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            Abstract

            
               
The aim of the present research is to investigate acute toxicity profiling of isolated Vigna mungo new natural polymer. Safety
                  administration is the primitive criterion for any drug substance. To explore the safety and toxicity profiling of the novel
                  polymer, this study was carried out. Vigna mungo novel polymer was isolated from the pulverised seeds of Vigna mungo which
                  is part and parcel of our diet. This polymer is obtained using a non-solvent extraction method using acetone. Acute toxicity
                  studies were performed according to the OECD guidelines 420. In this, the selected animal model is Swiss albino rats, grouped
                  into control and test containing each three animals. 2000 mg/kg of Vigna mungo polymer was administered to a test group and
                  did not produced any abnormalities and behavioural changes. Furthermore, histopathological studies, body weight, haematological
                  parameters did not presented abnormal values. The observations found 2000mg/kg of a dose of the polymer did not cause lethality
                  and death of any animal till 14 days of a period. It was concluded that Vigna mungo novel polymer is safe to administer up
                  to 2000mg/kg dose. Hence, the novel Vigna mungo polymer is safer for therapeutic use in pharmaceutical formulations. 
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               Introduction

            Polymers are the backbone of drug delivery systems. These are the carriers of inert nature. Polymers alter the pharmacokinetics,
               pharmacodynamics properties of the dosage forms. Polymers are natural, synthetic and semisynthetic based on the source of
               origin. Many natural source origin polymers, especially proteins, polysaccharides used as carriers in the tissue engineering,
               targeting, and in bio response stimuli drug delivery systems  (Gil & Hudson, 2004). These are used as binders, film formers, artificial organs linings, immunological testing, and as substrates for cell growth.
               Smart polymers are materials of choice in the dosage forms which undergo physical or chemical change in response to external
               stimuli. Hydrogels are the hydrophilic polymeric networks capable of taking a large amount of water or biological fluids 
               (Qiu & Park, 2001).
            

            Natural polymers are gaining popularity in the modern era due to biocompatibility, biodegradability, no-toxicity, economic,
               safety, easy availability. Natural polymers are produced from plants, animals sources  (Shanmugam et al., 2005). Herbal polymers are largely contributing in many industries. These polymers are obtained from gummy exudates, and plant
               fibres are used in these areas  (Sailaja, Amareshwar, & Chakravarty, 2011). Like Acacia, carrageenan, agar, Ispagul a, tragacanth many polymers are used in various formulations  (Gandhi, Verma, Imam, & Vyas, 2019). Even though a lot of research work was done in the exploration of natural polymer associated dosage forms, yet to find
               and confirm the safety profile of the Vigna mungo polymer. 
            

            Novel Vigna mungo polymer is obtained from Vigna mungo (black gram) seeds pulverised portion using non-solvent acetone. Although research work regarding the Vigna mungo polymer was done still, there is a need to establish toxicity profiling to carryout invivo administration of dosage form. To carry out this exploration, acute toxicity profiling was performed using OECD guideline
               420  (Sravani, Deveswaran, Bharath, Basavaraj, & Madhavan, 2011; Yadav et al., 2009).  

            Toxicity studies are used in hazard identification and risk management in the context of production, handling, and use of
               chemicals  (Aneela et al., 2011). Acute oral toxicity study is imperatively required not exclusively to distinguish the scope of test substance that could
               be utilized, yet in addition to reveal the clinical signs evoked by the substances under scrutiny. It is likewise a valuable
               boundary to researching the helpful record of medications and xenobiotics  (Sailaja et al., 2011). For a traditional LD50 study, research facility mice and rodents are the species normally chose. Frequently both genders
               should be utilized for administrative purposes. In this study, female rats were used as per OECD 420 guidelines.
            

            Acute oral toxicity refers to those adverse effects occurring following oral administration of a single dose of a substance
               or multiple doses given within 24 hours. Toxicological studies are used to assess the acceptance for clinical use. Toxic doses
               and therapeutic indices of drugs can be determined from toxicity study. Chronic toxicity tests determines the affected organs
               after completion of toxicity study  (Robinson et al., 2009). Safety must be explored in animals to predict safe human doses  (Silva et al., 2015). 
            

         

         
               Materials and Methods

            
               Plant Material
               
            

            The Vigna mungo seeds were collected from the local market Nellore, Andhra Pradesh. It was authenticated by Dr A.Sreenivasulu, Department
               of Botany, Visvodaya govt. Degree College, Venkatagiri, Nellore, Andhra Pradesh.
            

            
               Preparation of Vigna mungo polymer
               
            

            100g of powdered Vigna mungo seeds were soaked in 300ml of distilled water for 24 hours. Soaked material was filtered and to filtrate, add a double portion
               of acetone as non-solvent to separate the polymer. The polymer was dried at 40 ºC. After drying, powder the material and sieve
               through sieve no.20. 
            

            
                  
                  Table 1

                  Body weight of a rat before and after treatment with Vigna mungo polymer at a dose of 300mg/kg (n=1), 2000mg/kg (n=3) and control(n=3) for a period of 14 days observations in an acute oral
                     toxicity study
                  

               

               
                     
                        
                           	
                              
                           
                           No. of rats 

                           
                        
                        	
                              
                           
                           Group (dose mg/kg)

                           
                        
                        	
                              
                           
                           Bodyweight before and after treatment with Vigna mungo polymer
                           

                           
                        
                        	
                              
                           
                           Weight gain(%)

                           
                        
                     

                     
                           	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           Before

                           
                        
                        	
                              
                           
                           After 7 days

                           
                        
                        	
                              
                           
                           After 14 days

                           
                        
                        	
                              
                           
                           I week

                           
                        
                        	
                              
                           
                           II week

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Control

                           
                        
                        	
                              
                           
                           132

                           
                        
                        	
                              
                           
                           135

                           
                        
                        	
                              
                           
                           139

                           
                        
                        	
                              
                           
                           2.27

                           
                        
                        	
                              
                           
                           5.03

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           135

                           
                        
                        	
                              
                           
                           138

                           
                        
                        	
                              
                           
                           140

                           
                        
                        	
                              
                           
                           2.22

                           
                        
                        	
                              
                           
                           3.70

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           139

                           
                        
                        	
                              
                           
                           140

                           
                        
                        	
                              
                           
                           142

                           
                        
                        	
                              
                           
                           0.71

                           
                        
                        	
                              
                           
                           2.15

                           
                        
                     

                     
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           300mg/kg

                           
                        
                        	
                              
                           
                           130

                           
                        
                        	
                              
                           
                           135

                           
                        
                        	
                              
                           
                           137

                           
                        
                        	
                              
                           
                           5.56

                           
                        
                        	
                              
                           
                           5.38

                           
                        
                     

                     
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Test 

                           
                           (2000mg/kg)

                           
                        
                        	
                              
                           
                           137

                           
                        
                        	
                              
                           
                           140

                           
                        
                        	
                              
                           
                           142

                           
                        
                        	
                              
                           
                           2.18

                           
                        
                        	
                              
                           
                           3.64

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           135

                           
                        
                        	
                              
                           
                           139

                           
                        
                        	
                              
                           
                           140

                           
                        
                        	
                              
                           
                           2.96

                           
                        
                        	
                              
                           
                           3.70

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           132

                           
                        
                        	
                              
                           
                           135

                           
                        
                        	
                              
                           
                           138

                           
                        
                        	
                              
                           
                           2.27

                           
                        
                        	
                              
                           
                           4.54

                           
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  The absolute body weight of rat before and after treatment with Vigna mungo polymer at a dose of 2000mg/kg in control (n=3), 2000mg/kg control (n=3) for a period of 14 days observations in an acute
                     oral toxicity study
                  

               

               
                     
                        
                           	
                              
                           
                           Group

                           
                           (dose mg/kg)

                           
                        
                        	
                              
                           
                           Organ

                           
                        
                        	
                              
                           
                           Absolute organ weight(g) in rats with numbers

                           
                        
                        	
                              
                           
                           Mean

                           
                        
                        	
                              
                           
                           Standard deviation

                           
                        
                     

                     
                           	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Control

                           
                        
                        	
                              
                           
                           Heart

                           
                        
                        	
                              
                           
                           0.52 

                           
                        
                        	
                              
                           
                           0.56

                           
                        
                        	
                              
                           
                           0.54

                           
                        
                        	
                              
                           
                           0.54

                           
                        
                        	
                              
                           
                           0.011

                           
                        
                     

                     
                           	
                              
                           
                           Liver

                           
                        
                        	
                              
                           
                           3.5

                           
                        
                        	
                              
                           
                           3.4

                           
                        
                        	
                              
                           
                           3.7

                           
                        
                        	
                              
                           
                           3.48

                           
                        
                        	
                              
                           
                           0.066

                           
                        
                     

                     
                           	
                              
                           
                           Brain

                           
                        
                        	
                              
                           
                           1.46

                           
                        
                        	
                              
                           
                           1.47

                           
                        
                        	
                              
                           
                           1.49

                           
                        
                        	
                              
                           
                           1.46

                           
                        
                        	
                              
                           
                           0.008

                           
                        
                     

                     
                           	
                              
                           
                           Kidney

                           
                        
                        	
                              
                           
                           0.56

                           
                        
                        	
                              
                           
                           0.58

                           
                        
                        	
                              
                           
                           0.59

                           
                        
                        	
                              
                           
                           0.56

                           
                        
                        	
                              
                           
                           0.012

                           
                        
                     

                     
                           	
                              
                           
                           Test 

                           
                           (2000mg/kg)

                           
                        
                        	
                              
                           
                           Heart

                           
                        
                        	
                              
                           
                           0.54

                           
                        
                        	
                              
                           
                           0.52

                           
                        
                        	
                              
                           
                           0.56

                           
                        
                        	
                              
                           
                           0.54

                           
                        
                        	
                              
                           
                           0.011

                           
                        
                     

                     
                           	
                              
                           
                           Liver

                           
                        
                        	
                              
                           
                           3.7

                           
                        
                        	
                              
                           
                           3.9

                           
                        
                        	
                              
                           
                           3.4

                           
                        
                        	
                              
                           
                           3.49

                           
                        
                        	
                              
                           
                           0.005

                           
                        
                     

                     
                           	
                              
                           
                           Brain

                           
                        
                        	
                              
                           
                           1.48

                           
                        
                        	
                              
                           
                           1.46

                           
                        
                        	
                              
                           
                           1.45

                           
                        
                        	
                              
                           
                           1.47

                           
                        
                        	
                              
                           
                           0.008

                           
                        
                     

                     
                           	
                              
                           
                           Kidney

                           
                        
                        	
                              
                           
                           0.59

                           
                        
                        	
                              
                           
                           0.56

                           
                        
                        	
                              
                           
                           0.55

                           
                        
                        	
                              
                           
                           0.56

                           
                        
                        	
                              
                           
                           0.0066

                           
                        
                     

                  
               

            

            

            
                  
                  Table 3

                  Haematological parameters of control and test groups after treatment with Vigna mungo polymer for 14 days
                  

               

               
                     
                        
                           	
                              
                           
                           Haematological parameter

                           
                        
                        	
                              
                           
                           Control group

                           
                        
                        	
                              
                           
                           Test group 

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Haemoglobin g/ml

                           
                        
                        	
                              
                           
                           14.26±0.02

                           
                        
                        	
                              
                           
                           14.53±0.001

                           
                        
                     

                     
                           	
                              
                           
                           Total RBC10 6/cmm

                           
                        
                        	
                              
                           
                           6.51±0.12

                           
                        
                        	
                              
                           
                           6.45±0.01

                           
                        
                     

                     
                           	
                              
                           
                           Haematocrit %

                           
                        
                        	
                              
                           
                           41.52±0.31

                           
                        
                        	
                              
                           
                           42.35±0.02

                           
                        
                     

                     
                           	
                              
                           
                           Mean corpuscular volume fL/red cell

                           
                        
                        	
                              
                           
                           57.54±0.14

                           
                        
                        	
                              
                           
                           57.68±0.02

                           
                        
                     

                     
                           	
                              
                           
                           Mean corpuscular haemoglobin (pg)

                           
                        
                        	
                              
                           
                           35.12±0.54

                           
                        
                        	
                              
                           
                           37.45±0.14

                           
                        
                     

                     
                           	
                              
                           
                           Total WBC(/cmm)

                           
                        
                        	
                              
                           
                           7,457±0.87

                           
                        
                        	
                              
                           
                           7,568±0.02

                           
                        
                     

                     
                           	
                              
                           
                           Eosinophil %

                           
                        
                        	
                              
                           
                           0±0.00

                           
                        
                        	
                              
                           
                           0±0.00

                           
                        
                     

                     
                           	
                              
                           
                           Basophil%

                           
                        
                        	
                              
                           
                           0±0.00

                           
                        
                        	
                              
                           
                           0±0.00

                           
                        
                     

                     
                           	
                              
                           
                           Neutrophil%

                           
                        
                        	
                              
                           
                           30.85±0.51

                           
                        
                        	
                              
                           
                           30.15±0.31

                           
                        
                     

                     
                           	
                              
                           
                           Lymphocytes%

                           
                        
                        	
                              
                           
                           67.21±0.24

                           
                        
                        	
                              
                           
                           64.11±0.21

                           
                        
                     

                     
                           	
                              
                           
                           Monocytes%

                           
                        
                        	
                              
                           
                           0±0.00

                           
                        
                        	
                              
                           
                           0±0.53

                           
                        
                     

                     
                           	
                              
                           
                           Platelets (/ cmm)

                           
                        
                        	
                              
                           
                           9,104,000±0.01

                           
                        
                        	
                              
                           
                           9,048,048±0.14

                           
                        
                     

                  
               

               

            

            

            
               Acute oral toxicity study
               
            

            
               Experimental animals
               
            

            Healthy adult Swiss Albino female rats weighing 130-150 g acclimatized for 14 days. The animals were housed under standard
               conditions, and room temperature (25±2oC) and the relative humidity was at 50-60%. Artificial lighting and 12 hours light and 12 hours dark was maintained  (Walum, 1998). The animals were fed with a balanced pellet and water adlibitum  (Sholikhah et al., 2020). The experimental protocol of acute toxicity studies was approved by the Institutional Animal Ethical Committee of the Committee
               for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA).
            

            
               Acute Toxicity Study
               
            

            The acute oral toxicity study was carried out according to OECD guideline 420, and a fixed-dose procedure was used  (WHO, 1993). Considering the unavailability of in vitro and in vivo toxicological data of the Vigna mungo polymer extract, 300mg/kg of initial dose was chosen in the sighting study. At 300 mg/ kg of dose did not produce any toxic
               symptoms on one rat. 
            

            In the preliminary tests, 2000mg/kg of dose did not produce toxic symptoms. In the main test, 2000mg/kg of the dose was continued
               on a test group containing 3 rats and a control group treated with distilled water. Animals were observed for a period of
               24hrs and 14days to record the toxicity symptoms like body weight, treatment-related changes like respiration rate and heart
               rate and behavioural signs like apathy, reduced locomotor behaviour, licking activity  (Pradeep, Murugan, & Manoj, 2020). 
            

            After the treatment period of 14 days, the vital organs (heart, liver, brain and kidneys) of animals under chloroform anaesthesia
               were preserved for histopathological examination  (Saleem et al., 2017). Then the blood samples were collected by cardiac puncture, subjected to haematological biochemical analysis  (Chunlaratthanaphorn et al., 2007).
            

            
               Statistical analysis
                
               
            

            The obtained results were presented as mean ±SEM, and the statistical significance between the groups was analysed by means
               of two way ANOVA. P≤0.05 was considered statistically significant. 
            

         

         
               Results

            Observations in the acute oral toxicity study in rats after 2000mg/kg of oral dose administration of Vigna mungo polymer

            
                  
                  Figure 1

                  Bodyweight of rats before and after treatment with Vigna mungo polymer in acute toxicity studies
                  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/8169e028-9931-4d81-8729-f664708726c5/image/f9f02932-0ab4-4df6-a1ef-ac8a60dadde6-upicture1.png]

            

            
                  
                  Figure 2

                  Mean absolute organ weight (g ± SEM) of Control vs test groups after treatment with Vigna mungo polymer after 14 days of period
                  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/8169e028-9931-4d81-8729-f664708726c5/image/9562c461-5aed-436c-8fa9-69399d5fe061-upicture2.png]

            

         

         
               Discussion

            Gums and mucilaginous substances are used in the medicinal system from the olden days  (Anroop, Ghosh, Parcha, & Vasanti, 2006). Polymers are macro molecular structures with a wide variety of physicochemical characteristics. Polymers are a significant
               part of drug delivery systems to alter the release profile characteristics. Polymers are used in the extension of the release
               pattern of both hydrophilic and hydrophobic drug molecules. With the exploration of polymers in the drug delivery systems
               well defined and predicted therapeutic benefit and release kinetics  (Anepu, Duppala, Nikhil, & Devi, 2016). Pharmaceutical active ingredients are associated with the carrier systems to allow transport and target the particular
               site. Polymer physicochemical characteristics allow understanding of the underlying mechanisms and behaviour in the biological
               environment  (Liechty, Kryscio, Slaughter, & Peppas, 2010). Sufficient concentration of the drug has to reach the target site to exert the desired therapeutic benefit. This is achieved
               by using a drug delivery system of suitable characteristics by employing polymeric structures  (Durga, Sowjanya, Pavani, & Duppala, 2020; Santoshnaidu, Radha, Girish, & Lohithasu, 2014).
            

            Table  1 clearly shows the bodyweight of each rat before and after treatment with Vigna mungo polymer. The observations exhibited normal after a week and 14 days of a period. The weight gain observations explored normal
               values during experimentation of 7 days and 14 days treatment with Vigna mungo polymer. The observations of body weight recorded at different time periods, i.e. before treatment, after 7 days of treatment
               and after 14 days of treatment and the same is illustrated in Figure  1. The body weight changes are the markers for identifying the toxicity in the animals. The experimental data is statistically
               analysed by 2-way ANOVA. It is clearly shown that there is no interaction overall, and the treatment periods effect was considered
               extremely significant (p=0.001). Comparing the bodyweight results in the control and test group were found to be not significant.
            

            The vital organ weights (heart, liver, brain and kidney) of control and test groups after 14 days period presented in Table  2. Mean vital organ weight of control and test groups rats after treatment with Vigna mungo polymer after 14 days period illustrated in Figure  2. Many researchers studied liver and kidney in the acute toxicity study to evaluate the safety and toxicity of the Phyto chemicals.
               Pradeep D P.et.al studied the effect of plant extract on vital organ weight. The study findings are in similarity with the
               present research results  (Shende & Marathe, 2016). The results of test group animal and control group animals for gross pathological changes in view of size, shape and colour
               did not show noticeable variations. 2- ANOVA tests performed on experimental data. It was found that there is no significant
               difference observed in the test group compared to the control group. 
            

            
                  
                  Figure 3

                  Histopathological studies of a. heart, b. liver, c. brain and d. kidney

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/8169e028-9931-4d81-8729-f664708726c5/image/2753ac52-4e8e-41d0-b6ca-f9edb080d537-upicture3.png]

            Microscopic exploration of vital organs, heart, liver, brain and kidney were prepared for histo pathological studies. The
               prepared transverse sections of vital organs observed under a microscope. Histo pathological pictures represented in Figure  3 a, Figure  3 b, Figure  3 c and Figure  3 d were observed for toxic changes after treatment with a 2000mg/kg dose of Vigna mungo polymer for the test group and compared with a control group. It was clearly found that there are no changes in the cell
               morphology, structure and no findings of altered conditions. These results concluded that administration of the Vigna mungo polymer up to 2000mg/kg did not produced toxic and necrotic signs in the cells and tissues of vital organs.
            

            Blood parameters are sensitive indicators of any alterations in the physiological environment  (Pradeep et al., 2020). Haematological examination results for haemoglobin, total RBC, haematocrit, mean corpuscular volume (MCV), mean corpuscular
               haemoglobin (MCH), total white blood cells (WBC), Eosinophils, Basophils, Neutrophils are presented in Table  3. By observing the haematological parameters of the control and test group were assessed  (Jain, Sharma, Sharma, & Joshi, 2009). There is no significant difference, and the p-value is <0.0001. A significant difference compared to the control group
               using the two-way ANOVA was performed. There is no significant difference value of these groups to the control group was within
               the normal range  (Robinson et al., 2009). 
            

            Information obtained from toxicity studies helps in the determination of organ toxicity, the relation between dose and response
               (Jothy et al., 2011). Toxicity levels of the medicinal substance makes it unsuitable for treatment  (Ayodeji, Abubakar, Aliyu, Uhomoibhi, & Garba, 2019). Many plant-based products are safe, but it was proven false in many research findings  (Pradeep et al., 2020). Mulchand A.Shende et al. documented acute and chronic oral toxicity findings of Hibiscus esculentus mucilage on Swiss albino
               rats  (Shende et al., 2016). Divvela HN et al. explored acute oral toxicity studies of Araucaria heterophylla novel natural polysaccharide gum in albino
               mice  (Divvela, Duppala, & Kolapalli, 2016). Ez Zoubi Yassine et al. studied the acute toxicity using mucilage of aerial part (branches, flowers and leaves) of Lavandula
               stoechas L from morocco  (Yassine et al., 2016). All the above Plant-based mucilage works justify the research findings of Vigna mungo polymer. Hence, it is found that Vigna mungo polymer obtained from the seeds of Vigna mungo is safe to use in animals up to the dose of 2000mg/kg and did not produce any sort of abnormal and toxic changes. 
            

         

         
               Conclusion

            In the present research acute oral toxicity study, extracted Vigna mungo polymer was used up to 2000mg/kg. And this dose did not produce any toxicity and abnormal symptoms in the test group, i.e.
               in the preliminary study with one rat and in the main test with three rats. According to OECD guideline 420, 2000mg/kg dose
               produced no toxicity symptoms, and it is categorised as unclassified material. It is concluded that Vigna mungo polymer extracted using acetone is nontoxic material.
            

            
               Conflict of Interest
               
            

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

            
               Funding Support
               
            

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

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Gil, E & Hudson, S,   (2004). Stimuli-reponsive polymers and their bioconjugates. Progress in Polymer Science, 29, 1173–1222. 10.1016/j.progpolymsci.2004.08.003

                  

                  
                     
                        2 
                              

                     

                     Qiu, Yong & Park, Kinam,   (2001). Environment-sensitive hydrogels for drug delivery. Advanced Drug Delivery Reviews, 53, 321–339. 10.1016/s0169-409x(01)00203-4

                  

                  
                     
                        3 
                              

                     

                     Shanmugam, S, Manavalan, R, Venkappayya, D, Sundaramoorthy, K, Mounnissamy, V M, Hemalatha, S & Ayyappan, T,   (2005). Natural polymers and their applications. Natural product, 478–481.
                     

                  

                  
                     
                        4 
                              

                     

                     Sailaja, A K, Amareshwar, P & Chakravarty, P,   (2011). Different techniques used for the preparation of nanoparticles using natural polymers and their application. Int J Pharm Pharm Sci, 3(2), 45–50.
                     

                  

                  
                     
                        5 
                              

                     

                     Gandhi, A, Verma, S, Imam, S S & Vyas, M,   (2019). A Review On Techniques For Grafting Of Natural Polymers And Their Applications. Plant Archives, 19, 972–980.
                     

                  

                  
                     
                        6 
                              

                     

                     Sravani, B, Deveswaran, R, Bharath, S, Basavaraj, B V & Madhavan, V,   (2011). Studies on Vigna mungo mucilage as a pharmaceutical excipient. Journal of chemical and pharmaceutical research, 3(2), 118–143.
                     

                  

                  
                     
                        7 
                              

                     

                     Yadav, I K, Jaiswal, D, Ghosh, N, Singh, H P, Mishra, A, Bhattacharya, A & Bajpai, M,   (2009). Evaluation of Seed Flour of Vigna mungo (L.) based Sustained Release Matrix Tablets of Diclofenac Sodium. Journal of Pharmacy Research, 2(5), 834–838.
                     

                  

                  
                     
                        8 
                              

                     

                     Aneela, S, De, S, Kanthal, L, Choudhury, N, Das, B & Sagar, K,   (2011). Acute oral toxicity studies of Pongamia Pinnata and Annona squamosa on albino wister rats. Int J Res Pharm Chem, 1(4), 820–824.
                     

                  

                  
                     
                        9 
                              

                     

                     Robinson, S, Chapman, K, Hudson, S, Sparrow, S, Spencer-Briggs, D, Danks, A, Hill, R, Everett, D, Mulier, B, Old, S & Bruce,
                        C,   (2009).  Guidance on dose level selection for regulatory general toxicology studies for pharmaceuticals. London: NC3Rs/LASA.
                        , 1–34 
                     

                  

                  
                     
                        10 
                              

                     

                     da Silva, Rafaela Oliveira, Andrade, Valléria Matos, Bullé Rêgo, Ester Seixas, Azevedo Dória, Grace Anne, Santos Lima, Bruno
                        dos, da Silva, Francilene Amaral, de Souza Araújo, Adriano Antunes, de Albuquerque Júnior, Ricardo Luiz Cavalcanti, Cordeiro
                        Cardoso, Juliana & Zanardo Gomes, Margarete,   (2015). Acute and sub-acute oral toxicity of Brazilian red propolis in rats. Journal of Ethnopharmacology, 170, 66–71. 10.1016/j.jep.2015.05.009

                  

                  
                     
                        11 
                              

                     

                     Walum, E,   (1998). Acute oral toxicity. Environmental health perspectives. No OT. 425. OECD guidelines for the testing of chemicals, section, 106(2), 497–503.
                     

                  

                  
                     
                        12 
                              

                     

                     Sholikhah, E. N., Mustofa, M., Nugrahaningsih, D. A. A., Yuliani, F. S., Purwono, S., Sugiyono, S., Widyarini, S., Ngatidjan,
                        N., Jumina, J., Santosa, D. & Koketsu, M.,   (2020). Acute and Subchronic Oral Toxicity Study of Polyherbal Formulation Containing Allium sativum L., Terminalia bellirica
                        (Gaertn.) Roxb., Curcuma aeruginosa Roxb., and Amomum compactum Sol. ex. Maton in Rats. BioMed Research International, 2020, 1–18. 10.1155/2020/8609364

                  

                  
                     
                        13 
                              

                     

                     WHO  (1993). Research Guidelines for Evaluating the Safety and Efficacy of Herbal Medicines. World Health Organization. World Health Organization, 94–9290611103.
                     

                  

                  
                     
                        14 
                              

                     

                     Pradeep, DP, Murugan, K & Manoj, G S,   (2020). Evaluation of acute oral toxicity study of essential oils (Eos) from Pogostemon benghalensis and P. cablin in Wistar
                        rats. Journal of Drug Delivery and Therapeutics, 10(3), 142–147. 10.22270/jddt.v10i3.4095

                  

                  
                     
                        15 
                              

                     

                     Saleem, Uzma, Amin, Sadia, Ahmad, Bashir, Azeem, Haroon, Anwar, Fareeha & Mary, Sunita,   (2017). Acute oral toxicity evaluation of aqueous ethanolic extract of Saccharum munja Roxb. roots in albino mice as per
                        OECD 425 TG. Toxicology Reports, 4, 580–585. 10.1016/j.toxrep.2017.10.005

                  

                  
                     
                        16 
                              

                     

                     Chunlaratthanaphorn, S, Lertprasertsuke, N, Srisawat, U, Thuppia, A, Ngamjariyawat, A, Suwanlikhid, N & Jaijoy, K,   (2007). Acute and subchronic toxicity study of the water extract from the root of Citrus aurantifolia (Christm. et Panz.)
                        Swingle in rats. Songklanakarin J Sci Technol, 29(1), 125–164.
                     

                  

                  
                     
                        17 
                              

                     

                     Anroop, B., Ghosh, B., Parcha, V. & Vasanti, S.,   (2006). Studies on Ocimum gratissimum seed mucilage: Evaluation of binding properties. International Journal of Pharmaceutics, 325(1-2), 191–193. 10.1016/j.ijpharm.2006.06.030

                  

                  
                     
                        18 
                              

                     

                     Anepu, S, Duppala, L, Nikhil, J & Devi, J S,   (2016). Formulation and evaluation of gastro retentive matrix tablets of Atenolol using melt granulation technique. International Journal of Pharmaceutical Sciences and Research, 7(3), 1081.
                     

                  

                  
                     
                        19 
                              

                     

                     Liechty, William B., Kryscio, David R., Slaughter, Brandon V. & Peppas, Nicholas A.,   (2010). Polymers for Drug Delivery Systems. Annual Review of Chemical and Biomolecular Engineering, 1, 149–173. 10.1146/annurev-chembioeng-073009-100847

                  

                  
                     
                        20 
                              

                     

                     Santoshnaidu, M, Radha, G V, Girish, P & Lohithasu, D,   (2014). Comparison studies on transdermal films of natural tamarind seed polysaccharide extract containing anti-hypertension
                        drug with PVA. HPMC and guar gum. World J Pharm Res, 3(5), 753–763.
                     

                  

                  
                     
                        21 
                              

                     

                     Naga Durga, D. Hema, Sowjanya, T. Lakshmi, Pavani, T. & Duppala, Lohithasu,   (2020). Formulation development and in-vitro evaluation of Molsidomine matrix tablets for colon specific release. Journal of Drug Delivery and Therapeutics, 10(2), 59–68. 10.22270/jddt.v10i2.3900

                  

                  
                     
                        22 
                              

                     

                     Shende, M A & Marathe, R P,   (2016). Acute and Sub-Chronic Oral Toxicity Studies of Hibiscus esculentus Mucilage on Swiss Albino Mice. Journal of Pharmaceutical Sciences and Research, 8(5), 251.
                     

                  

                  
                     
                        23 
                              

                     

                     Jain, N, Sharma, P, Sharma, N & Joshi, S C,   (2009). Haemato-biochemical profile following sub-acute toxicity of malathio i male albino rats. Avicenna J. Phytomed, 2, 500–506.
                     

                  

                  
                     
                        24 
                              

                     

                     Jothy, Subramanion L., Zakaria, Zuraini, Chen, Yeng, Lau, Yee Ling, Latha, Lachimanan Yoga & Sasidharan, Sreenivasan,   (2011). Acute Oral Toxicity of Methanolic Seed Extract of Cassia fistula in Mice. Molecules, 16(6), 5268–5282. 10.3390/molecules16065268

                  

                  
                     
                        25 
                              

                     

                     Ayodeji, Ayeni E., Abubakar, Ahmed, Aliyu, Nuhu, Uhomoibhi, Lucia O. & Garba, Ibrahim,   (2019). Acute and sub-acute toxicity of the crude extracts of the aerial parts of Daucus carota L. in laboratory rats. Journal of Medicinal Plants for Economic Development, 3(1), 1–11. 10.4102/jomped.v3i1.69

                  

                  
                     
                        26 
                              

                     

                     Divvela, H N D, Duppala, L & Kolapalli, V R M,   (2016). Isolation and acute oral toxicity studies of Araucaria heterophylla novel natural polysaccharide gum in albino mice.
                        World J Pharm Pharm Sci, 5(10), 702–711.
                     

                  

                  
                     
                        27 
                              

                     

                     Yassine, E Z, Dalila, B, Latifa, E M, Smahan, B, Lebtar, S, Sanae, A & Abdellah, F,   (2016). Phytochemical screening, anti-inflammatory activity and acute toxicity of hydro-ethanolic, flavonoid, tannin and
                        mucilage extracts of Lavandula stoechas L. from Morocco. Int J Pharm Phytochem Res, 8(1), 31–37.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      


      
        		
          Content
        


      


    
  

