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ABSTRACT 
 

Introduction and Aim: Andrographolide is one of the main constituents of Andrographis paniculata.  An anti-

collagenase property of andrographolide is yet to be explored. Thus, the primary goal of study is to assess the anti-

collagenase property of andrographolides against standard bacterial collagenase. The secondary objective is to 

evaluate the molecular docking between andrographolide and proteins of periodontal pathogens [P. gingivalis (Arg 

and Lys Gingipains), P. intermedia and A. actinomycetecomitans]. 
 

Materials and Methods: Anti-collagenase property of an andrographolide was determined using a UV 

spectrophotometer at four different concentrations (0.5%, 1%, 2.5%  and 5%) against bacterial collagenase. 

Furthermore, an in-silico molecular docking study was performed between andrographolide and the proteins of 

periodontal pathogens using the Molegro Virtual Docker (MVD) software.  
 

Results: Different concentrations of andrographolide had a collagenase inhibiting property of upto 65% at an IC50 

value of 2.4µg/ml at the end of 20mins. Based on molecular docking, the proteins exhibited high binding energy to 

the bacterial enzymes. 
 

Conclusion: Within the limitations of this study andrographolides can inhibit bacterial collagenase in an in-vitro 

model. Also, Andrographolide was successfully docked in the protein binding sites of P. gingivalis (Arg and Lys 

Gingipains), P. intermedia and A. actinomycetecomitans indicating its ability to interact with these proteins. 
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INTRODUCTION 
 

eriodontal disease results due to an unperturbed 

interaction between the host defence system and 

the pathogenic oral microbiota. In addition, 

various genetic and environmental factors can 

influence the disease outcome. The virulence factors 

released by the subgingival microbiota initiates the 

periodontal tissue injury. The vicious interplay 

between bacterial products with host response 

propagates disease pathogenesis resulting in 

progression periodontal attachment loss and bone loss. 

The initiation of periodontal disease is primarily by 

microorganisms. Numerous cell types, such as 

neutrophils, macrophages, osteoblasts, osteoclasts, 

macrophages, epithelial cells and fibroblasts produce 

collagenases which are proteolytic enzymes. Also, 

microorganisms are involved in collagenase 

production. These enzymes have a significant impact 

on tissue remodelling and the extracellular matrix 

protein breakdown. Matrix metalloproteinase (MMP) 

overexpression has been remarkably linked to 

periodontal disease. The balance between MMPs and 

their tissue inhibitors are crucial for maintaining the 

homeostasis of the periodontium. Any abnormal 

alterations can lead to periodontal disease which can 

be treated with host modulating agents in addition to 

conventional periodontal treatment (2).The purpose of 

host modulating therapy (HMT) is to treat the host 

side of the host-bacteria interaction thereby it reduces 

tissue destruction. HMT consists of systemically or 

locally delivered synthetic agents which are used as an 

adjuncts to conventional periodontal treatment. 

Although these synthetic agents are more effective as 

a host modulating agent, certain adverse effects has 

been reported (3). Currently, the usage of herbal 

products has increased in treating periodontitis in the 

form of locally delivered host modulating agent. 

Hence this study focuses on the use of phytomedicine 

as an adjunct to conventional periodontal therapy. 
 

Traditional Medicinal System (TMS) is a time-tested 

practice to counter diseases and to lead a healthy life. It 

consists of Ayurveda, Siddha, Unani, Naturopathy and 

Homoeopathy (4). Many plants are being studied for 

their potential as phytonutrients or phytotherapy 

materials. It has been suggested that several plants 

have anti-inflammatory, antibacterial, antioxidant, 

astringent and other useful properties (5). The 

application of these properties are currently 

being tried in the treatment of gingival and 

periodontal diseases (5). 

Andrographolide (AG) is a one of the major 

constituent of Andrographis paniculata , a member of 

P 
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the acanthaceae family and a commonly used as a 

traditional medicine in India, China and Southeast 

Asia (6). It exhibits a broad range of biological 

activities such as anti-microbial(6), anti-inflammatory 

(7), antioxidant (7, 8), anti-diabetic  (9), anti-cancer 

(10)  and anti-viral (11) activities. This plant has been 

reported for the treatment of various diseases in India, 

Asia and Africa. In an animal model, AL Batran et al., 

examined andrographolide's antimicrobial potential 

against periodontal pathobionts. He assessed its 

impact on alveolar bone resorption induced by 

Porphyromonas gingivalis (Pg) in rats and concluded 

that it inhibits Pg-induced alveolar bone 

resorption (8). However, anti-collagenase property of 

andrographolides is yet to be explored. 
 

Thus, the primary objective of this study is to evaluate 

the anti-collagenase property of andrographolides 

against standard bacterial collagenase and the 

secondary objective is to evaluate the molecular 

docking between andrographolide and proteins of 

periodontal pathogens (P. gingivalis (Arg and Lys 

Gingipains), P. intermedia and A. 

actinomycetecomitans). 
 

MATERIALS AND METHODS 
 

The study employed an in vitro and in silico 

experimental design. Ethical clearance was obtained 

from the Institutional Ethics Committee of Sri 

Ramachandra institute of higher education and 

research (CSP/21/SEP/99/492). 
 

Materials and reagents 
 

All the materials (Andrographolide, the main 

component of Andrographis paniculata; Clostridium 

collagenase enzyme; FALGPA substrate; Tricine 

buffer and a Positive control(Epigallectocatechin 

gallate) were procured from Sigma Aldrich. Sample 

size [Different concentrations (0.5%, 1%, 2.5%, and 

5%) of an extract and the experiment was triplicated] 

was calculated based on the previous article (12). 
 

Collection of ligand and proteins 
 

Three dimensional (3D) structure of ligand i.e., 

andrographolide (CID: 5318517)   was downloaded 

from pubchem database (https://pubchem.  

ncbi.nlm.nih.gov). 3D structure of P.gingivalis 

(Arginine specific gingipain (PDB ID 1CVR) and 

Lysine specific Gingipain (PDB ID 4TKX), P. 

intermedia (PDB ID 3BBA) and A.actino- 

mycetecomitans (PDB ID 4U10) was downloaded 

from RCSB protein database (http://www.rcsb.org/ 

pdb/home/home.do) (Fig. 1).  
 
Collagenase inhibition assay 
 

The anti-collagenase test was based on the 

methodology proposed by Van wart et al (1981) using 

a UV spectrophotometer(13). Dilution series of an 

extract (different concentrations of 0.5%, 1%, 2.5%, 

and 5%) of extract was prepared and mixed with a 

50μL of an enzyme in a 96 well microtitre plate.  The 

assay was performed in 50mM Tricine buffer (pH 

8.0). Collagenase from Clostridium histolyticum 

(ChC) was dissolved in buffer. According to the 

supplier information, the synthetic substrate FALGPA 

(N-(3-[2-Furyl]acryloyl)-Leu-Gly-Pro-Ala) was 

dissolved in the buffer. Prior to substrate addition, 

Andrographolide was dissolved and incubated with 

the enzyme for 30 mins. The final reaction mixture 

contains  tricine buffer, 0.8mM FALGPA, 0.1 unit of 

ChC and andrographolide. 

 

 

Fig.1: 3D structure of (a) Andrographolide used as ligand for molecular docking with collagenase enzyme 

of the following microorganisms i.e. (b) Arg gingipain (c) Lys gingipain (d) Prevotella intermedia (e) 

Aggregatibacter actinomycetemcomitans. 
 

The absorbance at λ=340 nm was measured 

immediately after the substrate incorporation. Enzyme 

activity was evaluated by a decrease in absorbance 

and expressed as a percentage, according to the 

following formula: 

Anti-collagenase activity (%) = 100 × [(Ac– As)/Ac] 
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where Ac is the Activity of control and As is the 

Activity of sample.  
 

Drug likeliness scoring 
 

Drug likeliness property of an andrographolide was 

done using drulito software. The ligand structure 

(Andrographolide) was downloaded from Pubchem 

database either in *.mol or *.sdf file format as input 

file for DruLiTo software. The drug likeliness scoring 

of a ligand was done by following  Lipinski’s rule. 
 

Molecular docking 
 

Molecular docking is one of the techniques that is 

most frequently utilised in structure-based drug design 

because it can anticipate the conformation of small-

molecule ligands within the suitable target binding site 

with a high degree of accuracy (14). In this study, a 

molecular docking procedure was performed using the 

Molegro Virtual Docker (MVD) software, version 6.0. 
 

RESULTS 
 

Anti-collagenase activity 
 

Immediately after substrate addition, a 5 μg/mL 

concentration of an andrographolide showed 44% 

enzyme inhibition, whereas concentrations of 0.5, 1, 

and 2.5 μg/mL of an extract caused 38%, 40%, and 

40% enzyme inhibition, respectively with an IC50 

value of 3.01μg/ml (Figure 2). At the end of 20 mins, 

a concentration of 5 μg/mL of an extract showed 65% 

enzyme inhibition, whereas lower concentrations of 

0.5, 1, and 2.5 μg/mL of an extract caused 55%, 60%, 

and 62% enzyme inhibition, respectively with an IC50 

value of 2.4 μg/ml (Figure 2).There is no statistical 

correlation was found  between the concentrations 

immediately and at the end of 20 mins after substrate 

addition as shown in Table 1. 
 

Lipinski score from DruLiTo analysis 
 
DruLiTo software was used to analyse the Lipinski’s 

properties of an andrographolide. The result of the 

Molecular Weight, xLog p, H Bond Acceptor, H Bond 

Donor and topological polar surface area (TPSA) were 

shown in Table 2. 

 

 

 

 

 
Fig. 2: The percentage of collagenase inhibition at different concentrations of an andrographolide 

immediately and at the end of 20 mins after substrate addition 
 

Table 1: Statistical correlation between the concentrations immediately and at the end 

of 20 mins after substrate addition 
Sample                      Immediate                   After 20 mins 

Mean ± SD P value 95% CI Mean ± SD P value 95% CI 

5% 0.536±0.069 .149 .364213±.707987  0.522±0.083  .351 .315682±.728918  

2.5% 0. 530±0.036  .149 .461692±.644374  0.546±0.050  .351 .420728±.672205  

1% 0. 562±.0120  .149 .532025±.592109  0.563±0.019  .351 .515177±.611889  

0.5% 0. 585±0.258  .149 .520952±.649515  0.591±0.049  .351 .467995±.714405  

+ve control 0. 488±0.005  .149 .475076±.501324  0.506±0.013  .351 .472093±.541573  

Total  0. 544±0.046  .149 .519374±.570479  0.546±0.052  .351 .517076±.575057  

              One way ANOVA, CI: Confidence interval. 

Table 2: The values of drug-likeness properties of andrographolide 
Sl.

no 

Ligand Molecular 

weight 

xlog p H bond 

acceptor 

H bond 

donor 

1 Andrographolide 

(5318517) 

350.21 2.913 5 3 
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Table 3: The MolDock score and Rerank score for the ligand with all the four target enzymes 

Ligand 

(Andrographolide) 

Target collagenase enzymes MolDock 

score 

Rerank 

score 

[00]5318517 Arg specific gingipain -94.476 -47.705 

[00]5318517 Lys specific gingipain -53.414 -52.442 

[00]5318517 Prevotella intermedia  -104.214 -74.767 

[00]5318517 Aggregatibacter actinomycetecomitans -128.030 -77.583 
 

 
Fig. 3: 3D molecular docking poses of andrographolide and 

(a) Arginine specific gingipain (b) Lysine specific gingipain 
 

Docking 
 

The docking analysis of the ligand with all the four 

target enzymes generated total energy which was 

shown in Table 3 as MolDock score and Rerank score. 
 
Interaction of andrographolide with arginine 

specific gingipain 
 

The results show the molecular docking of ligand 

(Andrographolide) with the target arginine specific 

gingipains enzyme and the best docking position of 

andrographolide with arginine specific gingipain(Fig. 

3(a)). The ligand binds with 6 residues namely Gly 

212, His 211, Asp 163, Cys 244, Thr 284 and Gln 282 

as shown in Fig. 3(a). 
 

Interaction of andrographolide with lysine specific 

gingipain 
 

The results show the binding energies of the selected 

ligand (Andrographolide) with the target lysine 

specific gingipain enzyme and the best docking pose 

of andrographolide with arginine specific 

gingipain[Fig. 3(b)]. The ligand binds with 6 residues 

namely Asp 548,Tyr 238, Ser 549, Asn 551, Asp 236 

and Met 594 as shown in Fig. 3b. 
 

Interaction of andrographolide with Prevotella 

intermedia collagenase 
 
The results showing the binding energies of selected 

ligand (Andrographolide) with the target P. intermedia 

enzyme and the best docking pose of andrographolide 

with arginine specific gingipain [Fig. 4(a)]. The ligand 

binds with 10 residues namely Thr 247, Ala 244, Gly 

243, Cys 154, Gly 243, Ser 242, Tyr 264, Asp 350, 

Met 246 and Gly 304 as shown in Fig. 4(a). 
 

Interaction of andrographolide with 

Aggregatibacter actinomycetemcomitans collagenase 
 

The results show the binding energies of selected 

ligand (andrographolide) with the target A. 

actinomycetecomitans enzyme and the best docking 

pose of andrographolide with arginine specific 

gingipain (Fig. 4b). The ligand binds with 7 residues 

namely Lys 43, Thr 52, Gln 51, Pro 50, Pro 191, Thr 

276 and Tyr 198 as shown in Fig. 4b. 
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Fig. 4: 3D molecular docking poses of andrographolide and collagenase enzymes of 

(a) Prevotella intermedia (b) Aggregatibacter actinomycetemcomitans 
 

DISCUSSION 
 

The role of andrographolide in human health has 

been explored periodically and was found to be 

effective to treat various acute, chronic infections and 

systemic diseases (15). Li et al., examined the effects 

of AG on in vivo animal models and discovered that 

daily gavage treatment with andrographolide (25, 

50mg/kg) for 4 weeks reduced paw swelling, arthritis 

scores, leukocyte infiltration, cartilage erosion, and 

synovial hyperplasia in rats with complete Freund's 

adjuvant-induced arthritis (16). During the dengue 

outbreak in India (2006), in order to increase 

immunity, andrographolide has been administered in 

higher doses, where it has been shown to be 

successful in reducing infection (17). Additionally, Li 

et al., evaluated andrographolide's antiviral activity 

against the Zika (ZIKV) and Dengue (DENV) viruses 

and discovered that it has the potential to be 

developed as a drug that is both anti-ZIKV and anti-

DENV (18). 
 

The effectiveness of mechanical periodontal therapy 

is limited due to the lack of accessibility in deep 

periodontal pockets. Host modulating therapy(HMT) 

decreases tissue destruction and stabilizes or even 

regenerate the periodontium by treating the host side 

of host bacterial interaction (19). In addition to 

conventional periodontal therapy, HMT consists of 

systemically or locally delivered agents which can be 

prescribed as a part of periodontal therapy. It can be 

used to reduce excessive levels of enzymes, 

cytokines and prostanoids (19). Andrographis 

paniculata has been studied for immunomodulatory 

activities and found that it is capable of enhancing 

both antigen-specific and nonspecific responses(20). 

In our study, it was observed in-vitro that 

andrographolide exhibited collagenase inhibiting 

property thereby having a host modulatory effect. 

Andrographolide inhibits the mitogen-activated 

protein kinase/extracellular signal-regulated kinase 

(MAPK/ERK) signalling pathway and downstream 

transcription factors including nuclear factor kappa B 

(NF-B), which is the mechanism underlying the 

drug's anti-inflammatory and immunomodulatory 

actions (21). It implies that andrographolide, acting 

as a regulator of abnormal immunological responses, 

can have a various effects in immune disease models. 

Ambili et al., evaluated the effectiveness of 

andrographolide in management of periodontal 

disease and reported that the adjunctive use of 

andrographolide as a host modulation agent for 

periodontal therapy by inhibiting NFκB and STAT3 

activation and inhibition of inflammation and bone 

resorption related genes (22). In the  present study, 

assessments were made immediately and at 20th min 

on considering its efficacy for topical application. 

Immediately and at the end of 20 mins after substrate 

addition, a concentration of 5µg/ml extract showed 

44% and 65% enzyme inhibition respectively, with 

an IC50 value of 2.4µg/ml at the end of 20mins. 

Hence, topical application  of andrographolide may 

be a promising adjunct to conventional periodontal 

treatment and may aid in improving periodontal 

treatment outcomes. However, the cell viability and 

cytotoxicity needs to be assessed to use as a locally 

delivered host modulating agent. 
 

To study the receptor-ligand interaction in the 

inhibition of enzymes, molecular docking have been 

used. Megantara et al., have reported that 

andrographolide could be developed as protease 

inhibitor for anti-malarial drug (23). In this study, 

andrographolide was docked successfully in the 

protein binding sites of periodontal pathogens(P. 

gingivalis (Arg and Lys Gingipains), P. intermedia 

and A. actinomycetecomitans). Drug likeness factors 

and Lipinski’s rules were obeyed accordingly without 

any violation by this compound. This describes that 

the compound can used as a drug in the biological 

systems.  
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Locally delivered host modulatory system is based on 

the concept of controlled release drug delivery at the 

target site and should be considered as an adjunctive 

to mechanical debridement for the treatment of 

periodontal disease. Upon confirmation through 

various in-vitro and in-silico models for toxicity and 

lead molecular assessment on andrographolide, it 

may be used as a topically delivered host modulatory 

agent in successfully treating the periodontal 

diseases. However, more clinical studies are required 

to prove the host modulatory property of 

andrographolide in successfully managing the 

periodontally compromised patients. 
 

CONCLUSION 
 

Within the limitations of this study,  

andrographolides are capable of inhibiting bacterial 

collagenase in an in-vitro model. Also, 

Andrographolide was docked successfully in the 

protein binding sites of ( P.gingivalis (Arg and Lys 

Gingipains), P.intermedia and 

A.actinomycetecomitans) indicating its ability to 

interact with these proteins. 
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