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                     Abstract 
  Rhododendron arboreum  (Ericaceae) is an evergreen shrub, predominantly present in the Himalayas, and used traditionally 

for various ailments. The present study was focused on using the bioassay-guided method to identify the active fractions 

with phytochemical analysis and validated for antimicrobial activity against drug-resistant strains through in silico analysis. 

Crude extract and three fractions were prepared, namely ethyl acetate fraction, hexane fraction, and chloroform fraction, 

and were screened against standard cultures  Escherichia coli  25922,  Staphylococcus epidermidis  35984,  Klebsiella pneu-
moniae  BAA-1705 and drug-resistant cultures. The most active fraction, ethyl acetate, was phytochemically screened, both 

qualitative and quantitative, thin layer chromatography, Gas Chromatography-Mass Spectrometry (GC/MS) analysis, and the 

compounds identifi ed were further subjected to in silico analysis. The antibacterial studies showed that ethyl acetate fraction 

was most active against the standard of cultures as well as drug-resistant isolates at the concentration of 1.25 mg/ml for  E. coli  
standard culture and drug-resistant culture, whereas for drug-resistant  Staphylococcus aureus  higher concentration of 5 mg/

ml was eff ective. Thin-layer chromatography showed the presence of three subfractions in the ethyl acetate fraction which 

were further analyzed by GC/MS. The combined analysis of GC/MS and in silico studies showed that strychane, 1-acetyl-20. 

alpha-hydroxy-16-methylene to be the most potent anti-microbial compound with the lowest binding energy −5.22 kcal/mol 

exhibiting one hydrogen bond of bond length of 2.67. Hence, based on the present fi ndings, it might be summarised that the 

ethyl acetate fraction possesses compounds with the potential to resist drug resistance. 

   Keywords      Rhododendron arboreum     ·  Ethyl acetate fraction    ·  GC/MS    ·  In silico  

      Introduction 

  Rhododendron  L. (Ericaceae) has about 1025 species in the 

world (Chamberlain et al.  1996 ) of which most are concen-

trated in the temperate regions of the Northern Hemisphere, 

especially in Sino Himalayas (Eastern Himalayas and West-

ern China). Apart from these main regions,  Rhododendrons  
are also found in Nepal, Korea, Taiwan, North-Eastern 

China, Japan, Myanmar, Thailand, Malaysia, Indonesia, the 

Philippines, and New Guinea.  Rhododendron arboreum  is 

one of the most abundant species of  Rhododendron  in India. 

Locally known as Buransh, it is an evergreen tree with a 

striking crimson bloom and a pinkish-brown bark. However, 

some of its sub-species can have pink, white, or even orange-

colored fl owers. 

 The name  arboreum  means tree-like, local names are 

Burans, Lal Buransh (Hindi); Baras (Bengali); Dieng-tiew-

saw (Khasi); and Lali Guras (Nepali). The fresh fl owers of 
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plants used in the treatment of dysentery, dyspepsia, and 

severe diarrhea are reported (Verma et al.  2011 ). The dried 

petals are occasionally consumed to prevent dysentery. Both 

dried and fresh forms of the fl ower’s corolla are consumed to 

remove fi sh bones stuck in the neck (Pradhan and Lachungpa 

 1990 ). Leaves are also used as poultices to relieve high fever 

and headache (Mehta et al.  2023 ).  Rhododendron  fl owers 

growing in the hills of Shimla and other neighboring areas 

of the western Himalayas are considered to be highly effi  ca-

cious (Biswas and Chopra  1982 ). 

 Reports suggest  in-vitro  antioxidant, antimutagenic, can-

cer cell growth inhibition activity, and immunomodulatory 

activity of  R. arboreum  (Kumar et al.  2020 ; Gautam et al. 

 2020 ; Rawat et al.  2018 ). Cytotoxic activity (Nisar and 

Qaisar  2013 ), cardioprotective (Bhatt  2018 ), hepatoprotec-

tive (Tigari 2008), and adaptogenic (Roy et al.  2014 ) activi-

ties have also been investigated. The eff ect of  R. arboreum  
against oxidative stress and systemic inflammation has 

also been studied (Ahmad 2020), Studies by Mehta, et al. 

 2023 , Kashyap et al.  2017 , Rezk et al.  2015  are a few of the 

numerous reports which  R. arboreum  extracts was reported 

to have antimicrobial properties in standard cultures, patho-

genic and clinical isolates. However, the effi  cacy of the plant 

extract and/ or its active constituents against drug-resistant 

microbes has not been reported yet. Hence the present study 

was aligned with the identifi cation of novel compounds and 

fractionation with in-silico validation. 

    Materials and methods 

   Collection of plant material and identifi cation. 

 The leaves of the plant  R. arboreum  were collected from 

Shillong Peak Road, Laitkor, Shillong (Lat 25.536781, Long 

91.851418), Meghalaya. The sample was washed, shade-

dried, and pulverized using a grinder to powder for use in 

the extraction process. At the time of collection, plant parts 

were collected for herbarium preparation and subsequently 

submitted for identifi cation at the Botanical Survey of India, 

Shillong, Meghalaya. 

    Preparation of plant extract and fractionation 
of the crude extract 

 Approximately 27  g of the powdered plant sample was 

weighed and soaked in 270 ml ethanol for the preliminary 

extraction of plant phytoconstituents maintaining the extract 

solvent ratio at 1: 10 for 24 h. The extract was fi ltered on the 

3rd day of soaking using a muslin cloth and Whatman fi lter 

paper. The residue re-soaked in the appropriate amount of sol-

vent. This cycle was repeated three times and the solvent of 

the fi ltrate thus obtained was evaporated in a rotary evaporator. 

The crude extracts obtained were further subjected to frac-

tionation by soaking 1 g of each of the crude extracts in 10 ml 

of chloroform, ethyl acetate, and methanol respectively for the 

three cycles of extraction as in the case of crude extract. The 

solvent was selected based on the polarity from lowest to high-

est. The fractions were obtained by further evaporating the 

solvents in a hot air oven maintained at 40 ºC. The recovery 

of the extract and fractions were recorded and subjected to an 

antibacterial assay. 

    Antibacterial assay using agar well diff usion 
method 

 The crude extracts and the fractions obtained were subjected 

to an anti-microbial susceptibility assay by agar-well diff usion 

method. The sensitive bacterial isolates used in this assay were 

ATCC  Escherichia coli  25,922 which is used as CLSI control 

strain for antimicrobial susceptibility testing, used in suscep-

tibility disc testing of neomycin, colistin [colimycin], kana-

mycin, cephalexin, gentamicins, cefamandole, cephalothin, 

tetracycline, cephaloglycin, cephaloridine [cephalomycin], 

nalidixic acid, and chloramphenicol. ATCC  Staphylococcus 
epidermidis  35,984, was isolated from a case of catheter sep-

sis, produces polysaccharide adhesin, and ATCC  Klebsiella 
pneumoniae  BAA-1705 which has characteristics of carbapen-

emase KPC positive, hence Carbapenem-resistant (imipenem 

and ertapenem), The drug-resistant strains was  Staphylococcus 
aureus  resistant to Trimethoprim, Rifampicin, Cephalotin and 

 E.  coli resistant to Cephalotin, Kanamycin, and Ampicillin. 

All the cultures were grown in nutrient broth for 24 h for the 

preparation of the bacterial inocolom. 

 The ethanol extracts and its fraction namely- hexane frac-

tion, chloroform fraction, and ethylacetate fraction were 

used for the study at the concentrations 2.5, 5, and 10 mg/ml 

against the sensitive strains. The concentration was selected 

based on a preliminary screening of various concentrations. 

Further, the most eff ective fraction against the sensitive 

strains was used against the drug-resistant isolates at the 

concentration of 1.25. 2.5 and 5 mg/ml, which was also fi xed 

based on preliminary screening of various concentrations. 

 In the well diff usion assay, a bacterial inoculum of 0.5 

Mc Farland with an approximate density of 1.5 ×  10 8  was 

uniformly spread on each plate. The wells (6 mm) in each 

plate were made using the micropipette tip and were loaded 

with diff erent concentrations of the extract and the fractions. 

The plates were incubated at 37 ºC for 24 h. The zone of 

growth inhibition was calculated by measuring the diam-

eter of the inhibition using the HiMedia HiAntibiotic Zone 

Scale (Balouiri et al. 2016). Based on the above results, the 

crude fraction and the eff ective fractions were subjected to 

phytochemical screening. 
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    Phytochemical tests of crude extracts and fractions 

   Qualitative and�quantitative phytochemical tests 

 The qualitative analysis of plant extract was performed for 

the phytoconstituents viz .  phenolics, fl avonoids, alkaloids, 

saponins, tannins, phlorotannins steroids, and terpenoids 

was performed as per the standard method (Sorescu et al. 

 2018 ). The total phenolic contents of the leaf extracts were 

determined by the Folin–Ciocalteu colorimetric method as 

described by Rawat et al.  2018 . A stock solution of 1 mg/mL 

of gallic acid was prepared. and further diluted to various 

concentrations of 125, 250, 500, and 1000 μg/mL for prepa-

ration of the standard curve. A fi nal volume of 10 ml was 

prepared by adding 5 mL of 10% Folin-Ciocalteu reagent 

(FCR) and 4 mL of 7%  Na 2 CO 3  to each concentration. The 

solution was thoroughly stirred before being incubated for 

30 min in a water bath at 40 °C and at 760 nm, the absorb-

ance was measured by a UV–visible spectrophotometer. The 

calibration curve obtained was used to measure the phenolic 

content of the crude extract and ethyl acetate fraction. Vari-

ous concentrations of the extracts and ethyl acetate fractions 

(125, 250, 500, and 1000 μg/mL) were prepared and the 

same steps were followed as with the gallic acid. The experi-

ments were carried out in triplicate. The extracts’ total phe-

nolic content was given as mg gallic acid equivalents (GAE) 

per gram of dry sample weight (mg/g). 

 An aluminium chloride colorimetric test was used to 

measure the total fl avonoid concentration of the extracts. A 

stock solution of 1 mg/ml was prepared for the stock solu-

tion. The standard solution was diluted serially to make vari-

ous concentrations of 125, 250, 500, and 1000 μg/mL solu-

tions. In the test tube, 0.3 mL of 5%  NaNO 2 0.3 mL of 10% 

 AlCl 3 , 2 mL of 1 M NaOH was added to the mixture, and 

4.4 mL of distilled water to a fi nal volume of 10 mL at room 

temperature. The absorbance was measured at 510 nm, and 

using a linear equation based on the calibration curve, the 

total amount of fl avonoids was calculated. The stock solu-

tions of 1 mg/ml concentration in methanol of the extracts 

and fractions were prepared, which were diluted serially to 

make diff erent concentrations of 125, 250, 500, and 1000 μg/

ml. The linear equation based on the standard calibration 

curve was used to translate the fl avonoid concentration into 

mg quercetin equivalent (QE)/g (Zhishen et al.  1999 ). 

     Thin layer chromatography and GC/MS analysis 

 Thin layer chromatography was carried out on Merck TLC 

Silica gel 60  F 254  aluminium plates. The plate was spotted 

with the samples using a capillary tube. Five solvent systems 

were chosen based on the previous reports namely chloro-

form: acetic acid: water (1:1:1), chloroform: glacial acetic 

acid: methanol (6:2:2), methanol: toluene: ethyl acetate 

(7:2:1), chloroform: methanol (1:1), chloroform: methanol 

(9:1)(Tiwari et al.  2022 , Kumar et al. 2019, Saranya et al. 

 2017 , Sharma  2013 ) The TLC plates spotted with the sample 

were immersed in the solvent and the solvent was allowed 

to travel until it reached about 1 cm from the upper end of 

the plate. The spots were visualized under the UV light and 

 R f  (retardation factor) value was calculated. The individual 

spots representing the sub-fractions were scrapped and dis-

solved in the solvent of the fraction The sub-fractions were 

subjected to Gas Chromatography–Mass spectrometry in 

Perkin Elmer Clarus 680 GC 600C MS). Separation was per-

formed on a capillary column of length 60 m, I.D: 0.25 μm, 

and the maximum programming temperature was 300 °C. 

Helium gas was supplied as a carrier gas at a 1 ml/min fl ow 

rate. Turbomass Ver 5.4.2 software was used as the main 

GC–MS software. 

 The vast array of compounds obtained from GC–MS 

analysis was checked for their anti-microbial nature by con-

ducting a literature survey (Sahin et al.  2006 , Abuto et al. 

 2016 , Habib and Karim, 2016, Kadhim et al.  2016 , Nona 

et al.  2014 , Ramya et al.  2019 , Hernández et al. 2023, Ugwu 

et al.  2019 ). Only 13 compounds were selected for molecular 

docking based on the literature survey to be docked against 

the target beta-lactamase hydrolase protein of  E. coli  (Meng 

et al .  2019, Ghersi & Sanchez.  2009 ). The usual method for 

making proteins and ligands was used to prepare both the 

ligands and the target proteins. 

  Retrieval and preparation of ligand : The structures of 

the ligands were retrieved through the PubChem compound 

database at NCBI (  http:// pubch em. ncbi. nlm. nih. gov/    ) in.sdf 

format which was later converted to.pdb format using Open 

Babel. The ligands were then prepared in UCSF Chimera, 

which involved detecting additional molecules associated 

with the ligand and energy minimization. 

  Target protein retrieval and preparation : β-lactamase 

hydrolase (PDB ID: 5 kmt) protein of  E. coli  selected for 

their interactions with the bioactive compounds from  R. 
arboreum . The structure of the target protein was retrieved 

in.pdb format from PDB (Protein Data Bank) (  https:// www. 

rcsb. org/    ). β-lactamases are enzymes that hydrolyze the 

β-lactam ring and thus inactivate the β-lactam antibiotics, 

which confers  E. coli  resistance to β-lactam antibiotics. 

 UCSF chimera was used to process and prepare the pro-

teins and convert raw PDB structure into prepared protein 

models. Only chain A out of the two chains of the protein 

was selected in this study. The preparation of the protein 

involved the removal of any bound ligands or water mol-

ecules from the protein structure. The protein was checked 

for missing sequences. The missing sequence was completed 

using the what-if server followed by energy minimization 

set at 5000 conjugate gradients and steepest decent steps. 

Force fi elds were set to Gasteiger and the other parameters 
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of the plant are eff ective against the pathogenic strains of  S. 
aureus ,  E. coli . In earlier research, the extract was employed 

against the standard cultures and drug-sensitive isolates. 

Still, the present study further examined the effi  ciency of 

the active fraction against antibiotic-resistant bacteria. As a 

result, the current fi ndings shed information on the potential 

of fractions to disrupt the several pathways by which bacte-

ria develop drug resistance. 

 Qualitative analysis for phytoconstituents present 

showed that the crude extract and the ethyl acetate fraction 

showed the presence of the same groups of compounds like 

  Table 6       Prominent peaks selected from the GC chromatograms of the 

ethyl acetate fraction of  R. arboreum    

  Sub-fraction    Peak no    Runtime    Height    Area    Area %  

  1    1    7.03    26,181,168    1,182,082.8    5.580  

  2    7.21    45,573,564    1,400,687.2    6.612  

  3    7.30    5,059,286    197,087.5    0.930  

  2    1    7.66    1,609,922    63,140.5    0.148  

  2    8.08    11,596,881    459,707.0    1.080  

  3    7.213    46,374,236    1,401,659.4    3.294  

  Fig. 5       Prominent peaks selected from the GC chromatograms of the ethyl acetate fraction of  R. arboreum  and potential antibacterial compounds 

identifi ed  a  Prominent peaks from sub-fraction  b  Prominent peaks from sub-fraction 2  
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