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Abstract:
Introduction: The entire world is shifting towards electronic communication through Email for fast and
secure communication. Millions of people, including organization, government, and others, are using Email
services. This growing number of Email users are facing problems; therefore, detecting phishing Email is a
challenging task, especially for non-IT users. Automatic detection of phishing Email is essential to deploy
along with Email software. Various authors have worked in the field of phishing Email classification with
different feature selection and optimization techniques for better performance.
Objective: This paper attempts to build a model for the detection of phishing Email using data mining
techniques. This paper's significant contribution is to develop and apply Feature Selection Technique (FST)
to reduce features from the phishing Email benchmark data set.
Methods: The proposed Pruning Based Feature Selection Technique (PBFST) is used to determine the
rank of feature based on the level of the tree where feature exists. The proposed algorithm is integrated
with already developed Bucket Based Feature Selection Technique (BBFST). BBFST is used as an internal
part to rank features in a particular level of the tree.
Results: Experimental work was carried out with open source WEKA data mining software using a 10-fold
cross-validation technique. The proposed FST was compared with other ranking based FSTs to check the
performance of C4.5 classifier with Phishing Email data set.
Conclusion: The proposed FST reduces 33 features out of 47 features which exist in phishing Email
dataset and C4.5 algorithm produces remarkable accuracy of 99.06% with only 11 features and it has been
found to be better than other existing FSTs.
Keywords: Phishing e-mail detection (https://www.eurekaselect.com/search/aws_search.php?
searchvalue=Phishing e-mail detection), Pruning Based Feature Selection Technique (PBFST)
(https://www.eurekaselect.com/search/aws_search.php?searchvalue= Pruning Based Feature Selection
Technique (PBFST)), classification (https://www.eurekaselect.com/search/aws_search.php?searchvalue=
classification), Decision Tree (DT) (https://www.eurekaselect.com/search/aws_search.php?searchvalue=
Decision Tree (DT)), gain ratio (https://www.eurekaselect.com/search/aws_search.php?searchvalue= gain
ratio), data mining. (https://www.eurekaselect.com/search/aws_search.php?searchvalue= data mining.)
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1. ABSTRACT
Melatonin, a hormone which is primarily
released by the pineal gland, has a wide range of
actions in the female reproductive tract. While the
melatonin receptor subtype, MT3, has been identified
in amphibian animals and birds, in humans and other
mammals, melatonin acts through, MT1 and MT2
receptor subtypes which are expressed in human
ovaries. The rhythmic release of melatonin starts at
puberty and continues throughout fertile female life,
affecting and regulating diverse ovarian functions.
Here, we discuss the importance of melatonin in
regulating folliculogenesis, oocyte quality, ovulation
and luteal function, sex steroid receptor gene
expression, ovarian steroidogenesis including the
production and steroidogenic enzyme activities in the
egg and thecal cells. Melatonin improves the egg
quality and increases the chance of success of in
vitro fertilization (IVF). In view of such extensive
actions, melatonin is central to the fertility in females.

The objective of this review is to recapitulate the
current understanding of the role of melatonin and its
receptors.

2. INTRODUCTION
Melatonin (N‐acetyl‐5‐methoxytryptamine),
was identified 60 years ago as a neurohormone
chiefly secreted by the pineal gland (epiphysis
cerebri). Since then, various pinealogists have
revealed the physiology and biochemistry of the
pineal melatonin. Reports indicate, that its interaction
is not limited to the endocrine organs, rather
melatonin interacts with other non-endocrine tissues
and hence participates in the regulation of various
metabolic, immunologic, reproductive, and, other
vital physiologic processes coordinating with
neuroendocrine network system (1-4). Melatonin is
an indoleamine, a tryptophan derivative, which is an
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Abstract: Present study was designed to evaluate the effects of exogenous melatonin and alcoholic seed extract of
Tephrosia purpurea (Linn.) on hematological/hematopoietic immune parameters in Letrozole induced polycystic
ovarian (PCO) rat model. Letrozol e was administrated (1 mg/kg bw) to the female rats for 28 days to i nduce the
Polycystic Ovarian Syndrome (PCO S). The PCO condition was confirmed following preparation of vaginal smear
with the persistent estrus cycle and presence of many cysts in the ovary. Exogenous melatoni n (200 µg/100g bw)
and alcoholic seed extract of Tephrosia purpurea (300 mg/kg bw) were given to letrozole induce d polycystic
ovarian (PCO) rats. Differenti al count of leucocyte demonstrated decreased numbers of neutrophils, lymphocyte
and eosinophils, however, increase i n the number of monocytes in PCO rats was noticed. This clearly indicates some
inflammatory and pathogenic condition which might have l ed to immune suppression. Significant recovery of RBCs,
hemoglobin, platelets and WBCs numbers were ev aluated in rats administrated wi th exogenous melatoni n and
alcoholic seed extract of Tephrosia purpurea (Linn.). Therefore, combination of melatonin and alcoholic seed extract
of Tephrosia purpurea (Linn.) may be used to up-regulate the blood and immune status duri ng pathogenicity of
PCOS.
Keywords: Polycystic ovarian syndrome, Letrozole, Melatonin, Tephrosia purpurea, Blood parameters
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Abstract: Traditional plant-based medicines are still needed by the whole world for their primary healthcare
benefits. The phytochemicals or plant extract could be used to treat different diseases and new formulation for the
drug discovery in pharmaceuticals. Cinnamomum tamala is commonly called as Indian bay leaf or Tejpatta. The
leaves and bark of Cinnamomum tamala are used to cure various diseases due to its various properties including
astringent, stimulant and carminative. Hence, the objective of this study was to determine the comparative
phytochemical screening and free radical scavenging activity of the leaf of Cinnamomum tamala. To achieve this,
extract was prepared in three solvents (ethanol, ethanol, aqueous and chloroform). Phytochemical screening
(qualitative and quantitative) was evaluated in all the three fractions to compare the solubility of various bioactive
components. Phytochemical screening showed the presence of polyphenols, flavonoids, alkaloids, flavones and
flavonols, tannins, carbohydrates, amino acids and proteins, saponins and glycosides in leaves of Cinnamomum
tamala. Quantitative analysis showed that the total polyphenolic content, total flavonoids content, total alkaloids
and total flavones and flavonols content in the hydroalcoholic extract was 48.1 mg GA (gallic acid)/g, 22.1 mg QE
(Quercetin)/g, 59.9 mg/g and 1.75 mg RE (Rutin)/g, respectively. DPPH free radical assay revealed that
Cinnamomum tamala hydroalcoholic leaf extract at a 100 µm/ml concentration showed 96.99± 0.99% inhibition
activity. It can be concluded that most of the bioactive components are found soluble in hydroalcoholic solvent.
Cinnamomum tamala hydroalcoholic leaf extract contains various bioactive and also exhibits significant free radical
scavenging activity. Hence, it can be used as an alternative remedy for the treatment of various diseases.
Keywords: Cinnamomum tamala, Tejpatta, Medicinal plants, Bioactive components, Qualitative, Quantitative,
DPPH, Scavenging activity
Citation: Rani Raksha, Kumar Rajesh, Sharma Preeti, Hajam Younis Ahmad and Rai Seema: Phytochemical screening
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Introduction
Traditional plant-based medicines are still in need
by the whole world for their primary healthcare
benefits. This happens in many rural communities
in Asia, Africa and Central and South America. In

these countries the use of medicinal plants and
knowledge about their medicinal use are available
and inexpensive. In other nations, most of the
traditional plant-based medicines are being
376
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Gallic Acid Protects from Acute Multiorgan Injury Induced by Lipopolysaccharide and D-galactosamine
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Abstract: Background: Secondary metabolites of plants, the polyphenols, play a vital role in protection from many health problems in human beings. Structurally favored phytochemicals may be studied
to protect multiorgan injury. At pharmacological doses, gallic acid is nontoxic to mammals and is generally absorbed in the intestine.
Aims: In this present study, gallic acid was evaluated for its protective efficacy against Lipo Polysaccharide (LPS) and d-Galactosamine (D-GalN) induced multiorgan injury, i.e., liver, kidney and brain.

ARTICLE HISTORY

Methods: Three different doses of gallic acid (5, 10 and 20 mg/kg p.o.) were administered to the experimental animals for 6 consecutive days, followed by exposure to LPS (50 µg/kg I.P.) and D-GalN
(300 mg/kg I.P.) on the 6th day.
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Results: Exposure to LPS and D-GalN resulted in increased oxidative stress and proinflammatory cytokines. Altered hematology and serology due to LPS and D-GalN were restored towards control by
gallic acid. Declined antioxidants such as reduced glutathione, superoxide dismutase and catalase due
to injurious effects of LPS and D-GalN were rejuvenated by gallic acid.

DOI:
10.2174/1389201021666200615165732

Discussion: Exposure to LPS and D-GalN severely increased lipid peroxidation, CYP2E1 activity and
tissue lipids while lowered protein content. Gallic acid restored all these parameters towards control in
dose dependent manner and 20 mg/kg dose provided the best protection. Histological study showed
improved histoarchitecture of liver, kidney and brain that supported biochemical endpoints.
Conclusion: Gallic acid minimized oxidative stress and provided best protection at 20 mg/kg dose
against LPS and D-GalN induced multi organ acute injury.

Keywords: Gallic acid, biochemical, lipopolysaccharide, D-galactosamine, antioxidant, multiorgan injury.
1. INTRODUCTION
Acute Liver Failure (ALF) or fulminant hepatic failure is
characterized by nephritis, encephalopathy and coagulopathy
in patients with previously normal liver physiology [1],
which consequently produce multi organ injury. Fulminant
hepatic failure may be induced by bacteria, viral hepatitis,
hepatitis B virus, alcohol and other hepatotoxic agents [2]
like acetaminophen, which accounts for more than 50% of
all cases in some western societies [3, 4]. The ALF is a result
of a massive necrosis in liver. Due to high mortality in the
patients, ALF has no better treatment except liver transplantation [5, 6]. About 90% of acute hepatitis happens due to
viruses, which can also produce primary liver cancer and
*Address correspondence to this author at the Toxicology and Pharmacology Laboratory Department of Zoology, Guru Ghasidas University Bilaspur
(C.G.) India; Tel: +91-9407567647;
E-mail: monikabhadauria@rediffmail.com
1873-4316/20 $65.00+.00

currently there are no effective therapeutic strategies against
acute liver injury [7]. A combination of Lipopolysaccharide
(LPS) and D-Galactosamine (D-GalN) causes acute liver
injury in animals, which closely resembles the immunometabolic dysfunctions as seen in the clinical syndrome [8]
and correlates with human acute liver failure complicated by
endotoxemia or septicemia [9]. The LPS along with D-GalN
enhances oxidative stress due to increased formation of reactive oxygen species, which may cause injury in various organs of the body, including liver, kidney and brain [10].
The medicinal plants attracted the attention of researchers
for potential treatment of various ailments with highly safer
use and minimal side effects [11]. Certain natural compounds or their derivatives were found to have the ability to
protect cells from oxidative stress and related diseases [12].
Polyphenols have good oral bioavailability and have been
used for disease prevention for decades [13]. Gallic acid,
3,4,5-trihydroxy benzoic acid is a colorless crystalline organic
© 2020 Bentham Science Publishers
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Protective role of rutin against combined exposure to
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Abstract
Protective efficacy of rutin over liver, kidney, and brain dysfunctions was evaluated
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histological aspects were considered for this study. One-way ANOVA (p ≤ .05) fol-

6 days followed by single dose of D-galactosamine (300 mg/kg I.P.) and lipopolysaccharide (50 µg/kg I.P.) on the 6th day. Hematological, serological, biochemical, and
lowed by Tukey's HSD post hoc test determined the statistical significance. Serum
AST, ALT, ALP, urea, uric acid, and creatinine were increased significantly, whereas albumin and glucose were significantly decreased after combined exposure to LPS and
D-GalN. Glutathione level and activity of SOD and catalase were decreased, whereas
lipid peroxidation, triglycerides, and cholesterol were increased in tissue samples due
to LPS- and D-GalN-induced toxicity. Prophylactic treatment of rutin maintained
studied variables toward control claiming the protective role of rutin.
Practical application: Rutin is plenteous in a variety of commonly ingested foods such
as onion, wine, grape, citrus fruits, tea, and buckwheat. Rutin supplement is recommended for the treatment of various diseases such as varicose veins, internal bleeding, or hemorrhoids. Rutin is better than well-known antithrombic agent, Juniferdin,
or Bacitracin. In the present study, rutin showed protective effects against LPS- and
D-GalN-induced multiorgan dysfunctions due to its anti-inflammatory and antioxidant properties. Therefore, rutin may be developed and practiced as a food supplement to cope with acute organ dysfunctions caused by inflammatory and oxidative
damage.
KEYWORDS

Antioxidant, Biochemical, D-galactosamine, lipopolysaccharide, oxidative stress, rutin
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threat to other organ simultaneously. The two hit effect of combined exposure to lipopolysaccharide (LPS) and D-galactosamine

In the era of industrial and social advancement, human being re-

(D-GalN) is well established model to study multiorgan damage

main in the vicinity of a plethora of toxic substances, including

and dysfunctioning. Combination of LPS and D-GalN induces he-

drugs, which not only affect one organ at a time but also impose

patic injury is similar to clinical viral hepatitis; hence, this model
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photoperiodic manipulation
modulates the innate and cell
mediated immune functions
in the fresh water snake, Natrix
piscator
Alka Singh1, Ramesh Singh1 & Manish Kumar tripathi1,2*
objectives of the current work were to investigate the role of photoperiod and melatonin in the
alteration of immune responses in a reptilian species. Animals were kept on a regimen of short or long
days. Blood was obtained and leucocytes were isolated to study various innate immune responses.
Lymphocytes were separated from blood by density gradient centrifugation and were used to study
proliferation. Respiratory burst activity was measured through nitrobluetetrazolium reduction assay
while nitric oxide production by leucocytes was assayed by nitrite assay. Lymphocytes were isolated
and used to study proliferation with and without B and t cell mitogens. photoperiodic manipulation
acted differentially on leucocyte counts. Nitrite release was increased while superoxide production
was decreased in cultures obtained from the snakes kept on the short day regimen. Significant
enhancement of mitogen induced lymphocyte proliferation was observed in cultures from the animals
kept in either long or short days compared to cultures from the animals kept in natural ambient day
length. Use of in vitro melatonin showed that lymphocytes from the animals, kept in long days, were
more reactive. photoperiod induces changes in immune status which may permit adaptive functional
responses in order to maintain seasonal energetic budgets of the animals. physiological responses
(like elevated immune status) are energetically expensive, therefore, animals have evolved a strategy
to reduce immune functions at times when energy is invested in reproductive activities. Natrix piscator
breeds from September to December and elevated pineal hormone in winter suppresses reproduction
while immunity is stimulated.
Seasonal adaptations by organisms tend to reflect interactions and coordinations between changing environmental conditions and individual internal rhythms. It is well known that immune function and reproduction are energetically costly physiological processes hence incompatible simultaneously1. Photoperiodic information, which is
considered as the most effective initial predictive cue, tends to initiate and terminate seasonal adaptations2. Well
documented fluctuations in disease and pathogen load are natural threats faced by wild populations3. However,
rapid adaptations have been documented in wild populations in response to seasonal oscillations in climate
and pathogen load4,5. The endocrine system has been shown to mediate communication between reproduction
and immunity6. A variety of environmental factors, such as day length, social interaction, food availability, and
temperature, may have significant influence on endocrine system that can change reproductive function and
immunity7,8. For example, the effects of photoperiodic alteration on immune functions have been well studied
in mammals8–11. The involvement of melatonin has also been implicated in immune functions via experimental
alteration in photoperiod12–14. Changes in the immune responses that occur in response to maintaining animals
in short days are likely to be directly or indirectly related to elevated melatonin secretion. Along these lines,
enhancement of immune function in winter has been studied in a variety of rodent species15. Authors of various
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Analysis of suppressive effects of pesticide triazophos on leucocyte immune
responses in a teleost, Channa Punctatus
Ajay Kumar Bhardwaj, Rakesh Kumar Chandra and Manish Kumar Tripathi
Department of Zoology, School of Studies in Life Sciences, Guru Ghasidas Vishwavidyalaya (A Central University), Bilaspur, India
ABSTRACT

ARTICLE HISTORY

Triazophos is a commonly used organophosphate insecticide, which inhibits the acetylcholinesterase
enzyme and causes paralysis and death of insects. Impact of the pesticides on immunity has scarcely
been investigated, especially in fishes. The present study was designed to analyze the immunotoxic
role of in vitro triazophos exposure to the leucocytes in freshwater teleost, Channa punctatus.
Triazophos, at in vitro concentrations of 0.1, 0.5, and 1 mg ml!1, was used to study leucocyte phagocytosis, superoxide production, nitrite release, and lymphocyte proliferation. Dose-dependent suppression
of various immune responses was observed. Nitrite release and superoxide production by leucocytes
were reduced in cultures incubated with triazophos. Mitogen-induced lymphocyte proliferation was significantly reduced at 0.5 and 1 mg ml!1 but not at 0.1 mg ml!1 concentration of pesticide. The biphasic
suppressive effect was also discovered while evaluating phagocytic response. These investigations
describe the effects of pesticide on immune responses in C. punctatus, which are helpful in understanding the immunotoxicity in fish. Substantially more researches are required to help design the measures
to combat ecotoxicity in freshwater bodies.
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Introduction
Pesticides are produced at large scale and used worldwide to
protect the food plants from insect pests. These chemicals,
applied to the agricultural fields, often reach aquatic bodies
along with runoff water and adversely affect aquatic fauna.
The heavy quantity of pesticides is harmful to fish and leads
to immediate mortalities, while lower concentrations result in
accumulation in the water bodies leading to reduced immunity, metabolism and damage of the gills (Austin 1998). Water
pollution is a great problem in many freshwater bodies. The
effects of the pollutants may be either lethal or sub-lethal
(Sures 2008). Triazophos (O, O-diethyl-O-(1-phenyl-1H-1, 2, 4triazol-3-yl)) is an organophosphate insecticide that is used
widely in most regions for controlling insect pests (Chen
et al. 2014). In agriculture, it is used to control insect pests
on grains. It is applied directly to the soil or used as a foliar
spray. Organophosphate pesticides (OPs) are used on agricultural crops and then residual OPs reach water bodies either
directly or indirectly, causing undesirable effects on nontarget organisms like fishes (Aydin and Koprucu 2005, Li et al.
2013). The immune system of fishes is the first-line defense
against pathogenic organisms and at the same time very sensitive system to be altered by xenobiotics like pesticides (Li
et al. 2013). Lysozyme activities have been shown to be differentially regulated by OPs as an acute concentration of
diazinon increased while subacute and subchronic concentration decreased lysozyme activity (Ahmadi et al. 2014).
Previous researches show that exposure of fishes to OPs
CONTACT Manish Kumar Tripathi

manish10aug@gmail.com

! 2021 Informa UK Limited, trading as Taylor & Francis Group
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provokes a decrease in the leucocyte counts. The differential
leucocyte count showed that the percentage of lymphocytes,
monocytes, and basophils were decreased, while the percentage of neutrophils and eosinophils increased after exposure
to the pesticide (Banaee et al. 2008, Kaya et al. 2015). A
decrease in leucocytes in Nile tilapia (Oreochromis niloticus)
exposed to malathion and common carp exposed to phosalone has also been reported. In common carp (Cyprinus carpio), lymphocytes diminished significantly though the
percentage of monocytes and neutrophils increased (Kaya
et al. 2015). However, Ural (2013) reported an increase in the
leucocyte number in common carp exposed to pesticide
chlorpyrifos. Further, Hedayati and Tarkhani (2014) showed
that in shark Pangasius hypophthalmus, exposed to diazinon,
a significant increase in the total number of WBC was found,
while the number of lymphocytes was not changed.
Functions and structures of the different cells were also
found to be altered by OPs. Diazinon exposure to Lepomis
macrochirus caused changes in the size of macrophages of
kidney and spleen (Dutta et al. 1997). Oxidative stress, as
measured by respiratory burst activity of leucocytes,
increased, while phagocytic activity decreased after treatment
with diazinon (Giron-Perez et al. 2007, 2009). So far, cellmeditated immune function is concerned, proliferation of
lymphocytes did not change after treatment of fishes with
chlorpyrifos (Diaz-Resendiz and Giron-Perez 2014), while
diazinon exposure resulted in a decrease in splenocyte proliferation (Giron-Perez et al. 2007).
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The utilization of pesticides has increased for destroying pests and protecting crops in the agriculture field.
Triazophos is a commonly used organophosphorous insecticide that causes alterations in haematological and
histological parameters in fish. The present study was designed to evaluate the effect of triazophos induced
innate and cell mediated immunotoxicity in freshwater teleost, Channa punctata. Fishes were exposed to triazophos at concentrations 5 and 10% of LC50 value for 10 and 20 days. Splenic and head kidney macrophage
phagocytosis, nitric oxide production and superoxide production were assayed to evaluate the innate immunity.
Cell-mediated immunity was measured through splenic and head kidney lymphocyte proliferation in presence of
T and B cell mitogens. Results of the present study revealed that macrophage phagocytosis was significantly
reduced after in vivo triazophos treatment. Differential suppressive effect of triazophos was also observed where
mitogen induced splenic and head kidney lymphocyte proliferations were reduced after 10 and 20 days treatment. Concentration dependent effect of triazophos was observed in in vivo studies where the production of
reactive oxygen and nitrogen intermediates were suppressed. This study describes the first investigation of the
effect of triazophos on immune functions and will help to determine appropriate ecotoxicity and immunotoxicity
in freshwater teleosts.

1. Introduction
Organophosphorous pesticide (OP) formulations, applied to agricultural fields, often contaminate aquatic habitat, which in turn cause
harmful effects to the aquatic biota particularly the economically
important non-target organisms such as fishes (Tripathi and Harsh,
2002). It is assumed that about 70% of agricultural chemicals affect nontarget species in India. Fishes are very sensitive to these chemicals and
act as bio-indicator to environmental contamination of water. The use of
pesticides has greatly increased recently to improve crop production.
Triazophos (O, O-diethyl-O-(1-phenyl-1H-1, 2, 4-triazol-3-yl)) is an
organophosphate insecticide and is widely used in most regions for
controlling insect pests (Chen et al., 2014).
Residual organophosphate pesticides (OPs) reach water bodies either
directly or indirectly, causing adverse effects on fishes (Aydin and
Koprucu, 2005; Li et al., 2013). The innate immune response is the front
line defense against pathogens and is very vigorous response, however,
it is subjected to alteration by pesticides (Al-Ghanim, 2012; Li et al.,
2013). Among various parameters of innate immune responses,

macrophage phagocytosis is an important and primitive defense mechanism found in all vertebrates. The utility of the fish phagocytic function
and the immunotoxicological measurement of phagocytic ability in
presence of pollutants and immune-stimulants have been described in
many studies (Anderson and Zeeman, 1995; Secombes, 1996; Secombes
and Fletcher, 1992; Siwicki et al., 1990), however, toxicity mechanism
in these studied are not clear. A few laboratory studies have shown that
OPs display immunotoxicity (Galloway and Handy, 2003). Reactive
oxygen species (ROS) formation in aquatic organisms is affected by insecticides (Monteiro et al., 2006) and the latter may cause changes in the
antioxidant system.
Little is known about the toxicity of triazophos on the immune system in fishes. Experiments done till date show that the early life stages of
fishes are severely affected by toxicants, very little is known about the
immunotoxicity of OPs during further developmental stages. Although it
is well studied that OPs interfere with a number of physiological processes such as neurotoxic, hematotoxic, development and reproduction,
respiratory, genotoxic, hepatic and renal effects, very few reports are
available regarding immunotoxic effects of OPs in teleosts. Diazinon
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Abstract
The long duration tuberculosis therapy makes causes several serious side effects, hepatotoxicity being the main. Hepatotoxicity is the most
serious adverse effect related to tuberculosis treatment which interrupts the successful completion of tuberculosis treatment antioxidant
system of the body effectively neutralises reactive oxygen species formed during the normal metabolic process. Any imbalance in this
neutralization process causes oxidative stress leading to causation of various diseases. Research has enabledthe use of several medicinal
plants from time to time to treat toxic manifestations from various toxigenic substances. This review is aimed to provide an insight for the
phytotherapeutic intervention of the medicinal plants for the effectiveness of the existing tuberculosis therapy.
Keywords: Tuberculosis, antituberculosis drugs, hepatotoxicity, medicinal plants.

Introduction
With the advent of modern scientific age, treatment for
various diseases has been established in a sophisticated
manner. However, in most of the cases, the therapeutic
regimen is also responsible for causing secondary side
effects, which directly or indirectly hamper functioning of
various organs. These drugs have mostly been found to
interact with the cellular biomolecules and thus cellular
functioning is affected. The side effects are more prone
incase the therapeutic regimen is too lengthy. Many of the
approved drugs have been withdrawn from the market
because of their adverse effect on liver. In western country,
more than half of the cases of liver failure are because of the
drug induced liver injury (DILI) and amongst them,
paracetamol is found to be one of the main offending agents.
The DILI has now became a clinical challenge because of
large number of drugs with known hepatotoxicity are still in
use and also because of broad spectrum of injuries that are
caused to the liver by these drugs. Several drugs (e.g.,
astemizole, cisapride, grepafloxacin, terfenadine) have been
withdrawn from clinical use as they have an effect on heart
functioning. The antitumor drugs targeting the nuclear DNA
exert their desirable toxic effects against tumor cells but
besides that also exert their undesirable cytotoxic effects
against rapidly dividing normal cells such as hematopoietic
cells and small intestinal mucosal cells) by inducing
apoptosis primarily via a p53-dependent mechanism. It is not
surprising that most idiosyncratic drug reactions affect the
liver, because this organ contains 80–90% of the body’s fixed
macrophages (i.e., Kupffer cells), because the liver is the first
organ to be exposed to toxogenstranslocating from the
intestinal lumen. Recently, an increase has been observed in
the study of antituberculosis drug induced hepatorenal injury.
Tuberculosis
Tuberculosis (TB), a multisystemic disease is the most
common cause of infectious disease related mortality
worldwide. According to the World Health Organization
(WHO, 2016) report, there were an estimated 10.4 million
incident cases of TB in 2012 and 1.5 million deaths were
attributed to the disease. The origin of genus mycobacterium
is hypothesized to be originated some 150 million years ago

(Hayman, 1984). The disease is distinguished by a multitude
of symptoms as cough, sputum production, chest pain, and
systemic symptoms such as night sweats, fevers, chills, and
weight loss.
The history of tuberculosis drug development began in
the 1940s with streptomycin (1946). A decade later, the
discovery of isoniazid (INH) brought new hope. In the 1970s,
(PZA) and rifampin (RIF) revolutionized TB treatment,
resulting in robust cures with shortened durations of therapy.
Historically, no new drugs have been introduced in the clinic
since the discovery of rifampin, in spite of major advances
made in the drug discovery process.
The regimen for treating drug-susceptible TB involves
six month treatment with isoniazid, rifampin, pyrazinamide
and ethambutol (EMB) for first 2 months followed by INH
and RIF for 4 months (Koul et al., 2011). Currently available
treatment regimens are prolonged, making the adherence to
the therapy difficult. The occurrence, risk factors, morbidity
and mortality of adverse events from isoniazid and rifampin
have been well documented (White et al., 2012). Also Shih et
al. (2012) proposed a novel mechanism which underlies the
hepatotoxicity of pyrazinamide. Hepatotoxic effects decline
treatment success rates, adversely affect therapy adherence
and may escalate treatment failure, relapse, or drug
resistance. Incomplete chemotherapy in long run may
directly or indirectly result into multi-drug resistant (MDR)
strains, extensively drug resistant (XDR)-TB or even total
drug resistant (TDR) strains.
Antituberculosis drugs
Even though the causative agent of tuberculosis (TB)
was first identified by Robert Koch over 100 years ago, the
epidemic still continues. The TB remains a huge global
public health problem with much of the burden felt by
developing countries in south-east Asia, Africa and Eastern
Europe. The reasons for continuing TB epidemic may
include devastated health care systems in resource-poor
countries and insufficient diagnostic tools. Most TB-affected
populations are concentrated in poorer regions of the world
and fatalities occur excessively in Africa. The chemotherapy
for this disease is available in the form of first line (Isoniazid,
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F

UNGAL derived bioactive compounds can be beneficial for the human immune system.
They act as synergistic or agonistic molecules in the therapy of various human diseases.
A total 18 rhizospheric fungi (ABRF1-ABRF18) were identified from rhizospheric soil of
the medicinal plants of Achanakmar Biosphere Reserve, Bilaspur, India. The capacity of the
fungi to produce metabolites with therapeutic potential was examined. Crude extract from
these fungi demonstrated potent in vitro antioxidant activity with various antioxidant assays
including Ferric reducing power, Phosphomolybdenum.2,2-diphenyl 1-picrylhydrazyl,
and 2,2’-azino-bis3-ethylbenzthiazoline-6-sulfonic. Among different isolated fungi, four,
(ABRF1-Fusarium oxysporum, ABRF2-Talaromyces purpureogenus, ABRF3-Penicillium
citrinum and ABRF4- Aspergillus carneus) exhibited significant antioxidant potential. Active
metabolites of the rhizospheric fungi obtained by extraction with solvents increasing in order
of polarity, i.e. Toluene, Chloroform, Ethyl acetate, Methanol, Ethanol and Acetonitrile were
examined for antibacterial activity. Variable zones of inhibition against the bacteria Bacillus
circulans, Bacillus subtilis, Escherichia coli, Staphylococcus aureus and Ralstonia eutrophae
were observed. Further, relatively purified extracts found in the ethyl acetate fraction of
column chromatography demonstrated significant antidiabetic activity (up to 93.28±0.12)
as measured by α amylase inhibition assay. The secondary metabolites extracted from these
species may thus provide potential therapeutic ingredients for pharmaceutical applications
worthy of future study.
Keywords: Antimicrobial activity, Antioxidant, Rhizospheric, Secondary metabolite.

Introduction
Medicinal plants have been used for treatments
of various ailments in alternative medicine and
as a source of bioactive pharmaceutical agents
(Akerele et al., 1991). The growth, development
and productivity of a medicinal plant is
influenced by the soil quality and the organic and
inorganic nutrients available to the plant through
its roots. Rhizospheric regions of plants have a
diverse array of microorganisms that may affect
the growth period, cells and nutrient criteria
(Simova-Stoilova et al., 2008). The rhizospheric
regions are relatively active regions because
microbes interact with plant cells as well as with
other microbes to compete for food and growth.
Utilization of microbes like fungi and bacteria for
commercial production of secondary metabolites

is an important research area, as microorganisms
are easy to handle for any large-scale processes
(Cragg & Newman, 2013). Fungi are eukaryotic
microorganisms, easy to grow in the laboratory
and known for secondary metabolite production.
The fungi associated with plant roots are called
rhizospheric fungi. Secondary products with
therapeutic potential are formed by fungi to
inhibit other microorganisms present in the
rhizospheric range of a plant (Hibbing et al.,
2010). Asperlicin, obtained from Aspergillus
alliaceus, is effective in treating neurological
conditions (Butler, 2008); strobilurin has been
found to be effective as a fungicide (Reuveni,
2000); kojic acid is an antioxidant molecule
(Pandit et al., 2018), and Lovastatin, isolated
from Aspergillus terreus is hypocholesterolemic
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The present work describes the synthesis, characterisation and antimicrobial activity of ligninpolylactic acid (PLA) blended film. Film was prepared using co-polymerisation reaction of lignin
and lactic acid in the presence of stannous chloride as a catalyst and poly(vinyl alcohol) to get
the uniform film. The properties of the film was studied by scanning electron microscopy (SEM),
X-ray diffraction (XRD), differential scanning calorimetry (DSC) and thermo-gravimetric analysis
(TGA), respectively. The lignin-PLA film demonstrated a significant decrease in swelling ratio
and tensile strength in contrast to PLA film. SEM analysis revealed proper blending of lignin
into PLA matrix with slightly rough surface. Film was thermostable and amorphous in nature as
confirmed from the thermal study and XRD analysis, respectively. Further, significant improve
ment was observed in antimicrobial activity and biodegradability of PLA film after addition of
lignin, which suggest the putative application of lignin-PLA film as the food packaging and
mulch film materials.
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Introduction
Dependence on the petrochemical-based nonrenewable polymers has become a serious threat to
the environment. The use of non-degradable poly
mers from the non-renewable resource is one of the
major reasons of environmental pollution. Hence,
such problems have driven the efforts to replace the
petroleum origin polymers with renewable and nat
ure-derived biopolymers [1–3]. Natural resource fil
lers are abundant, inexpensive, renewable and fully
biodegradable raw materials [4]. Consequently, the
biocomposites with natural resource fillers have
become a major part of the biodegradable plastic
industry. Poly-lactic acid (PLA) is a linear aliphatic
thermoplastic polyester which can be obtained from
lactic acid derived from the fermentation of renew
able agricultural-based feedstocks [5,6]. The global
production growth of PLA is envisaged to approxi
mately quadruple between 2013 and 2020 [7].
Furthermore, PLA is biodegradable and have some
promising properties such as recyclable and compo
stable with good stiffness and strength, though the
applicability of PLA is limited due to high brittleness,
low softening temperature and weak water vapour
and gas barrier properties, inferior moisture sensitiv
ity, early physical ageing and poor impact resistance
[2,8, 7]. Therefore, the best way to improve its prop
erties and to extend its application field is to prepare
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blends, copolymers and to reinforce it with various
inorganic and organic fillers.
Lignin, the most abundant polyphenolic com
pound found in biomass, can be used as
a renewable organic filler. It is the main component
of the plant cell wall and binds to the cellulose and
hemicellulose to provide mechanical support
[1,9-11]. Lignin is widely acceptable for application
in the synthesis of value-added products such as
resins, films, foams, stabilising agent for nanoparti
cles and nanofibers, it has various functional groups
(hydroxyls, methoxyl, carbonyl, and carboxyl) in its
structure [1,3,12,13]. The successful use of lignin in
blends with different biopolymers, such as starch
[14], alginate [1], gelatin [15] and synthetic polymers
like poly(vinyl alcohol), poly(ethylene), poly(lactic
acid)and poly(vinyl chloride) have also been reported
in the literature [7,12,16,17]. Moreover, antibacterial
and antioxidant activities of lignin have been
reported, which might be helpful to augment the
applicability of PLA in the food and pharmaceutical
industries [18].
The objective of the current work was to synthesise
the lignin-PLA blend for its plausible application in
food packaging. The synthesised film was charac
terised by physicochemically, morphologically and
structurally to evaluate the effect of lignin on the
PLA matrix. At the end, antimicrobial and biodegrad
ability properties of the film were investigated.
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Letter to the Editor
A physiological link for psychiatric symptoms in COVID-19: Role of amino acid deficiency
Dear Editor,
A variety of signs and symptoms are associated with SARS-CoV-2
infection. Clinical manifestations of COVID-19 include, but not limited
to, acute respiratory distress syndrome, pneumonia, hyperthermia,
intravascular disseminated coagulation, multi-organ damage, and
gastrointestinal (GI) disturbance (Soni et al., 2020a). Psychiatric ill
nesses are also being invariably reported among COVID-19 patients
(Tandon, 2020). Fear of adverse treatment outcome and mental trauma
are linked with such psychosis. However, several other factors are also
conjectured to prompt distress in SARS-CoV-2-infected patients,
including socioeconomic state, nutritional practice, and immunity
(Tandon, 2020). Cellular and physiological damage to body organs
including lung, heart, vasculature, and intestine remains as collateral
damage to physical health in recovered patients (Rozga et al., 2020).
The abnormal physiological state is often correlated with psychotic
manifestations. A significant fraction of recovered COVID-19 patients
also experience post-traumatic stress disorder (PTSD). Moreover, major
depression disorders (MDD) are also prevalent in patients and are pre
dicted to have long-lasting consequences on mental as well as physical
health (Tandon, 2020). Distorted physical well-being in COVID-19 pa
tients, as well as recovered individuals, can be hypothesized to affect
mental well-being. Therefore, it becomes imperative to explore the as
sociation of physiological disturbance and psychiatric compromise to
identify targets and treatment of the later (Tandon, 2020).
One of the common clinical manifestations of SARS-CoV-2 infection
is a disturbance in GI function. Abdominal pain, vomiting, and diarrhea
are common GI symptoms in COVID-19 patients (Rozga et al., 2020;
Ayres, 2020). Such GI symptoms lead to loss of appetite; and physio
logical damage caused by viral infection poses a hindrance in nutrient
uptake culminating in malabsorption of nutrients. Rao et al. (2008) have
reviewed the role of nutrients including omega fatty acids and other
amino acids in maintenance of mental health; and a deficiency may lead
to depression. A significant decline in uptake of nutrients was reported
in COVID-19 patients (Ayres, 2020). Nutrient deficiency can invite
physiological stress and provoke psychiatric symptoms (Ayres, 2020;
Nisoli et al., 2020; Rao et al., 2008). Qualitative and quantitative set-up
of amino acids has been shown to regulate various dimensions of psy
chiatric presentations including depression and schizophrenia (Rao
et al., 2008). In Amine theory, reduced levels of neurotransmitters
(dopamine, norepinephrine, and serotonin) act as foremost factors
associated with depression. Besides being structural components of
proteins, amino acids serve as precursors for neurotransmitters; and its
malabsorption and nutritional deficiency can provoke mood change and
depressive disorders. Dysfunction of angiotensin-converting enzyme-2
(ACE2), cellular anchor of SARS-CoV-2, can cause GI disturbance; and
its cellular internalization during infection has been postulated to
dwindle the expression sodium-dependent neutral amino acid
https://doi.org/10.1016/j.ajp.2020.102426
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transporter (B◦ AT1) in cells of the intestine (Nisoli et al., 2020). Hartnup
disorder, an inherited condition with defective B◦ AT1 amino acid
transporter encoded by mutated SLC6A19 gene, shares several psychi
atric symptoms with COVID-19 (Nisoli et al., 2020). A reduced level of
cofactors (vitamin C and zinc) may also cause a deficient conversion of
amino acids into neurotransmitters; and thus corollary affects mental
well-being.
Glutamine, glutamate, tryptophan, and tyrosine are among major
amino acids that serve as the precursor for neurotransmitters like
gamma-aminobutyric acid (GABA), norepinephrine, epinephrine,
dopamine, serotonin, and melatonin (Rao et al., 2008). Adequate con
version of amino acids to these neurotransmitters can have regulatory
consequences on brain function as well as the prevention of psychiatric
illness. In COVID-19, a disrupted uptake of amino acid consequently
drops off the level of neurotransmitters and may invite psychiatric
symptoms (Nisoli et al., 2020). Moreover, a reduced level of brain
interstitial amino acid correlates with the onset of depression (Kofler
et al., 2019). Hasler et al. (2019) also demonstrated an association of
prefrontal glutamine level, glutamine-glutamate ratio, and gluta
matergic abnormality with the manifestation of anxiety, depression, and
neuroticism. Tryptophan catabolites (TRYCATs) have pleiotropic effects
in physiological and psychiatric health. TRYCATs also regulate the
manifestation of depressive disorders (Rao et al., 2008); and have been
postulated as a link for psychoneuroimmunomodulation in COVID-19
(Soni et al., 2020b)
Precursor amino acid therapy has shown significant success in pain
management as well as in clinical management of psychosomatic dis
orders (Rao et al., 2008). Attempts for management of COVID-19 are not
limited to physiological well-being; but also encompass the mental
well-being (Tandon, 2020). An evidence-based analysis of medical
nutrition therapy (MNT) for efficacy in COVID-19 was carried out. A
supervised MNT, including micronutrients and conditional amino acid
supplementation, was speculated to reduce the adverse effects of
COVID-19 (Rozga et al., 2020). Considering the importance of amino
acids as nutrients and regulators of mental well-being as well, a
controlled and randomized clinical trial is underway for evaluation of
amino acid supplementation in severely ill COVID-19 patients (clin
icaltrials.gov, NCT04443673).
Collectively, it can be concluded that psychiatric symptoms in
COVID-19 patients have a significant contribution from physiological
injuries triggered by SARS-CoV-2-infection. Nutritional deficiency,
especially those in level and ratio of amino acids may alter the balance of
neurotransmitters in provoking a state of anxiety, depression, and mood
change in COVID-19 patients. A supplementation of conditional amino
acids may not only assist the mental well-being but also improves the
immunity and treatment outcome of COVID-19.
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Along with direct anticancer activity, curcumin hinders the onset of chemoresistance.
Among many, high glucose condition is a key driving factor for chemoresistance. However,
the ability of curcumin remains unexplored against high glucose-induced chemoresistance.
Moreover, chemoresistance is major hindrance in effective clinical management of liver
cancer. Using hepatic carcinoma HepG2 cells, the present investigation demonstrates that
high glucose induces chemoresistance, which is averted by the simultaneous presence of
curcumin. Curcumin obviated the hyperglycemia-induced modulations like elevated
glucose consumption, lactate production, and extracellular acidiﬁcation, and diminished
nitric oxide and reactive oxygen species (ROS) production. Modulated molecular regulators
are suggested to play a crucial role as curcumin pretreatment also prevented the onset of
chemoresistance by high glucose. High glucose instigated suppression in the intracellular
accumulation of anticancer drug doxorubicin and drug-induced chromatin compactness
along with declined expression of drug efﬂux pump MDR-1 and transcription factors and
signal transducers governing the survival, aggressiveness, and apoptotic cell death (p53,
HIF-1a, mTOR, MYC, STAT3). Curcumin alleviated the suppression of drug retention and
nuclear condensation along with hindering the high glucose-induced alterations in
transcription factors and signal transducers. High glucose-driven resistance in cancer
cells was associated with elevated expression of metabolic enzymes HKII, PFK1, GAPDH,
PKM2, LDH-A, IDH3A, and FASN. Metabolite transporters and receptors (GLUT-1, MCT-1,
MCT-4, and HCAR-1) were also found upregulated in high glucose exposed HepG2 cells.
Curcumin inhibited the elevated expression of these enzymes, transporters, and receptors
in cancer cells. Curcumin also uplifted the SDH expression, which was inhibited in high
glucose condition. Taken together, the ﬁndings of the present investigation ﬁrst time
demonstrate the ability of curcumin against high glucose-induced chemoresistance,
along with its molecular mechanism. This will have implication in therapeutic
management of malignancies in diabetic conditions.
Keywords: curcumin, chemoresistance, glucose, hepatic cancer, metabolism
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Curcumin circumvent lactate-induced chemoresistance in hepatic cancer
cells through modulation of hydroxycarboxylic acid receptor-1
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Curcumin has been demonstrated to aﬀect the chemoresistance in cancer cells of various origins. However, its
ability to modulate lactate-induced chemoresistance remains unclear. The Present investigation demonstrates
that curcumin inhibits the survival of HepG2 and HuT78 cells and can modulate chemo-susceptibility of HepG2
cells. Experimental simulation of simultaneous and pre-treatment suggest cooperatively between curcumin and
anticancer drugs as well as the modulation of molecular regulators. Inhibition of glucose consumption, lactate
production, extracellular acidity and augmented level of Nitric oxide were observed. DAPI staining revealed
hyper condensation of chromatin in curcumin-treated HepG2 cells. Curcumin also diminished the lactate-induced chemoresistance against doxorubicin in hepatic cancer cells along with down regulation of lactate receptor (hydroxycarboxylic acid receptor-1; HCAR-1/GPR81). Alteration of the extracellular milieu along with
inhibited expression of genes (hif-1α, ldh-a, mct-1, mdr-1 and stat-3) and proteins (HIF-1α and HCAR-1) are
indicated to be involved in curcumin-induced reversal of chemoresistance in HepG2 cells. Findings of present
investigation contribute to knowledge of curcumin mediated chemosensitization and its mechanism.

1. Introduction
Medicinal plant derivatives have achieved signiﬁcant recognition
for their bioactivity and antineoplastic activity (Rastegar et al., 2018;
Aggarwal et al., 2003; Notarbartolo et al., 2005; Vishvakarma et al.,
2011; 2012a; Vishvakarma, 2014; Abrahams et al., 2019). One of these,
Curcumin, yellow pigment of turmeric, has displayed antitumor activity
against cancer of a variety of origins (Aggarwal et al., 2003;
Notarbartolo et al., 2005; Vishvakarma et al., 2011; Vishvakarma,
2014). The surfeits of investigations have been conducted to identify
the potential and targets of curcumin (Aggarwal et al., 2003;
Notarbartolo et al., 2005; Vishvakarma et al., 2012a; Vishvakarma,
2014; Adiwidjaja et al., 2017). Moreover, curcumin have been demonstrated to be exclusive of any toxic eﬀect to the host (Aggarwal
et al., 2003; Vishvakarma, 2014). Identiﬁed activity/targets of curcumin include anti-inﬂammatory, inhibition of cell growth, and modulation of regulators of cell death (Notarbartolo et al., 2005;

Vishvakarma et al., 2011; Vishvakarma, 2014; Adiwidjaja et al., 2017).
Curcumin has been proven to display eﬀective therapeutic aptitude in
laboratory as well as preclinical settings (Jantan et al., 2015;
Vishvakarma, 2014). Interdisciplinary approaches are being exploited
to overcome obstacles in the clinical exploitation of curcumin, such as
low bioavailability etc. (Jantan et al., 2015; Adiwidjaja et al., 2017).
Curcumin has also been shown to aﬀect the various hallmarks of cancer.
Modulations of deregulated cancer metabolism were reported in previous investigations (Siddiqui et al., 2018; Vishvakarma et al., 2011).
Cancer chemoresistance is one of the major obstacles in the eﬃcient
clinical management of malignant disorders (Rastegar et al., 2018;
Lohitesh et al., 2018). The onset of chemoresistance not only increases
required doses of anticancer drugs, they also invite other consequence
harmful to the host (Rastegar et al., 2018; Su et al., 2018; Yoshida et al.,
2017). The events of oncogenic transformation and metabolic niche at
the earliest phases of neoplasm origin were shown to regulate the tumor
phenotype. Various strategies have been adopted to identify the key

Abbreviations: DAPI, 4′,6-diamidino-2-phenylindole; HCAR1, Hydroxycarboxylic acid receptor 1; GPR81, G-protein-coupled receptor 81; MDR1, Multidrug resistance 1; HIF-1α, Hypoxia-inducible factor 1α; LDH-A, Lactate dehydrogenase A; MCT-1, Monocarboxylate transporter 1; β-Actin, Beta actin; NF-Kb, Nuclear factor
kappa-light-chain-enhancer of activated B cells; DMSO, Dimethyl sulfoxide; MTT, 3-(4,5-dimethylthiazol-2 yl)-2,5-diphenyl tetrazolium bromide; PBS, Phosphatebuﬀered saline; Tris-EDTA, Tris Ethylenediaminetetraacetic acid; TCA, Tricarboxylic acid cycle; NaNO2, Sodium nitrite; NO2, Nitrogen dioxide; NO, Nitric oxide;
H3PO4, Phosphoric acid; PIPES, Piperazine-N,N′-bis(2-ethanesulfonic acid; RPMI, 1640 Roswell Park Memorial Institute 1640
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Abstract
The novel coronavirus disease-2019 (COVID-19) is caused by a positive-sense
single-stranded RNA virus which belongs to the Coronaviridae family. In March
2019 the World Health Organization declared that COVID-19 was a pandemic.
COVID-19 patients typically have a fever, dry cough, dyspnea, fatigue, and
anosmia. Some patients also report gastrointestinal (GI) symptoms, including
diarrhea, nausea, vomiting, and abdominal pain, as well as liver enzyme
abnormalities. Surprisingly, many studies have found severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) viral RNA in rectal swabs and stool
specimens of asymptomatic COVID-19 patients. In addition, viral receptor
angiotensin-converting enzyme 2 and transmembrane protease serine-type 2,
were also found to be highly expressed in gastrointestinal epithelial cells of the
intestinal mucosa. Furthermore, SARS-CoV-2 can dynamically infect and replicate
in both GI and liver cells. Taken together these results indicate that the GI tract is
a potential target of SARS-CoV-2. Therefore, the present review summarizes the
vital information available to date on COVID-19 and its impact on GI aspects.
Key Words: SARS-CoV-2; COVID-19; Gastrointestinal symptoms; Recommendation;
Diagnosis; Therapeutics
©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.
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Dear Editor
A diverse range of psychiatric complications is involved in patients
suffering from COVID-19 (Tandon, 2020). Moreover, psychiatric com
plications including anxious and depressive disorders are being reported
even in those individuals who recovered from COVID-19 (Abrishami
et al., 2020). Tandon (2020) has pressed the need for a multidisciplinary
approach as a priority to combat ill-effects associated with the
COVID-19 pandemic. The world has also been predicted to face a flood
of psychiatric illness even in the post-pandemic era (Tandon, 2020). An
intervened pyschoneuroendocrineimmune (PNEI) response governs the

overall consequences of altered physiological and psychiatric presenta
tion even in COVID-19. (Tandon, 2020; Soni et al., 2020a). Therefore the
role of ’physiological spoils’ as raison d’être for psychiatric sequelae of
COVID-19 cannot be overlooked. Physiological offend caused by
COVID-19 culminate into gastrointestinal (GI) disturbances; leading to
malabsorption. COVID-19 share psychiatric symptoms with Hartnup
disorder, a genetic condition with GI expression of defective amino acid
transporters (Soni et al., 2020b). The dysfunctional state of
angiotensin-converting enzyme-2 (ACE-2), cellular doorway of
SARS-CoV-2, downregulates the expression of amino acid transporters.
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COVID-19 pandemic has posed an unprecedented threat to human beings. The emergence of pathogens always
had been a threat as the designing and verification of treatment strategies and vaccines take time. In such a
scenario, the use of strategies, formulations, or chemicals to improve immunity can provide protection, at least
partially. The use of some traditional or folk medicinal preparations and other supplements derived from plants
are among the most common agents used for keeping immunity tidy and tough. They are used by many with the
belief that being herbal in origin these agents are safe. These formulations/preparations are regarded as “Immunity
Boosters.” Revolving information and advertisements in bulk and the strategies of “the attention economy”
also propagate this belief. The term “Immunity Booster” is a misnomer for these agents and is scientifically not
approved. However, the benefits of these herbal formulations cannot be denied. Few of these herbal formulations
have benefits in preventive and therapeutic management infections including those of SARS-CoV-2. Due to
lifestyle, diet habits, deficiencies and neuropsychological stress, the immunity of a large fraction of the population
is not optimal. Uncertainty and fear prevalent in the time of pandemic also negatively affect the immunity
threshold. Many phytochemicals have been proven to aid in maintaining the threshold of immune response to
an optimal level in subjects with compromised states of immunity. The immunomodulatory potential of these
traditional herbal formulations also offers advantages when used along with standard operating procedures in
COVID-19. Proposed formulations and their components also have disadvantageous effects and must be used
under supervision with scientific methods. Excessive use of these agents may not only affect the organ and tissues
deleteriously, but it can also invite immunopathology. Experimental verification of benefits being offered by these
herbal agents will aid in their rightful exploitation in the therapy of human ailments including COVID-19.
Keywords: COVID-19, Herbal formulation, Traditional medicine, Immunity booster, Immunomodulation

INTRODUCTION
In the time of the COVID-19 pandemic, the maximum possible efforts are being made throughout
the globe to counter the detrimental and undesired consequences associated with SARS-COV-2
infection.[1,2] A strengthened immune system is always sought as a protective measure against
infectious disorders. A large number of strategies or recommendations are being forwarded
and spread through various means even by many authoritative organizations. There proposed
beneficial role is largely based on traditional knowledge, and/or beliefs. In a large collection, it
becomes hard as well as confusing to utilize these strategies.
Forces around the world are working together to their optimal level to design the cure and
preventive measures against this deadly pandemic of COVID-19. Several therapeutic agents
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Communicated by Ramaswamy H. Sarma
ABSTRACT

Methicillin-Resistant Staphylococcus aureus (MRSA), a pathogenic bacterium that causes life-threatening
outbreaks such as community-onset and nosocomial infections as emerging ‘superbug’. Time and
motion study of its virulent property developed resistance against most of the antibiotics such as
Vancomycin. Thereby, to curb this problem entails the development of new therapeutic agents. Plantderived antimicrobial agents have recently piqued people’s interest, so in this research, 186 flavonoids
compound selected to unmask the best candidates that can act as potent inhibitors against the
Penicillin Binding Protein-2a (PBP-2a) of MRSA. Molecular docking performed using PyRx and GOLD
suite to determine the binding affinities and interactions between the phytochemicals and the PBP-2a.
The selected candidates strongly interact with the different amino acid residues. The 30 ns molecular
dynamics (MD) simulations with five top-ranked compounds such as Naringin, Hesperidin,
Neohesperidin, Didymin and Icariin validated the docking interactions. These findings are also strongly
supported by root-mean-square deviation, root-mean-square fluctuation and the radius of gyration.
ADME/T analysis demonstrates that these candidates appear to be safer inhibitors. Our findings point
to natural flavonoids as a promising and readily available source of adjuvant antimicrobial therapy
against resistant strains in the future.

1. Introduction
Methicillin-Resistant Staphylococcus aureus (MRSA) is such a
notorious pathogenic bacterium causing many infections
that controlling the bacterium has become a serious issue
worldwide (Kuehnert et al., 2005). The high outbreak of
MRSA was observed in closed communities such as schools,
prisons, sports teams and the disease has mainly been transmitted from fomite to person and from person to person
and so on (David et al., 2011; Kokoska et al., 2019). The
pathogenicity of the bacteria includes skin and soft tissue
infections, bone, joint, implant infections, pneumonia and
septicemia, etc. (Monecke et al., 2011). Recent reports have
indicated the emergence of multidrug-resistant Staphylococci
against all classes of b-lactam antibiotics. The antibiotic
resistance is mainly due to the expression of PC1 b-lactamase and the acquisition of the mecA gene encoding a penicillin-binding protein, PBP-2a (Bai et al., 2021; Llarrull et al.,
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2009). Improving the affinity of b-lactams for MRSA-specific
PBP-2a has been the purpose of intensive research. Recent
work on the structure of PBP-2a and potential blocking b-lactams indicates that the active site of the enzyme is closed in
the resting state and thus difficult to reach with the drug.
However, when the enzyme is exposed to cell wall precursors or b-lactams with appropriate pharmacophores, allosteric interactions at other portions of PBP-2a trigger the
opening of the active site, providing access to the precursors
or the blocking drug (Figure 1). The bacteria initially penetrate the host’s immune system via epidermal and mucosal
epithelia and the antimicrobial peptides play a necessary role
in the host’s innate immune defense against the initial colonization of bacteria (Ouhara et al., 2008).
Recent studies revealed that strains of MRSA have gained
resistance to traditional antibiotics and emerged as multidrug-resistant superbugs. Hence, there is a large need for
discovering better therapeutic agents. Many medicinal plants
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Abstract
The present study was aimed to isolate a new bacterial strain for the degradation/decolorization of azo dye Acid Blue 113 (AB 113).
The physico-chemical method is inadequate for degradation of azo dyes; therefore, an environmental friendly and competent method
such as use of the biological organism was studied for decolorization of AB 113. Bushnell and Hass (BHM) medium containing AB 113
dye were used to perform the decolorization study. 16S rRNA gene sequencing approach was used for identification of bacterial isolate
as a Klebsiella variicola. The optimum process parameters for the decolorization of AB 113 were found at pH 8, 35°C temperature and
100 mg/L dye concentration during 72 h incubation. Glucose and ammonium sulphate was the carbon and nitrogen source suited
well for the decolorization of dye. The results proved that the Klebsiella variicola, offer huge ability in treating textile wastewater
containing the color AB 113.

Keywords: Acid Blue 113, Azo Dye, Decolorization, Klebsiella Variicola, 16S rDNA

1. Introduction
Synthetic dyes are xenobiotic, aromatic compounds which
provide permanent color to various materials. These dyes offer
broad range of color shades and consume minimum energy
during their appliance in the textile, food, paper, paint, varnish,
cosmetics and pharmaceutical industries1. On the basis of
structure of chromophore, 20 different types of dye groups
are available2. The textile processing industries produces huge
quantity of azo dye3. It was estimated that globally 7x105 metric
tons of textile color is generated each year and 70% of this vast
amount is contributed by azo dyes4. About 10-15% of the azo
dyes used in dyeing process is unbound and are likely to be
discharged into water bodies5. Azo dyes are cyclic organic
preparations comprise one or more azo bond (–N=N–). These
bonds are accountable for recalcitrant nature of dyes and give
resistant capacity towards its natural degradation. Discharge
of these dyes into environment decreases light dispersion into
water which minimize the photosynthetic process of aquatic
species6. These dyes are also mutagenic7 and carcinogenic
to human and other aquatic animals8. Number of physicochemical techniques for example, flocculation, ion exchange,

*Author for correspondence

membrane filtration, coagulation, photo-oxidation, electrolysis
and ozonation are used for textile wastewater treatment but,
they have some limitations such as generation of large quantities
of toxic chemical sludge and high operational and maintenance
cost9. As physico-chemical techniques are associated with
some limitation, there is a need to develop some more efficient
and cost-effective methods for the removal of these dyes
from wastewater. The biological methods include bacterial
decolorization, fungal decolorization, phycoremediation,
phytoremediation and enzymatic methods10. Thus, biological
microorganisms such as bacteria, fungi, algae, and plants
are successfully used in the decolorization and degradation
of these dyes. These microbial based decolorization and
degradation methods have some decisive advantages such
as low operating cost, efficient and production of less sludge
and eco-friendly nature11. The major benefits of biological
methods are low preparation techniques and easy maintenance
of microbes12. The decolorization process by fungi and algae
attributed to adsorption rather than degradation which result
in retention of dye in the environment. Bacterial degradation
of dyes primarily begins under anaerobic conditions by an
enzyme mediated step13. The ensuing degradation products for
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Abstract
In this study, a bacterial strain was isolated from soil and tested for the decolorization of azo dye Acid Blue 113
(AB 113). Decolorization of azo dyes by means of physico-chemical method is not environmentally friendly thus
an alternative method based on bacteria was employed for decolorization of AB 113. The color removal studies
were performed using Bushnell and Hass medium amended with AB 113 dye. Bacterial isolate Bacillus subtilis
RMLP2 was identified by 16S rRNA gene sequence analysis. The effect of various physico-chemical parameters
such as incubation condition, pH, temperature, carbon source, nitrogen source and dye concentration on
decolorization of AB 113 by Bacillus subtilis RMLP2 were studied. The bacterial isolate showed the remarkable
higher percentage (92.71%) of color removal of dye AB 113 at 100 mg/L concentration, 350C, pH 7 during 72
h of incubation period under static condition. Yeast extract and glucose was found as best nitrogen and carbon
source for efficient decolorization of dye. These results confirmed that the Bacillus subtilis has enormous ability
to degrade dye AB 113 present in textile effluents.

Keywords: Acid Blue 113, Azo Dye, Bacillus subtilis, Decolorization, 16S rDNA

1. Introduction
Our sacred environment is mainly polluted by the discharge
of millions of liters of wastewater containing synthetic
dyes1. Dyes are described by presence of chromophore
group in their complex structures and are mainly classified
as anthraquinone, phthalocyanine and azo dyes2. Around
2,000 diverse xenobiotic azo dyes are widely employed in
several industries like textiles, leather, cosmetics, food and
printing3,4. Textile industries utilized around 70% of azo
dyes as a coloring material during dyeing process5. These
dye contains typical one or more (-N=N-) azo bond6,7.
Worldwide, it was reported that approximately 280,000
tons of textiles dye are discharged along with industrial
wastewater every year8. Wastewater released from textile
industries was proved to be toxic and mutagenic to aquatic
inhabitants once discharged into the water ecosystem9,10.

Hence, the release of textile wastewater into the water
reservoir is of major environmental concern11,12. Azo
dyes also induce allergic reactions and their degradative
metabolites are extremely mutagenic and carcinogenic to
humans13. The parent compound (dye) was quietly found
less toxic as compared to their degradative metabolites,
which was recalcitrant and more injurious14. The textile
industry wastewater consists of dyes, stabilizers, detergents
and additives, employed at various steps of dyeing process.
These agents are accumulated in aquatic bodies and leads
to diminished penetration of sunlight thereby inhibiting
photosynthesis and respiration in flora and fauna15,16. The
wastewaters are characterized by different factors like
Chemical Oxygen Demand (COD), Biological Oxygen
Demand (BOD), high pH, Suspended Solids (SS) and intense
color quality17. The complex aromatic structures of dye
contribute its resistance against the sunlight, temperatures
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Abstract
Type II diabetes is a metabolic disorder characterized by hyperglycemia arising from defective insulin signaling. Several
synthetic drugs are being used for diabetes treatment, but they have adverse effects. So as an alternative approach, compounds
from plants with lesser/no side effects and comparatively cheaper are gaining momentum. Terpenes comprise a class of diversified phytochemicals, which have beneficial effects and important functions in plants. They have shown a series of biological
properties that healthpromoting conduct in humans. Besides, a lot of terpenes have also been reported to be much less toxic as
compared to synthetic compounds. Diabetic people could be benefited from terpenes obtained either from the diet or from plantderived herbal medicines. Due to the natural origin of terpenes, they are supposed to be a safe and promising agent in eliminating
the causes and effects of diabetes. This paper reviews the research reports of terpenes as their antidiabetic potential, mechanistic
action, preclinical profile, shortcomings, and prospect in the effective management of diabetes.
Keywords Terpenes . Diabetes . Mechanistic action . Preclinical profile . Therapeutic molecules

Abbreviations
ACC
Acetyl-CoA carboxylase
ACE
Angiotensin converting enzyme
AGEs
Advanced glycation end products
AMPK
AMP activated protein kinase
AR
Aldose reductase
DAA
Dehyroabietic acid
DM
Diabetes mellitus
DPP IV Dipeptidyl peptidase IV
DPPH
2,2-diphenyl-1-picryhydrazyl
ER
Endoplasmic reticulum
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Glutamic Acid Decarboxylose
GLP
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GSP
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Abstract
Objects: Our previous research work reported the beneficial effects of angiotensin receptor blockers (ARBs) for the
treatment of diabetes associated cataract which was induced by streptozotocin (STZ). The current study, evaluated the
effects of topical administration of various renin angiotensin modulators on STZ-induced cataracts in rats.
Methods: Single dose of STZ (60 mg/kg, i.p.) was administered in the rats to induce diabetes. Animals were divided
into normal and diabetic rats. Normal rats were administered with single dose of sodium citrate buffer (0.1 M, 10ml/kg,
i.p.). Diabetic animals were divided into various treatment groups, each group contains six animals and received aliskiren,
olmesartan, enalapril, and angiotensin 1–7 at a dose of 0.5% w/v topically on the cornea of the eye for a period of 8 weeks.
During experimental protocol morphology of the eyes and lenticular opacity were monitored. Animals were sacrificed after
8 weeks of drug treatment, and various cataractogenic biochemical parameters were assessed.
Results: Topical administrations with aliskiren, enalapril, olmesartan, and angiotensin 1–7 showed non-significant
alterations in the blood glucose level, but significantly decreased lenticular opacity, restored antioxidant level, restored
MDA level and Nitrite content, and decreased the onset of cataract formation.
Conclusion: Overall, our findings suggest that topical treatment with renin angiotensin modulators delayed the onset
of diabetes-induced cataract formation.
Keywords
Diabetic cataract, aliskiren, angiotensin 1–7, olmesartan, enalapril
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Introduction

disorders. Identification of prorenin/ renin, angiotensin II,
and angiotensin-converting enzyme (ACE) 2/angiotensin
1–7 MAS axis, in the eyes has changed the scenario

The results of many epidemiological studies indicate an
increased risk of cataract formation in diabetic patients,1,2
and other previous studies suggest that cataract serves as
the other risk factors associated with diabetes.2,3 Although
the exact pathophysiology of role of the renin angiotensin
system (RAS) in cataract formation due to diabetes is
largely unknown. We recently established that topically
administered angiotensin receptor blocker (ARB) prevented the progression of streptozotocin (STZ)-induced
formation of cataracts.4 On the basis of our recent study,
one may postulate that the local RAS in the eyes may intensify formation of cataracts in hyperglycemic conditions. In
addition, the ocular RAS has become a unique pathway for
the treatment and the prevention of various eyes related
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ABSTRACT
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Purpose: High glucose level is a strong initiator of both oxidative stress and DNA damage to various
cellular proteins. This activates the poly ADP-ribose polymerase (PARP) enzyme, which is responsible for
disturbing physiological energy metabolic homeostasis. The present study aimed to elucidate the asso
ciation between stress and the PARP pathway by using resveratrol (RSV) and nicotinamide (NAM, PARP
inhibitor) to treat diabetic cataract.
Method: Albino rats were used for the experimental study. A single streptozotocin administration (55 mg/
kg, i.p.) prompted diabetes in the animals. The experimental groups were the normal group (non-diabetic)
and the diabetic groups: the diabetic control animals (group D), the diabetic animals treated with RSV at
40 mg/kg/day, i.p. (D+ RSV group), NAM at 100 and 300 mg/kg/day, i.p. (D+ NAM100, D+ NAM300 groups,
respectively), and a combination of RSV and NAM i.p. (D+ RSV+NAM100 = Combi 1 group, D+ RSV
+NAM300 = Combi 2 group). Glucose levels and the eyes were examined biweekly; various cataractogenic
parameters in the lenses were examined after completion of the eight-week experimental protocol.
Results: Compared to diabetic control, RSV monotherapy significantly decreased hyperglycemia and
other lenticular alterations. NAM at the high dose only showed beneficial effects without altering the
blood glucose level, lenticular aldose reductase (AR) activity, and sorbitol content, primarily restored the
lenticular NAD level and decreased oxidative stress in diabetic rats. These findings regarding NAM
treatment indicate that a pathway other than the antioxidant defense system and the polyol pathway,
which might be due to PARP inhibition, is involved in diabetic cataracts. Moreover, compared to RSV
monotherapy, combination treatments were effective.
Conclusion: These results indicate that hyperglycemia and oxidative-osmotic-nitrosative stress play
central roles in the pathophysiology of diabetic cataracts. Moreover, our study also revealed that
concurrent treatment with the RSV and NAM may prove useful in the pharmacotherapy of diabetes and
its secondary complications such as cataract.
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Introduction
Hyperglycemia is the backbone of the pathophysiology of
diabetes and leads to the development of a variety of secondary
debilitating conditions such as diabetic cataract.1 Many tangled
cellular pathways, in which oxidative stress plays a common
role, are associated with the pathogenesis of diabetic cataract.2
The prevalence of cataract is 66% higher in patients with
diabetes, which is an important factor in visual impairment.3
Cataract will most certainly develop earlier in diabetic patients
than in healthy people of the same age.4 Additionally, a higher
complication rate is encountered when diabetic patients
undergo cataract surgery.5 Diabetes-related hyperglycemia is
also responsible for activating multiple pathways. For example,
it increases aldose reductase (AR) enzyme activity, which is
involved in limiting the reaction rate, leading to polyol
formation.6 Polyols play important roles in lenticular osmotic
stress because they accumulate inside the cells; additionally,
polyol accumulation induces reactive oxygen species (ROS),
which cause oxidative damage to the eyes’ lenses.7
Prolonged hyperglycemia increases oxidative stress, which is
likely to cause various disorders, such as diabetic retinopathy,
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nephropathy, macular degradation, and diabetic cataract.8 The
streptozotocin (STZ)-induced diabetes animal model is useful
for understanding the pathophysiology and the complications
related to cataract in diabetic animals. STZ-induced diabetes
may injure lens tissues and cause apoptosis of the lens’ epithelial
cells.9 Oxidative damage and other related pathways are major
contributors to the development of diabetic cataracts whereas
antioxidant therapy may prevent or delay the onset and the
progression of cataractogenesis. Resveratrol (RSV) is a wellestablished antioxidant with a wide variety of beneficial physio
logical activities.10 Antioxidants are reported to have retinopathy
protective action in animals with STZ-induced diabetes.11
Additionally, the findings of Smith AJO et al. (2019) reported
that RSV can have therapeutic benefits in a human lens.12
Quenching of ROS by RSV is the primary mechanism for
counteracting the contribution of oxidative stress to cataract
formation. Moreover, RSV has been established as an agonist
to the silent mating-type information regulation 2 homolog 1
(SIRT1) protein. The SIRT1 protein is a highly conserved nico
tinamide adenine dinucleotide (NAD) and NAD/NADH ratiodependent histone class III deacetylase that plays a very
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