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            Abstract

            
               
Lotus croniculatus belongs to Fabaceae family and grows in the temperate regions and grasslands of the countries of Africa
                  and America. The plant is commonly known as common bird’s foot tree foil. The plant is a herb and appears to be clover plant.
                  The flowers of the plant are used mainly to induce sleep and other effects that regard to brain and heart. The plant is used
                  to reduce spasms in the digestive tract. The infusions that are diluted to certain extent are helpful to reduce the anxiety
                  and insomnia and also to treat exhaustion. Inspite of the possession of lot of pharmacological activities, the plant is to
                  be studied in a detailed manner for the toxicity also. Medicinal plants are known to cause low adverse effects and high potency.
                  In the present investigation, the acute and chronic toxicity levels of the plant Lotus croniculatus extract of leaves was
                  studied in laboratory animals. It is indicated that the animals did not show any change in behavior in acute toxicity and
                  no mortality too. The extract also showed no signs of toxicity and change of values in the blood cells, liver enzymes and
                  also kidney function tests were also normal at the dose of 2g/kg which denotes the safety of the plant in rats. 
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               INTRODUCTION

            Lotus croniculatus belongs to Fabaceae family and grows in the temperate regions and grasslands of the countries of Africa
               and America. The plant is commonly known as common bird’s foot tree foil. The plant is a herb and appears to be clover plant
               1, 2. The leaf consists of 5 leaf lets. The plant has forage properties and is used as fodder for liver stock and exhibits non
               bloating properties in the livestock. The flowers of the plant are used mainly to induce sleep and other effects that regard
               to brain and heart. The plant is used to reduce spasms in the digestive tract. The infusions that are diluted to certain extent
               are helpful to reduce the anxiety and insomnia and also to treat exhaustion. 
            

            The plant serves as the highest quality of fodder in agriculture and do not cause any bloating in the animals. This plant
               is often used as an alternative for the use as alfa alfa that grows in poor soil. The plant is generally grown like an ornamental
               shrub 3. The plant also prevents soil erosion and also provides the habitat for the wildlife. The plant was investigated and reported
               containing glycosides of cyanogenetic type. They release trace amounts of hydrogen cyanide and other cyanogen derivatives
               when they are macerated with solvents. The plant is usually non-poisonous to the human beings at a very low dose. At this
               low dose the metabolism of the cyanide is really quick and excretes out in a short duration of time. The presence of condensed
               tannins was also confirmed in the plant. These compounds were known to increase the absorption of proteins in the intestine.
               The production of cyanides in the plant is prevented by preparing the infusions and used to induce sedations 4. The herb was investigated to prove pharmacological properties and documented to contain many flavonoids like Cyanidin, Diphenidin,
               Quercetin. These are responsible for afore mentioned pharmacological activities of the plant 5.
            

            Inspite of the possession of lot of pharmacological activities, the plant is to be studied in a detailed manner for the toxicity
               also. Medicinal plants are known to cause low adverse effects and high potency 6. The potency of the plant may convert it to the toxicity if it is overdosed or abused. Proper care and measures are to be
               taken to utilize the plant for its full potential and for safer usage. Hence this work is carried out to investigate on the
               toxicity profile of the plant and to establish the toxic doses of the aqueous extract of the plant. The expected clinical
               outcome of the research is to determine the safest dose of the plant extract 7, 8.
            

         

         
               METHODOLOGY

            The plant is procured from the farm land in the locality and was duly authenticated by a botanist and the herbarium sample
               is deposited in the college library for further reference. The leaves of the plant were collected and dried in the shaded
               area where there is free flow of air that facilitates the ambient temperature and normal relative humidity. The dried leaves
               were powdered and the powder is passed through a sieve to get fine and even powder. The plant powder is weighed for 50gm and
               mixed in distilled water of 100ml in a beaker. This is topped off with 5ml of chloroform to prevent contamination and fungal
               growth. The beaker is closed with an aluminum foil and left aside for 7 days 9, 10. Occasional stirring was done or every 24 hrs. the extract was filtered through a filter paper and was dried using a rotary
               vacuum evaporator. The thick paste of the extract was 19.25 %w/w. It was a brownish green colour paste with a normal odour
               and is used for further study directly. 
            

            
               Laboratory animals
               
            

            Rats of albino wistar strain which weighed around 160-200g were selected for the study. The animals were bought from the supplier
               from Bengaluru city. Animals of both sexes were included in the investigation and are allowed to acclimatize in well ventilated
               room for about 10days. The temperature and relative humidity were kept normal as the outside conditions. The animals were
               allowed to take the feed freely and water ad labitum.
            

            
               Acute toxicity studies
               
            

            Acute toxicity studies were performed by adopting the OECD guidelines 423. Weights were noted from the animals that were selected
               for the study. The rats were administered at a dose of 2000mg/kg body weight. The extract is dissolved in distilled water
               at a specified concentration and this was administered to the animals at the prescribed dose via oral route. The animals were
               allowed to rest in the cages and are kept devoid of the pellet feed and water. The rats were monitored for the signs of toxicity
               like irritation, itching, redness and other abnormal signs. On the basis of the toxicity and the mortality of the rats that
               is produced after the first stage further grouping was to be performed using the standard procedures. So the groups were divided
               to get the drug administration at the doses of 250 mg/kg, 500 mg/kg and 1000mg/kg. the ED50 was determined using the chronic
               toxicity study 2, 11 .
            

            
               Chronic toxicity
                studies
               
            

            The study for the chronic toxicity was done for about 6 weeks with about 6 animals in each group. 1% of sodium CMC at 5mg/kg
               orally is given to vehicle group and 0.9% simple saline at 5ml/ kg orally is given to control group. For extract groups 250mg,
               500mg, 1g and 2g/kg of doses were given orally. The vehicle group and the extract groups were administered one dose in one
               week time. This was continued for 6 weeks duration. After the specified duration of time the animals were sacrificed to collect
               the blood from the retro orbital plexus to perform the analysis of enzymes and cell counts. The blood sugar levels, bilirubin,
               gluconate, oxaloacetate, transaminase, glutamate pyruvate transaminase, alkaline phosphate, cholesterol, urea in blood, uric
               acid, protein and creatinine, hematological analysis WBC, RBC, Clotting time, Hemoglobin were estimated by utilizing the standard
               12, 13. The results were subjected to the ANOVA using T-test values of P<0.05 and were considered significant. The results data
               was represented as the means and the standard errors of mean 14. 
            

         

         
               RESULTS & DISCUSSION

            The acute toxicity analysis were conducted to notice any changes in the weight variations, seizures and excess of salivation
               change in the fur and skin, mucosal changes. There were no abnormal changes that are noticed in the rats. A slight change
               was noted in the weight of the animal that might be because of the excessive eating of rat. The results of the chronic toxicity
               study were tabulated and the data suggests that there no clear toxicity even at the dose of 2g/kg of the rat. There was a
               normal trend of values for all the groups regarding the hematological, and biochemical parameters. There is no 
            

            
                  
                  Table 1

                  
                     Chronic toxicity analysis effect on renal profile
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Treatment

                           
                        
                        	
                              
                           
                            Urea (mg/dL)

                           
                        
                        	
                              
                           
                            Uric acid (mg/dL)

                           
                        
                        	
                              
                           
                            Creatine (mg/dL)

                           
                        
                        	
                              
                           
                            Protein (g/dL)

                           
                        
                        	
                              
                           
                            Glucose (mg/dL)

                           
                        
                     

                     
                           	
                              
                           
                            Saline-5ml/kg

                           
                        
                        	
                              
                           
                            23.42±0.58

                           
                        
                        	
                              
                           
                            5.62± 0.53

                           
                        
                        	
                              
                           
                            0.98 ± 0.34

                           
                        
                        	
                              
                           
                            7.12±0.46

                           
                        
                        	
                              
                           
                            86.04±3.41

                           
                        
                     

                     
                           	
                              
                           
                            S-CMC-5mg/kg

                           
                        
                        	
                              
                           
                            24.65±0.71

                           
                        
                        	
                              
                           
                            6.83 ±0.92

                           
                        
                        	
                              
                           
                            2.32 ± 0.53

                           
                        
                        	
                              
                           
                            8.47±0.65

                           
                        
                        	
                              
                           
                            87.31±4.84

                           
                        
                     

                     
                           	
                              
                           
                            LCA-250mg/kg

                           
                        
                        	
                              
                           
                            24.23±0.97

                           
                        
                        	
                              
                           
                            6.41±0.65

                           
                        
                        	
                              
                           
                            2.54±0.70

                           
                        
                        	
                              
                           
                            8.29±0.57

                           
                        
                        	
                              
                           
                            87.24±4.72

                           
                        
                     

                     
                           	
                              
                           
                            LCA-500mg/kg

                           
                        
                        	
                              
                           
                            23.70±0.82

                           
                        
                        	
                              
                           
                            5.73±0.46

                           
                        
                        	
                              
                           
                            2.02±0.51

                           
                        
                        	
                              
                           
                            7.01±0.37

                           
                        
                        	
                              
                           
                            86.07±3.90

                           
                        
                     

                     
                           	
                              
                           
                            LCA-1000mg/kg

                           
                        
                        	
                              
                           
                            24.31±0.43

                           
                        
                        	
                              
                           
                            6.57±0.78

                           
                        
                        	
                              
                           
                            2.77±0.67

                           
                        
                        	
                              
                           
                            8.35±0.24

                           
                        
                        	
                              
                           
                            87.44±4.59

                           
                        
                     

                     
                           	
                              
                           
                            LCA-2000mg/kg

                           
                        
                        	
                              
                           
                            25.58±0.64

                           
                        
                        	
                              
                           
                            7.39±0.76

                           
                        
                        	
                              
                           
                            3.40±0.56

                           
                        
                        	
                              
                           
                            9.28±0.71

                           
                        
                        	
                              
                           
                            88.20±5.85

                           
                        
                     

                  
               

            

            
                  
                  Table 2

                  
                     Chronic toxicity analysis effect on hepatic profile
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Treatment

                           
                        
                        	
                              
                           
                            Bilirubin (mg/dL)

                           
                        
                        	
                              
                           
                            SGOT (unit/L)

                           
                        
                        	
                              
                           
                            SGPT (unit/L)

                           
                        
                        	
                              
                           
                            ALP (unit/L)

                           
                        
                        	
                              
                           
                            Cholesterol (mg/100ml)

                           
                        
                     

                     
                           	
                              
                           
                            Saline-5ml/kg

                           
                        
                        	
                              
                           
                            0.73±0.08

                           
                        
                        	
                              
                           
                            53.02±1.99

                           
                        
                        	
                              
                           
                            31.40±0.62

                           
                        
                        	
                              
                           
                            9.71±0.34

                           
                        
                        	
                              
                           
                            63.82±3.26

                           
                        
                     

                     
                           	
                              
                           
                            S-CMC-5mg/kg

                           
                        
                        	
                              
                           
                            2.24±0.11

                           
                        
                        	
                              
                           
                            54.71±3.25

                           
                        
                        	
                              
                           
                            32.52±0.73

                           
                        
                        	
                              
                           
                            10.35±0.43

                           
                        
                        	
                              
                           
                            64.53±4.16

                           
                        
                     

                     
                           	
                              
                           
                            LCA-250mg/kg

                           
                        
                        	
                              
                           
                            2.56±0.35

                           
                        
                        	
                              
                           
                            54.93±2.87

                           
                        
                        	
                              
                           
                            32.81±0.93

                           
                        
                        	
                              
                           
                            10.46±0.66

                           
                        
                        	
                              
                           
                            64.74±4.71

                           
                        
                     

                     
                           	
                              
                           
                            LCA-500mg/kg

                           
                        
                        	
                              
                           
                            0.81±0.13

                           
                        
                        	
                              
                           
                            53.05±2.36

                           
                        
                        	
                              
                           
                            31.74±0.89

                           
                        
                        	
                              
                           
                            9.12±0.58

                           
                        
                        	
                              
                           
                            63.92±3.01

                           
                        
                     

                     
                           	
                              
                           
                            LCA-1000mg/kg

                           
                        
                        	
                              
                           
                            2.32±0.16

                           
                        
                        	
                              
                           
                            54.64±3.19

                           
                        
                        	
                              
                           
                            32.06±0.68

                           
                        
                        	
                              
                           
                            10.22±0.37

                           
                        
                        	
                              
                           
                            64.48±4.9

                           
                        
                     

                     
                           	
                              
                           
                            LCA-2000mg/kg

                           
                        
                        	
                              
                           
                            1.04±0.58

                           
                        
                        	
                              
                           
                            55.8±4.38

                           
                        
                        	
                              
                           
                            33.56±0.97

                           
                        
                        	
                              
                           
                            11.0±0.61

                           
                        
                        	
                              
                           
                            65.23±5.10

                           
                        
                     

                  
               

            

            
                  
                  Table 3

                  
                     Chronic toxicity analysis effect on hematological
                     parametres
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Group

                           
                        
                        	
                              
                           
                            RBC (cu.mm)

                           
                           
                              x10
                              
                                 9
                                 
                              
                           

                           
                        
                        	
                              
                           
                            Hemoglobin

                           
                           
                              Gm
                               %
                              
                           

                           
                        
                        	
                              
                           
                            Monocyte %

                           
                        
                        	
                              
                           
                            Lymphocyte %

                           
                        
                        	
                              
                           
                            Esoinophils %

                           
                        
                        	
                              
                           
                            Neutrophils %

                           
                        
                        	
                              
                           
                            Clotting time in sec

                           
                        
                     

                     
                           	
                              
                           
                            Saline-5ml/kg

                           
                        
                        	
                              
                           
                            9.24± 0.36

                           
                        
                        	
                              
                           
                            12.25 ± 0.93

                           
                        
                        	
                              
                           
                            4.07 ± 0.21

                           
                        
                        	
                              
                           
                            73.21 ± 4.38

                           
                        
                        	
                              
                           
                            3.08 ± 0.42

                           
                        
                        	
                              
                           
                            22.9 ±2.75

                           
                        
                        	
                              
                           
                            76.2 ± 3.1

                           
                        
                     

                     
                           	
                              
                           
                            S-CMC-5mg/kg

                           
                        
                        	
                              
                           
                            10.41± 0.59

                           
                        
                        	
                              
                           
                            12.76± 0.98

                           
                        
                        	
                              
                           
                            5.23± 0.42

                           
                        
                        	
                              
                           
                            74.52± 5.73

                           
                        
                        	
                              
                           
                            3.87±0.63

                           
                        
                        	
                              
                           
                            23.40± 3.82

                           
                        
                        	
                              
                           
                            77.6± 4.8

                           
                        
                     

                     
                           	
                              
                           
                            LCA-250mg/kg

                           
                        
                        	
                              
                           
                            10.12± 0.62

                           
                        
                        	
                              
                           
                            13.47± 0.96

                           
                        
                        	
                              
                           
                            5.52± 0.53

                           
                        
                        	
                              
                           
                            74.64± 5.12

                           
                        
                        	
                              
                           
                            4.98± 0.74

                           
                        
                        	
                              
                           
                            23.13± 3.04

                           
                        
                        	
                              
                           
                            76.9± 4.5

                           
                        
                     

                     
                           	
                              
                           
                            LCA-500mg/kg

                           
                        
                        	
                              
                           
                            9.36±0.73

                           
                        
                        	
                              
                           
                            12.01± 0.77

                           
                        
                        	
                              
                           
                            3.97± 0.34

                           
                        
                        	
                              
                           
                            73.45± 4.82

                           
                        
                        	
                              
                           
                            2.75±0.55

                           
                        
                        	
                              
                           
                            22.32± 2.01

                           
                        
                        	
                              
                           
                            76.7± 3.4

                           
                        
                     

                     
                           	
                              
                           
                            LCA-1000mg/kg

                           
                        
                        	
                              
                           
                            10.29± 0.45

                           
                        
                        	
                              
                           
                            13.56± 0.92

                           
                        
                        	
                              
                           
                            5.42± 0.37

                           
                        
                        	
                              
                           
                            74.36± 5.91

                           
                        
                        	
                              
                           
                            4.24±0.86

                           
                        
                        	
                              
                           
                            22.28± 3.58

                           
                        
                        	
                              
                           
                            77.14± 3.9

                           
                        
                     

                     
                           	
                              
                           
                            LCA-2000mg/kg

                           
                        
                        	
                              
                           
                            10.23± 0.94

                           
                        
                        	
                              
                           
                            14.32± 0.48

                           
                        
                        	
                              
                           
                            6.41±0.56

                           
                        
                        	
                              
                           
                            75.8±6.61

                           
                        
                        	
                              
                           
                            5.19±0.81

                           
                        
                        	
                              
                           
                            24.60± 4.11

                           
                        
                        	
                              
                           
                            78.3 ±5.2

                           
                        
                     

                  
               

            

            significant difference between the variations from the normal control group animals. There was no abnormality in the behavior
               of animals and also no mortality in the rats. Even at the dose of 2g/kg the rats were normal and this indicates that the extract
               was safer at the specified dose. The hematological readings were normal and indicated no signs of hematopoiesis or the destruction
               of WBC. The extracts raised the numbers slightly that indicates the activity of the extracts. The renal data was evaluated
               and it also shows no elevation or random reduction in the values in any group which indicates that the extract did not show
               any toxicity to the kidneys. This proves the extract had no function in lowering the renal efficiency. 
            

            The liver function parameters were normal and the enzymes were unchanged even after administration of the extract at 2g/kg.
               This indicates the safety of the extract on the liver function. Finalizing it, the extract can be claimed safer and relatively
               effective at a dose of 2g/kg dose also. 
            

         

         
               CONCLUSION

            In the present investigation, the acute and chronic toxicity levels of the plant Lotus croniculatus extract of leaves was
               studied in laboratory animals. It is indicated that the animals did not show any change in behavior in acute toxicity and
               no mortality too. The extract also showed no signs of toxicity and change of values in the blood cells, liver enzymes and
               also kidney function tests were also normal at the dose of 2g/kg which denotes the safety of the plant in rats. 
            

         

         
               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.

         

      

      
         
               Acknowledgements

            The authors are thankful to all who have extended their constant support for the completion of the work.

         

         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Who, Traditional & Medicine, ,   (2002).  World Health Organization.
                     

                  

                  
                     
                        2 
                              

                     

                     Huang, B, Ban, X, He, J, Tong, J, Tian, J & Wang, Y,   (2010).  Hepatoprotective and antioxidant activity of ethanolic extracts of edible lotus (Nelumbo nucifera Gaertn.) leaves. Food Chemistry.
                     

                  

                  
                     
                        3 
                              

                     

                     WHO  (2003). Traditional medicine, African health monitor,” A magazine of the World Health Organization Regional Office for Africa.
                        World Health Organization Regional Office for Africa, 4.
                     

                  

                  
                     
                        4 
                              

                     

                     Shiddamallayya, N, Yasmeen,  Azra & Gopakumar, K,   (2010). Medico-botanical survey of kumar parvatha kukke subramanya. Indian Journal of Traditional Knowledge, 9(1), 96–99.
                     

                  

                  
                     
                        5 
                              

                     

                     Soudahmini, . E, Ganesh, M, Senthi, , Panayappa, , Madhu, C & Divakar, ,   (2003).  Herbal remedies of Madugga tribes of Siruvani forest, South India. Natural Product Radiance, 4, 492–501.
                     

                  

                  
                     
                        6 
                              

                     

                     Reddy, Avinash Kumar, Jyothi, M, Joy, Ashok & Kumar, C K,   (2011). Lannea coromandelica: The Researcher’s Tree. Journal of Pharmacy Research, 4(3), 577–579.
                     

                  

                  
                     
                        7 
                              

                     

                     Gomathi, R, Indrakumar, I & Karpagam, S,   (2014). Larvicidal activity of Monstera adansonii plant extracts against Culex quinequefaciatus. Journal of Pharmacognosy and Phytochemistry, 3(3), 160–162.
                     

                  

                  
                     
                        8 
                              

                     

                     Schorderet, M,   (1992).  Pharmacologie des conce Editions Slatkine Genève, Edition Frison-Roche Paris, 33–34.
                     

                  

                  
                     
                        9 
                              

                     

                     Crossland, J,   (1980).  Lewis Pharmacology, 5thedn, 656.
                     

                  

                  
                     
                        10 
                              

                     

                     Dacie, J V, Lewis, S M & Ltd,  Churchill,   (1958).  Practical Hematology, 38.
                     

                  

                  
                     
                        11 
                              

                     

                     Akah, P.A., Ezike, A.C., Nwafor, S.V., Okoli, C.O. & Enwerem, N.M.,   (2003). Evaluation of the anti-asthmatic property of Asystasia gangetica leaf extracts. Journal of Ethnopharmacology, 89(1), 25–36. 10.1016/s0378-8741(03)00227-7

                  

                  
                     
                        12 
                              

                     

                     Tarkang, Protus Arrey, Okalebo, Faith A, Ayong, Lawrence S, Agbor, Gabriel A & Guantai, Anastasia N,   (2014). Anti-malarial activity of a polyherbal product (Nefang) during early and established Plasmodium infection in rodent
                        models. Malaria Journal, 13(1). 10.1186/1475-2875-13-456

                  

                  
                     
                        13 
                              

                     

                     Che, Denis Nchang, Kang, Hyun Ju, Cho, Byoung Ok, Shin, Jae Young & Jang, Seon Il,   (2019). Combined effects of Diospyros lotus leaf and grape stalk extract in high-fat-diet-induced obesity in mice. Food Science and Biotechnology, 28(4), 1207–1215. 10.1007/s10068-018-00551-y

                  

                  
                     
                        14 
                              

                     

                     Shukla, Shruti, Lee, Jong Suk, Bajpai, Vivek K., Khan, Imran, Huh, Yun Suk, Han, Young-Kyu & Kim, Myunghee,   (2019). Toxicological evaluation of lotus, ginkgo, and garlic tailored fermented Korean soybean paste (Doenjang) for biogenic
                        amines, aflatoxins, and microbial hazards. Food and Chemical Toxicology, 133, 110729. 10.1016/j.fct.2019.110729

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      


      
        		
          Content
        


      


    
  

