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Abstract. Andrographis paniculata (Kalmegh) has long been used across Asia, America, 

and Africa to treat diseases such as diabetes, high blood pressure, ulcers, leprosy, and 

malaria. Like all plants, it synthesizes diverse secondary metabolites through pathways 

such as the phenylpropanoid pathway. Key enzymes include Phenylalanine Ammonia-

Lyase (PAL), which converts phenylalanine to trans-cinnamic acid, Chalcone synthase 

(CHS), which initiates flavonoid biosynthesis, and Dihydroflavonol-4-reductase (DFR), 

which reduces dihydroflavonols to leucoanthocyanidins. These metabolites provide 

defense against biotic and abiotic stresses due to their antioxidant and antimicrobial 

properties, contributing to the plant’s therapeutic value. This study profiles these 

metabolites and examines expression of phenylpropanoid genes using PCR. 

Metallothionein gene expression, linked to metal detoxification, was also analyzed, 

offering insights into the plant’s metabolism. 
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1 Introduction 

Andrographis paniculata (Kalmegh) is a 

widely used medicinal herb known for 

treating ailments such as diabetes, 

hypertension, ulcers, malaria, and leprosy 

across Asia, America and Africa [1]. Its 

therapeutic value arises from diverse 

secondary metabolites [2].  

Key enzymes, including PAL, CHS 

and DFR, regulate the biosynthesis of 

antioxidant and antimicrobial compounds 

that enhance plant defence and stress 

tolerance [3]. Studies report that A. 

paniculata leaves contain abundant 

flavonoids, alkaloids and phenolics with 

strong antioxidant and hepatoprotective 

effects [4]. Andrographolide, the major 

diterpene lactone, exhibits anti-

inflammatory, anticancer, anti-obesity, 

and antidiabetic activities by modulating 

cellular signalling and boosting 

endogenous antioxidant enzymes [5]. 

Emerging research further underscores 

the role of transcriptional regulation and 

metabolite transport in controlling 

phenylpropanoid-derived compounds [6]. 

Understanding these mechanisms is 

crucial for improving the plant’s 

medicinal potential through 

biotechnological approaches [7].  

2. Materials and methods 

2.1 Plant material 

A. paniculata leaves were used for 

profiling secondary metabolites. Plants 

were obtained from Bidhan Chandra 

Krishi Viswavidyalaya, Nadia- 741252; 

Newtown, Kolkata; Contai, Purba 

Medinipur- 721401. 10 plants in each 

group (3 replicates) are used.  

2.2 Preparation of plant extract 

Plant extract was prepared with 

modifications. One gram of leaf tissue 

was crushed with 50% ethanol, 

centrifuged, and the supernatant was 

collected and sonicated for 20 minutes. 

Extract was stored at -20°C. 

3. Determination of polyphenol 
content 

By the Folin-Ciocalteu method as 

mentioned in Singleton et al. (1999) 

Polyphenol content was measured. A 

reaction mixture was prepared containing 

300 μl of Folin-Ciocalteu reagent, 100 μl 

of plant extract, and 600 μl of 10% (W/V) 

sodium carbonate solution. After it was 

incubated in the dark for about 45 

minutes, and at 760 nm the absorbance 

was measured. 

3.1 Estimation of total flavonoid 
content 

Determination of Total flavonoid content 

was performed using the method of Lin 

and Tang. (2007). A mixture of 500 μl of 

plant extract, aluminum trichloride 

hexahydrate, potassium acetate, and 

deionized water was incubated at room 

temperature. The optical density (OD) 

value was recorded and compared with a 

rutin calibration curve. 

3.2 Total antioxidant assay 

For the determination of the total 

antioxidant activity, the 

Phosphomolybdenum assay was 

performed (Prieto et al., 1999). A mixture 

of 3 mL of reagent solution and plant 

extract was put in incubation for one hour 

at 95°C. After cooling to room 

temperature, absorbance was measured at 

690 nm against a blank. Antioxidant 

activity was quantified as μg of ascorbic 

acid equivalents per gram of fresh weight 

tissue using a standard ascorbic acid 

calibration curve. 
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3.3 Lipid Peroxidation Assay 

Lipid peroxidation levels were estimated 

according to the method of Heath and 

Packer. (1968) Malondialdehyde (MDA) 

content was determined by reaction of the 

leaf extract with thiobarbituric acid 

(TBA) which was followed by incubation 

of the sample for 30 minutes at 95°C. 

Then the absorbance was measured at 532 

nm and it was corrected at 600 nm of the 

resulting complex. 

3.4 Proline Estimation 

Total proline content estimation was done 

by Bates et al. (1973) method of proline 

estimation. Leaf samples were 

homogenized in trichloroacetic acid, 

centrifuged, and mixed with acid 

ninhydrin, glacial acetic acid, and 

orthophosphoric acid. For 45 minutes the 

mixture was boiled at 90°C, then 

immediately to stop the reaction it was 

cooled on ice. Followed by the phase 

separation with toluene, the absorbance 

was measured at the wavelength of 520 

nm. 

3.5 Primer designing 

Primers for PAL, DFR, CHS, MT and 

ACTIN were designed using NCBI 

sequences, aligned using ClustalW and 

generated using Primer3. 

Table 1. Primer Sequences Used for PCR 

Ge

ne 

Forward Primer 

(5’-3’) 

Reverse Primer 

(5’-3’) 

PA

L 

ACTGAAGAACG

GCGAACATGA 

CGATTCGCGATT

GCTGGAT 

DF

R 

CCAAAAGCGGAT

ACAAACTTGAC 

TCAGGATCCAAG

GAATCAAATTC 

CH

S 

TCCCGGCCТСАА

АТСТАAAGA 

GGCTTCAGGGCC

AGCTTATC 

MT 
TGCTCATGTGGC

TCAAGCTG 

CAGGTGCAAGG

GTCGCAC 

AC

TI

N 

CACGAGACCACC

TACAACTCG 

CAACCTTAATCT

TCATGCTGCTC 

 

 

Table 2. Details of Thermal Cycle for 

RT-PCR 
 

Pri

mer 

(Fo

rwa

rd 

& 

Rev

erse

) 

  

Dena

turat

ion 

Go to cycle 

for 35 times 

Fin

al 

Ext

ensi

on 

Sto

ra

ge 

    Dena

turat

ion 

Ann

eali

ng 

    

PA

L 

94℃ 

for 

1.5 

mins 

68℃ 

for 

1min

s 

72

℃ 

for 

1.5 

min

s 

72

℃ 

for 

10 

min

s 

4

℃ 

AC

T 

94℃ 

for 

1.5 

mins 

60℃ 

for 1 

mins 

72

℃ 

for 

1.5 

min

s 

72

℃ 

for 

10 

min

s 

4

℃ 
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CH

S 

94℃ 

for 

1.5 

mins 

67℃ 

for 1 

mins 

72

℃ 

for 

1.5 

min

s 

72

℃ 

for 

10 

min

s 

4

℃ 

DF

R 

94℃ 

for 

1.5 

mins 

63℃ 

for 1 

mins 

72

℃ 

for 

1.5 

min

s 

72

℃ 

for 

10 

min

s 

4

℃ 

 

  3.5 Gene isolation profiling using 
DNA and PCR 

Total DNA was extracted following [8], 

and PCR was conducted for PAL, DFR, 

CHS, MT and ACTIN genes. 

4. Results 

4.1 Total chlorophyll content 

Chlorophyll estimation was performed by 

measuring absorbance at 645nm and 

662nm. The total chlorophyll content was 

9.261 µg/mL (Chlorophyll-A) and 

6.8729 µg/mL  

(Chlorophyll- B). 

4.2 Total polyphenol content 

Polyphenol content was calculated from 

a standard curve (50–300 µg/mL) using 

absorbance at 760 nm. The leaf sample 

showed a total polyphenol concentration 

of 4384.2 µg/g-FW (Fig. 1). 

 

 

Fig. 1. Polyphenol Standard Curve 

4.3 Total flavonoid content 

Flavonoids were quantified using a rutin 

standard curve (20–100 µg/mL) at 415 

nm. The flavonoid content of the sample 

was 1652.6 µg-RE/g-FW (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Flavonoid Standard Curve 

4.4 Total antioxidant content 

Antioxidant activity was determined by 

using a phosphomolybdenum-based 

calibration curve at 695 nm. The total 

antioxidant content measured was 

2007.6g-AAE/g-FW content recorded 

was 179.56 µg/g-FW (Fig. 3). 
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Fig. 3. Antioxidant Standard Curve 

4.5 Expression of important genes 
in secondary metabolism 

 

Fig. 4. Pictorial data of Gel 

electrophoresis PAL, ACTIN, MT, CHS 

and DFR (left to right) gene in A. 

paniculata. 

5 Discussion 

This study investigates the secondary 

metabolite profile of Andrographis 

paniculata, a medicinal herb widely used 

across continents for treating conditions 

such as diabetes, hypertension, and 

malaria [9]. The research emphasizes the 

phenylpropanoid pathway, a central 

metabolic route responsible for 

synthesizing polyphenols and flavonoids 

that play key roles in plant defense and 

significantly contribute to the plant’s 

therapeutic potential [10]. A series of 

biochemical assays was conducted to 

generate a comprehensive metabolite 

profile and identify major bioactive 

compounds present in A. paniculata. 

Quantification of these metabolites 

enhances understanding of the plant’s 

chemical composition and provides 

insights into its pharmacological 

relevance. Chlorophyll analysis revealed 

the presence of Chlorophyll A (9.261 

µg/mL) and Chlorophyll B (6.8729 

µg/mL), values comparable to reported 

ranges in Ocimum sanctum [11]. Total 

polyphenol content was measured at 

4384.2 µg/g FW [12]. Total flavonoid 

content reached 1652.6 µg RE/g FW [13]. 

Antioxidant capacity, measured at 2007.6 

µg AAE/g FW, further confirms the 

plant’s high bioactivity.  

Gene expression analysis of key 

phenylpropanoid genes— PAL, CHS and 

DFR was performed using PCR (Fig. 4), 

alongside Metallothionein to evaluate 

metal detoxification capability [14]. 

Together, these molecular and 

biochemical findings highlight the 

complexity and medicinal significance of 

A. paniculata, underscoring its relevance 

in traditional medicine and its potential 

applications in pharmaceutical and 

nutraceutical development [15]. 

6 Conclusion 

The studies on Andrographis paniculata 

highlight its extensive medicinal value, 

largely attributed to flavonoids and 

polyphenols synthesized through the 

phenylpropanoid pathway. Key enzymes 

such as PAL, CHS and DFR drive the 

formation of bioactive compounds that 

provide strong antioxidant, antimicrobial, 

and antiviral properties [16]. 

Phytochemical analyses confirm notable 

antioxidant and hepatoprotective 

activities, primarily linked to 

andrographolide, which enhances SOD 

and CAT activity and reduces oxidative 

stress [17]. Research on metal-induced 

stress further supports the plant’s ability 

to activate secondary metabolism and 

antioxidant defense genes, contributing to 

stress tolerance [18]. Additionally, 

microbial soil amendments have been 

shown to modulate phenylpropanoid gene 

expression and influence metabolite 
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production [19]. PCR-based analyses 

revealed stress-induced upregulation of 

major metabolic genes, offering insight 

into adaptive molecular responses. 

Analytical assays, including Folin–

Ciocalteu and flavonoid quantification, 

reinforce the plant’s antioxidant-rich 

profile. Collectively, these findings 

present A. paniculata as a promising 

candidate for therapeutic applications and 

biotechnological enhancement. 
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