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ABSTRACT 

Invasive aquatic organisms represent a substantial danger to marine ecosystems, causing 
disruptions in ecology, and hazards to species. Our study represents the potential of Pistia 
stratiotes to absorb excess nutrients and heavy metals. This study involves the adverse effects 
of abiotic stress, especially lead nitrate, on aquatic environments. Lead is a toxic heavy metal 
that acts as an inhibitor to seed germination, hinders seedling growth, and causes oxidative 
stress along with cellular damage which poses a significant threat to aquatic animals. This 
research examined the changes in secondary metabolites like polyphenols and flavonoids as 
they are known because of its competence for binding heavy metals and for its antioxidant 
properties. Studies reveal that Pistia stratiotes can scavenge reactive oxygen species and 
chelate lead ions, thereby mitigating oxidative damage and elevating plant tolerance to lead 
stress. We have studied various essential factors such as phenylalanine ammonia-lyase gene 
activity, lipid peroxidation, proline content, and gene expression that play a crucial role in 
reducing metal stress. This research will help in the development of sustainable strategies for 
alleviating heavy metal pollution and will further help in preserving aquatic environments. This 
study will give us an in-depth view of the successful survival of invasive species in ecosystems, 
their adapting approach, and ecological impacts. Moreover, it provides their ways of 
management, sustainable growth, and restoration of aquatic life. This study paves the way for 
biodiversity conservation endeavours to bring balance to both terrestrial and aquatic 
ecosystems by highlighting the complex interactions between invasive species and their 
habitat. 
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ABSTRACT 

 
Andrographis paniculata (Kalmegh) has been used for centuries across the Asian, American, 
and African continents as traditional medicine for the treatment of various diseases, including 
diabetes, high blood pressure, ulcers, leprosy, and malaria. All plants, including A. paniculata, 
synthesize various secondary metabolites as part of their secondary metabolism. The 
Phenylpropanoid pathway is one of the major pathways responsible for catalyzing the synthesis 
of various secondary metabolites, including polyphenols and flavonoids. In this pathway, PAL 
(Phenylalanine Ammonia-Lyase), the gateway enzyme, catalyzes the conversion of 
phenylalanine to trans-cinnamic acid, alongside CHS (Chalcone Synthase), enzyme 
responsible for the first committed step in flavonoid biosynthesis, and DFR (Dihydroflavonol-
4-reductase), catalyzes the reduction of dihydroflavonols to leucoanthocyanidins, are among 
some of the most important enzymes in the synthesis of the aforementioned secondary 
metabolites. These secondary metabolites act as defence mechanisms against various biotic and 
abiotic stresses, ranging from pests and herbivores to salinity and metal-induced stress, as they 
possess antioxidant, antimicrobial, antiviral, and antifungal properties. These properties enable 
the therapeutic potential of the plant. This study employs various assays to provide a systematic 
profiling of the secondary metabolites, alongside exploring the gene expression patterns of key 
enzymes in the phenylpropanoid pathway utilizing PCR (Polymerase Chain Reaction). 
Additionally, the gene expressions for Metallothionein, a gene producing cysteine-rich proteins 
capable of metal detoxification, were also analyzed in controlled settings. The findings of this 
research provide valuable information regarding the secondary metabolism of Andrographis 
paniculata. 
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