OS 

                           
                        
                        	
                              
                           
                           TC 

                           
                        
                        	
                              
                           
                           GG 

                           
                        
                        	
                              
                           
                           ZO 

                           
                        
                        	
                              
                           
                           CL 

                           
                        
                        	
                              
                           
                           PL 

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Flavonoids 

                           
                        
                        	
                              
                           
                           Flavonoids 

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                     

                     
                           	
                              
                           
                           Phenolic 

                           
                        
                        	
                              
                           
                           Ferric chloride test 

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                     

                     
                           	
                              
                           
                           Phenolics

                           
                        
                        	
                              
                           
                           Lead acetate test 

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                     

                     
                           	
                              
                           
                           Alkaloids 

                           
                        
                        	
                              
                           
                           Wagner’s reagent 

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                     

                     
                           	
                              
                           
                           Phytosterols

                           
                        
                        	
                              
                           
                           Leibermann-burchard test

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                     

                     
                           	
                              
                           
                           Phytosterols

                           
                        
                        	
                              
                           
                           Alkaline reagent test 

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                     

                     
                           	
                              
                           
                           Tannins

                           
                        
                        	
                              
                           
                           Lead acetate test

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                     

                     
                           	
                              
                           
                           Carbohydrates 

                           
                        
                        	
                              
                           
                           Molish test 

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                     

                     
                           	
                              
                           
                           Carbohydrates

                           
                        
                        	
                              
                           
                           Fehling test 

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                     

                     
                           	
                              
                           
                           Proteins and amino acids 

                           
                        
                        	
                              
                           
                           Biuret test 

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                     

                     
                           	
                              
                           
                           Proteins and amino acids

                           
                        
                        	
                              
                           
                           Ninhydrine test 

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                     

                     
                           	
                              
                           
                           Alkaloids 

                           
                        
                        	
                              
                           
                           Dragendroff test 

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                     

                     
                           	
                              
                           
                           Alkaloids

                           
                        
                        	
                              
                           
                           Wagners test 

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           +ve

                           
                        
                     

                     
                           	
                              
                           
                           Alkaloids

                           
                        
                        	
                              
                           
                           Mayers test 

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                        	
                              
                           
                           -ve

                           
                        
                     

                  
               

               

            

             

            
                  
                  Table 3

                  Physicochemical Parameters of Herbs

               

               
                     
                        
                           	
                              
                           
                           S.No

                           
                        
                        	
                              
                           
                           Herbs name

                           
                        
                        	
                              
                           
                           Part used 

                           
                        
                        	
                              
                           
                           WSE 

                           
                        
                        	
                              
                           
                           ASE 

                           
                        
                        	
                              
                           
                           Ash

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Terminalia chebula

                           
                        
                        	
                              
                           
                           Fruits 

                           
                        
                        	
                              
                           
                           76.92

                           
                        
                        	
                              
                           
                           12.4

                           
                        
                        	
                              
                           
                           4.62

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           Zingiber officinale

                           
                        
                        	
                              
                           
                           Rhizomes 

                           
                        
                        	
                              
                           
                           18.22

                           
                        
                        	
                              
                           
                           5.50

                           
                        
                        	
                              
                           
                           11.17

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           Piper longum 

                           
                        
                        	
                              
                           
                           Fruits 

                           
                        
                        	
                              
                           
                           11.67

                           
                        
                        	
                              
                           
                           7.17

                           
                        
                        	
                              
                           
                           5.41

                           
                        
                     

                     
                           	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           Curcuma longa 

                           
                        
                        	
                              
                           
                           Rhizomes 

                           
                        
                        	
                              
                           
                           18.90

                           
                        
                        	
                              
                           
                           9.0

                           
                        
                        	
                              
                           
                           12

                           
                        
                     

                     
                           	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           Glycyrrhiza glabra

                           
                        
                        	
                              
                           
                           Roots 

                           
                        
                        	
                              
                           
                           16.0

                           
                        
                        	
                              
                           
                           15.07

                           
                        
                        	
                              
                           
                           9.66

                           
                        
                     

                     
                           	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           Ocimum sanctum 

                           
                        
                        	
                              
                           
                           Leafs 

                           
                        
                        	
                              
                           
                           5.27

                           
                        
                        	
                              
                           
                           18.42

                           
                        
                        	
                              
                           
                           15.68

                           
                        
                     

                  
               

            

             

            
                  
                  Table 4

                  Evaluation of formulation candies

               

               
                     
                        
                           	
                              
                           
                           Quality-control Parameters

                           
                        
                        	
                              
                           
                           Sugar-based 

                           
                        
                        	
                              
                           
                           Isomalt based 

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Diameter (mm) 

                           
                        
                        	
                              
                           
                           16.23

                           
                        
                        	
                              
                           
                           16.18

                           
                        
                     

                     
                           	
                              
                           
                           Thickness (mm)

                           
                        
                        	
                              
                           
                           7.25 

                           
                        
                        	
                              
                           
                           7.27

                           
                        
                     

                     
                           	
                              
                           
                           Average weight (g)

                           
                        
                        	
                              
                           
                           2.50

                           
                        
                        	
                              
                           
                           2.36

                           
                        
                     

                     
                           	
                              
                           
                           Hardness (kg/cm2)
                           

                           
                        
                        	
                              
                           
                           16.2

                           
                        
                        	
                              
                           
                           15.8

                           
                        
                     

                     
                           	
                              
                           
                           Friability (%w/w)

                           
                        
                        	
                              
                           
                           0.29

                           
                        
                        	
                              
                           
                           0.25

                           
                        
                     

                     
                           	
                              
                           
                           Dissolving time (minute) 

                           
                        
                        	
                              
                           
                           7.5

                           
                        
                        	
                              
                           
                           9

                           
                        
                     

                     
                           	
                              
                           
                           pH (3% solution) at 25°C

                           
                        
                        	
                              
                           
                           4.55

                           
                        
                        	
                              
                           
                           4.77

                           
                        
                     

                     
                           	
                              
                           
                           Moisture content 

                           
                        
                        	
                              
                           
                           0.48

                           
                        
                        	
                              
                           
                           0.52

                           
                        
                     

                  
               

            

             

            
                  
                  Table 5

                  HPTLC profile of Herbal lozenges and The Herbal Actives

               

               
                     
                        
                           	
                              
                           
                           Sample name

                           
                        
                        	
                              
                           
                           No of spots found

                           
                        
                        	
                              
                           
                           Rf  values of spots observed (254nm)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Sugar based and Isomalt lozenges 

                           
                        
                        	
                              
                           
                           8 spots 

                           
                        
                        	
                              
                           
                           0.12,0.28,0.32,0.38, 0.43,0.51,0.67, 0.77

                           
                        
                     

                     
                           	
                              
                           
                           CL

                           
                        
                        	
                              
                           
                           10 spots 

                           
                        
                        	
                              
                           
                           0.07,0.09,0.14,0.21,0.26,0.42,0.59,0.67,0.76,0.83

                           
                        
                     

                     
                           	
                              
                           
                           GO

                           
                        
                        	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           0.09,0.14,0.25,0.34,0.38,0.44,0.49,0.56,0.65,0.79

                           
                        
                     

                     
                           	
                              
                           
                           TC

                           
                        
                        	
                              
                           
                           02

                           
                        
                        	
                              
                           
                           0.58,0.78

                           
                        
                     

                     
                           	
                              
                           
                           PL

                           
                        
                        	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           0.05,0.11,0.13,0.32,0.40,0.46,0.55,0.59,0.67,0.77

                           
                        
                     

                     
                           	
                              
                           
                           OS

                           
                        
                        	
                              
                           
                           07

                           
                        
                        	
                              
                           
                           0.03,0.11,0.17,0.23,0.43,0.51,0.76

                           
                        
                     

                     
                           	
                              
                           
                           GG

                           
                        
                        	
                              
                           
                           11

                           
                        
                        	
                              
                           
                           0.03,0.06,0.12,0.18,0.23,0.28,0.33,0.41,0.42,0.48,0.76

                           
                        
                     

                  
               

            

            

            
                  
                  Table 6

                  Antibacterial activity of various extracts against various bacterial pathogens

               

               
                     
                        
                           	
                              
                           
                           Herbal Ingredients

                           
                        
                        	
                              
                           
                           B. subtilis (mm) 

                           
                        
                        	
                              
                           
                           S. pyogenes

                           
                           (mm) 

                           
                        
                        	
                              
                           
                           S. aureus

                           
                           (mm) 

                           
                        
                        	
                              
                           
                           S. pneumonia

                           
                           (mm) 

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           TC

                           
                        
                        	
                              
                           
                           8

                           
                        
                        	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           8

                           
                        
                        	
                              
                           
                           4

                           
                        
                     

                     
                           	
                              
                           
                           CL

                           
                        
                        	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           8

                           
                        
                        	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           5

                           
                        
                     

                     
                           	
                              
                           
                           PL

                           
                        
                        	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           3

                           
                        
                     

                     
                           	
                              
                           
                           OS

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           8

                           
                        
                     

                     
                           	
                              
                           
                           GG

                           
                        
                        	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           7

                           
                        
                     

                     
                           	
                              
                           
                           ZO

                           
                        
                        	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           4

                           
                        
                     

                     
                           	
                              
                           
                           Ciprofloxacin 

                           
                        
                        	
                              
                           
                           15

                           
                        
                        	
                              
                           
                           15

                           
                        
                        	
                              
                           
                           15

                           
                        
                        	
                              
                           
                           15

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 7

                  Plaque inhibition activity of the herbal actives

               

               
                     
                        
                           	
                              
                           
                           Sample name 

                           
                        
                        	
                              
                           
                           Control

                           
                        
                        	
                              
                           
                           10µg

                           
                        
                        	
                              
                           
                           20µg

                           
                        
                        	
                              
                           
                           40µg

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           OS

                           
                        
                        	
                              
                           
                           98

                           
                        
                        	
                              
                           
                           80

                           
                        
                        	
                              
                           
                           76

                           
                        
                        	
                              
                           
                           55

                           
                        
                     

                     
                           	
                              
                           
                           GG

                           
                        
                        	
                              
                           
                           96

                           
                        
                        	
                              
                           
                           76

                           
                        
                        	
                              
                           
                           53

                           
                        
                        	
                              
                           
                           51

                           
                        
                     

                     
                           	
                              
                           
                           ZO

                           
                        
                        	
                              
                           
                           94

                           
                        
                        	
                              
                           
                           74

                           
                        
                        	
                              
                           
                           51

                           
                        
                        	
                              
                           
                           48

                           
                        
                     

                     
                           	
                              
                           
                           PL

                           
                        
                        	
                              
                           
                           97

                           
                        
                        	
                              
                           
                           83

                           
                        
                        	
                              
                           
                           66

                           
                        
                        	
                              
                           
                           63

                           
                        
                     

                     
                           	
                              
                           
                           TC

                           
                        
                        	
                              
                           
                           96

                           
                        
                        	
                              
                           
                           74

                           
                        
                        	
                              
                           
                           61

                           
                        
                        	
                              
                           
                           51

                           
                        
                     

                     
                           	
                              
                           
                           CL

                           
                        
                        	
                              
                           
                           98

                           
                        
                        	
                              
                           
                           76

                           
                        
                        	
                              
                           
                           74

                           
                        
                        	
                              
                           
                           53

                           
                        
                     

                  
               

            

             

            
                  
                  Figure 1

                  Polyherbal candy formulation from Ayurvedic herbs

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/d44d1fef-06b8-49c3-a648-a480f40d9f34/image/5d8096ef-3463-4a15-a385-8d94b305cc7a-upicture1.png]

            

            
                  
                  Figure 2

                  TLC Chromatography Plate

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/d44d1fef-06b8-49c3-a648-a480f40d9f34/image/62a6f059-fb9e-4d87-8f91-e4c20ab6848b-upicture2.png]

            

            
                  
                  Figure 3

                  Antiviral effects of the herbal extracts in terms of plaque inhibition at different conc. of the extracts
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                  Figure 4

                  Viability of the Vero cells treated with different concentration of herbal actives
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                  Figure 5

                  Plaque Inhibition activity of vero cells; a-Control, b-10 μg/ml, c-20 μg/ml, d-40 μg/ml
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               Results and Discussion

            Preliminary qualitative analysis (Table  2) reveals the presence of flavonoids, triterpenes, phytosterols, tannins, polysaccharides, alkaloids and phenolics in the
               above herbs. The herbs are found to be having various phytochemicals of flavonoids, phenolics, sterols, polysaccharides and
               alkaloids class. These compounds may be responsible for the biological activity attributed to the plants.  
            

            
               Physicochemical properties of herbs
               
            

            Various physicochemical parameters like water-soluble extractive, alcohol soluble extractive and ash value were determined
               and. All the herbs were found to be having more polar water-soluble extractable matter as compared to that medium polar alcohol-soluble
               extractable matter. So the actives can be slowly dissolved in saliva for a better activity for local action at the throat
               region. The various parameter is depicted as the Table  3. 
            

            
               Physicochemical evaluation of the lozenges 
               
            

            The physical parameters such as dimension, average weight, hardness, friability and dissolving time are given in Table  4. All the parameters were found to be within acceptable limits. Hardness test indicates satisfactory mechanical strength of
               the lozenges. 
            

            The friability lozenges found to be 0.29 and 0.25%, less than 1% as per accepted pharmacopoeia limits. The moisture quantity
               was found to be below 1% w/w to provide better shelf life to prevent the lozenges from crystallization and graining. The time
               for the complete dissolution of the sugar-based lozenegs and isomalt lozenges were found to be 7.5 and 9 minutes respectively
               indicating faster dissolving time for sugar-based candy as compared to that of isomalt. 
            

            Overall the lower dissolving time of both lozenges was due to the highly polar nature of sugar and isomalt. The friability
               of the lozenges was found to be within the limit.
            

            
               HPTLC Analysis polyherbal Candy formulation
               
            

            HPTLC fingerprint (Figure  2) of both the lozenges showed the presence of characteristic spots in the ranges corresponding to the herbal actives used
               in the formulation. Derivatization with the TLC reagents showed corresponding colored zone at the same Rf. Both the lozenges
               formulation showed a total of 8 no of spots at 254 nm Rf of 0.12, 0.28, 0.32, 0.38, 0.43,0.51, 0.67, 0.77 from six of the herbs used in the formulation. 
            

            There were spots at the Rf corresponding to more than one ingredient are due to merging of more than one compounds of same
               Rf values. The HPTLC analysis indicates that there was no substantial interaction between drug and excipient in the herbal
               formulation. Absence of additional peaks indicates that there is no degradation during formulation. HPTLC fingerprint could
               be used as a promising technique for quality control of prepared formulation for identification of the herbal actives in lozenges
               formulation. 
            

            
               Antibacterial activity
               
            

            The results revealed variability in the inhibitory concentrations of each extract for given bacteria (Table  5). The aqueous extracts of the herbs were tested for their antimicrobial activity. The results showed that TC extract possesses
               strong antibacterial against B. subtilis, S.aureus, while moderate activity against S.pyogens and S.pneumoniae. CL extract showed strong activity against B. subtilis, S.pyogens, OS extract showed strong antibacterial activity against S.aureus, S.pneumoniae  and GG extract showed strong antimicrobial activity against S.pneumoniae. Extract of ZO showed weak activity against S.pyogens and moderate activity against B. subtilis, S.aureus and S. pneumonia. PL showed only moderate activity against B. subtilis,  S.pyogens, S.aureus, and S.pneumoniae. 
            

            
               Antiviral activity
               
            

            Different extracts of herbal materials were evaluated for their antiviral activity against dengue virus. All the extracts
               inhibited the infection of Vero cells by Dengue virus type-2 (DEN-2). Percentage Plaque Inhibition of the herbal extracts
               at different concentration is given in Table  6. 
            

            The graphical presentation of plaque inhibition at different concentration 10µg/ml, 20µg/ml and 40µg/ml is expressed in Figure  3. The anti-viral activity of all the extracts increases with increase in the concentration the extracts from 10µg/ml to 40µg/ml
               
            

            In the present study, Vero cells were exposed to different concentrations of herbal extracts. After prolonged exposure, there
               were no adverse effects in treated Vero cells. To ensure that herbal extract concentrations were not toxic, cytotoxicity of
               compounds in selected cell lines was assessed using MTT assay. The 50% cytotoxic concentration (CC50) for the extracts was insignificant in the Vero cells. Therefore, for in vitro infectious assays, we chose a concentration of 10-40 µg/ml. The Vero cell cytotoxic activity of the herbal extracts are presented
               in Figure  4. 
            

            The herbal extracts showed in vitro antiviral activity against dengue virus DEN-2 cultured Vero cells. Viral titer was 7 log10 TCID50 /ml in control Vero cells (infected with DEN-2 virus, untreated with extracts), and dropped to 4.5 log10 TCID50 50/ml after treatment with the herbal extracts tested up to 40µl/ml. Figure  5 showed the size differences between Vero cells infected by DEN-2 and Vero cells infected by DEN-2 followed by treatment with
               herbal actives at various concentration of 10, 20 and 40 µl/ml. The plaque inhibition activity of various extracts is presented
               in Table  7. 
            

         

         
               Conclusion 

            Our studies demonstrated that the above herbal actives demonstrated significantly anti-viral activity by reducing the infectiveness
               of DENV virus in Vero cells in vitro. The antimicrobial assay showed herbal actives possess strong antibacterial activity
               against the human pathogenic bacteria B. subtilis, S.aureus, S.pyogens and S.pneumoniae. The results substantiate established therapeutic application of ayurvedic herbs for various ailments. Phytochemical analysis
               of the herbs revealed the presence of various phytochemicals of flavonoid, phenolic, triterpene, phytosterols, alkaloids and
               tannin family. The herbal lozenges developed were found to be having satisfactory physical specifications such as hardness,
               friability and mouth dissolving time. The isomalt based candy was found to take a slightly higher time to completely dissolve.
               The HPTLC method was found to be a suitable technique for quality evaluation of the candy formulation, including various other
               herbal candies available in the market. The HPTLC study reveals that the herbal actives are compatible and stable in the formulation
               without interference with excipients sugar, liquid glucose and isomalt in candy formulation. The candy could be an ideal dosage
               form for the oral delivery of the herbal actives. Further investigations are necessary with more relevant in vitro study for
               anti-viral and anti-bacterial study to target the specific virus to know the mechanism of actions. For efficacy and safety
               of the formulated candy, relevant clinical studies are further required. 
            

            
               Funding Support
               
            

            The authors declare that they have no funding support for this study.

            
               Conflict of Interest 
               
            

            The authors declare that they have no conflict of interest for this study.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Bloom, David E., Black, Steven & Rappuoli, Rino,   (2017). Emerging infectious diseases: A proactive approach. Proceedings of the National Academy of Sciences, 114(16), 4055–4059.
                     

                  

                  
                     
                        2 
                              

                     

                     Gouglas, Dimitrios, Le, Tung Thanh, Henderson, Klara, Kaloudis, Aristidis, Danielsen, Trygve, Hammersland, Nicholas Caspersen,
                        Robinson, James M, Heaton, Penny M & Røttingen, John-Arne,   (2018). Estimating the cost of vaccine development against epidemic infectious diseases: a cost minimisation study. The Lancet Global Health, 6(12), e1386–e1396.
                     

                  

                  
                     
                        3 
                              

                     

                     Eili, Y K, Thomas, P, Van, B, Elena, M, Suraj, P, Sumanth, G, Simon, A L, Levin, , Herman, G & Ramanan, L,   (2018). Global increase and geographic convergence in antibiotic consumption between 2000 and 2015. Proc Natl Acad Sci, 115(15), 3463–3470.
                     

                  

                  
                     
                        4 
                              

                     

                     Kardos, P. & Malek, F.A.,   (2017). Common Cold – an Umbrella Term for Acute Infections of Nose, Throat, Larynx and Bronchi. Pneumologie, 71(04), 221–226.
                     

                  

                  
                     
                        5 
                              

                     

                     Hueston, W J, Mainous, A G, Dacus, E N & Hopper, J E,   (2000). Does acute bronchitis really exist? A reconceptualization of acute viral respiratory infections. J Fam Pract, 49(5), 401–416.
                     

                  

                  
                     
                        6 
                              

                     

                     Berry, Michael, Gamieldien, Junaid & Fielding, C. Burtram,   (2015). Identification of New Respiratory Viruses in the New Millennium. Viruses, 7(3), 996–1019.
                     

                  

                  
                     
                        7 
                              

                     

                     Judith, M M,   (2015). The Mysteries of Streptococcal Pharyngitis. Curr Treat Options Pediatr, 1(2), 180–189.
                     

                  

                  
                     
                        8 
                              

                     

                     Yingchen, W, Tuo, D, Guiyun, Q, Lixin, Q, Wei, L, Binbin, Q, Zhe, Z, Lei, S, Hong, G, Xiqiao, D, Bing, L, Yan, G, Zhenwei,
                        L, Huisong, Y, Qi, C, Xiaocen, W, Ye, L, Weiyuan, G & Zhangyi, Q,   (2018). Prevalence of Common Respiratory Viral Infections and Identification of Adenovirus in Hospitalized Adults in Harbin,
                        China 2014 to 2017. Front Microbiol, 9, 2919.
                     

                  

                  
                     
                        9 
                              

                     

                     Gail, P & John, H,   (2008). This obscure herb works for the common cold. J Fam Pract, 57(3), 157–161.
                     

                  

                  
                     
                        10 
                              

                     

                     Heikkinen, T & Jarvinen, A,   (2003). The common cold. Lancet, 361(9351), 51–59.
                     

                  

                  
                     
                        11 
                              

                     

                     Choi, K, Lee, H, Ji, Y, Hwang, I & Kim, S,   (2013). A Comparison of the Efficacy and Safety of Non-Steroidal Anti-Inflammatory Drugs versus Acetaminophen in Symptom
                        Relief for the Common Cold: A Meta-Analysis of Randomized Controlled Trial Studies. Korean J Fam Med, 34(4), 241–249.
                     

                  

                  
                     
                        12 
                              

                     

                     Cheng, Vincent C.C., Chan, Jasper F.W., To, Kelvin K.W. & Yuen, K.Y.,   (2013). Clinical management and infection control of SARS: Lessons learned. Antiviral Research, 100(2), 407–419.
                     

                  

                  
                     
                        13 
                              

                     

                     Cleri, Dennis J., Ricketti, Anthony J. & Vernaleo, John R.,   (2010). Severe Acute Respiratory Syndrome (SARS) Infectious Disease Clinics of North America, 24(1), 175–202.
                     

                  

                  
                     
                        14 
                              

                     

                     Gordon, Calvin J., Tchesnokov, Egor P., Woolner, Emma, Perry, Jason K., Feng, Joy Y., Porter, Danielle P. & Götte, Matthias,
                          (2020). Remdesivir is a direct-acting antiviral that inhibits RNA-dependent RNA polymerase from severe acute respiratory
                        syndrome coronavirus 2 with high potency. Journal of Biological Chemistry, 295(20), 6785–6797.
                     

                  

                  
                     
                        15 
                              

                     

                     Liang, Chengyuan, Tian, Lei, Liu, Yuzhi, Hui, Nan, Qiao, Guaiping, Li, Han, Shi, Zhenfeng, Tang, Yonghong, Zhang, Dezhu, Xie,
                        Xiaolin & Zhao, Xu,   (2020). A promising antiviral candidate drug for the COVID-19 pandemic: A mini-review of remdesivir. European Journal of Medicinal Chemistry, 201, 112527.
                     

                  

                  
                     
                        16 
                              

                     

                     Jadhav, Priyanka, Lal, Hingorani & Kshirsagar, Nilima,   (2014). Assessment of potency of PC-complexed Ocimum sanctum methanol extract in embryonated eggs against Influenza virus
                        (H1N1) Pharmacognosy Magazine, 10(Supple 1), 86–91.
                     

                  

                  
                     
                        17 
                              

                     

                     Negar, J & Marc, M C,   (2017). The Clinical Efficacy and Safety of Tulsi in Humans: A Systematic Review of the Literature. Evid Based Complement Alternat Med, 9217567.
                     

                  

                  
                     
                        18 
                              

                     

                     Yadav, M, Song, F & Huang, J,   (2018). Ocimum flavone Orientin as a countermeasure for thrombocytopenia. Sci Rep, 8, 5075.
                     

                  

                  
                     
                        19 
                              

                     

                     Ghoke, S. S., Sood, R., Kumar, N., Pateriya, A. K., Bhatia, S., Mishra, A., Dixit, R., Singh, V. K., Desai, D. N., Kulkarni,
                        D. D., Dimri, U. & Singh, V. P.,   (2018). Evaluation of antiviral activity of Ocimum sanctum and Acacia arabica leaves extracts against H9N2 virus using embryonated
                        chicken egg model. BMC Complementary and Alternative Medicine, 18(1), 174.
                     

                  

                  
                     
                        20 
                              

                     

                     Bag, Anwesa, Bhattacharyya, Subir Kumar & Chattopadhyay, Rabi Ranjan,   (2013). The development of Terminalia chebula Retz. (Combretaceae) in clinical research. Asian Pacific Journal of Tropical Biomedicine, 3(3), 244–252.
                     

                  

                  
                     
                        21 
                              

                     

                     Gabriel, N, Ludovit, J, Udipta, R C, Sujay, K M, Slavomir, N & Bimalendu, R,   (2013). Antitussive Activity of the Water-Extracted Carbohydrate Polymer from Terminalia chebula on Citric Acid-Induced
                        Cough. Evid Based Complement Alternat Med, 650134.
                     

                  

                  
                     
                        22 
                              

                     

                     Arora, Rajesh, Chawla, R., Marwah, Rohit, Arora, P., Sharma, R. K., Kaushik, Vinod, Goel, R., Kaur, A., Silambarasan, M.,
                        Tripathi, R. P. & Bhardwaj, J. R.,   (2011). Potential of Complementary and Alternative Medicine in Preventive Management of Novel H1N1 Flu (Swine Flu) Pandemic:
                        Thwarting Potential Disasters in the Bud. Evidence-Based Complementary and Alternative Medicine, 2011, 1–16.
                     

                  

                  
                     
                        23 
                              

                     

                     Lin, L, Chen, T, Lin, S, Chung, C, Lin, T, Wang, G, Anderson, R, Lin, C & Richardson, C D,   (2013). Broad-spectrum antiviral activity of chebulagic acid and punicalagin against viruses that use glycosaminoglycans
                        for entry. BMC Microbiol, 13, 187.
                     

                  

                  
                     
                        24 
                              

                     

                     Sahaa, S, Nosalova, G, Ghosh, D, Fleskova, D & Capek, P,   (2011). Structural features and in vivo antitussive activity of the water extracted polymer from Glycyrrhiza glabra. Int J Biol Macromol, 48(4), 634–638.
                     

                  

                  
                     
                        25 
                              

                     

                     Wang, L, Yang, R, Yuan, B, Liu, Y & Li, C,   (2015). The antiviral and antimicrobial activities of licorice, a widely-used Chinese herb. Acta Pharm Sin B, 5(4), 310–315.
                     

                  

                  
                     
                        26 
                              

                     

                     Yanagawa, Youichi, Ogura, Masatsune, Fujimoto, Eita, Shono, Satoshi & Okuda, Eriya,   (2004). Effects and cost of glycyrrhizin in the treatment of upper respiratory tract infections in members of the Japanese
                        maritime self-defense force: Preliminary report of a prospective, randomized, double-blind, controlled, parallel-group, alternate-day
                        treatment assignment clinical trial. Current Therapeutic Research, 65(1), 26–33.
                     

                  

                  
                     
                        27 
                              

                     

                     Cinatl, J, Morgenstern, B, Bauer, G, Chandra, P, Rabenau, H & Doerr, HW,   (2003). Glycyrrhizin, an active component of liquorice roots, and replication of SARS-associated coronavirus. The Lancet, 361(9374), 2045–2046.
                     

                  

                  
                     
                        28 
                              

                     

                     Dao, Trong Tuan, Nguyen, Phi Hung, Won, Ho Keun, Kim, Eun Hee, Park, Junsoo, Won, Boo Yeon & Oh, Won Keun,   (2012). Curcuminoids from Curcuma longa and their inhibitory activities on influenza A neuraminidases. Food Chemistry, 134(1), 21–28. 10.1016/j.foodchem.2012.02.015

                  

                  
                     
                        29 
                              

                     

                     Sengupta, Mahuya, Sharma, Gauri Dutta & Chakraborty, Biswajit,   (2011). Hepatoprotective and immunomodulatory properties of aqueous extract of Curcuma longa in carbon tetra chloride intoxicated
                        Swiss albino mice. Asian Pacific Journal of Tropical Biomedicine, 1(3), 193–199.
                     

                  

                  
                     
                        30 
                              

                     

                     Houssen, Maha E., Ragab, Amany, Mesbah, Abeer, El-Samanoudy, Ayman Z., Othman, Gamal, F.Moustafa, Amal & Badria, Farid A.,
                          (2010). Natural anti-inflammatory products and leukotriene inhibitors as complementary therapy for bronchial asthma. Clinical Biochemistry, 43(10-11), 887–890.
                     

                  

                  
                     
                        31 
                              

                     

                     Lelli, Diana, Sahebkar, Amirhossein, Johnston, Thomas P. & Pedone, Claudio,   (2017). Curcumin use in pulmonary diseases: State of the art and future perspectives. Pharmacological Research, 115, 133–148.
                     

                  

                  
                     
                        32 
                              

                     

                     Zahedipour, Fatemeh, Hosseini, Seyede Atefe, Sathyapalan, Thozhukat, Majeed, Muhammed, Jamialahmadi, Tannaz, Al‐Rasadi, Khalid,
                        Banach, Maciej & Sahebkar, Amirhossein,   (2020). Potential effects of curcumin in the treatment of COVID ‐19 infection. Phytotherapy Research, 34(11), 2911–2920.
                     

                  

                  
                     
                        33 
                              

                     

                     Barnard, Dale L & Kumaki, Yohichi,   (2011). Recent developments in anti-severe acute respiratory syndrome coronavirus chemotherapy. Future Virology, 6(5), 615–631.
                     

                  

                  
                     
                        34 
                              

                     

                     Chang, J S, Wang, K C, Yeh, C F, Shieh, D E & Chiang, L C,   (2013). Fresh ginger (Zingiber officinale) has anti-viral activity against the human respiratory syncytial virus in human
                        respiratory tract cell lines. J Ethnopharmacol, 145(1), 146–151.
                     

                  

                  
                     
                        35 
                              

                     

                     Ewnetu, Yalemwork, Lemma, Wossenseged & Birhane, Nega,   (2014). Synergetic Antimicrobial Effects of Mixtures of Ethiopian Honeys and Ginger Powder Extracts on Standard and Resistant
                        Clinical Bacteria Isolates. Evidence-Based Complementary and Alternative Medicine, 2014, 562804.
                     

                  

                  
                     
                        36 
                              

                     

                     Townsend, Elizabeth A., Siviski, Matthew E., Zhang, Yi, Xu, Carrie, Hoonjan, Bhupinder & Emala, Charles W.,   (2013). Effects of Ginger and Its Constituents on Airway Smooth Muscle Relaxation and Calcium Regulation. American Journal of Respiratory Cell and Molecular Biology, 48(2), 157–163.
                     

                  

                  
                     
                        37 
                              

                     

                     Mao, Qian-Qian, Xu, Xiao-Yu, Cao, Shi-Yu, Gan, Ren-You, Corke, Harold, Beta, Trust & Li, Hua-Bin,   (2019). Bioactive Compounds and Bioactivities of Ginger (Zingiber officinale Roscoe) Foods, 8(6), 185.
                     

                  

                  
                     
                        38 
                              

                     

                     Jiang, Z Y, Liu, W F, Zhang, X M, Luo, J, Ma, Y B & Chen, J J,   (2013). Anti-HBV active constituents from Piper longum. Bioorg Med ChemLett, 23(7), 2123–2127.
                     

                  

                  
                     
                        39 
                              

                     

                     Mouhajir, F., Hudson, J.B., Rejdali, M. & Towers, G.H.N.,   (2001). Multiple Antiviral Activities of Endemic Medicinal Plants Used by Berber Peoples of Morocco. Pharmaceutical Biology, 39(5), 364–374.
                     

                  

                  
                     
                        40 
                              

                     

                     Yadav, Vaishali, Krishnan, Anuja & Vohora, Divya,   (2020). A systematic review on Piper longum L.: Bridging traditional knowledge and pharmacological evidence for future translational
                        research. Journal of Ethnopharmacology, 247, 112255.
                     

                  

                  
                     
                        41 
                              

                     

                     Sujitha, Vasu, Murugan, Kadarkarai, Paulpandi, Manickam, Panneerselvam, Chellasamy, Suresh, Udaiyan, Roni, Mathath, Nicoletti,
                        Marcello, Higuchi, Akon, Madhiyazhagan, Pari, Subramaniam, Jayapal, Dinesh, Devakumar, Vadivalagan, Chithravel, Chandramohan,
                        Balamurugan, Alarfaj, Abdullah A., Munusamy, Murugan A., Barnard, Donald R. & Benelli, Giovanni,   (2015). Green-synthesized silver nanoparticles as a novel control tool against dengue virus (DEN-2) and its primary vector
                        Aedes aegypti. Parasitology Research, 114(9), 3315–3325.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      


      
        		
          Content
        


      


    
  

