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ABSTRACT

Andrographis paniculata (Burm. f.) Nees is one of the high-demand medicinal plants and can mostly 
be found in Asian countries. The plant consists of a few active compounds, mainly andrographolide. 
This compound has various medicinal properties, including anti-cancer, anti-viral, anti-inflammatory, 
and anti-malaria. It has been used to treat fever, diabetes, and influenza. The latest research identified 
an anti-SARS-CoV-2 activity that can be used to treat Covid-19. However, this plant has a low 
germination rate, which affects its production yield. Thus, seed priming improved germination rate, 
seedling and plant growth. Osmopriming with polyethylene glycol (PEG) at -0.4 MPa, hormopriming 
with gibberellic acid at 100 ppm, and control were used in this study and evaluated their effect on 
plant growth and production of andrographolide compound. PEG treatment significantly produced 
the highest plant height, number of leaves and branches, leaf area, stem girth, fresh weight of shoot 
and root, and dry weight of shoot and root compared to the control. This study revealed that seed 
priming, especially osmopriming, has a high potential to enhance plant growth.

Keywords: Andrographis paniculata, Hempedu Bumi, seed germination, seed priming, seed treatment

INTRODUCTION

The application of medicinal plants as an 
alternative medicine and natural health 
products is becoming popular. It increases 
the demand for medicinal plant-based raw 
materials. Andrographis paniculata (Burm. 
f.) Nees is a high-demand plant originating 
in South India and Sri Lanka. It is growing in 
Malaysia, China, Thailand, India, Pakistan 
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and Indonesia (Anju et al., 2012; Kumar et al., 2012; Mishra et al., 2007). The plant is from a 
family of Acanthaceae. It is locally known as ‘Hempedu’ Bumi’ in Malaysia, ‘King of Bitter’ 
in English, ‘Kalmegh’ in India and Bengali, ‘Chuan Xin Lian’ in China, and ‘Quasabhuva’ 
in Arabic (Hossain et al., 2014; Jarukamjorn & Nemoto, 2008). A. paniculata consists of a 
few active compounds, including andrographolide, 12-didehydroandrographolide (DDAG), 
14-deoxyandrographolide (DAG), and 14-deoxy-11 that have various medicinal properties, 
including anti-inflammatory, antidiarrheal, anti-viral, anti-malaria, hepatoprotective, 
cardiovascular, and anti-cancer (Hossain et al., 2014; Kataky & Handique, 2010; Valdiani 
et al., 2012). The plant has been used to treat fever, respiratory infection, diabetes, high 
blood pressure, ulcers, leprosy, bronchitis, skin diseases and influenza (Joseph, 2014; 
Okhuarobo et al., 2014). Furthermore, the latest study showed an anti-SARS-CoV-2 
activity in the A. paniculata plant, which has the potential to be used to treat COVID-19 
(Sangiamsuntorn et al., 2021). Andrographolide is the main compound in A. paniculata 
with colourless and crystalline labdane diterpenoid lactone and has a very bitter taste (Tang 
& Eisenbrand, 1992). This compound shows an immunological activity against cancer and 
human immunodeficiency virus (HIV) (Mishra et al., 2015). 

According to Valdiani et al. (2012), China, Thailand, Indonesia, Mauritius, and 
Malaysia have commercialised and intensively cultivated A. paniculata to fulfil the high 
demand. The plant can be grown between 30 to 100 cm (Figure 1). The stem is dark green, 
2 to 6 mm in diameter, with several long divaricates branches (Hossain et al., 2014). 
The leaves are glossy, with dark green on the upper side and light green on the under 
(Krishnaswamy & Kushalappa, 2017). The plant can be grown on a variety of soil types 
but preferably on rich, loamy soil (Shalini & Narayanan, 2015). A. paniculata begins to 
flower 2 to 3 months after transplanting. An optimum time for harvesting is around 3 to 
5 months after transplant or when 50% of the plant is flowering, which indicates a high 
concentration of andrographolide content (Ariffin et al., 2006).  

However, this high value of A. paniculata has a low seed germination rate and thus 
can reduce raw material production (Saraswathy et al., 2004). Previously, plasma-treated 
seed showed a 50% germination percentage compared to the untreated seed with 37.3% on 
A. paniculata (Tong et al., 2020). Meanwhile, seed of A. paniculata treated with sodium 
hypochlorite resulted in 57.33% of seed germination and 22.67% in control (Promwee et 
al., 2023). Seed priming is an alternative method for reducing emergence time, increasing 
germination rate, promoting plant growth, and increasing crop yield. It is a simple process that 
partially hydrates the seed in a controlled environment before drying it without allowing the 
emergence of radicle (Paparella et al., 2015). Osmopriming is a seed priming technique that 
soaks the seeds in an osmotic solution with low water potentials, such as polyethene glycol 
(PEG), glycerol, or mannitol solutions (Kareem & Ismail, 2013). PEG is a water potential-
reducing agent and did not have a toxicity effect on the embryo due to its large molecular size 
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(Thomas et al., 2000). At the same time, hormopriming treats the seeds in hormone solution, 
including gibberellins, ethylene, and abscisic acid (Ohri et al., 2015; Pirasteh-Anosheh & 
Hashemi, 2020). This study aims to evaluate the effect of seed priming on plant growth and 
development and production of andrographolide compound in A. paniculata plant.

MATERIALS AND METHODS

Seed Priming

A hundred healthy seeds were used in each treatment. The seeds were surface sterilised 
with 5% sodium hypochlorite (NaHClO3) for 5 min and then washed with sterile distilled 
water for 5 m. The sterilised seed was osmoprimed in an aerated solution of PEG-8000 
with an osmotic potential at -0.4 MPa. The osmotic potentials of PEG-8000 solutions were 
calculated using Michel’s (1983) formula. Another treatment is hormopriming with 100 
ppm of GA3. All seeds were primed in the dark at 25°C for 24 hours. After priming, the 
seeds were dried for 24 hours in the dark at 25°C to reach their original moisture content 
prior to germination. 

Seed Germination and Plant Growth

Both primed and non-primed seeds (control) were germinated on a petri dish containing 
wet Whatman filter paper No.1. The seeds were germinated in between the filter paper. 
The experiment was conducted in a growth chamber (25 ± 2°C, 65% relative humidity) for 
a month. Then, the germination seeds of -0.4 MPa of PEG-8000 (64%), 100 ppm of GA3 

(61%), and control (26.5%) were transferred to Jiffy-7 and grown under a rain shelter at 
the Department of crop science FPSM, UMT for approximately four weeks or until 3 to 4 
true leaves emerged. Twenty-seven replicates of each treatment and control with true leaves 
were transplanted into a polybag (35.56 x 35.56 cm) containing soil mixture (3 topsoil: 2 
organic matters: 1 sand) growing media. The seedlings were grown in a greenhouse with 
a 30 cm × 30 cm distance between polybags at the UMT campus in Bukit Kor, Marang. 
The plant was watered using a drip irrigation system for 10 minutes in the morning and 
evening, and 150 kg of compound fertiliser (15:15:15) was applied at a rate of 150 kg per 
hectare once a month (Abdallah, 2005).

Determination of Plant Growth Parameters

Plant growth parameters, including plant height, number of branches and leaves, and stem 
girth measurement, were measured at two-week intervals for ten weeks after transplanting 
(WAT). Plant height was obtained using a ruler from the base of the plant until the end of 
the plant shoot tip. Stem girt was measured using a Vernier calliper above the plant root 
collar region.
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Plant Harvesting
The plants were harvested once they started flowering (approximately 10 WAT). They 
were uprooted, washed, and separated into shoots (leaves and stems) and roots. The root 
was washed carefully using tap water to remove soil and debris, followed by air drying 
at room temperature to remove access water. The fresh weight of the shoot and root was 
measured using an electronic weighing scale. The shoot and root were then placed in an 
oven at 50°C for 48 hours to dry until three times consistent weight was achieved. The dry 
weight of the shoot and root was measured using an electronic weighing scale.

Andrographolide Analysis
Plant Preparation and Extraction
Fresh leaves of A. paniculata were harvested from the UMT campus Bukit Kor Marang 
after they started flowering. They were carefully washed prior to drying for 24 hours in the 
dehydrator. The dried sample was ground into powder liquid nitrogen in the mortar and 
pestle. 10 g of powder leaf samples from each treatment were soaked in denatured absolute 
ethanol for two days before being filtered. After two days, the extracts were filtered, and the 
ethanol solvent in the samples was removed using a rotary evaporator. The crude samples 
were left in the oven at 40°C until all the solvents evaporated. The extracts were sealed 
and kept in a cold room at 4°C until further analysis.

Sample Preparation
Two (2) mg of ethanol extract was dissolved in 1 ml of 50% methanol. The sample was 
vortex until all dissolved in the solvent. Then, 1 ml of the sample was filtered into the vial 
using a syringe and polyvinylidene fluoride (PVDF) (0.25 µm) filter.

Standard Preparation
Two (2) mg of andrographolide standard were dissolved in 1 ml of 50% methanol to make 
a stock concentration of 2000 ppm. The stock solution was diluted into six concentrations: 
1000, 500, 200, 100, 50 and 20 ppm. All the standard solutions were vortex-filtered until 
all the samples were dissolved in the solvent. Then, 1 ml of standard solution was filtered 
into the vial using a syringe and PVDF (0.25 µm) filter.

High-performance Liquid Chromatography-UV/VIS Analysis
The identification and quantification of the andrographolide compound were obtained 
using UFLC from Shidmadzu, Japan (CTO-10AS VP) with a column size of 4.6 × 150 
mm, 5 µm (Agilent Zorbax Eclipse XDB-C18). Gradient flow for andrographolide was 
methanol: water (60:40). The chromatogram was monitored at 223 mm wavelength 
(andrographolide). The results were expressed in mg per g of dry weight.
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Statistical Analysis

The data was analysed using the Statistical Analysis System (SAS) software (version 
8.1). A one-way repeated analysis of variance (ANOVA) approach was used to discover 
significant differences in the means at the p≤0.05 level, and the means were subjected to 
the Turkey HSD All-Pairwise Comparisons test.

RESULTS

Seeds primed with -0.4 MPa of PEG-8000, 100 ppm of GA3 and unprimed (control) were 
germinated and grown into matured plants for ten weeks (Figure 1). After ten weeks, 
treatment of -0.4 MPa PEG showed the highest plant height (65.3 cm), number of branches 
(78) and leaves (155) and a significant difference (p≤0.05) than GA3 treatment and control 
(Figure 2). Meanwhile, no significant difference was observed in the size of stem girth 
between PEG and GA3 treatment. On the other hand, all unprimed seeds significantly 
showed the lowest plant growth analysis at 10 WAT.   

The plant height of primed seeds is larger than that of the control, so shoot and root 
weights are also significantly higher than the control’s (Figure 3). Meanwhile, the main 
active compound, the andrographolide content, showed no significant difference between 
all treatments and the control (Figure 4).

Figure 1. Andrographis paniculata plant at 10 weeks after transplanting (WAT). (A) -0.4 MPa of PEG-8000 
with 68 cm height; (B) control with 60 cm; (C) 100 ppm of GA3 with 63 cm
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DISCUSSION

Seed priming is a low-cost and effective 
technique to enhance seed germination, 
plant growth, and yield. In this study, 
seeds primed with PEG-8000 at -0.4 MPa 
and GA3 at 100 ppm were selected as an 
optimum treatment with high germination 
and seedling growth (high seedling vigour 
index, fresh weight, and length) based on 
the previous study (Abdullahi et al., 2021). 
High seedling growth might be because of 
PEG, which improves sugar accumulation 
and transpiration rate (Ahmad et al., 2020). 
As the plant grows, the plant size and length 

Figure 4. Percentage of andrographolide content 
(w/w) in Andrographis paniculata plant at 10 WAT 
in control, PEG, and GA3

Figure 3. The effect of seed priming on (A) fresh weight of shoot and root and (B) dry weight of shoot and 
root of Andrographis paniculata at 10 weeks after transplanting (WAT). Different letters indicate statistically 
significant differences (p ≤0.05)

A B

also increase due to the elongation of stem and vascular tissue (Falster & Westoby, 2003). 
The significant effect of PEG on plant growth may be due to the growing plant’s seed 
structure, biochemistry, enzyme activities, and organic substances (Pradhan et al., 2014). 
PEG is a non-toxic, inert molecule that aids in enhancing the metabolic activities of seeds, 
resulting in faster plant growth and yield (Figoli et al., 2014).

As the plant height increased, the number of branches, leaves, and leaf area of A. 
paniculata increased as well, and this showed that the plant grows uniformly based on its 
age. A similar result was obtained by (Arif et al., 2014; Basra et al., 2003; Pradhan et al., 
2014). Hence, results from this study confirmed that plants raised from osmopriming with 
PEG exhibited better plant height and increased the number of branches, leaves and leaf 
area compared to plants raised from non-primed seeds. Meanwhile, stem girth measurement 
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assesses the growth and width of the plant. Stem acts as the main reservoir of stored starch 
during plant growth. An increase in stem girth might result from initiating metabolic events 
in primed seeds (Scofield et al., 2009).

As the plant grows, the cell division within the apical meristem of the plant shoot 
and root increases and enhances the growth of the shoot and root (Farooq et al., 2006). 
Polyethylene glycol has low water potential that can enhance the hydrolysis of food 
reserves and thus enhance plant growth (Pradhan et al., 2014). When compared to other 
priming treatments, PEG has been shown to boost amylase activity for starch hydrolysis, 
which produces sugar, resulting in faster development, which might lead to heavier root 
fresh weight and root dry weight in the shoot and root (Zheng et al., 2015). This study is 
in accordance with the findings of Neamatollahi and Souhani (2010) on canola and Abbas 
et al. (2018) on wheat. Meanwhile, GA3 hormone treatment is less effective compared to 
the PEG treatment on the seed of A. paniculata. It might be that most hormone treatments 
in seed priming technique are commonly used to improve seed germination in stress 
conditions (Jisha et al., 2013; Masood et al., 2012).

Meanwhile, Andrographolide is a main secondary metabolite in the A. paniculata 
plant. It is responsible for various medicinal properties, including antipyretic, anti-
bacterial, anti-virus, anti-inflammatory, anti-angiogenic, and hepatoprotective, and it 
shows immunological benefits in cancer and HIV (Joselin & Jeeva, 2014). Generally, PEG 
is a non-toxic agent that can induce drought stress in plants, which later influences plant 
growth and development and the formation of secondary metabolites (Martinez-Santo et 
al., 2021; Turkan et al., 2005; Wu et al., 2005). Previously, PEG treatment in cell culture 
of Scrophularia striata significantly increased the total phenol content (Ahmadi-Sakha 
et al., 2022). Although in this study, no significant difference in andrographolide content 
was observed in the treated and control plants, PEG treatment significantly enhanced 
plant growth, including the size of root and shoot and the number of leaves and branches 
compared to the untreated seed.

CONCLUSION

PEG seed priming at -0.4 MPa significantly increased plant size, including height, number 
of leaves and branches, and stem girth. Higher plant growth and number of leaves indirectly 
increased the quantity of andrographolide compound.

ACKNOWLEDGMENTS

This project was granted by Universiti Malaysia Terengganu for funding this research under 
the research grant (UMT/TAPE-RG-2023/55461). Thank you to the Faculty of Fisheries 
and Food Science and the Institute of Marine Biotechnology (IMB) Universiti Malaysia 
Terengganu for supporting this project.



569

Seed Priming of Andrographis paniculate

Pertanika J. Trop. Agric. Sci. 48 (2): 561 - 572 (2025)

REFERENCES
Abbas, M. W., Khan, M., Ahmad, F., Nawaz, H., Ahmad, J., Ayub, A., Amin, H., & Fahad, S. (2018). Germination 

and seedling growth of wheat as affected by seed priming and its duration. Agricultural Research & 
Technology: Open Access Journal, 18(3), 155-159. https://doi.org/10.19080/ARTOAJ.2018.18.556062

Abdallah, J. A. (2005). Genetic variation and anticancer activity of Andrographis paniculata germplasm from 
Malaysia. [Unpublished Master’s thesis]. Universiti Putra Malaysia.

Abdullahi, H. A., Mohamad, N. N., Idris, N. I. M., Rafdi, H. H. M., & Nawi, I. H. M. (2021). Effect of seed 
priming on germination and seedling growth of Andrographis paniculata. Medicinal Plants-International 
Journal of Phytomedicines and Related Industries, 13(4), 578-585. https://doi.org/10.5958/0975-
6892.2021.00067.8

Ahmad, M. A., Javed, R., Adeel., Rizwan, M., & Yang, Y. (2020). PEG 6000-stimulate drought stress improves 
the attributes of invitro growth, steviol glycoside production, and antioxidant activities in Stevia rebaudiana 
Bertoni. Plants, 9(11), 1552. https://doi.org/10.3390/plants9111552

Ahmadi-Sakha, S., Sharifi, M., Niknam, V., & Zali, H. (2022). Production of phenylethanoid glycosides under 
PEG-induced osmotic stress in Scrophularia striata Boiss. cell culture in bioreactor. Industrial Crops and 
Products, 181, 114843. https://doi.org/10.1016/j.indcrop.2022.114843

Anju, D., Jugnu, G., Kavita, S., Arun, N, & Sandeep, A. (2012). Review on Medicinal Prospectives of A. 
paniculata Nees. Journal of Pharmaceutical and Scientific Innovation, 1(1), 1–4.

Arif, M., Jan, M. T., Mian, L. A., Khan, S. A., Hollington, P., & Harris, D. (2014). Evaluating the impact of 
osmopriming varying with polyethylene glycol concentrations and durations on soybean. International 
Journal of Agriculture and Biology, 16(2), 359-364.

Arifin, Z., Mamat, W. Z. W., Hussain, Y., & Yaacob, M. (2006). Manual teknologi penanaman hempedu bumi 
[Manual planting technology of King of Bitter]. Institut Penyelidikan dan Kemajuan Pertanian Malaysia. 

Basra, S. M., Ullah, E. H. S. A. N., Warriach, E. A., Cheema, M. A., & Afzal, I. (2003). Effect of storage on 
growth and yield of primed canola (Brassica napus) seeds. International Journal of Agriculture and 
Biology, 5(2), 117-120.

Falster, D. S., & Westoby, M. (2003). Leaf size and angle vary widely across species: what consequences for 
light interception? New Phytologist, 158(3), 509-525.  https://doi.org/10.1046/j.1469-8137.2003.00765.x

Farooq, M., Basra, S. M. A., Tabassum, R., & Afzal, I. (2006). Enhancing the performance of direct seeded 
fine rice by seed priming. Plant Production Science, 9(4), 446-456. https://doi.org/10.1626/pps.9.446

Figoli, A., Marino, T., Simone, S., Di Nicolo, E., Li, X. M., He, T. (2014). Towards non-toxic solvents for 
membrane preparation: A review. Green Chemistry, 16(9), 4034-4059. https://doi.org/10.1039/C4GC00613E

Hossain, M. D., Urbi, Z., Sule, A., & Rahman, K. M. (2014). Andrographis paniculata (Burm. f.) Wall. ex 
Nees: A review of ethnobotany, phytochemistry, and pharmacology. The Scientific World Journal, 2014, 
1-28. https://doi.org/10.1155/2014/274905

Jarukamjorn, K., & Nemoto, N. (2008). “Pharmacological aspects of Andrographis paniculata on health and 
its major diterpenoid constituent andrographolide.” Journal of Health Science, 54(4), 370–381. https://
doi.org/10.1248/jhs.54.370



570

Hadiza Aliyu Abdullahi, Iffah Hazirah Mohd Nawi, Nurul Faziha Ibrahim, Husni Hayati Mohd Rafdi,
Nor Idzwana Mohd Idris and Fadzilah@Adibah Abdul Majid

Pertanika J. Trop. Agric. Sci. 48 (2): 561 - 572 (2025)

Jisha, K. C., Vijayakumari, K., & Puthur, J. T. (2013). Seed priming for abiotic stress tolerance: An overview. 
Acta Physiologiae Plantarum, 35, 1381-1396. https://doi.org/10.1007/s11738-012-1186-5

Joselin, S. M., & Jeeva, S. (2014). Medicinal and aromatic plants A. paniculata: A review of its traditional 
uses, phytochemistry and pharmacology. Medicinal and Aromatic Plants, 3(4), 169-184. https://doi.
org/10.4172/2167-0412.1000169

Joseph, S. M. (2014). Scientific aspects of the therapeutic use of Andrographis paniculata (Kalmegh): A review. 
International Journal of Pharmaceutical Sciences Review and Research, 27(1), 10-16.

Kareem, I., & Ismail, M. R. (2013). Osmotic and hormonal priming for rice growth and yield increase. Research 
Journal of Chemistry and Environment Science, 1(3), 31-9. 

Kataky, A., & Handique, P.J. (2010). A brief overview on A. paniculata (Burm. f.) Nees., a high valued medicinal 
plant: Boon over synthetic drugs. Asian Journal of Science and Technology, 6, 113–118.

Krishnaswamy, S., & Kushalappa, B. A. (2017).  Correlative evaluation of the impact of adaptive plant 
morphology on bioactive accumulation based on micro-morphological studies in Andrographis serpyllifolia 
(Rottler ex Vahl) Wight. Notulae Scientia Biologicae, 9(2), 263-273. https://doi.org/10.15835/nsb9210079

Kumar, R. N., Chakraborty, S., & Kumar, J. I. N. (2012).  Influence of light and developmental stages on active 
principles of Andrographis paniculata (Burm.f.) Wall. ex Nees. Indian Journal of Scientific Research, 
3(1), 91-95.

Martinez-Santo, E., Cruz-Cruz, C. A., Spinoso-Castillo, J. A., & Bello-Bello, J. J. (2021). In vitro response 
of Vanilla (Vanilla planifolia Jacks. Ex Andrews) to PEG-induced osmotic stress. Scienctific Report, 11, 
22611. https://doi.org/10.1038/s41598-021-02207-0

Masood, A., Iqbal, N., & Khan, N. A. (2012). Role of ethylene in alleviation of cadmium-induced capacity 
inhibition by sulphur in mustard. Plant. Cell Environment, 35, 524-533. https://doi.org/10.1111/j.1365-
3040.2011.02432.x

Michel, B. E. (1983). Evaluation of the water potentials solution of PEG 8000 both in the absence and presence 
of other solutes. Plant Physiology, 72, 66-70. https://doi.org/10.1104/pp.72.1.66.

Mishra, S. K., Sangwan, N. S., & Sangwan, R. S. (2007). Plant review Andrographis paniculata (Kalmegh): 
A review. Pharmacognosy Reviews, 1(2), 283-298.

Mishra, S. K., Tripahti, S., Shukla, A., Oh, S. H., & Kim, H. M. (2015). Andrographolide and analogues in 
cancer prevention. Front Bioscience, 7(2), 255-266. https://doi.org/10.2741/E732

Neamatollahi, E., & Souhani-Darban, A. (2010). Investigation of hydropriming and osmopriming effects on 
canola (Brassica napus L.) cultivars. International Journal of Agricultural Research, 5, 87-92.

Ohri, P., Bhardwaj, R., Bali, S., Kaur, R., Jasrotia, S., Khajuria, A., & D Parihar, R. (2015). The common 
molecular players in plant hormone crosstalk and signaling. Current Protein and Peptide Science, 16(5), 
369-388. https://doi.org/10.2174/1389203716666150330141922.

Okhuarobo, A., Falodun, J. E., Erharuyi, O., Imieje, V., Falodun, A., & Langer, P. (2014). Harnessing the 
medicinal properties of A. paniculata for diseases and beyond: A review of its phytochemistry and 
pharmacology. Asian Pacific Journal of Tropical Disease, 4(3), 213–222. https://doi.org/10.1016/S2222-
1808(14)60509-0



571

Seed Priming of Andrographis paniculate

Pertanika J. Trop. Agric. Sci. 48 (2): 561 - 572 (2025)

Paparella, S., Araújo, S. S., Rossi, G., Wijayasinghe, M., Carbonera, D., & Balestrazzi, A. (2015). Seed priming: 
State of the art and new perspectives. Plant Cell Reports, 34(8), 1281-1293. https://doi.org/10.1007/
s00299-015-1784-y

Pirasteh-Anosheh, H., & Hashemi, S. E. (2020). Priming, a promising practical approach to improve seed 
germination and plant growth in saline conditions. Asian Journal of Agriculture and Food Sciences, 8(1), 
6-10. https://doi.org/10.24203/ajafs.v8i1.6068

Pradhan, N., Prakash, P., Tiwari, S. K., Manimurugan, C., Sharma, R. P., & Singh, P. M. (2014). Osmopriming 
of tomato genotypes with polyethylene glycol 6000 induces tolerance to salinity stress. Trends in 
Biosciences, 7(24), 4412-4417.

Promwee, A., Islam, S. S., & Khomphet, T. (2023). Effect of dissolved oxygen and chemical scarification on 
Andrographis paniculata seed germination in microbubble conditions. International Journal of Agronomy, 
2023, 3459377.  https://doi.org/10.1155/2023/3459377.

Sangiamsuntorn, K., Suksatu, A., Pewkliang, Y., Thongsri, P., Lkanjanasirirat, P., Manopwisedjaroen, 
S., Charoensutthivarakul, S., Wongtrakoongate, P., Pitiporn, S., Chaopreecha, J., Kongsomros, 
S., Jearawuttanakul, K., Wannalo, W., Khemawoot, P., Chutipongtanate, S., Borwornpinyo, S., 
Thitithanyanont, A., & Ongeng, S. (2021). Anti-SARS-CoV-s activity of Andrographis paniculata extract 
and its major component andrographolide in human lung epithelial cells and cytotoxicity evaluation in 
major organ cell representatives.  Journal of Natural Products, 84, 1261-1270. https://doi.org/10.1021/
acs.jnatprod.0c01324

Saraswathy, S., Manavalan, R. S. A., Vadivel, E., Manian, K., & Subramanian, S. (2004). Studies on seed 
germination in Kalmegh (Andrographis paniculata Nees). Madras Agricultural Journal, 91(4-6), 226-
229. https://doi.org/10.29321/MAJ.10.A00096

Scofield, G. N., Ruuska, S. A., Aoki, N., Lewis, D. C., Tabe, L. M., & Jenkins, C. L. (2009). Starch storage 
in the stems of wheat plants: Localization and temporal changes. Annals of Botany, 103(6), 859-868. 
https://doi.org/10.1093/aob/mcp010

Shalini, V. B., & Narayanan, J. S. (2015). Characterization studies on medicinal plant of Andrographis paniculata 
(NEES). Journal of Medicinal Plants, 3(5), 96-102.

Tang, W., & Eisenbrand, G. (1992). Andrographis paniculata (Burm. F.) Nees. In W. Tang & G. Eisenbrand 
(Eds.), Chinese drugs of plant origin: Chemistry, pharmacology, and use in traditional and modern 
medicine. (pp. 97-104). Springer Berlin Heidelberg. 

Thomas, U. C., Varughese, K., Thomas, A., & Sadanandan, S. (2000). Seed priming - for increased vigour, 
viability, and productivity of upland rice. Leisa India, 4(14).

Tong, J., He, R., Tang, X., Li, M., & Wan, J. (2020). Transcriptomic analysis of seed germination improvement 
of Andrographis paniculata responding to air plasma treatment. PLoS ONE, 15(10), e0240939. https://
doi.org/10.1371/journal. pone.0240939

Turkan, I., Bor, M., Ozdemir, F., & Koca, H. (2005). Differential responses of lipid peroxidation and antioxidants 
in the leaves of drought-tolerant P. acutifolius Gray and drought-sensitive P. vulgaris L. subjected to 
polyethylene glycol mediated water stress. Plant Science, 168, 223–231. https://doi.org/10.1016/j.
plantsci.2004.07.032



572

Hadiza Aliyu Abdullahi, Iffah Hazirah Mohd Nawi, Nurul Faziha Ibrahim, Husni Hayati Mohd Rafdi,
Nor Idzwana Mohd Idris and Fadzilah@Adibah Abdul Majid

Pertanika J. Trop. Agric. Sci. 48 (2): 561 - 572 (2025)

Valdiani, A., Kadir, M. A., Tan, S. G., Talei, D., Abdullah, M. P., Nikzad, S. (2012). Nain-e Havandi 
Andrographis paniculata present yesterday, absent today: A plenary review on underutilized herb of 
Iran’s pharmaceutical plants. Molecular Biology Reports, 39(5), 5409–5424. https://doi.org/10.1007/
s11033-011-1341-x

Wu, J. Y. M., Wong, K., Ho, K. P., & Zhou, L. G. (2005). Enhancement of saponin production in Panax gindeng 
cell culture by osmotic stress and nutrient feeding. Enzyme and Microbial Technology, 36, 133–138. 
https://doi.org/10.1016/j.enzmictec.2004.07.010

Zheng, M., Tao, Y. E., Hussain, S., Jiangm, Q., Peng, S., Huang, J., Cui, K., & Nie, I. (2015). Seed priming in 
dry direct-seeded rice: Consequences for emergence, seedling growth and associated metabolic events 
under drought stress. Plant Growth Regulation, 78(2), 167-178. https://doi.org/10.1007/s10725-015-0083-5


