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ABSTRACT: 
In the current study, leaf and leaf derived callus 

extracts of R. nasutus were evaluated in vitro for their 

hepatoprotective potential against alcohol induced 

liver necrosis using HepG2 cells. Callus from leaf 

explants was induced on Murashige and Skoog (MS) 

medium fortified with various plant growth 

hormones. Dry leaf callus and coarse leaf powder were 

sequentially extracted in various organic solvents 

using Soxhlet apparatus. Crude callus and leaf extracts 

were subjected to toxic dose study prior to their 

determination of hepatoprotective property. MTT 

assay was used to determine the in vitro 

hepatoprotective potential of extracts, which was 

measured by the percentage of cell viability using 96 

well plate method. Prior to alcohol intoxication, 

HepG2 cells were pretreated for 72 hrs with different 

individual extracts. Result confirmed that cells 

pretreated with ethanolic leaf extract (200 ug / ml) 

exhibited 90% viability and the cells pretreated with 

ethanolic callus extract showed 84% viability after 

intoxication with alcohol. The standard drug used in 

the study was silymarin, which showed the 81% cell 

viability after alcohol intoxication. The phytochemical 

analysis of leaf ethanolic extract was carried out by 

HPLC, LCMS, IR and NMR. The spectral data 

analysed confirmed the presence of predominant 

naphthoquinone; rhinacanthin - C.                                                                         
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Introduction    

         

  As per the WHO 2014 report, alcohol 

consumption claims approximately 3.3 million 

lives annually (18). The consumption of alcohol 

beyond a border line is considered a grave 

healthcare global problem with deleterious 

economic, clinical and social consequences. 

Alcohol consumption over a long period nearly 

takes a toll on almost every internal body organ. 
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However, the earliest and highest degree of 

damage occurs in liver tissues, because it being 

the primary alcohol metabolism site (6). The 

excessive ROS production due to alcohol 

consumption deteriorates the hepatic cells, 

which eventually leads to liver dysfunction. 

Diseases associated with alcohol consumption 

like cirrhosis, alcoholic hepatitis and steatosis 

are attributed to the continuous surge in the 

prolonged alcohol consumption (1). Number of 

adverse metabolic changes are induced in liver 

by alcohol. Earlier studies on HepG2 cells have 

revealed that alcohol is apoptotic and cytotoxic 

in nature predominantly in liver (19). The 

increasing mortality rate associated with 

Alcohol consumption has forced 

pharmaceutical industries to dig deep to find 

the novel and effective drugs to combat the 

alcohol liver necrosis and associated ailments.

     Plant based medicine has 

always been first choice of a man to alienate the 

human ailments. India is blessed with almost 

8000 medicinal plant species comprising nearly 

50% of higher flowering plants and has a rich 

history of using plants as medicine. Since last 

few decades, there has been a surge in the 

interest of identification and characterisation of 

biologically active secondary metabolites of 

medicinal plants. Secondary metabolites are 

considered as medicinally potent molecules 

with complex structures and have been 

employed to combat many diseases. As per the 

previous reports, about 170 phytoconstituents 

from various plant families have been reported 

to have hepatoprotective potential (10). 

It has been reported that about 170 

phytoconstituents isolated from 110 plants 

belonging to 55 families possess 

hepatoprotective activity (10). In the present 

investigation, we attempted to investigate the 

potential of Rhinacanthus nasutus, an 

ethnomedicinal herb for its hepatoprotective 

property using HepG2 cells and its 

phytochemical analysis to identify the 

biologically active compounds. R. nasutus is a 

bushy herb, belongs to the family Acanthaceae. 

It has a history of being used in traditional and 

folk medicine for various human ailments. 

Traditionally, the plant has been used to treat 

hepatitis, diabetes, herpes and several other 

fungal skin diseases (8). 

 Materials and Methods  

     

 R. nasutus was collected from 

Karnataka Western Ghats India and maintained 

in Departmental medicinal plant garden. Young 

leaf explants were collected and surface 

sterilised as described by Reshi et al 2017 (12) 

and inoculated on solid MS medium 

supplemented with various growth regulators. 

The cultures were left for incubation for callus 

induction and proliferation. The proliferated 

callus was harvested after 4 - 6 weeks, oven 

dried at 60 0C and stored for further use. Dry 

leaf and callus were coarse powdered and 

sequentially extracted in various organic 

solvents (Petroleum ether, chloroform, Ethyl 

Acetate, Methanol, Ethanol) using Soxhlet 

apparatus (16). Aqueous extraction of leaf and 

callus was separately carried out as described in 

earlier studies (16). Anti-liver necrosis 

evaluation of leaf and callus extracts was carried 

out using HEpG2 cells. All the leaf and callus 

extracts and silymarin (standard drug) were 

analysed for toxic dose concentration by MTT 

method as described by (2). IC50  value of alcohol 

was determined as described earlier (10).

             

 Anti-liver necrosis potential of extracts 

was determined by a method described earlier 

by (11). Briefly, cells were transferred (after 

subculture and trypsinisation) to 96 well (1 x 105 

cells in each well). To allow the formation for 

monolayer of cells in each individual well, 

plates were incubated for 72 hrs. Each well 

containing HepG2 cell monolayer was treated 

with DMEM (200 µl), which contained leaf and 

callus extracts. Control plates were maintained 

with silymarin as standard drug. Followed by 

the treatment of extracts, (after 72 hrs) the 

extract treated wells containing HepG2 cells 

were intoxicated with alcohol (150 mM). After 

72 hrs of alcohol treatment, the cell viability was 

determined by MMT assay. The plates were 

treated with DMEM medium containing 5 % 

MTT reagent and allowed to incubate for 3 hrs. 
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followed by incubation, the pates were treated 

with solubilisation solution of 1 % DMSO. The 

plates were lightly shaken on shaker till the 

solubilisation of formazan (2). The absorbance 

of plates was measured by microplate reader to 

determine the grow inhibition percentage using 

a formula: 

       {
Mean OD of the individual test group

 Mean OD of control group
        

Percentage growth inhibition =} x 100 

Ethanolic leaf extract treated wells 

exhibited the maximum cell viability 

percentage. The said extract was investigated 

for the phytochemical composition to identify 

the biologically active compound. The crude 

ethanolic was purified by column fractionation, 

followed by spectral studies (HPLC, LCMS & 

NMR) for the characterisation of bioactive 

compound (5,15). 

 Results     

                       

Callus formation was induced in the 3rd week 

post inoculation. Varied callus induction 

percentage was reported with respect to the 

growth hormones used, with highest callus 

inducing percentage in MS medium 

supplemented with 2,4 - D. Toxic dose studies 

of callus extracts, leaf extracts and silymarin by 

MTT assay revealed that callus and leaf extracts, 

if used above the concentration of 175 µg/ml 

reduce the cell viability 35%. Silymarin was 

found toxic to cells if used above the 

concentration of 75 µg/ml. IC50 value of alcohol 

was found to be 150 mM.   

   

The anti-liver necrosis potential of extracts (leaf 

and leaf callus) and silymarin was evaluated by 

MTT assay. HepG2 cells were treated with 

alcohol (ethanol intoxication, 150 mM) for 72 

hrs. Prior to alcohol intoxication, cells were 

treated for 72 hrs with different leaf and callus 

extracts (150 µg/ml and 175 µg/ml). After the 

alcohol intoxication, the cell viability 

percentage of wells (containing extract pre – 

treated HepG2 cells) was determined by MTT 

assay. The result showed that cell viability is 

dose dependent and extract pretreated cells 

sustained the alcohol intoxication by showing 

the viability from 58% to 90%. Among the leaf 

extracts, ethanolic extract exhibited potential 

anti-necrosis potential. The ethanolic extract 

(leaf) pretreated cells  (175 µg/ml ) showed 90% 

cell viability after alcohol intoxication.   

     

The anti-liver necrosis potential was also found 

in callus extracts. From callus extract pre-

treatment cells, highest cell viability percentage 

was found in HepG2 cells which were treated 

with callus ethanolic extract (84%). Silymarin, a 

standard drug pretreated cells showed the 

viability of 81%. The cell viability percentage of 

cells (HepG2) pretreated with various extracts is 

given in Table 1 & 2.    

       

  Out of various extracts (leaf and leaf callus), 

ethanolic leaf extract treated cells (HepG2) 

exhibited maximum viability percentage of 

90%. The potential bioactive ethanolic extract 

was investigated for its phytochemical 

profiling. Preliminary investigations revelated 

the presence of alkaloids, naphthaquinones, 

flavonoids, terpenoids and sterols. The column 

fractionation of ethanolic extract revealed four 

elutes and each elute upon evaluation of 

hepatoprotection exhibited the anti – liver 

necrosis. The elute with highest cell viability 

retention potential against alcohol intoxication 

was further subjected to spectral analysis to 

identify the potential hepatoprotective 

biomolecule. Ethanolic leaf extract, which 

exhibited the maximum cell viability percentage 

post alcoholic intoxication, was found to contain 

four elutes upon column fractionation. 

Individual column fractions were evaluated for 

their anti-liver necrosis potential. The potential 

bioactive fraction was further analyses for 

identification of biomolecule. Two major peaks 

were seen in HPLC, the dominating peak, with 

absorbance at 20 nm exhibited elution at 3.32 

min. The LCMS (Fig. 1) confirms the mass of the 

compound to be 410.5026.                    
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H-NMR (Fig 2) studies confirms the presence of 

30 H+ and C-NMR (Fig. 3) spectra dictates the 

presence of 25 carbons. The elementary spectral 

analysis suggests the presence of H (7.37%), C 

(73.15%) and O (19.49%), which further puts 

forth molecular formula as C25H30O5. The 

metabolomics reveals that the compound is 

napthoquinone, rhinacanthin – C.                   

  Discussion    

     

 The current study has revealed the 

varying effect of auxins on the callus induction 

and proliferation. 2,4-D has been 

predominantly the only growth hormone 

(auxin) which has positively contributed to 

callus induction and proliferation. In the 

previous studies, many authors have also 

confirmed in their respective studies that out of 

the various auxins, 2,4-D helps to induce and 

proliferate the callus more in leaf explants 

(13,07).       

Plant based drugs, crude or purified are 

subjected to cytotoxic studies to identify the 

level of toxic dose concentration, which forms 

the basis of drug development (4). In 

corroborations with the previous studies, toxic 

dose study of leaf and leaf callus extracts was 

carried out. In the present investigation, alcohol 

was used to intoxicate the HepG2 cells, which 

has deleterious effects on hepatic cells. Alcohol 

causes hepatic injury, necrosis, lesions 

accompanied by alcoholic cirrhosis, alcoholic 

hepatisis and fibrosis (9). In the current 

investigation, the HepG2 cells treated with leaf 

and leaf callus extracts for 48 – 72 hrs followed 

by alcohol intoxication sustained the necrosis by 

showing the cell viability percentage (MTT 

assay) of 90%. The MTT assay is based on the 

action of an enzyme, succinate dehydrogenase, 

present in the inner mitochondrial membrane of 

living cells. The enzyme cleaves the tetrazolium 

dye, therefore gives the confirmation of a 

viability of a cell.    

     

The increase in the cell viability percentage 

upon their treatment with the extracts may be 

due the membrane stabilisation boosted by 

phytochemicals and strengthening the tissue 

antioxidant mechanism system to counter 

alcoholic oxidative stress (4). The dose 

dependent cell viability percentage has been 

previously confirmed in Cassia roxburghii (1), 

Andrographis paniculata (17) and Rumex 

vesicarius (2). It has been suggested from earlier 

studies that cell viability depends on membrane 

structure and any damage to it leads to the 

leakage of the enzyme which eventually leads 

to cell death (10). It is believed that increase in 

cell viability is attributed to the action of 

biologically active phytochemicals, which give 

a boost to structural organisation of a cell 

membrane and interrupt the reactions of ROS 

with cellular proteins, thereby preventing the 

oxidative damage caused by alcohol and 

stabilise the membrane. Similar inferences have 

been drawn by authors in earlier studies (14; 3; 

11). 

Conclusion    

     

 Production of ROS due to alcohol 

consumption leads to hepatic damage. The 

current study corroborates with earlier findings 

that plant secondary metabolites boots the 

cellular defence mechanism to combat the 

radical stress. The metabolomics revealed that 

napthoquinone has a strong potential to combat 

the alcoholic oxidative stress and therefore 

could be employed as tool to further strengthen 

the hepatic drugs. Further, callus cell lines may 

be identified and explored for the mass 

production of bioactive molecule, which 

therefore may arrest the threat posted to natural 

population of R. nasutus.   
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Table 1: HepG2 cell viability post their treatment with extracts of leaf 

Leaf 
Extracts 

Concentration 
(µg/ml) 

% Cell 
viability 

Aqueous 
150 77±0.32 

175 79±0.26 

Ethanol 
150 83±0.51 

175 90±0.56 

Methanol 
150 72±0.57 

175 76±0.38 

Ethyl 
acetate 

150 72±0.20 

175 74±0.35 

Petroleum 
ether 

150 66±0.31 

175 68±0.32 

Chloroform 
150 60±0.38 

175 60±0.42 

Silymarin 75 81±0.53 

Control Only cells 100 

 

*Assays carried in triplicates; value shows Mean±S.D 

Table 2: HepG2 cell viability post their treatment with extracts of leaf callus  

 
Callus Extracts Concentration (µg/ml) % Cell viability 

Aqueous 150 70±0.67 

175   74±0.31 

Ethanol 150 80±0.20 

175 80±0.43 

Methanol 150 74±0.43 

175 77±0.21 

Ethyl acetate 150 60±0.42 

175 62±0.32 

Petroleum ether 150 62±0.45 

175 65±0.40 

Chloroform 150 56±0.23 

175 58±0.45 

Silymarin 75 81±0.53 

Control Only cells 100 
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Fig. No. 1: LCMS spectra of Leaf extract (Ethanolic) of R. nasutus 

Fig. No.2: NMR (H) spectra of Leaf extract (Ethanolic) of R. nasutus 

Fig. No. 3: NMR (C) spectra of Leaf extract (Ethanolic) of R. nasutus 


