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A B S T R A C T

Alpinia nigra (Gaertn.) B.L. Burtt is one of the most easily available culinary items as well as medicinal plants of
Northeast (NE) India. Physico-rheological characterization of the colloidal seed extracts of A. nigra and an
isolated compound molecule, labdane diterpene-(E)-labda-8 (17), 12-diene-15, 16-dial- is carried out in the
current study. Ideally, studies on the rheological or physical properties (which are important for industrial
application) of plant derived secondary metabolites are lacking. In this context, the present study has been taken
up. The optimum seed-to-solvent ratio for maximum yield of seed extracts is found to be 1:6. Contact angle value
indicates the hydrophobicity of these plant samples; labdane diterpene being the most hydrophobic. All the
samples exhibit specific rotation and hence, optical behavior. The DSC results suggest the lack of crystallinity of
the samples; the compound exhibits the characteristic behavior of diterpenes like drimenol, cninin etc. The plant
extracts and compound show a high degree of thermal stability. The viscosity of the samples shows an increasing
trend with concentration but a decreasing trend with temperature; labdane diterpene exhibits the highest
viscosity at all temperatures. The results obtained provide interesting insight towards the application of the A.
nigra-derived extracts in the food and pharmaceutical industries.

1. Introduction

An economy based on biological resources provides hope to the
developing countries for better sustainability. There is a worldwide
awareness for the improvement of bioresource preservation and their
sustainable utilization. Plants are one of the most important and ben-
eficial natural resources. They have always attracted the attention of
the scientific community due to their countless benefits to mankind in
various areas like medicines, cosmetics, food etc. In addition, plants
play the most important role in environmental clean up and add en-
ormously to the beauty and aesthetic appeal of nature. The current
century observes a paradigm shift of the bioprocess and pharmaceutical
industry towards the use of plants as they open new avenues for product
development, less processing cost, drug development and environ-
mental impact; a huge amount of reduction in pollution can be achieved
through the use of plant-derived biodegradable, eco-friendly

disposables. After all, consumption of plant based diets contribute to
environmental sustainability (Fischer et al., 2012; Lacour et al., 2018).
Thus, the advancement of green chemistry and biological studies pro-
vide a new network of inter-disciplinary research to ensure maximum
benefit with the lowest possible risk to mankind (ACS, 2015; Harborne,
1998).

Like all other countries of Asia, the Indian subcontinent is endowed
with natural beauty and resources. The luxurious forests of the country
are rich in “green” wealth that house plants containing many bioactive
compounds. The NE India has different climatic zones like tropical, sub-
tropical, temperate and alpine; hence, this region flourishes in its flora
and fauna, particularly in the growth of valuable medicinal plants
(Shankar et al., 2017). Hippocrates had said, “Let food be thy medicine
and medicine be thy food.” In the plant kingdom, the Zingiberaceae fa-
mily seems to abide by Hippocrates’ vision, as it is well known for its
medicinal as well as culinary properties. The NE region of India houses
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ABSTRACT
In the present work, nanoparticles of copper and silver synthesized via pulsed laser ablation of the respective targets in distilled water are
applied to cellulose filter paper to check their effectiveness in the annihilation of bacteria from contaminated water. The treatment of the filter
paper with the nanoparticles is found to be an excellent way to get rid of two common bacteria, Staphylococcus aureus and Escherichia coli,
from contaminated water. The spread plate method on agar, employed to test the antibacterial efficacy of the nanoparticle-treated papers,
clearly shows the absence of bacterial growth upon coming into contact with the nanoparticles in the filter paper. These results were further
substantiated by the growth kinetic study of the bacteria that exhibited slow growth of the bacteria that were exposed to the nanoparticles. The
morphology of the bacteria that came into contact with the nanoparticles is found to be adversely affected by the nanoparticles. Both copper
and silver nanoparticles show a similar extent of antibacterial activity.

Published under license by AIP Publishing. https://doi.org/10.1063/1.5144495., s

I. INTRODUCTION

The plasmonic properties of metal as well as its oxide nanopar-
ticles (NPs) have been utilized in numerous applications including
plasmon-based sensors, surface enhanced Raman scattering (SERS),
metal enhanced fluorescence, photodegradation, flexible electron-
ics, and color printing.1–12 Recently, the antibacterial properties of
these NPs have paved the way for their successful implementa-
tion in treating bacterial infection.13–16 This aspect, associated with
metallic NPs, has been keenly investigated in the last decade and
has provided extremely interesting insights.17 The interest behind
the increased use of NPs in antibacterial applications is particularly

due to the injudicious use of antibiotics, which is believed to be
the reason behind the emergence of several drug-resistant bacte-
rial strains.14 The exact mechanism of the antibacterial action of
NPs has eluded scientists for a long time. However, the antibac-
terial activity of NPs is generally attributed to a few common
factors.13,18 First, the change in the permeability of the bacterial
membrane due to the accumulation of NPs leads to the uncon-
trolled exchange of cellular organelles, which disrupts the nor-
mal functioning of the cells. Second, the generation of oxidative
species from the NPs leads to oxidative damage to cellular struc-
tures. Then, there is also a possibility of the NPs entering the
cell and depleting the adenosine triphosphate (ATP) production

Rev. Sci. Instrum. 91, 034105 (2020); doi: 10.1063/1.5144495 91, 034105-1
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SHORT COMMUNICATION

Therapeutic potential of labdane diterpene isolated
from Alpinia nigra: detailed hemato-compatibility
and antimicrobial studies

Ishani Chakrabartty, Aswitha Vijayasekhar and Latha Rangan

Department of Biosciences and Bioengineering, Indian Institute of Technology Guwahati, Assam,
781039, India

ABSTRACT
(E)-labda-8(17), 12-diene-15,16-dial has been isolated from the seeds
of Alpinia nigra that is unsuitable for oral administration and evi-
dent from in silico studies. The present investigation therefore deals
with understanding the effect of this compound on RBCs for intra-
venous administration. No prominent hemolytic effect of compound
at a concentration of �0.4mg/ml was found whereas higher con-
centrations perforated RBC membrane. The molecule showed
remarkable inhibitory potential against Gram negative bacteria (con-
centration �0.025mg/ml) causing cell lysis. In case of pathogenic
yeast Candida albicans although growth was inhibited (concen-
tration � 0.0025mg/ml), growth kinetic study revealed that the
diterpene significantly delayed fungal growth (concentration
0.005–0.020mg/ml) by preventing substrate uptake and was able to
extend its lag phase in a dose-dependent manner. This study tries
to unveil the mechanism of action of this diterpene on microorgan-
isms with differential cell wall compositions.
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HYBRID FORMULATION OF Cu NANOPARTICLES AND LABDANE
DITERPENE FROM Alpinia Nigra: A VIBRATIONAL SPECTROSCOPIC STUDY

Ishani Chakrabartty, Prahlad Kumar Baruah, Aditya N. Panda,  UDC 535.34;620.3:546.56
Alika Khare,* and Latha Rangan*

The vibrational characteristics of a labdane diterpene, (E)-labda-8(17),12-diene-15,16-dial, have been studied 
using FT-IR, FT-Raman and surface-enhanced Raman spectroscopy (SERS). A good yield of the compound has been 
sourced and isolated from the seeds of Alpinia nigra. Experimentally obtained vibrational modes of the compound 
obtained by IR and Raman were verifi ed by theoretical calculations at density functional theory (DFT) level using 
Gaussian 09 software package. Copper nanoparticles have been used to enhance the inherently weak Raman 
signals of the compound. In the SERS spectra, intense enhancement (up to 103 fold) was observed in the bands at 
lower wavenumbers, corresponding to the in-plane deformations, which indicated perpendicular orientation of the 
compound on the metal surface. However, some bands were weakened by the proximity of the metal surface. This 
interaction was assessed by IR and visualized by electron microscopy, revealing that Cu nanoparticles lie in the 
vicinity of the compound, which is responsible for the SERS phenomenon.

Keywords: Cu nanoparticles, labdane diterpene, surface-enhanced Raman spectroscopy, Fourier transform infrared 
spectroscopy.

Introduction. Terpene derivatives, which are secondary metabolites sourced from plants, display a spectrum of 
biological activity, ranging from antipathogenic to antidiabetic and analgesic [1–6]. In addition, derivatives like sesquiterpene 
(e.g., cnicin) are known to induce myeloma cell death even in the presence of cytokines [7]. Studies on the structural and 
vibrational properties of analogous terpene derivatives could yield vital chemical clues to accentuate their biological potential 
[8]. IR spectroscopy is an excellent noninvasive, label-free, and vibrational analytical method that elucidates the general 
biochemical profi le and specifi c functional groups of the compound under investigation. In addition, Raman spectroscopy has 
the added advantage of requiring a very small amount of sample for analysis with nearly no interference from water molecules 
[9, 10]. In fact, Raman spectroscopy has been used to study molecular associations and thermal vibrations in gases [11, 12]. 
Yet, the widespread use of Raman scattering has been curtailed by its inherently small signal intensity [13]. Subsequently, 
the intensity of Raman scattering has been greatly enhanced by positioning a Raman scatterer on or near a roughened metal 
surface [14]. This enhancement, known as surface enhanced Raman scattering (SERS), can be used to increase signal strength 
in any system handicapped by an intrinsically weak Raman signal [15].

Copper nanoparticles (Cu NPs) can be employed as SERS substrates since they exhibit surface plasmon resonance 
(SPR). The SERS is, in turn, responsible for signifi cant enhancement in electromagnetic fi eld, due to oscillations of incident 
light and the free movement of electrons in the NPs. The SPR property of Cu NPs is adopted in various optical enhancement 
applications, with the SERS function being one of its better known/accepted applications [16]. Further, the widespread 
utility of Cu NPs for SERS is accelerated by its low procurement cost, which has offset its inherent disadvantage of metal 
reactivity. These factors have encouraged researchers to study Cu NPs and optimize its applicability as a SERS substrate, 
despite the associated disadvantages. SERS is known to exhibit a high sensitivity for a wide range of bioactive compounds 
[17, 18]. It is a powerful tool to probe chemical interactions between the adsorbing molecules and the surface of metals 
like Cu, Au, Ag, etc. SERS is, therefore, capable of stimulating even a 10-fold amplifi cation of the Raman signal from 
the adsorbed molecule [19–21]. However, it must be noted that SERS is a viable approach to adopt when only one or two 
biomolecules are of interest [10].
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Abstract
Genetic structure was evaluated among wild Alpinia nigra (Gaertn.) B.L. Burtt, populations. The information of genetic 
relatedness was developed using random amplified polymorphic DNA (RAPD), inter-simple sequence repeat (ISSR) and 
barcoding loci (plastid and mitochondrial). The order (high to low) of Shannon’s information index (I) and Nei’s gene diver-
sity (h) from the populations was: “IIT Guwahati” > “Amingaon” > “Saraighat”. Genetic diversity decreased and genetic 
differentiation increased among the three populations. We observed no isolation by distance thus lower amount of gene 
flow was observed. Narrow range of genetic distance among the three populations and appearance of two distinct clusters 
strengthened the geographical isolation in dendrogram and principal component analysis. No mutation among the three 
populations was observed for seven plastid loci and two mitochondrial tested suggesting the taxonomic homogeneity. The 
phylogeny based on nine barcoding loci supported our observation that individuals of IIT Guwahati were partially isolated 
from the outside populations. Our study will provide a backbone for developing strategies to resist habitat fragmentation of 
Zingiberaceous plants.

Keywords Alpinia nigra · Genetic diversity · DNA barcodes · Habitat fragmentation · ISSR marker · Population 
differentiation · RAPD marker

Abbreviations
accD  Acetyl-CoA carboxylase-D
atpF–atpH  ATP synthase subunit b–ATP synthase subu-

nit c
cob  Apocytochrome b
cox1  Cytochrome oxidase subunit 1
ISSR  Inter simple sequence repeats
PCA  Principle component analysis
PIC  Polymorphic information content

PCR  Polymerase chain reaction
psbK–psbI  Photosystem II reaction center protein K–

Photosystem II reaction center protein I
RAPD  Random amplified polymorphic DNA
rbcL  Ribulose-1,5-bisphosphate carboxylase/oxy-

genase large subunit
rpoC1  RNA polymerase C
rpoB  RNA polymerase B
UPGMA  Unweighted pair group method with arithme-

tic mean.

Introduction

Genetic variation is considered to be a mode of adaptation 
to rapid environmental changes, which is a major cause of 
habitat fragmentation. The vulnerability of plants to genetic 
erosion may be determined from the genetic diversity. Due 
to habitat fragmentation, small sized plant populations get 
confined to a small fragment of the previously widespread 
habitat. This reduced population size has a negative impact 
upon the reproductive success and plant fitness because of 
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