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Plant protease inhibitors are widely distributed in various plants and 

majorly reported in seeds. Melghat Tiger Reserved (MTR), 

Maharashtra region is rich in plant diversity, 714 plant species are 

reported from the region.  The plants used in this study are reported 

for variety of pharmacological properties and therapeutic purposes. 

Seeds from 30 different plants from this region were collected and 

analyzed for the presence of protease inhibitors. Detection of plant 

protease inhibitors (PI) from the defatted proteinaceous preparation 

from seed extracts were performed by using X-ray film method.  

Amongst the selected 18 were detected through X ray film method. 

Further found to possess the PI capable to inhibit various proteases 

like trypsin, pepsin and papain.  These findings were further 

confirmed by using quantitative protease inhibition assay by 

caseinolytic method. The plants of this study reported first time for 

the presence of trypsin, pepsin and papain inhibitor.  
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INTRODUCTION 

 

Plant Protease inhibitors (PIs) are proteins present in plants 

performing regulatory functions, these are known to present in 

various plant materials such as seeds, leaves, flowers and tubers 

(Mayasa et al., 2016). These play role in controlling proteolysis within 

the cell and thus maintain physiological regulatory cascade (Kim et al. 

2009, Martinez et al. 2012). Also know to perform a role in intrinsic 

defense and thus have potential as drug molecules (Cid-Gallegos et al. 

2022). These are wide spread in nature, numerous plants reported to 

possess protease inhibitors; however the most studied are from three 

family Fabaceae, Poaceae, Solanaceae (Richardson, 1991). Many 

studies further reported the presence of PIs in other plant families 

like Malvaceae, Rutaceae, Poaceae and Moringaceae (Bijina et 

al., 2011). Majorly Plant PIs characterized are from soybeans, 

potatoes, squash, barley, wheat, millet, tomatoes, corn, kohlrabi and 

buckwheat (Fear et al. 2007). The plant protease inhibitors are of 

great interest due to their role in various stress condition like crop- 

protection, combating various pathogens including insects, fungi and 
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other phytopathogens (Carlini et al. 2002, Kim et al. 

2009, Haq, et al. 2004, Dabhade et al. 2013). These are 

also being explored and used to cure human diseases, 

against viral and bacterial pathogens (Clark et al. 1993, 

Powers et al. 2002, Srikanth and Chen, 2016). This 

attracted attention as an alternative pharmacological 

target and thus possibility for development of future 

drugs. Majority of plant protease inhibitors are 

reported in seeds (Brady, 2003). In this preview, 

present study describe screening of plant seeds 

collected from MTR, Maharashtra (India) and assayed 

for the presence of protease inhibitor by rapid X-ray 

film method. 

 

MATERIAL AND METHODS 

 

Plant Material  

The seeds of 30 plants were collected and investigated 

for detection of protease inhibitor. The plant seeds of 

these plants were collected from several locations of 

MTR, Maharashtra, India. 

 

Protease enzyme 

The protease enzyme, Trypsin (EC 3.4.21.4, Hi media; 

obtained from bovine pancreas), Papain (EC 3.4.22.2, 

Hi media, obtained from papaya latex), pepsin (EC 

3.4.23.1, Hi media) were used. 

 

Defatting of seeds 

The mature dried seeds (25gm) of plants were finely 

powdered, depigmented and defatted with cold 

acetone (1:3 w/v). This was stirred for 1-2 hr on 

rotary shaker and kept aside for 1hr, then kept for air 

drying at room temperature. Further seed powder was 

washed with cold hexane (1:2 w/v). The solvent was 

removed and dried overnight at room temperature to 

remove all traces of solvent. (Borde et al., 2012). 

 

Extraction of Protease inhibitor (PI) 

Plant materials were washed thoroughly with water 

and air dried. It was soaked overnight in 0.1M sodium 

phosphate buffer pH 7.0±0.5 (containing 1% polyvinyl 

pyrrolidine for removal of phenols) in a ratio of 

1:4(w/v) and homogenized in an electrical blender 

(Tripathi et al.,2011). This was kept on Rotary shaker 

(130 rpm) for 30-60 min at room temperature and 

further left overnight at 40C for complete extraction.  

Homogenate obtained was filtered through muslin 

cloth, the filtrate further clarified by centrifugation at 

10000 rpm for 15 min at 4oC. The pellet was discarded 

and supernatant precipitated by adding ammonium 

sulphate (80%) and kept 10-12 hr at 4°C. The protein 

precipitate was dissolved in a minimum volume of 

phosphate buffer (pH 7.2) and dialyzed against same 

buffer. This was used for detection of protease 

inhibitor. The amount of protein was measured by 

Folin Lowry method using bovine serum albumin 

(BSA) as a standard (Lowry, 1951). 

 

Detection of protease inhibitor 

Preliminary detection of Protease inhibitors in the 

extract was performed by using X-Ray film (gelatin 

hydrolysis) method. Enzyme (Bovine trypsin) was 

preincubated for 15-20 min with protease inhibitor 

extract. Undeveloped gelatin coated X-ray film was 

immersed in the solution and incubated at 370C for 

30min. No clearance of gelatin layer indicates protease 

inhibition by plant extract. This was compared with 

complete clearance of gelatin film (Fig.1) in control 

tube containing standard enzyme without inhibitor 

(Patil  et al. 2014). 

 

Protease inhibition assay 

Protease inhibition was analysed by Kunitz method 

using casein as substrate. For caseinolytic assay, 500ul 

of trypsin was preincubated with 500ul of suitable 

dilution of crude PI extract at 370C for 15 minutes. To 

this 2.5ml of casein (0.65%) was added and incubated 

at 370C for 10min. Reaction was stopped by adding 

110mM TCA and incubated at 370C for 30min and 

centrifuged at 4000 rpm for 5min at 40C. To the 1ml of 

supernatant 2.5ml of sodium carbonate (500mM) was 

added, to this 500ul of Folin-Ciocalteu’s reagent(1:2 

diluted) was added and incubated at 370C for 30min. 

Absorbance was measured at 660nm. Same was also 

performed for enzyme without inhibitor preparation. 

The assays were performed in triplicate and average is 

used calculate percent inhibition. 

 

RESULTS AND DISCUSSION 

 

MTR is having plant diversity, 714 reported from the 

region (Dhore, 1982, Bhogaonkar and Devkar, 1999). 

Many of them are known and have been characterized 

for their potential use in medicine. Plants investigated 

in this study were identified as mentioned in table 1. 

The plant seed contains different protease inhibitor 

content, if it is in a small amount then may not be 

detected by X-ray film. An effort is made by using three 

different Enzyme: Protease Inhibitor (E:PI) ratio for 

detection of small amount of PI in the plant extract 

preparation.  
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Fig. 1. X-ray film treated (A) with protease (B) without protease and C) Protease enzyme and protease inhibitor from the plant  

 

 Table 1: Protease inhibition activity Crude extract of dry, defatted seed powder detected through X ray film gelatin    hydrolysis. 

Name of plants Family Primary 
screening 

E:PI 

3:01 1:01 1:03 

Crotalaria spectabilis Fabaceae Present - - Present 

Caesalpenia pulchirima Fabaceae Present Present Present Present 

Clitoria biflora Fabaceae - - - - 

Entada giga Fabaceae Present Present Present Present 

Cassia angustifolia Fabaceae Present - Present Present 

Glyricidium sepium Fabaceae - - - - 

Acacia farnesiana Fabaceae - - - - 

Cassia tora Fabaceae Present - Present Present 

Abutilon indicum Malvaceae Present Present Present Present 

Lagerstemia parviflora Lythraceae - - - - 

Astercantha longifera Acanthaceae - - - - 

Cadaba fruticosa Capparaceae Present Present Present Present 

Cleome viscosa Cleomaceae Present Present Present Present 

Merremia dissecta Convolvulaceae Present Present Present Present 

Thuja orientalis Cupressaceae Present Present Present Present 

Balanites aegyptiaca Zygophyllaceae - - - - 

Unidentified Unidentified - - - - 

Mallotus philippensis Euphorbiaceae - - - Present 

Coffea Arabica Rubiaceae - - - - 

Withania somnifera Solanaceae Present - Present Present 

Pithecellobium dulce Fabaceae - - - - 

Acacia catechu Fabaceae Present Present Present Present 

Phyllanthus emblica Phyllanthaceae Present - Present Present 

Cascabela thevetia Apocynaceae - - - Present 

Caesalpenia bonduc Fabaceae Present Present Present Present 

Abras precatorius Fabaceae Present Present Present Present 

Argyria speciosa Convolvulaceae Present Present Present Present 

Thespesia populnea Malvaceae - - - - 

Lantana camara Verbenaceae Present Present Present Present 

Bixa orellana Bixaceae - - - - 

E- Enzyme (Trypsin), PI-Plant protease Inhibitor (plant extract). 

“-” Not detected on X ray film  
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  Table 2: Protein yield and % protease inhibition activity 

Name of plants Protein 
(mg/ml) 

%Trypsin 
inhibition 

%Pepsin 
inhibition 

%Papain 
inhibition 

Crotalaria spectabilis 13.11 28.97 92.08 11.29 

Caesalpenia pulchirima 12.35 53.05 90.33 0.97 

Clitoria biflora 13.19 32.58 79.06 5.24 

Entada giga 13.45 53.67 6.59 35.98 

Cassia angustifolia 11.26 58.02 60.59 6.08 

Glyricidium sepium 1.57 18 13.76 0 

Acacia farnesiana 13.15 41.66 41.89 0 

Cassia tora 15.42 24.52 19.48 2.20 

Abutilon indicum 8.305 98.09 16.09 16.03 

Lagerstemia parviflora 12.4 0 51.93 52.09 

Astercantha longifera 5.977 32.77 96.13 13.39 

Cadaba fruticosa 5.436 58.67 92.02 66.66 

Cleome viscosa 11.1 83.33 84.53 25.96 

Merremia dissecta 2.58 76.45 77.6 57.96 

Thuja orientalis 2.083 97.05 59.65 14.34 

Balanites aegyptiaca 18.36 0 74.44 41.23 

Unidentified 11.33 0 79.68 5.45 

Mallotus philippensis 22.83 16.25 91.45 13.70 

Coffea Arabica 26.71 2.34 12.91 30.76 

Withania somnifera 21.29 18.32 83.69 30.78 

Pithecellobium dulce 14.83 0 25.28 13.47 

Acacia catechu 24.96 66.70 75.68 67.93 

Phyllanthus emblica 18.58 31.68 89.94 26.44 

Cascabela thevetia 16.45 7.20 96.57 11.61 

Caesalpenia bonduc 15.94 82.12 86.77 78.10 

Abras precatorius 16.59 85.71 29.11 46.58 

Argyria speciosa 9.53 55.55 30.57 56.26 

Thespesia populnea 21.16 0 42.38 2.98 

Lantana camara 6.682 94.85 35.22 15.16 

Bixa Orellana 20.439 0 74.21 12.62 

0- indicates no detectable activity  

 

 



 
Screening and detection of Proteinicious Protease Inhibitor from Some Plants from MTR, Maharashtra, India 

 

www.ijlsci.in                                 Int. J. of Life Sciences, Volume 11 (4) 2023 |  393  

The quantitative inhibition was analyzed (table 2), the 

highest inhibition was found in Abutilon indicum for 

trypsin, Cascabela thevetia for pepsin and Acacia 

catechu for papain. Total 21 plant PI preparations 

exhibit inhibition of trypsin, pepsin and papain. The 

plants Cadaba fruticosa, Merremia dissecta, Acacia 

catechu and Caesalpenia bonduc showed more than 

50%inhibition of all three proteases.  

 

The plants used in this study are reported for variety 

of pharmacological properties and therapeutic 

purposes. Many amongst these are used by folk 

healers to treat several diseases and which has long 

been used in traditional Ayurvedic Indian medicine for 

various diseases. The medicinal potential of plants 

reported in previous studies viz; Acacia catechu (Modi 

et al. 2013), Crotalaria spectabilis (Oliveira et al. 2018), 

Cassia angustifolia (Boonhok et al.  2021, Srivastava et 

al. 2006)   Caesalpenia pulchirima protease inhibitor 

(Hase et al. 1986) antiviral activities (Chiang et al. 

2003), Cassia tora (Tripathi et al. 2011) Cadaba 

fruticosa (Saboo and Lahane 2020), Withania 

somnifera  (Saleem et al. 2020) Phyllanthus emblica 

(Gaire and Subedi, 2014), Caesalpinia bonduc 

(Kandasamy et al. 2021), Abrus precatorius (Garaniya 

and Bapodra, 2014), Argyreia speciosa ( Galani et al. 

2010), Merremia dissecta (Austin, 2007), Cleome 

viscosa (Jane and Patil, 2012), (Crotalaria spectabili, de 

Oliveira et al. 2018), Thuja (Tsiri et al. 2009) and 

Acacia catechu (Adhikari et al. 2021) etc.  

 

The total protein content of selected plant seed extract 

was assessed, every plant seed have different protein 

content. Total 18 plant seeds contain the protease 

inhibitor detected by X ray film hydrolysis (Fig 1). The 

protease inhibition percent calculated (Table 2), this 

highlighted the significant inhibition of trypsin, pepsin 

and papain. Among the selected plant seeds total 12 

samples were from family Fabaceae, 2 each from 

Convolvulaceae and Malvaceae, 1 each from 

Apocynaceae, Acanthaceae, Bixaceae, Cupressaceae, 

Cleomaceae, Capparaceae, Euphorbiaceae, Lythraceae, 

Phyllanthaceae, Rubiaceae, Solanaceae, Verbenaceae 

and Zygophyllaceae. 

 

CONCLUSION  

 

Natural components have been extensively studied for 

potential applications. Medicinal plant widely explored 

for useful compounds eventually to develop the 

therapeutic product. It is indispensable to analyze 

various plant species or plant extracts in order to focus 

their potential. The research in protease inhibitors by 

exploration of plants is gaining importance. The MTR 

is rich in plant diversity, explored in present study for 

discovering novel protease inhibitors.  The plants 

protease inhibitor detection revealed inhibition of 

trypsin, pepsin and papain proteases, indicative of its 

possible use for varied therapeutic applications. The 

competent method to detect the protease inhibitor 

from plant seed is endorsed in this study. By using a 

rapid X-ray film method, the proteinaceous protease 

inhibitors from Cleome viscosa, Thuja occidentalis, 

Argyria speciosa,  Entada giga and Merremia dissecta 

were reported for the first time in this investigation.  
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