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 INTRODUCTION 


GREEN CHEMISTRY [1,2]


The Green Chemistry revolution provides an enormous number of opportunity 
 to  discover  and  apply  new  synthetic  approaches  using  alternative  feedstock;  Eco 
 friendly  reaction  conditions,  energy  minimization  and  the  design  of  less  toxic  and 
 inherently  safer  chemicals.  The  origin  and  basis  of  Green  Chemistry  for  achieving 
 environmental  and  economic  prosperity  is  inherent  in  a  sustainable  world.  One 
 important  element  of  sustainable  chemistry  is  commonly  defined  as  the  chemical 
 research aiming at the optimization of chemical processes and products with respect to 
 energy  and  material  consumption,  inherent  safety,  toxicity,  environmental 
 degradability, and so on[1] 


While considering progress has been made in environmental chemistry, Green 
 Chemistry,  and  the  environmental  assessment  of  chemical  products,  however,  the 
 societal aspect of sustainable chemistry remains to be fully recognized in all branches 
 of  chemical  research.  One  prerequisite  for  this  is  the  inclusion  of  sustainable 
 chemistry into chemical education from the very beginning. Green Chemistry is the 
 utilization  of  set  of  principles  that  reduces  or  eliminates  the  use  or  generation  of 
 hazardous substances in design, manufacture and application of chemical products. 


Green  Chemistry  is  not  different  from  traditional  chemistry  in  as  much  as  it 
embraces the same creativity and innovation than has always been central to classical 
chemistry.  Developed  ‘The  twelve  Principles  of  Green  Chemistry’  that  serve  as 
guidelines for practicing chemists in developing and assessing how green a synthesis, 
compound, process or technology is[2]. 
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 Figure 1: Green chemistry scenario 


Basic Principles of Green Chemistry 


• Prevention of waste/ by-products 


• Application of innovative technology to established industrial processes 


• Maximum incorporation of the reactants (starting materials and reagents) into 
 the final product 


• Development of environmentally improved routes to important products 


• Prevention or minimization of hazardous products 


• Use of biotechnology alternatives 


• Designing of safer chemicals 


• Use of sustainable resources 


• Minimum energy requirement for any synthesis 


• Selecting the appropriate starting Solvents 


• Selecting the most appropriate solvent 


• Whenever possible avoid the use of protecting group 


• Whenever possible prefer use of catalysts 


• Biodegradable products 


• Design manufacturing plants so as to eliminate the possibility of accidents 
 during operations 


• Strengthening of  analytical techniques to control hazardous compounds 



(18)DEPARTMENT OF PHARMACEUTICAL CHEMISTRY,  MMC,MADURAI.  Page 3 
 CHEMISYTRY OF NATURAL PRODUCT [3,4]


21th century has witnessed much attention directed to synthetic compounds and 
 the rise of combinatorial chemistry as an important part of the drug discovery process. 


However,  with  the  turn  of  the  century  much  interest  has  returned  to  the  natural 
 compounds  for  drug  discovery.  This  is  mainly  due  to  the  fact  that  natural  products 
 generally  have  a  better  safety  profile  and  also  have  a  so-called  privileged  structure. 


This  is  because  compounds  produced  by  living  organisms  have  evolved  over 
 millennia and is therefore more likely to have a specific biological activity, rather than 


"randomly"  assembled,  man-made  synthetic  chemicals.The  term  natural  products 
 refers to secondary metabolites, small molecules (mol.wt. < 2000 amu) produced by 
 an  organism  and  these  metabolites  are  not  strictly  necessary  for  the  survival  of  the 
 organism. 


 Natural products include: (1) an entire organism, (2) part of an organism, (3) an 
 extract of an organism or part of an organism and exudates and (4) pure compounds 
 (e.g.  alkaloids,  coumarins,  flavonoids,  glycosides,  xanthones,  lignans, 
 phenylpropanoids,  isoprenoids,  sugars,  etc.)  isolated  from  plants,  animals  or 
 microorganisms.  Many  of  these  compounds  show  a  variety  of  biological  and 
 pharmacological  activities  and  some  of  these  compounds  are  essential  for  everyday 
 life, both for humans and animals. 


   The medicinal chemicals used throughout the world were isolated from natural 
 sources.  These  sources include  flowering  plants,  fungi,  bacteria  and  to  lesser  extent 
 animals, especially marine animals. The subfield of organic chemistry that deals with 
 isolating and studying chemicals found in nature is called natural product chemistry. 


Chemistry  of  natural  products  involves  characterization  of  their  composition  and 
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 isolation of specific active components with different techniques, which lie in various 
 fields of science specially chemistry.  


FLAVONOIDS [5-12]


Biologically active substances contained in the food considerably reduce the risk 
 of  lifestyle  diseases  (diabetes,  arteriosclerosis,  cataracts,  Alzheimer’s  disease, 
 Parkinson’s disease) . These substances include polyphenolic compounds, which are 
 characterized by high antioxidant activity, and hence antiviral, anti-inflammatory and 
 anticancer. Polyphenols are substances commonly found in plants and belong to the 
 basic  elements  of  the  diet.  One  of  the  most  famous  groups  of  polyphenols  are 
 flavonoids.  These  compounds  are  mainly  accumulated  in  the  edible  parts  of 
 plants,particularly  in  fruits  and  vegetables.  Flavonoids  are  responsible  for  red  and 
 dark blue color of berries, as well as orange and yellow coloring citrus fruits. In the 
 human body they play a similar role as vitamins. Flavonoids with biological activity 
 are often called bioflavonoids.  


They  possess  the  ability  to  capture  superoxide,  hydroxyl  and  lipid  radicals. 


Flavonoids  have  a  long  history  of  medicinal  use,  mainly  for  support  of  healthy 
 capillary and blood vessel function. They are marketed as anti inflammatory and anti-
 spasmodic  remedies.  What  is  more,  flavonoid  analogues  and  their  metal  complexes 
 play  a  significant  role  in  agriculture,  industrial  and  pharmaceutical  chemistry. 


Flavonoids  are  divided  to  several  subgroups,  and  it  is  important  and  should  be 
mentioned  that  the  biological  and  chemical  properties  of  flavonoids  belonging  to 
different subgroups can be quite different [9-12] 
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 STRUCTURE AND CLASSIFICATION OF FLAVONOIDS  


       


Figure 2: General structure of flavonoid 


Flavonoids belong to a large group of phenolic plant constituents . They are 
presented as derivatives of 2-phenyl-benzo-γ-pyrone. The carbon atoms in flavonoid 
molecules are assembled in two benzene rings, commonly denoted as A and B, which 
are  connected  by  an  oxygen  containing  pyrene  ring  (C).  A  common  part  in  the 
chemical  structure  of  all  flavonoids is  carbon skeleton  based  on  flavan  system  (C6-
C3-C6).  Condensation  of  A  and  B  ring  leads  to  the  formation  of  chalcone,  which 
undergoes cyclization involving isomerase and formed flavanone - initial compound 
for the synthesis of flavonoids other groups. Due to the differences in the structure of 
flavonoid  compounds,  flavonoids  are  classified  as  flavanols,  flavanones,  flavonols, 
isoflavones,  flavones and  anthocyanins  .  Among  other  flavonoid  compounds  can  be 
also  included  compounds  such  as  biflavonoids  (e.g.  ginkgetin),  prenylflavonoids, 
flavonolignans  (e.g.  silybin),  glycosidic  ester  flavonoids,  chalcones  and 
proanthocyanins .[15,16]
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 Figure 3:    Different types of flavonoids 


PHYSIOLOGICAL ROLE OF COPPER 


  Brain  development  during  foetal  and  post-natal  growth,  and  maintenance  of 
 brain health throughout life, including effective anti-oxidative defence  


  Efficient communication between nerve cells 


  Maintenance of healthy skin and connective tissue 


  Wound healing 


  Structural integrity and function of heart and blood vessels 


  Growth of new blood vessels 


  Proper structure and function of circulating blood cells 


  Formation of the cells of our immune system (white blood cells) 


  Maintenance of a healthy and effective immune response 


  Generation  and  storage  of  energy  in  the  ‘power  plants’  of  our  cells,  the 
mitochondria. 
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 NANOPARTICLES [17- 22]


Nanotechnology  is  enabling  technology  that  deals  with  nano-meter  sized 
 objects.  It  is  expected  that  nanotechnology  will  be  developed  at  several  levels: 


materials,  devices  and  systems.  The  nanomaterials  level  is  the  most  advanced  at 
 present, both in scientific knowledge and in commercial applications. A decade ago, 
 nanoparticles  were  studied  because  of  their  size-dependent  physical  and  chemical 
 properties . 


   Now they have entered a commercial exploration period. Living organisms are 
 built of cells that are typically 10 μm across. However, the cell parts are much smaller 
 and are in the sub-micron size domain. Even smaller are the proteins with a typical 
 size  of  just  5  nm,  which  is  comparable  with  the  dimensions  of  smallest  manmade 
 nanoparticles.  This  simple  size  comparison  gives  an  idea  of  using  nanoparticles  as 
 very  small  probes  that  would  allow  us  to  spy  at  the  cellular  machinery  without 
 introducing  too  much  interference  .  Understanding  of  biological  processes  on  the 
 nanoscale level is a strong driving force behind development of nanotechnology . 


APPLICATIONS OF NANOPARTICLES  


A list of some of the applications of nanomaterials to biology or medicine is 
 given below: 


• Fluorescent biological labels  


• Drug and gene delivery  - Bio detection of pathogens  


• Detection of proteins  


• Probing of DNA structure  


• Tissue engineering  
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• Tumour destruction via heating (hyperthermia) 


• Separation and purification of biological molecules and cells  


• MRI contrast enhancement  


• Phagokinetic studies  


HERBAL DRUG AS NANOPARTICLE[23]


   In  this  approach  nanotechnology  plays  a  great  role  and  the  use  of 
 nanotechnology  in  herbal  medicine  and  more  specifically  in  drug  delivery  is  set  to 
 spread  rapidly.  Nano  herbal  drug  delivery  systems  have  a  potential  future  for 
 enhancing the activity and overcoming the problems associated by medicinal plants 2. 


So, the herbal nano carriers help to treat the dangerous diseases like cancer, Diabetes 
 etc. 


   For  a  long  time,  herbal  medicines  were  not  considered  for  development  of 
 novel formulations due to lack of scientific justification and processing difficulties but 
 modern  phytopharmaceutical  research  can  solve  the  scientific  needs  (such  as 
 determination of pharmacokinetics, mechanism of action, site of action, accurate dose 
 required etc.) of herbal medicines to be incorporated in novel drug delivery system, 
 such  as  nanoparticles,  microemulsions,  matrix  systems,  solid  dispersions  liposomes, 
 solid lipid nanoparticles and so on. The herbal drugs can be utilized in a better form 
 with enhanced efficacy by incorporating them into modern dosage forms. This can be 
 achieved by designing novel drug delivery systems for herbal constituents. 


ADVANTAGES OF HERBAL DRUG AS NANOPARTICLE [24] 


  Herbal  nanoparticles  were  used  to  target  specific  organs  which  improve  the 
 drug delivery, safety, effectiveness, selectivity. 


  High concentration drugs can be delivered to target site due to its unique 
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  size and loading capacity. 


  Drug dissolution rate in blood increases because of small particle size and 


  large surface area of nanoparticles. 


  Decrease side effects. 


  Widespread availability 


  Lower cost 


  Exhibits passive targeting to the disease site of action without the addition 


  of any particular ligand moiety 


TABLE 1: HERBAL DRUG NANOPARTICLES 
 Formulations  Active 


ingredients 


Biological 
 activity 


Method of 
 preparation 


References 


Curcuminoids solid 
 lipid nanoparticles  


Curcuminoids   Anticancer and 
 antioxidant  


Micro-emulsion 
 technique.  


25 


Glycyrrhizic acid 
 loaded 


nanoparticles  


Glycyrrhizin 
 acid  


Anti-


inflammatory 
 antihypertensive  


Rotary-evaporated 
 film 


ultrasonication 
 method.  


26 


Nanoparticles of 
 cuscuta chinensis  


Flavonoids and 
 lignans  


Hepatoprotective 
 and antioxidant 
 effects  


Nanosuspension 
 method.  


27 


Artemisinin 
 nanocapsules  


Artemisinin   Anticancer   Self assembly 
 procedure.  
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Berberine-loaded 
 nanoparticles  


Berberine   Anticancer   Ionic gelation 
 method.  
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 METAL NANOPARTICLES [30-36]


Metal nanomaterials are known to have immense applications in the field of 
 agriculture,  energy,  environment,  and  medicine  .  Different  kinds  of  physical, 
 chemical,  and  biological  methods  have  been  reported  for  the  synthesis  of  metal 
 nanomaterials  .  Metal  nanomaterials  are  highly  biocompatible  and  possess  various 
 pharmacological  activities.  Thus,  biosynthesis  and  characterization  of  metal 
 nanomaterials are in limelight till date.  


Interestingly, plant based ‘Green’ synthesis of nanomaterials has drawn great 
 attention  due  to  its  cost-effective,  ecofriendly,  non-pathogenic,  rapid,  and  also 
 efficiency in the treatment process. In addition, “Green” synthesis provides a single 
 step technique as well as trouble-free to scale up for large synthesis. 


GENERAL METHODS FOR SYNTHESIS OF COPPER NANOPARTICLE 
    Generally metal nanoparticles synthesized by three different methods  
 I.physical method 


a)  Sonication  
 b)  b.Laser ablation  
 c)  microwave irradiation  
 d)  d.Electro deposition 
 II. Chemical methods  


  Sol-gel technique  


  REDOX process 


  Hydro thermal 
 III. Biological method  


  bacteria  


  fungi 
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  Plant  


a.ascarbic acid method 
 b.citrus method  
 c.plant extract method 


PLANT BASED METAL NANOPARTICLES[37-44]


      Since  ancient  times,  plants  have  been  used  as  natural  remedies  for  curing 
 many physiological disorders in traditional eastern medicine, particularly Indian and 
 Chinese. The ‘Green’ synthesis of copper (Cu), gold (Au), nickel (Ni), platinum (Pt), 
 titanium (Ti), selenium (Se), silver (Ag), and zinc nanoparticles (ZiNPs) using plant 
 resources  had  been  previously  reported  in  literatures.  The  plant  based  metal 
 nanoparticles  (MNPs)  showed  excellent  antimicrobial,  anticancer,  antidiabetic,  anti-
 inflammatory,  antioxidant,  and  immunomodulatory  activities.Recently  the  synthesis 
 of MNPs using different plant extract. Most of the previous reports confirm that the 
 presence  of  phytochemicals  such  as  alkaloids,  flavonoids,  phenols,  terpenoids, 
 alcohols, sugars, and proteins in the plant materials are involved in the reduction and 
 stabilization of metal ions. 


 Although, the synthesis of MNPs using a single active substance from plant 
extract will be helpful for the purification of nanoparticles, and further study on such 
MNPs  in  biomedical  sector  is  needed  to  treat  specific  diseases.  At  present,  there  is 
little information available in 4 literature about a single substance from plant extract 
to synthesis MNPs. Recent reports highlighted the fact that flavonoids widely existing 
in the plant extract contributing a major role in the bioreduction of metal ionic into 
nanoparticle formation . 
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 MECHANISM OF METAL NANOPARTICLES FORMATION BY 


FLAVONOIDS[45-47]


Flavonoid can chelate at three positions involving the carbonyl and hydroxyl 
 groups  at  the  C3  and  C5  positions  and  the  catechol  group  at  the  C3’  and  C4’  site. 


These groups chelate different metal ions by the following steps: (i) adsorbed onto the 
 metal  surface,  (ii)  budding  of  nanoparticle,  (iii)  aggregation,  and  (iv)  bioreduction. 


Stolarczyk et al  proposed the mechanism for genistein-AuNPs complex formation as 
 follows: (i) the electron transfer from genistein into the Au center, (ii) the genistein 
 reduced Au3+ to Au0, and (iii) further acted as a stabilizing agent to form a layer of 
 negative ions converting the surface of the AuNPs. 


    


Figure 4 :Biological method of synthesis of metal nanoparticles by using plant 
extract 
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Figure 5 : Bioreduction Process Involved In The Synthesis Copper Nanoparticles 
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 DISEASE PROFILE 


CANCER [48-50]


Cancer is a general term applied to a series of malignant diseases which may 
 affects many different parts of the body. These diseases are characterized by rapid and 
 uncontrolled formation of abnormal cells which may mass together to form a growth 
 or tumour, or proliferate throughout the body. In 2018, an estimated 1,735,350 new 
 cases  of  cancer  will  be diagnosed  in  the  United  States  and  609,640  people  will  die 
 from the disease. Cancer is commonly encountered in all higher animals, and plants 
 also  develop  growth  that  resembles  cancer.  Next  to  heart disease, cancer  is a  major 
 killer of mankind in the world Cancer is basically a disease of cells characterized by 
 the  loss  of  normal  cellular  growth,  maturation  and  multiplication,  and  thus 
 homeostasis is disturbed. 


CARCINOGEN 


Carcinogens, the agents that cause cancer, have been classified into three 
 broad groups' viz   physical, chemical and biological  


I. Physical agents   


a)  Ultra-violet radiation   
 b)  Ionizing radiation   


It causes the  direct effects on DNA, X-rays and G-rays cause free radicals to form in 
 the tissues which can lead to oxidative DNA damage.  


II.Chemical agents  


It  is  estimated  that  80%  of  human  cancers  are  due  to  environmental  factors, 
principally  chemicals.  Generally  all  carcinogens  are  electrophiles  which  attack 
nucleophilic groups in the DNA and RNA and proteins and thus damage the cells. 
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 III.Biological agents 


   The  oncogenic  viruses  are  well  known  and  form  a  very  diverse  group  of 
 carcinogenic  agents.    Eg  :  DNA  viruses  that  infect  vertebrates  except  very  small 
 Parvovirus’s and the very large Poxviruses, RNA viruses, the retroviruses, can cause 
 tumors.  Once  the  virus  core  enters  the  cell,  the  reverse  transcriptase  transcribes  the 
 single  stranded  RNA  viral  genome  into  double  stranded  DNA  copies.    The  original 
 viral  RNA  becomes  degraded  and  the  viral  DNA  copy  (provirus)  is  then  inserted 
 (integrated) by a covalent linkage into the host cell DNA. Endogenous DNA damage 
 from normal oxidation is enormous. The steady state of oxidative damage in DNA is 
 about  one  million  oxidative  lesions  per  rat  cell.    If  the  lesion  level  becomes  still 
 higher, can initiate programmed cell death (apoptosis).  


MAIN FEATURES OF CANCER 


 Excessive cell  growth, usually in  the  form  of  tumor.    Invasiveness,  i. e.  the 
 ability to grow into surrounding tissue. Undifferentiated cells or tissue.  The ability to 
 metastasize  or  spread  to  new  sites  and  establish  new  growth;    A  type  of  acquired 
 heredity in which the progeny of cancer cells also retain cancerous property.  A shift 
 of  cellular  metabolism  towards  increase  in  production  of  macromolecules  from 
 nucleosides  and  amino  acids,  with  an  increased  catabolism  of  carbohydrates  for 
 cellular energy. Such behavior of cancer cells lead to illness in the host as a result of  
 Pressure effect due to local tumor growth;  Destruction of the organ involved by the 
 primary growth;  Systemic effect as a result of new growth. 


CAUSES OF CANCER 


    Many  factors  are  implicated  in  the  causation  of  cancer.  These  factors  are 
listed as Exposure to the carcinogenic hydrocarbons or to excessive radiation.  
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 Hereditary factors: A “cancer family syndrome” has been described by the Lynch et 
 al., The hereditary factors involved in the causation of cancer are chromosomal 
 abnormality, enzymes, immune defence system, hormonal imbalance etc.  


 Cultural factors: cultural factor play a dominant role by causing about 70 % of all 
 cancers. The important amongst are diet, smoking, drinking and sexual habits.  


 Occupational  factors:  These  factors  are  ionizing  radiation,  chemicals  and  other 
 substances  for  example-  coal  tar,  mustard  gas,  chromium,  hematite,  nickel  and 
 asbestos can trigger lung cancer in employees working in chemical, insulation and gas 
 factories.  


 Viruses: Though it is known that viruses cause cancer in animals, their role in human 
 cancer has not been proved . 


CELL CYCLE 


Cellular  multiplication  involves  passage  of  cell  through  a  cell  cycle.  The  various 
 phases of cell cycle are characterized as:  


  The  interval  following  cell  division  to  the  point  where  DNA  synthesis 
 starts, known as the presynthetic phase G1.  


  After mitosis some of the daughter cells pass into a resting phase or non 
 proliferative  phase  G0  and  do  not  re-enter  the  cell  cycle  phase  G1 
 immediately. They may enter the G1 phase later.  


  DNA synthesis phase (S).  


  The premitotic or postsynthetic (G2) phase fallows. In this phase RNA and 
 protein synthesis takes place.  


  Mitotic phase (M) follows.  
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 Figure 6 : diagrammatic representation of cell cylcle in cancer 


SYMPTOMS  


Since cancer can arise from a wide variety of sites and developed with many 
 differing  patterns  of  spread,  there  are  no  clear  cut  symptoms  for  cancer.    Cancer  is 
 unlike many more specific disease or arthritic disease. The precise nature symptoms 
 of cancer depends not only on primary site but specifically where the tumor is located 
 in  an  organ,  rate  of  development  and  also  secondary  spread  is  present  or  not.Many 
 primary tumors cause swelling or lump if they arise at a visible or accessible part of 
 the  body,  such  as  a  skin,  breast,  testicle  or  oral  cavity.  A  typical  swelling  due  to  a 
 cancer is initially painless, through ulceration (skin breakdown) can occur, which may 
 then become painful.  


BENIGN AND MALIGNANT TUMORS 


Not all tumors are cancerous; tumors can be benign or malignant. 


• Benign tumors aren't cancerous. They can often be removed, and, in most 
cases, they do not come back. Cells in benign tumors do not spread to other 
parts of the body.  
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• Malignant  tumors  are  cancerous.  Cells  in  these  tumors  can  invade  nearby 
 tissues and spread to other parts of the body. The spread of cancer from one 
 part of the body to another is called metastasis. 


CANCER TYPE 


Cancer types can be grouped into broader categories. The main categories of 
 cancer include: 


Carcinoma  -  cancer  that  begins  in  the  skin  or  in  tissues  that  line  or  cover  internal 
 organs.  


Sarcoma - cancer that begins in bone, cartilage, fat, muscle, blood vessels, or other 
 connective or supportive tissue. 


 Leukaemia - cancer that starts in blood-forming tissue such as the bone marrow and 
 causes large numbers of abnormal blood cells to be produced and enter the blood. 


Lymphoma  and  myeloma -  cancers  that  begin  in  the  cells  of  the  immune  system       
 (Harold Varmus et al ) 


DIAGNOSIS OF CANCER 


The following tests can confirm or eliminate a primary (diagnose), or determined the 
 spread or the malignancy (stage). This investigation fall into three main groups- 


a.  Radiology 
 b.  Pathology 
 c.  Endoscopy  


COPPER NANOPARTICLES AS ANTICANCER AGENT 


  Accumulation of CUNPs on the cell surface from pits which causes cell 
 leakage 


  DNA damage due to the interaction with CUNPs 


  Interaction of Cu ions with sulfrydryl group of group  
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  Entry of CUNPs and Cu ions inside the cell develop oxidative stress which 
 leads to cell death 


  Interaction of CUNPs with cell membrane decrease the transmembrane 
 electrochemical potential ,which effect membrane integrity 


Figure 7: Diagrammatic representation of mechanism of action of CuNPs as 
 anticancer agent. 
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        TUBERCULOSIS 


TUBERCULOSIS- AN INSIGHT [51-53]


Tuberculosis,  MTB,  or  TB  (short  for  tubercle  bacillus)  is  a  common,  and  in 
 many  cases  lethal,  infectious  disease  caused  by  various  strains  of  mycobacteria, 
 usually Mycobacterium tuberculosis. Tuberculosis typically attacks the lungs, but can 
 also affect other parts of the body. It is spread through the air when people, who have 
 an active TB infection, cough, sneeze, or otherwise transmit their saliva through the 
 air.  


Most  infections  are  asymptomatic  and  latent,  but  about  one  in  ten  latent 
 infections eventually progresses to active disease which, if left untreated, kills more 
 than 50% of those so infected. Consumption, phthisis, scrofula, Pott's disease, and the 
 White  Plague  are  all  terms  used  to  refer  to  tuberculosis  throughout  history.  It  is 
 generally  accepted  that  the  microorganism  originated  from  other,  more  primitive 
 organisms of the same genus Mycobacterium. Human bones from the Neolithic show 
 presence of the bacteria, although the exact magnitude (incidence and prevalence) is 
 not known before the 19th century. 


PATHOGENESIS OF TUBERCULOSIS  


M. tuberculosis usually enters the alveolar passages of exposed humans in an 
 aerosol droplet, where its first contact is thought be with resident macrophages, but it 
 is  also  possible  that  bacteria  can  be  initially  ingested  by  alveolar  epithelial  type  II 
 pneumocytes.  


This cell type is found in greater numbers than macrophages in alveoli, and M. 


tuberculosis can infect and grow in these pneumocytes ex vivo. In addition, dendritic 
cells play a very important role in the early stages of infection since they are much 
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 better  antigen  presenters  than  are  macrophages  and  presumably  play  a  key  role  in 
 activating  T  cells  with  specific  M.  tuberculosis  antigens.  Since  dendritic  cells  are 
 migratory, unlike differentiated macrophages, they also may play an important role in 
 dissemination of M. tuberculosis.  


Figure 8 : Pathogenesis of Tuberculosis  
 CELL WALL STRUCTURE  


The  cell  wall  structure  of  Mycobacterium  tuberculosis  deserves  special 
 attention  because  it  is  unique  among  prokaryotes,  and  it  is  a  major  determinant  of 
 virulence  for  the  bacterium.  The  cell  wall  complex  contains  peptidoglycan,  but 
 otherwise it is composed of complex lipids. Over 60% of the mycobacterium cell wall 
 is lipid. 


The  lipid  fraction  of  MTB's  cell  wall  consists  of  three  major  components, 
mycolic acids, cord factor, and waxD. 
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 Figure 9: cell wall structure of mycobacterium tuberculosis 


MODE OF TRANSMISSION  


When  people  with  active  pulmonary  TB  cough,  sneeze,  speak,  sing,  or  spit, 
 they expel infectious aerosol droplets 0.5 to 5.0 µm in diameter. A single sneeze can 
 release  up  to  40,000  droplets.  Each  one  of  these  droplets  may  transmit  the  disease, 
 since the infectious dose of tuberculosis is very small (the inhalation of fewer than 10 
 bacteria may cause an infection). 


People with prolonged, frequent, or close contact with people with TB are at 
 particularly high risk of becoming infected, with an estimated 22% infection rate. A 
 person with active but untreated tuberculosis may infect 10–15 (or more) other people 
 per year. 


SIGNS AND SYMPTOMS OF ACTIVE TUBERCULOSIS  
 1. Coughing that lasts three or more weeks. 


 2. Coughing up blood. 


 3. Chest pain or pain with breathing or coughing 
  4. Unintentional weight loss 


 5. Fatigue  
6. Fever  
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 7. Night sweats and Chills 


 8. Loss of apetite 


TYPES OF TUBERCULOSIS:  


Tuberculosis  is  a  contagious  disease  that  affects  almost  all  the  important 
 organs  of  the  body.  Clinically,  tuberculosis  is  broadly  categorized  into  three  major 
 categories  


i) Primary Tuberculosis  


When  tuberculosis  affects  a  person  who  had  never  been  exposed  to  the 
 bacterium  earlier,  the  condition  is  called  primary  tuberculosis.  In  this  form  of 
 tuberculosis,  the  source  of  bacterium  is  external.  In  primary  tuberculosis  the  lymph 
 nodes  get  affected  leading  to  their  swelling.  Lesions  are  also  formed  which  are 
 removed  during  treatment.  The  removal  of  the  lesion  does  not  indicate  bacterial 
 removal as the bacteria may have gone into a dormant phase and if left untreated, it 
 can cause TB when favourable condition comes.  


ii) Secondary Tuberculosis 


 It is also known as post-primary tuberculosis. This type of tuberculosis occurs 
in  a  person  who  previously  had  TB.  In  primary  TB,  the  bacterium  goes  into  an 
inactive phase while in secondary tuberculosis; the bacterium regains its active mode 
and  causes  the  symptoms.  Secondary  tuberculosis  is  mostly  localized  to  lungs  as 
oxygen  pressure  is  highest  there.  Secondary  tuberculosis  is  more  infectious  than 
primary tuberculosis. Secondary TB increases the chance of the infection’s spread to 
other  organs  such  as  kidneys,  heart  and  brain.  Disseminated  Tuberculosis 
Disseminated  tuberculosis  means  that  the  tuberculosis  has  infected  the  entire  body 
system. It is a very rare type of disease. Disseminated TB primarily affects the bones 
of spines, hips, joints and knees, the genital tract of women, the urinary tract and even 
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 the  central  nervous  system.  It  infects  the  cerebrospinal  fluids,  the  gastrointestinal 
 tract, the adrenal gland, skin of the neck and even the heart. 


iii) Miliary Tuberculosis  


It is the most severe type of tuberculosis infection. Whole of the blood stream 
 gets infected with the bacterium. Numerous tiny lesions appear throughout the body. 


If the infection reaches bone marrow, it can cause anaemia. The infection in the blood 
 causes uncontrolled multiplication of white blood cells, thereby leading to leukaemia - 
 like conditions. 


TREATMENT  


For  each  patient  with  newly  diagnosed  TB  disease,  a  specific  treatment  and 
 monitoring  plan  should  be  developed  in  collaboration  with  the  local  TB  control 
 program within 1 week of the presumptive diagnosis. This plan should include: 


 • Description of the TB treatment regimen;  


• Methods of assessing and ensuring adherence to the TB treatment regimen;  


• Methods to monitor for adverse reactions; and  


• Methods for evaluating treatment response. 



(40)
Chapter-ii 



Literature review 
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 PLANT PROFILE AND LITERATURE REVIEW 


Introduction to Thespesia populnea (Linn.) 
 Vernacular names  


Hindi      : Paras-pipal  


English       : Portia tree; umbrella tree  
 Marathi       : Bhendi ke jhar  


Kannada     : Jogiyarale; Arasi  
 Gujarathi    : Paarsapeepala  


Sanskrit      : Gardha-bhanda; Parisha  
 Tamil      : Cheelnathi; Poovarasam  
 Telugu         : Gangaraavi  


Taxonomical Classification  
 Kingdom    : Plantae  


Division      : Magnoliophyta  
Class       : Magnoliopsida  
Oredr      : Malvales  
Family        : Malvaceae  
Genus         : Thespesia  
Species       : populnea 
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       Figure  10  Picture of thespesia populnea Linn leaf and flower 
 Distribution  


A common strand plant extends from the shores of West Bengal to Peninsular 
 India  and  the  Andmans.  It  is  also  grown  as  a  road  side  tree  in  tropical  regions. 


Probably  it  originated  in  India,  but  is  a  common  plant  of  coastal  strands  across  old 
 World  tropics.  It  has  naturalised  in  Florida  and  West  Indies;  it  is  also  cultivated 
 occasionally in Central and South America and has probably naturalised there.  


Description  


Tree: This evergreen tree is bushy when young but thins out with age. It grows to 12-
 18 m in height and 0.5-0.8 m in girth. It grows rapidly under favourable conditions.  


Bark: Often knobby, fibrous, fissured, gray to brown.  


Leaves: Simple,  alternate,  long  petiole,  cordet,  entire  and  acuminate,  prominent 
 nerves 5-7 with peltate scale on one or both surfaces. Leaves are heart-shaped, shiny 
 green, usually ranging in size 10 to 20 cm long and 6-13 cm broad.  


Flowers: Showy, large, cup-shaped hibiscus-like pale yellow, size 5 to 8 cm, with a 
dark blotch at the base of the petals. They last for one to two days, turning maroon, 
purple or pink as the day progresses. They are produced throughout the year in warm 
climates.  
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 Fruits  and  seeds: Capsules  are  brown,  globose,  containing  five  cells  and  several 
 seeds with persistent calyx. The brown or gray capsules are about 5 cm in diameter; 


grow on short stalks and clusters at the ends of the branches. The grayish brown hairy 
 seeds are flat, elliptic, and powdery on the surface with the size 0.7 to 1.2 cm long and 
 0.6 m broad. 


Chemical Constituents  


The plant yields Kaempferol and its glycosides, herbacetin and its glucoside, 
 populneol,  populnin,  populnatin,  quercetin,  rutin,  gossipetin,  gossypol,  β-sitosterol 
 and  its  glucosides,  leupeol,  leupenone,  alkanes,  myricyl  alcohol,  sesquiterpenoidal 
 quinines  viz;  mansonone  C,  D,E  and  F,  thespone,  thespesone,  amino  acids  and 
 carbohydrates.  


Therapeutic Uses  


The plant is anti-inflammatory, antibacterial, anti-oxidant and is used to treat 
 asthma and cough. Bark is used to treat skin diseases, dysentery, haemorrhoids and as 
 astringent.  The  young  fruit  secretes  a  yellow  sticky  sap  which  is  used  to  treat 
 ringworm and other skin diseases.  


LITERATURE REVIEW 


PHYTOCHEMICAL AND PHARMACOLOGICAL REVIEW 


Shirwaikar et al., (1995) reported chemical investigation and antihepatotoxic activity 
 of ethanol extract fractions of T. populnea using the CCl4 model of liver injury. All 
 fractions of ethanol extract showed significant activity. A rare flavanoid, quercetin-7-
 O-rhamnoglucoside, was isolated and its identity confirmed by spectral studies . [54] 


Milbrodt et al., (1997)  isolated  a  new  mansonone,  7-hydroxy-2,3,5,6-tetrahydro-
3,6,9- trimethylnaphtho[1,8-b,c]pyran-4,8-dione, in addition to mansonones D, E, and 
F from the heartwood of T. populnea collected in Hawaii. The structure of the new 
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 compound was elucidated by means of spectroscopic methods including 2-D-COLOC 
 experiments. [55] 


Nagappa et al., (2001) reported the wound healing activity of the aqueous extract of 
 T. populnea fruit.  They  reported  aqueous  extract  showed  significant  wound  healing 
 activity in the excision and incision wound models in rats following topical and oral 
 administration respectively. [56] 


Puckhaber et al., (2004) reported the isolation of 7-hydroxycadalene, thespesenone 
 and  dehydroxoperezinone-6-methyl  ether,  new  sesquiterpene  quinones  from  T. 


populnea red heartwood for the first time. Several other sesquiterpene quinines were 
 isolated which includes mansonone D, E, F, G, M and thespesone.[57] 


Ghosh et al., (2004)  investigated  preliminary  anti-implantation  activity  of  isolated 
 pure  principles  from  successive  extracts  of  pet.  Ether  (PE)  and  ethyl  acetate  (EAc) 
 and  subsequent  crude  alcoholic  extract  of T. populnea seeds  in  female  albino  rats. 


Graded  doses  of  active  principles  and  crude  alcoholic  extract  (50,  75,  90  and  110 
 mg/kg b.w.) were given. Pure principle from PE and EAc extracts showed significant 
 anti-implantation activity at the dose of 110 mg/kg. [58] 


Satyanarayana et al., (2004)  reported  the  hypoglycemic  and  antihyperglycemic 
 effects of an alcoholic extract of T. populnea fruit in both normal and alloxan-induced 
 diabetes in rabbits. They reported that extract when given in graded doses (100, 200 
 and  300  mg/kg)  for  the  both  normal  and  diabetic  rabbits  produced  significant 
 (p<0.001) reductions in blood glucose at 6 h after extract administration. [59] 


Mani  Vasudevan et al., (2006) The  ethanolic  extract  of Thespesia populnea bark 
(TPE) was investigated for anti-inflammatory and analgesic activity at the doses (p.o.) 
of 100, 200 and 400 mg/kg body weight. For evaluation of inflammation carrageenan-
,  histamine-  and  serotonin-induced  paw  edema  served  as  acute  models  and 
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 formaldehyde-induced  arthritis  served  as  a  chronic  model  in  rats.  The  acetic  acid 
 induced writhing response and formalin-induced paw licking time in the early and late 
 phases of mice were used to assess analgesic activity.[60]  


Vasudevan et al., (2007)  investigated  the  anti-inflammatory  and  antinociceptive 
 effects of ethanolic extract of T. populnea bark (TPE) at doses of 100, 200 and 400 
 mg/kg  b.w.  They  reported  that  higher  doses  of  TPE  (200  and  400  mg/kg)  were 
 inhibited  carrageenan,  histamine  and  serotonin-induced  paw  edema  as  well  as 
 formaldehyde  induced  arthritis.  TPE  (200  and  400  mg/kg  b.w.)  significantly 
 attenuated the writhing response induced by an intraperitoneal injection of acetic acid 


and  late  phase  of  pain  response  induced  by  sub-plantar  injection  of  formalin  in      
 mice. [61] 


Anandjiwala et al., (2007) evaluated antioxidant activity of stem bark of T. populnea. 


Preliminary  phytochemical  investigation  indicates  the  presence  of  high  amount  of 
 phenolics,  tannins  and  flavonoids.  Methanolic  extract  showed  very  good  DPPH 
 radical and superoxide scavenging activity in dose dependent manner. [62] 


Shivakumar et al., (2007)  reported  wound  healing  activity  of  the  leaves  of  T. 


populnea. Petroleum  ether,  alcohol  and  aqueous  extracts  were  showed  significant 
 (p<0.001)  increased  in  wound  contraction  and  formation  of  scar  in  excision  wound 
 model. Extracts showed breaking strength of resutured incision wound as compared to 
 control group. Glycosides, flavonoids and phytosterols were reported to be present in 
 leaves.[63] 


Viswanatha et al., (2007)  investigated  the  aqueous  (AQTP)  and  alcoholic  extracts 
(ALTP)  of T. populnea stem  barks  for  their  antidiarrheal  activity  on  castor  oil  and 
PGE-2 induced models in rodents and charcoal meal test in mice. Acute oral toxicity 
studies  showed  that  both  the  extracts  were  safe  up  to  2000  mg/kg.  In  castor  oil 
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 induced  model  ALTP  and  AQTP  showed  significant  dose  dependent  reduction  of 
 cumulative wet faecal mass. In PGE-2 induced enteropooling model, ALTP (100, 200 
 and 400 mg/kg, p.o.) and AQTP (50, 100 and 200 mg/kg, p.o) inhibit PGE-2 induced 
 secretions. [64] 


Fun et al., (2007) isolated 3,6,9-trimethyl-2,3-dihydro-benzo[de]chromene-7,8-dione 
 a  sesquiterpene  ortho-naphthoquinone  compound  having  molecular  formula 
 C15H14O3 from T. populnea.[65] 


Vasudevan et al., (2007) investigated the memory enhancing effects of T. populnea 
 bark in rats using exteroceptive and interoceptive behavioral models. Ethanol extract 
 (TPE) was administered orally in three doses (100, 200 and 400 mg/kg b.w.) for seven 
 successive days to different groups of young and aged rats. TPE-200 and 400 mg/kg 
 b.w. resulted in significant improvement in memory of young and aged rats.[66] 


Kumar et al., (2007) evaluated antimicrobial activities of Indian medicinal plants one 
 of which was T. populnea against etiologic agents of Acne vulgaris. Ethanolic extracts 
 of T. populnea roots  were  tested  for  antimicrobial  activities  by  disc  diffusion  and 
 broth dilution methods. They reported that no detectable activity was observed against 
 Staphylococcus epidermidis and Propionibacterium acnes.[67] 


Shrivastav et al., (2009)  reported  anti-psoriatic  and  phytochemical  evaluation  of T. 


populnea  bark  extracts.  Phytochemical  investigation  revealed  the  presence  of 
 carbohydrates,  glycosides,  tannins,  flavonoids,  triterpenoids,  phytosterols,  proteins 
 and  lipids/fixed  oils.  They  isolated  flavonoids  TpF-1  and  TpF-2  and  sterol  TpS-2. 


Anti-psoriatic activity was carried out by topical application of different extracts and 
isolated compounds using the Perry’s scientific mouse tail model. They reported that 
pet-ether extract showed  maximum antipsoriatic activity amongst the tested extracts 
and compound TpF-2 exhibited 38% increase in the activity. [68] 
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 A Saravanakumar et al ., (2009) ,“Evaluation Of Antibacterial Activity, Phenol And 
 Flavonoid Contents Of Thespesia Populnea Flower Extracts”. Flavonoids which were 
 reported  as  having  many  pharmacological  activities,  antimicrobial,  antioxidant, 
 cytotoxic, chemoprevention activities and they possess strong antiproliferative effects 
 related to inhibition of cell cycle progression and apoptosis induction. On the basis of 
 this Thespesia populnea (L.) Sol. Ex Correa  (Family-Malvaceae) was selected and it 
 is  having  the  major  composition  of  flavonoids  and  the  antibacterial  activity  of 
 methanolic  extract  of Thespesia populnea flowers  was  investigated  by  agar  well 
 diffusion method.[69] 


R.  Parthasarathy et al.,  (2009) Antidiabetic  Activity  Of  Thespesia  Populnea  Bark 
 And Leaf Extract Against Streptozotocin Induced Diabetic Rats. The ethanolic extract 
 of the plant bark (TPBE) and leaf (TPLE) were evaluated for its effect on blood sugar, 
 against the streptozotocin (STZ)–induced diabetic rats and compared it with standard 
 drug  glibenclamide.  The  result  of  this  experimental  study  indicates  that  both  the 
 ethanolic  extract  posses’  anti-diabetic  effect  against  STZ  induced  diabetic  rats  and 
 also  showed  the  possible  mechanism  due  to  inhibition  of  generation  of  free 
 radical.[70] 


Belhekar et al., (2009)  examined  antihyperglycemic  effect  of T. populnea seed 
extracts in normal and alloxan induced diabetic rats. The results showed that ethanolic 
(EETP)  and  aqueous  (AETP)  extracts  at  two  dose  levels  (200  and  400  mg/kg  b.w.) 
significantly (P<0.01) decrease blood glucose level in normal and diabetic rats at 2, 4, 
6 and 8 h and maximum reduction was observed at 6 h in acute study. In sub-acute 
study  EETP  and  AETP  at  two  dose  level  showed  significant  (P<0.01)  reduction  of 
blood  glucose  level  in  alloxan-induced  diabetic  rats  on  21st  and  28th  day  of  the    
study. [71] 
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 Saxena et al., (2010) studied phytochemical investigation and antimicrobial activity 
 of  stem  bark  extracts  of T. populnea. Results  showed  that T. populnea extracts 
 exhibited antimicrobial activities at a concentration of 20 mg/ml. The phytochemical 
 analysis  of  the  petroleum  ether,  benzene  and  chloroform  extract  of  stem  bark  of T. 


populnea revealed  the  presence  of  phytosterols  whereas  methanolic  and  aqueous 
 extract showed the presence of tannins, flavonoids, carbohydrates and phenols.[72] 


N. Savithramma et al.,(2011), “Phytochemical screening of Thespesia populnea (L.) 
 Solandand  Tridax  procumbens  L”  The  present  work  is  aimed  to  screen  these 
 medicinal  plants  for  phytochemical  studies.  Leaf  powder  of  these  plants  were 
 dissolved  in  different  solvents  and  screened  for  secondary  metabolites.  Leaves  of 
 Thespesia  populnea  revealed  that  the  presence  of  flavonoids,  tannins,  steroids, 
 glycosides, saponins, phenols, terpenoids, alkaloids, anthocyanins, carbohydrates and 
 proteins;  and  absence  of  reducing  sugars,  anthraquinons,  leucoanthocyanins  and 
 emodins. Thespesia accumulates more number of secondary metabolites than that of 
 Tridax.  Aqueous  and  methanol  extracts  are  suitable  for  extraction  of  secondary 
 metabolites than the alcohol, chloroform, petroleum ether, diethyl ether, ethyl acetate 
 and  hexane  solvents  for  both  Thespesia  and  Tridax  species.  The  findings  of  the 
 present  study  will  be  helpful  to  the  phytochemists  and  pharmacologists  for 
 identification of new active principles.[73] 


Viswanatha et al., (2011) evaluated antidiarrheal activity of the ethyl acetate fraction 
(EAF),  methanolic  fraction  (MF)  and  residue  fraction  (RF)  of  aqueous  extract  from 
stem  barks  of T. populnea in  castor  oil  induced  diarrhea,  prostaglandin  (PGE-2) 
induced diarrhea and charcoal meal test as in vivo models. [74] 
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 Shah Amol S et al,(2011),Anti-inflammatory, analgesic and antipyretic properties of 
 Thespesia  populnea  Soland  ex.  Correa  seed  extracts  and  its  fractions  in  animal 
 models. Thespesia populnea seeds were successively extracted by soxhlet extraction 
 using  petroleum  ether  (40–60  ◦C)  (TPO)  and  ethanol  (TPE).  Unsaponifiable  matter 
 (TPOUM) and fatty acids were separated from seed oil. A GC–MS analysis of fatty 
 acid methyl esters was carried out. Ethanolic extract was fractionated using CHCl3, 
 EtOAc,  n-BuOH  and  H2O.  Acute  arthritis  was  induced  by  sub-plantar  injection  of 
 carrageenan  into  the  left  hind  paw  of  rats.  The  paw  volume  was  measured  using 
 plethysmometer.  Analgesic  activity  was  assessed  by  heat  induced  pains  (tail 
 immersion  model)  and  antipyretic  activity  assessed  using  brewers  yeast-induced 
 pyrexia model.[75] 


R.  Sangeetha et al,(2012)  In  Vitro α-Amylase  Inhibitory  Activity  of  the  Leaves  of 
 Thespesia  populnea  ,  The  leaves  of T. populnea were  studied  for  the  presence  of 
 amylase inhibitors. The fractions obtained by successive fractionation using solvents 
 of  varying  polarity  were  studied  for  the  presence  of  primary  and  secondary 
 metabolites.  The  total  phenolic  content  of  the  different  fractions  was  determined  by 
 HPLC and was correlated with their amylase inhibitory potential.[76] 


D.  S.  Chumbhale  et al,  (2012),Phytochemical,  Pharmacological  and 
Phytopharmaceutics  Aspects  of Thespesia populnea (linn.)  Soland    belonging  to 
family Malvaceae contains a wide range of chemical compounds such as terpenoids, 
lipids,  glycoside,  flavanoids  which  are  responsible  for  its  various  pharmacological 
properties. The various parts of the plant like roots, bark, leaves, flowers and fruits are 
known  to  possess  different  pharmacological  properties.  The  information  published 
about  chemical  composition  and  biological  activity  of Thespesia populnea (Linn.) 
Soland. [77] 
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 Sahitya  Chetan  Pandanaboina et al.,(2012),  “Alterations  in  antioxidant  enzyme 
 activities and oxidative damage in alcoholic rat tissues: Protective role of Thespesia 
 populnea”Thespesia  populnea  (TP)  leaf  extracts,  administered  to  chronic  alcohol 
 ingested rats, were envisaged to possess significant antioxidant defence properties and 
 help  in  the  recovery  of  tissues  from  alcohol-induced  oxidative  damage.  The  results 
 showed that degenerative changes in hepatic and renal cells of alcoholic groups were 
 minimized  by  the  administration  of  TP  leaf  extracts  as  also  revealed  by 
 histopathological  examination.  The  current  findings  indicate  that  treatment  with  TP 
 extracts reduces alcohol-induced oxidative stress, thereby protecting the hepatic and 
 renal tissue from alcohol-induced damage. [78] 


 Laxmi Banjare et al., (2012)   Phytochemical  Screening and Evaluation of Various 
 Extracts of Thespesia populnea for Antioxidant Activity.   It’s antioxidant activity can 
 be  further  correlated  with  other  pharmacological  activity  like  analgesic  and  anti-
 inflammatory  activity  using  animal  models  as  the  generation  of  reactive  oxygen 
 species (ROS) and free radicals in human is suggested to contribute to the wide range 
 of  pathological  condition.  Thus  the  traditional  uses  of  the  seeds  of  Thespesia 
 populnea used for curing different diseases can be confirmed and thus formulations of 
 such extracts could be made. [79] 


S.  N.  Belhekar  et al.,(2013)    “Antidiabetic  and  Antihyperlipidemic  Effects  of 
Thespesia  populnea  Fruit  Pulp  Extracts  on  Alloxan-induced  Diabetic  Rats”.  Present 
study was carried to find out the antihyperglycemic and antihyperlipidemic activity of 
ethanol  and  aqueous  extract  of Thespesia populnea fruit  pulp  on  alloxan  induced 
diabetic rats. Diabetes was induced in rats by administration of alloxan (150 mg/kg, 
i.p.).  After  the  successful  induction  of  experimental  diabetes,  the  rats  were  divided 



(51)DEPARTMENT OF PHARMACEUTICAL CHEMISTRY,COP,MMC,MADURAI-20.  Page 35 
 into five groups each comprising a minimum of six rats. Phytochemical analysis and 
 acute toxicity study of extracts was also done in this literature. [80] 


Senthil-Rajan,  D  et al.,(2013)  “Investigation  on  antimicrobial  activity  of  root 
 extracts  of Thespesia populnea Linn”  Antimicrobial  properties  of T. populnea Linn 
 was evaluated against five pathogenic bacteria and two fungi. Disc diffusion method 
 and minimum inhibitory concentration (MIC) were determined by broth serial dilution 
 method.  The  ciprofloxacin  (5  μg/ml)  and  flucanozole  (100  units/disc)  were  used  as 
 positive  controls  for  bacteria  and  fungi  respectively.  Different  concentrations  (50, 
 100, 150 μg/ml) of ethanolic and aqueous root extracts of T. populnea were checked 
 for  the  dose  dependent  antibacterial  activity.  Flavonoids  and  tannins  present  in  the 
 extracts may be responsible for the antimicrobial activity.[81] 


Sangeetha L.A,et al.,(2013), “Alcohol stress on cardiac tissue – Ameliorative effects 
 of  Thespesia  populnea  leaf  extract”  Ten  groups  of  rats  were  maintained  and  were 
 divided  into  different  groups.  Alcohol  20%  was  administered  and  Thespesia  leaf 
 extracts (TPE) were administered at a dose of 250 mg/kg to chronic alcoholic rats for 
 30  days.  The  heart  tissue  was  isolated  and  processed  for  further  analysis,  and  also 
 blood for estimation of blood alcohol level and serum creatine phosphokinase (CPK). 


The  activities/levels  of  antioxidant  enzymes,  malondialdehyde  (MDA),  and  protein 
 carbonyls  (PC)  were  estimated  using  established  protocols.  Histopathology  was 
 performed as evidence for the work and to establish the results.[82] 


Denish  Mika  et al,(2013)  “Experimental  Study  On  Anti-Tumor  And  Anti-
Inflammatory  Effect  Of  Thespesia Populnea Phytochemical  Extract  In  Mice 
Models”.T. populnea methanol  extract  was  shown  to  inhibit  the  solid  tumor 
development  in  mice.  T. populnea treatment  significantly  reduced  tumor  cell 
glutathione (GSH) levels as well as serum γ-glutamyl transpeptidase (GGT) and nitric 
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 oxide (NO) levels in the tumor-bearing animals (p < 0.01). The total white blood cell 
 count and hemoglobin levels were also significantly increased in extract-treated hosts 
 (p <  0.05,  p <  0.01).  The  use  of  T. populnea substantially  reduced  the  acute 
 inflammation  (assessed  as  paw  edema)  induced  by  carrageen  an  and  also  reduced 
 inflammation  edema  induced  by  formalin.  These  studies  suggest  that T. populnea 
 extract could be used as a (natural) anti-inflammatory and anti-tumor agent.[83] 


S. A. Nirmal et al.,(2015), ‘Potential of the plant Thespesia populnea in the treatment 
 of ulcerative colitis” Thespesia populnea Sol. ex Correa (Malvaceae), an indigenous 
 tree species in India, is of interest to researchers because traditionally its heartwood is 
 used  in  the  treatment  of  ulcer  and  colic  pain.  Mice  were  administered  intrarectal 
 DNBS  and  then  treated  with  different  plant  extracts  (100  and  200  mg/kg),  30  min 
 before and 24 and 48 h after DNBS infusion. Colonic mucosal injury was assessed by 
 macroscopic  and  histological  examination.  Furthermore,  malondialdehyde  (MDA), 
 myeloperoxidase (MPO), protease, and hemoglobin (Hb) contents were measured in 
 tissue and blood samples. Aqueous extract of heartwood of T. populnea is effective in 
 the treatment of UC.[84] 


Santhiyagu Prakash et al.,(2016) “In vitro—Scientific evaluation on antimicrobial, 
 antioxidant, cytotoxic properties and phytochemical constituents of traditional coastal 
 medicinal  plants”  In  the  present  study,  evaluation  of  antimicrobial,  antioxidant, 
 phytochemical  constituents  and  toxicological  properties  of  six  coastal  medicinal 
 plants (CMP’s) such as Ipomea biloba, Cantharanthus roseus, Cymbopogon citratus, 
 Vitex negundo, Thespesia populnea and Pandanus tectorius was done. The maximum 
 antimicrobial  activity  was  recorded  by  methanolic  extracts  of  V.  negundo  and  T. 


populnea against bacterial and fungal pathogens. Similarly, methanolic extracts of V. 


negundo and T. populnea evidenced highest antioxidant properties.[85] 
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 Jayapriya.S et al., (2016) “Phytochemical Screening of Thespecia populanea Leaf an 
 d Flower Extracts” . It is evident from the present study that Thespesia populnea leaf 
 and  flower  extracts  recorded  good  therapeutic  efficacy,  possessing  majority  of  
 phytochemical classes of compounds and presence of phyto constituents. This article 
 will exhibit the presence of such secondary metabolites in the selected source which 
 in turn may be used as a potential antimicrobial agent and applied on textiles.[86] 


Indeewari  K  et al.,  (2016)“Evaluation  of  anticancer  properties  of  a  decoction 
 containing  Adenanthera  pavonina  L  and  Thespesia  populnea  L”.  Lactate 
 Dehydrogenase  (LDH)  release,  (3-(4,  5-Dimethylthiazol-2-yl)-2,  5-
 diphenyltetrazolium  bromide)  MTT,  and  Sulforhodamine  B  (SRB)  assays  were 
 carried out to study cytotoxicity and anti-proliferative activity against the HEp-2 cells, 
 24 h post-treatment with the decoction. The mean (± SD) values of EC50 were 195.50 
 (±40.68), 120.02 (±29.82) and 77.06 (±8.80) μg/ml for LDH, MTT, and SRB assays 
 respectively.[87] 


C.  Padumadasa  et  al.,(2017)  “    Pharmacological  Overview  Of  Pro  anthocyanidins 
From  The  Bark  Of Thespesia Populnea (L.)  As  An  Antioxidant  And  Cytotoxic 
Agent”  .  In  the  present  study,  ethyl  acetate  and  aqueous  soluble  proanthocyanidin 
fractions  (EASPA  and  AQSPA  respectively)  were  extracted  and  purified  by 
chromatography on Sephadex LH-20. Prussian blue test and acid catalyzed cleavage 
test  revealed  that  proanthocyanidins  have  been  successfully  separated  from  non-
proanthocyanidin  phenolics.  The  yields  of  purified  EASPA  and  AQSPA  fractions 
were  0.081%  and  0.72%  (by  weight)  of  the  fresh  bark.  Acid  catalyzed  cleavage 
followed by TLC studies of both EASPA and AQSPA fractions showed the presence 
of two anthocyanidins, cyanidin and delphinidin, suggesting that they are composed 
of (epi)catechin and (epi)gallocatechin units with (epi)catechin being more abundant 
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