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RESEARCH ARTICLE

Transferrin receptor-targeted vitamin E TPGS micelles for brain cancer
therapy: preparation, characterization and brain distribution in rats

Sonali1, Poornima Agrawal1, Rahul Pratap Singh1, Chellappa V. Rajesh2, Sanjay Singh3,
Mahalingam R. Vijayakumar3, Bajrangprasad L. Pandey1, and Madaswamy Sona Muthu1

1Department of Pharmacology, Institute of Medical Sciences, Banaras Hindu University, Varanasi, Uttar Pradesh, India, 2Department of

Pharmaceutics, PSG College of Pharmacy, Coimbatore, Tamil Nadu, India, and 3Department of Pharmaceutics, Indian Institute of Technology,

Banaras Hindu University, Varanasi, Uttar Pradesh, India

Abstract

The effective treatment of brain cancer is hindered by the poor transport across the blood–
brain barrier (BBB) and the low penetration across the blood–tumor barrier (BTB). The objective
of this work was to formulate transferrin-conjugated docetaxel (DTX)-loaded D-alpha-
tocopheryl polyethylene glycol 1000 succinate (vitamin E TPGS or TPGS) micelles for targeted
brain cancer therapy. The micelles with and without transferrin conjugation were prepared by
the solvent casting method and characterized for their particle size, polydispersity, drug
encapsulation efficiency, drug loading, in vitro release study and brain distribution study.
Particle sizes of prepared micelles were determined at 25 �C by dynamic light scattering
technique. The external surface morphology was determined by transmission electron
microscopy analysis and atomic force microscopy. The encapsulation efficiency was determined
by spectrophotometery. In vitro release studies of micelles and control formulations were
carried out by dialysis bag diffusion method. The particle sizes of the non-targeted and
targeted micelles were520 nm. About 85% of drug encapsulation efficiency was achieved with
micelles. The drug release from transferrin-conjugated micelles was sustained for424 h with
50% of drug release. The in vivo results indicated that transferrin-targeted TPGS micelles could
be a promising carrier for brain targeting due to nano-sized drug delivery, solubility
enhancement and permeability which provided an improved and prolonged brain targeting
of DTX in comparison to the non-targeted micelles and marketed formulation.
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Introduction

Brain cancer is one of the most difficult challenges in

oncology affecting many people worldwide. According to a

report, in the USA, the incidence of primary brain tumors is

7–8 per 100 000, and it is expected that over 23 000 new cases

will be diagnosed every year. Among different types of brain

cancer, glioma is the most prevalent and aggressive type in

adults with a survival time of 12–15 months and a 5-year

survival rate of 55% (Cui et al., 2013; Burgo et al., 2014;

Gaillard et al., 2014). Despite the development of chemo-

therapy, median survival span of brain cancer patients (i.e.

1 year) has not been significantly improved. The reduced

efficacy of brain cancer chemotherapy is mainly attributed to

the existence of blood–brain barrier (BBB), which limits the

penetration of drug molecules into brain given systemically

(Ren et al., 2010). Another obstacle is blood–tumor barrier

(BTB), which hampers drug accumulation and uptake, results

in poor drug accumulation in brain tumor (Cui et al., 2013).

To target, the anti-cancer drug into the brain is one of the

most challenging areas of research for drug delivery scientists

(Kulkarni & Feng, 2011; Wohlfart et al., 2012; Muthu et al.,

2014a,b). Since the efficiency of BBB penetration of anti-

cancer drug is low, higher doses are needed to achieve a

desired therapeutic effect, which usually produce unwanted

side-effects (Alam et al., 2010; Gan & Feng, 2010). To solve

these problems, many drug-targeting and delivery strategies

to the brain cancer have been discovered and developed in

view of manipulating endogenous transport systems to

overcome the BBB without physically interfering with the

brain tissues (Béduneaua, 2007; Jones & Shusta, 2007;

Wohlfart et al., 2012; Yue et al., 2012). Mainly, many

nanocarriers are under investigation such as albumin

nanoparticles, gelatine nanoparticles, nanoconjugates, poly-

meric nanoparticles, solid–lipid nanoparticles, carbon nano-

tubes, micelles and liposomes (Muthu et al., 2009; Muthu &

Feng, 2009, 2010; Muthu & Singh, 2009; Muthu & Wilson,

2010; Muthu et al., 2014a).

Among all nanocarriers, micelles have attracted much

attention as a targeted drug carrier in recent years. Micelles

are amphiphilic spherical nanostructures consisting of a

hydrophobic core and a hydrophilic shell. It has many
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Abstract Antiandrogens are a novel class of anticancer

agents that inhibit cancer cell proliferation and induce

apoptosis in various cell lines. To find the lead compound

from the oxobenzimidazole derivatives, receptor-ligand

docking studies were initially performed using Schrödinger

software. The best fit molecules were synthesized and

characterized through IR, 1H-NMR, 13C-NMR and HRMS

analyses. The structure of compound (9b) was further

confirmed by single-crystal XRD analysis. The cell via-

bility of the compounds was determined by MTT assay to

find IC50 values against prostate cancer and breast cancer

cell lines (PC-3, LNCaP, MCF-7 and MDA-MB-231). The

ADME/T property studies were performed to rationalize

the inhibitory properties of these compounds. It can be

concluded from the study that 9b is the most active com-

pound from the series against PC-3 and LNCaP cell lines.

Keywords Androgen receptor � Prostate cancer �
Antiandrogen � Breast cancer � Oxobenzimidazoles

Introduction

Androgen receptor (AR), belongs to the nuclear receptor

subfamily, plays an important role in the development,

growth, function and homeostasis of the prostate. The

National Cancer Institute (NCI) has estimated that 220,800

men will be diagnosed with and 27,540 men will die of

prostate cancer in the USA in 2015 (Ferlay et al., 2010;

Howlader et al., 2015). Recently, we reported that AR is

one of the attractive targets to treat prostate cancer (PCa)

(Elancheran et al., 2015b). Although androgens are often

considered to be ‘‘male’’ hormones, they are also found at

lower levels in women. Recent studies have found that AR

is frequently expressed in primary breast tumors, is esti-

mated to be 50–90 %, depending on the subtypes of breast

cancer, and could respond to antiandrogen treatment

(Fioretti et al., 2014). Antiandrogens, such as bicalutamide

(Chen et al., 2005; Gao et al., 2006), cyproterone acetate

(Figg et al., 2010; Neumann and Töpert, 1986), flutamide

(Cleve et al., 2011; Brogden and Clissold, 1989) and

nilutamide (Hsieh and Ryan, 2008; Moguilewsky et al.,

1987; Kassouf et al., 2003) have been used to block the

androgen signal, but they have several side effects.

Recently, novel AR antagonist, enzalutamide (Scher et al.,

2010; Tran et al., 2009), has demonstrated efficacy against

castration-resistant prostate cancer (CRPC) and estrogen

receptor-negative tumors. Among the subtypes, triple-

negative breast cancers (ER-, PR-, HER2-) were positive

for AR expression and may respond to treatment with

antiandrogen drugs (Ni et al., 2011). ARN-509

(IC50 = 16 nmol/L) binds AR with seven to tenfold

greater affinity than the clinically approved antiandrogen,

bicalutamide (median IC50 = 160 nmol/L), and competes

for the same binding site in the ligand-binding pocket of

the receptor (Clegg et al., 2012). As a result, there is an
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Abstract 

Purpose: To evaluate the fetal toxicity and cytotoxicity of L. kerstingii in pregnant rats exposed in the 
organogenic period. 
Methods: Mated female rats were randomly assigned to three experimental groups of 8 animals each. 
Pregnant rats received orally 500 or 1000 mg/kg of 50 % hydroalcohol extract of L. kerstingii, daily from 
the 17th to the 20th day of gestation. On day 21 of pregnancy, the females were sacrificed. Laparotomy 
was performed and uterine horns were removed. The number of implants, resorptions, dead and live 
fetuses were then recorded. The ovaries were also observed and corpora lutea were counted. The 
cytotoxic effect of L. kerstingii hydroalcohol extract was evaluated on Caco-2 cell lines using MTT (3-(4, 
5-dimetylthiazol-2-yl)-2, 5- diphenyltetrazolium bromide) and neutral red uptake assay. 
Results: No visible signs of toxicity were observed in the female rats and their pups through-out the 
study period. However, L. kerstingii (500 and 1000 mg/kg) caused a significant de-crease (p < 0.01) in 
fetal weight compared with control. With regard to implantation, resorption and mortality, there was no 
significant difference between groups. L. kerstingii hydroal-cohol extract (IC50, 29 µg/mL) was more 
cytotoxic than the aqueous extract (IC50, 141 µg/mL).   
Conclusion: The administration of hydroalcohol extract of L. kerstingii to female rats in late pregnancy 
is toxic to the fetus.  
 
Keywords: Lannea kerstingii, Fetal toxicity, Cytotoxicity, Mortality, Oxidative stress, Anorexia 
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INTRODUCTION 
 
The use of herbal plants as natural remedies, 
functional foods, and dietary supplements for 
health care has been increasing in the world. 
Market estimates suggest that the rate of growth 
in sales of traditional medicinal products in recent 
years is between 5 and 18 % per annum [1]. 
 
One of these traditional medicines is Lannea 
kerstingii Engl. And K. Krause (Anacardiaceae). 

L. kerstingii stem bark decoction gives a red 
color. Many women use it during pregnancy or 
during lactation in Togo to treat anaemia and 
malaria [2]. In West African countries such as 
Ivory coast, L. kerstingii stem bark and root are 
consumed as traditional remedies for the 
treatment of diarrhoea, gastritis, rheumatic, 
sterility, scorbut, scurvy, epilepsy and intestinal 
helminthiasis [3,4]. The fruit of L. kerstingii is 
eaten raw in Guinean pre-forest savannas of 
Ivory Coast [5]. In Benin, L. kerstingii leaves are 
used in the treatment of Buruli ulcer [6].  
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Abstract 
In this study, we evaluated the anti-cancer property of five bark extracts and the isolates from chlo-
roform and ethyl acetate of Annickia chlorantha by the tetrazolium salt method (MTT method). The 
anti-cancer activity was performed on human prostate cancer cell lines PC-3 and hormone-depen- 
dent breast cancer cell lines MCF-7. Results indicated that the two isolates displayed interesting cy-
totoxicity towards MCF-7 cell lines with CC50 of 3.84 CC50/mL and 4.87 CC50/mL for chloroform and 
ethyl acetate respectively; while the total bark extracts showed CC50 of 24.33 CC50/mL, 36.49 CC50/ 
mL and 73.52 CC50/mL for chloroform, ethyl acetate and methanol extracts respectively. By the other 
hand on PC-3, the CC50 of the isolates were higher than the one on MCF-7, more than 10 CC50/mL for 
both chloroform and ethyl acetate isolates and 49.14 CC50/mL, 77.33 CC50/mL, 89.38 CC50/mL and 
92.37 CC50/mL, respectively for chloroform, ethyl acetate and methanol soluble extracts. From this 
study, we identified that the two isolates had anti-cancer properties against MCF-7 cell lines. 

 
Keywords 
Annickia chlorantha, Cancer, MCF-7 Cell Lines, PC-3 Cell Lines, Anti-Proliferative Compounds 
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Abstract: For targeted delivery of colloids to the lymphatic system, the colloids should 

efficiently reach and remain in the lymphatics for a considerable period of time. As per the current 

knowledge, diffusion and phagocytosis are the two mechanisms through which colloids reach 

the lymphatic system. Several parameters including particle size and charge have been shown to 

affect the direct uptake of colloids by the lymphatic system. Although many researchers attached 

ligands on the surface of colloids to promote phagocytosis-mediated lymphatic delivery, another 

school of thought suggests avoidance of phagocytosis by use of carriers like polyethylene glycol 

(PEG)ylated colloids to impart stealth attributes and evade phagocytosis. In this perspective, we 

weigh up the paradoxical theories and approaches available in the literature to draw conclusions 

on the conditions favorable for achieving efficient lymphatic targeting of colloids.

Keywords: lymphatic targeting, colloids, PEGylation, phagocytosis

Introduction
The lymphatic system (lymphatics), which encompasses the circulating lymph, 

network of lymphatic pathways (lymphatic capillaries, collecting vessels, trunks, and 

ducts), and lymphatic organs (lymph nodes, thymus, bone marrow, tonsils, spleen, 

etc) is present throughout the body in conjunction with the systemic circulation. The 

lymph is formed by the transport of interstitial fluid surrounding the blood vessels 

into the lymphatic capillaries. Thus, the lipids, enzymes, and protein composition of 

lymph and plasma remain the same and vary only in concentrations.1,2 The lymphatic 

system removes foreign bodies from the body and maintains homeostasis. Apart from 

mediating the immune functions and tissue fluid balance, the lymphatics also act as a 

reservoir for human immunodeficiency virus, filariasis, tuberculosis, and metastatic 

cancer cells.3 Hence, lymphatic targeting of molecules, compounds, vaccines, and so 

on will be useful for diagnosis and therapy and eliciting immune responses. Colloids 

have emerged as an important class of drug carriers for targeted delivery into the 

complex lymphatic system.4 Targeting colloids to the lymphatics involves two major 

steps: first, the targeting material should reach the lymphatic structures and then it 

should reside there for a considerable period of time by evading the host immune traf-

ficking mechanisms. A plethora of articles on lymphatic targeting using colloids sug-

gests that several parameters such as surface charge, particle size, molecular weight,  

route of administration, nature of the colloid and its surface properties (hydrophilicity 

and lipophilicity), and so on play a role in targeting colloids to the lymphatics, and a 

discussion on each of those factors is out of focus of this perspective as it would be 

a mere repetition of the already established facts. However, the role of phagocytosis 

and polyethylene glycol (PEG) attachment to colloids (PEGylation) on lymphatic 
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Abstract

The pathogenesis involved in the cerebral ischemia is broad and treatment 
approach towards single target of ischemic pathological events may not 
appropriate to prevent the further disease progression. Considerate and 
development of combination therapy for cerebral ischemia with two or more 
potential agents targeting different molecular events of cerebral ischemia may 
fetch effective therapy. Therefore, the present study is planned to assess the 
therapeutic efficacy of combination of AT1 blocker telmisartan (TM) with calcium 
channel blocker nimodipine (NM) (or) COX inhibitor aspirin (ASP) in global 
ischemic mice model. Global ischemia in mice was induced by occlusion of 
both common carotid arteries followed by reperfusion injury, and then respective 
treatments were made. The therapeutic efficacy of different drug combinations 
was evaluated through motor and muscle co-ordination tests, cerebral blood 
perfusion, neurotransmitter, cytokines and brain angiotensin II peptide level 
measurements in brain. Gene expression study (NF-κB, GSK-3β, EAAT-2, 
AT1 & AT2) and cresyl violet, synaptophysin, GFAP staining were carried out in 
hippocampus region of brain to support the research findings. Results indicate 
that TM and NM restored the CBF, improved the muscle and motor co-ordination, 
attenuated glutamate, aspartate and GABA release and EAAT2 expression. 
Further TM and NM treatments regulated the release of inflammatory cytokines, 
GSK-3β. ASP could control only inflammatory mediators release during 
ischemic condition. The AT1 receptor expression was down regulated with TM 
treatment. TM has shown synergistic effect with NM and with aspirin it was 
observed only in few parameters. Positive correlation with glutamate clearance 
and cytokine levels were observed. The study can be concluded that Ang II/AT1 
pathway mediated neuroprotection during ischemic reperfusion injury. TM with 
NM has shown better synergistic response than TM and ASP combination. NM 
by preventing calcium entry has shown neuroprotective activity. Cytokines and 
excitotoxicity are interlinked, clearance of glutamate attenuated the inflammatory 
mediator response and not vice versa.

Keywords: Glutamate; Interleukins; Behaviour; Stroke; GABA; GSK3β

Ribonucleic Acid; Na+: Sodium; NF-κB: Nuclear Factor- κB; NM: 
Nimodipine; NMDA: N-Methyl-D-Aspartate Receptor; PPAR-γ: 
Peroxisome Proliferator-Activated Receptor Gamma; PBS: 
Phosphate Buffered Saline; qPCR: Quantitative Polymerase Chain 
Reaction; ROS: Reactive Oxygen Spices; RH: Relative Humidity; 
RNase: Ribonuclease; RT-PCR: Real Time - Polymerase Chain 
Reaction; SEM: Standard Error of Mean; TLR: Toll Like Receptor; 
TM: Telmisartan; TNF-α: Tumor Necrosis Factor-α

Introduction
Understanding the combination therapy in the treatment of 

disease is required due to multiple etiology of pathogenesis. Reports 
indicate that in acute ischemic stroke experimental model combination 
of neuroprotective drugs have shown better neuroprotective activity 
than the individual drug treatment [1]. The pathophysiology of 
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a  b  s  t  r a  c t

Quillaja  saponin  (QS)  is a non-ionic  amphiphilic  surfactant  of natural origin.  In  the  present study, we
evaluated its potential to  form  solid  lipid  nanoparticles (SLNs) in the  presence of  stearic  acid  (SA)  as a
lipid carrier and imatinib  mesylate (IM)  as  a model  drug. IM  loaded solid lipid  nanoparticles  (IMSLNs)
were prepared  using  the  hot  homogenisation  method. Characterisation  of IMSLNs revealed  that  they were
quasi-spherical  in shape, neutrally  charged  and 143.5–641.9 nm  in size. Haemolysis,  a toxicity  issue  of QS
was  not observed in SLNs.  Comparative  in  vitro  cytotoxicity  analyses  performed  in human  breast  cancer
cell  line MCF7  revealed  that  IMSLNs were  more toxic  than  IM. On the  other hand,  in vitro  viability  studies
in  the  RAW264.7  cell  line  did not  show  any sign of  toxicity  by  IMSLNs.  Our  results indicate  that QS  hold
great  potential in nano  drug  delivery as  an emulsifier.

© 2016  Elsevier  B.V.  All rights  reserved.

1. Introduction

Applications of solid lipid nanoparticles (SLNs) have increased
tremendously in recent times due to  their major advantages such
as biocompatibility, biodegradability, ease of preparation, poten-
tial for scale up and cost effectiveness. SLNs consist of a  solid lipid
core dispersed in  aqueous solutions of stabilisers or surfactants at
room temperature [1]. Stearic acid, palmitic acid, glyceryl behenate,
etc., are the commonly used lipids; whereas, poloxamers, polysor-
bates, phospholipids, bile salts, sodium oleate, cremophor EL, etc.
are commonly used as stabilisers in the preparation of SLNs. In
this communication, we report on the efficient preparation of SLNs
loaded with an anticancer drug using Quillaja saponin (QS) for the
first time.

QS is  a  non-ionic amphiphilic surfactant extracted from the bark
of Quillaja saponaria (Soap bark tree). QS is  a  glycoside (Fig. 1)  with
a lipophilic backbone of quillaic acid and gypsogenic acid (a triter-
pene aglycone), to which hydrophilic polysaccharide moieties like

∗ Corresponding author at: Department of Integrative Plant Biology, Institute of
Plant  Genetics of the Polish Academy of Sciences, Strzeszyńska 34, 60-479 Poznań,
Poland.

E-mail address: fgre@igr.poznan.pl (G. Franklin).
1 Contributed equally to  this work.

rhamnose, xylose, arabinose, galactose, fucose, and glucuronic acid
are attached [2].  Thus, QS can perform the role of a  surfactant by
adsorbing at the oil and water interface to  form an emulsion [3].
Despite the characterisation of the micellar properties of QS as early
as 1800 AD and approval by the US Food and Drug Administration
(FDA) [4],  its application has not gained prominence in the pharma-
ceutical sector so far. In addition to  its emulsifying property, QS also
possesses many bioactivities (larvicidal, antitumor, antimicrobial
etc.) and is  used as a natural foaming agent in  cosmetic products,
and as an adjuvant in vaccine delivery [5–7]. Furthermore, a prod-
uct based on the Q.  saponaria bark extract is marketed under the
trade name Q-Naturale and approved by FDA for use as emulsifier
in beverages.

The aim of the present study was  to investigate the possibility
of using QS as a  surfactant in the preparation of SLNs contain-
ing an anticancer drug. Briefly, we have used stearic acid (SA), an
18-carbon fatty acid as the lipid core to encapsulate imatinib mesy-
late (IM), a  hydrophilic anticancer drug. The prepared SLNs, loaded
with IM (IMSLN), were physicochemically characterised for particle
size distribution, morphology, zeta potential, crystallinity, entrap-
ment efficiency and drug release. In addition, they were analysed
for in vitro haemolytic activity, cytotoxicity and viability using cell
lines. Our results demonstrate that QS is  an excellent stabiliser for
the preparation of SLNs without any haematotoxicity.

http://dx.doi.org/10.1016/j.colsurfb.2016.07.065
0927-7765/© 2016 Elsevier B.V. All  rights reserved.
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ABSTRACT 
 

Aim: The aim of the study is to evaluate the cytotoxicity of the crude extracts of Gardenia ternifolia 
(Oliv.) in human prostate cancer (PC-3) and breast cancer (MCF-7) cell lines. 
Study Design: Successive extractions of Gardenia ternifolia leaves were performed, using 
petroleum ether 60-80ºC, chloroform, ethyl acetate, methanol and methanol 80%. The cytotoxicity 
of these extracts on human breast cancer (MCF-7), prostate cancer (PC-3), and non-cancerous rat 
skeletal muscle (L6) cell lines were analyzed by 3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide (MTT) assay. 
Place and Duration of Study:  This work was performed at PSG College of Pharmacy, 
Coimbatore, India, from 01 September 2014 to 30 December 2014. 
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Comparison of pre- and post-ischemic treatment of telmisartan and nimodipine 
combination in experimentally induced cerebral ischemia 
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Time dependent intervention plays a crucial role in preventing neurodegeneration after ischemic insult. The intensity of 
excitotoxicity is greater in the secondary reperfusion phase (2-4 h) compared to the primary occlusion phase (2 h), which 
could be attributed to secondary elevation of excitatory amino acids (EAA) in cerebral ischemia. In the present study, we 
tried to assess the neuroprotective effects of telmisartan and nimodipine (TM-NM) combination on the secondary 
reperfusion phase. The drug treatments were made immediately after reperfusion and their effects were compared with  
pre-treatment. The neuroprotective effect was studied using middle cerebral artery occlusion (MCAo) transient ischemic 
model in rats. On the 7th day after reperfusion, the rats were subjected to behavioral studies. The brain was dissected out on 
the 9th day to measure neurobiochemical alterations and for histopathological observations. The results have shown that  
TM-NM (5 mg/kg) attenuated the EAA release in different brain regions with partial restoration of energy levels  
in secondary reperfusion phase. Similarly, it normalized the behavioral alteration and the effect was comparable to  
pre-ischemic treatment (2.5 mg/kg). Pre-ischemic treatment of TM-NM (2.5 mg/kg) protected the neurons from ischemic 
reperfusion injury by energy dependent EAA regulation. It can be concluded from the study that, even though the pre- and 
post-treatment of TM-NM show similar results, the post-ischemic treatment of TM-NM combination is beneficial due to 
better EAA control. Since hypertension is the primary risk factor for stroke, clinical incidents of stroke in hypertensive 
patients receiving angiotensin receptor blockers (ARBs) can be further investigated to understand the present study in the 
clinical situation. 

Keywords: Angiotensin, Excitatory amino acids, Focal ischemia, Hypoxia, Neurodegeneration, Stroke 

The pathophysiology of cerebral ischemia is 
multifaceted. Occlusion of major arteries reduce the 
cerebral blood flow and thereby result in decreased 
oxygen supply, glucose level, and energy metabolites 
like adenosine-triphosphate/nicotinamide adenine 
dinucleotide phosphate (ATP/NADP) in the neurons. 
Deprivation of micronutrients also increases the 
intracellular cytosolic calcium level (Ca2+) and 
releases excitatory amino acids (EAA), toxic free-
radicals, and cytokines, which may provoke 
degeneration of the neurons1,2. These events occur 
during the primary (2h occlusion) and secondary 
(reperfusion) phases of transient focal ischemia and 
are time dependent. Reports indicate elevation of 
EAA and energy deprivation (up to 72 h) in the brain 
promotes the neuronal death3. However, results have 
shown greater neuronal death during the maturation of 
secondary reperfusion phases at 2-3 h following 

multiple transient forebrain ischemia4,5. Similarly, 
significant increase in glutamate, aspartate, and  
γ-aminobutyric acid (GABA) levels were observed 
compared to the initial phase (30 min) of transient 
ischemia in animals5. Even though both the phases 
exhibit excitotoxicity, the additional excitotoxicity 
after reperfusion plays an important role in ischemia6.  

Currently, in stroke therapeutics thrombolytic 
agents have been administered within 4 h after 
ischemic injury to improve cerebral blood flow and to 
prevent neuronal loss. In pre-clinical studies, pre-
treatment with non-hypotensive dose of telmisartan 
(TM) (5 mg/kg) suppressed cerebral injury in a 
murine model of transient focal ischemia through 
blockade of central angiotensin receptor-1 (AT1)7. 
Voltage dependent Ca2+ channel blocker nimodipine 
(NM) (5 mg/kg) has exhibited neuroprotection on 
post-ischemic administration in rats. This effect was 
attributed to the prevention of Ca2+dependent EAA 
release and partial restoration of ATP/NADP levels8. 
Recently, we have reported that pre-ischemic 
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Abstract 

The structural modification and molecular docking-based screening approaches on thiazole-

based isoindolinediones were imposed to find the novel 2-(4-phenylthiazol-2-yl) isoindoline-

1,3-dione derivatives. The best fit compounds (6a-n) were synthesized and evaluated their 

antiproliferative activities on the prostate cancer cell lines (PC-3 & LNCaP). Among them, 

the compound, 6m exhibited good activity, particularly on LNCaP (IC50 = 5.96 ± 1.6 µM), 

moderately active against PC-3 cell lines as compared to bicalutamide. The compound, 6m 

decreased the androgen-mediated transcription of ARE-mRNA in PSA, TMPRSS2, c-myc 

and cyclin D1 than R-bicalutamide. The compounds, 6e and 6f were reconfirmed through 

single crystal XRD analysis. The ADME profiling of the test compounds was evaluated to 

find the drug-likeness and pharmacokinetic parameters. These findings may provide vital 

information for the development of anti-prostate cancer agents. 
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Highlights 

 Developed synergistic bioadhesive micelles for brain targeted drug therapy. 

 TPGS-chitosan/transferrin were synthesized and confirmed by various spectroscopic 

techniques. 

 Cellular uptake, time-dependent bioadhesive studies and cytotoxicity of micelles were 

performed. 

 Pharmacokinetics studies were performed for micelles in rats. 

 Synergistic effect of micelles has enhanced the delivery of DTX into brain cancer cells. 

 

 

 
ABSTRACT 

The aim of this work was to prepare targeted bioadhesive D-α- tocopheryl glycol succinate 1000 

(TPGS) micelles containing docetaxel (DTX) for brain targeted cancer therapy. Considering the 

unique bioadhesive feature of chitosan, herein, we have developed a synergistic transferrin 

receptor targeted bioadhesive micelles using TPGS conjugated chitosan (TPGS-chitosan), which 

target the overexpressed transferrin receptors of glioma cells for brain cancer therapy.  The 

micelles were prepared by the solvent casting method and characterized for their particle size, 

polydispersity, zeta-potential, surface morphology, drug encapsulation efficiency, and in-vitro 

release. The IC50 values demonstrated transferrin receptor targeted TPGS-chitosan micelles could 

be 248 folds more effective than DocelTM after 24 h treatment with the C6 glioma cells. Further, 

time dependent bioadhesive cellular uptake study indicated that a synergistic effect was achieved 

with the chitosan and transferrin in targeted TPGS-chitosan micelles through the biodhesive 
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property of chitosan as well as transferrin receptor mediated endocytosis. The in-vivo 

pharmacokinetic results demonstrated that relative bioavailability of non-targeted and targeted 

micelles were 2.89 and 4.08 times more effective than DocelTM after 48 h of treatments, 

respectively.  

 

Keywords: Brain cancer, Targeted nanomedicines, Synergistic effect, Chitosan, Transferrin, 

Bioadhesive study 

 

 

1. Introduction 

Gliomas, astrocytomas and ependymomas are some of the types of brain tumors which are 

difficult to treat. Glioma is the most commonly diagnosed one, accounting for approximately 

45-50% of all primary brain tumors [1]. It is an aggressive malignant form of cancer arising from 

neuroglial cells. Glioma often results in death of affected patients within one to two years 

following diagnosis. Malignant glioma can not be treated only with surgery and radiotherapy, 

therefore chemotherapy is recommended. But, limitations of treatment of such brain tumors arises 

firstly from the blood brain barrier (BBB). It is an endothelial cell monolayer combined with 

pericytes and astrocytes which allows only hydrophobic molecules with molecular weight usually 

less than 400, it blocks over 98% small molecule drugs and almost 100% large-molecule drugs 

such as recombinant proteins and monoclonal antibodies into the brain. Secondly, it is difficult to 

maintain the therapeutic levels of anticancer agent in brain tumors [2-4].  In the case of brain 

targeted delivery, molecules translocation across the BBB can be enhanced through covalent 

conjugation with polycation molecules, such as chitosan or polyethyleneimine. Also, many other 
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 TPGS-chitosan were synthesized and confirmed by FTIR, NMR and MALDI-TOF  
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 Pharmacokinetics was performed to study the bioavailability of the formulations 
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TPGS-chitosan cross-linked targeted nanoparticles  

for brain cancer therapy 

 

 
ABSTRACT 

Brain cancer, up-regulated with transferrin receptor led to concept of transferrin receptor targeted 

anticancer therapeutics. Docetaxel loaded D-α-tocopherol polyethylene glycol succinate 1000 

conjugated chitosan (TPGS-chitosan) nanoparticles were prepared with or without transferrin 

decoration. In-vitro experiments using C6 glioma cells showed that docetaxel loaded chitosan 

nanoparticles, non-targeted and transferrin receptor targeted TPGS-chitosan nanoparticles have 

enhanced the cellular uptake and cytotoxicity. The IC50 values of non-targeted and transferrin 

receptor targeted nanoparticles from cytotoxic assay were found to be 27 and 148 folds higher than 

Docel
TM

. In-vivo pharmacokinetic study showed 3.23 and 4.10 folds enhancement in relative 

bioavailability of docetaxel for non-targeted and transferrin receptor targeted nanoparticles, 

respectively than Docel
TM

. The results have demonstrated that transferrin receptor targeted 

nanoparticles could enhance the cellular internalization and cytotoxicity of docetaxel via 

transferrin receptor with improved pharmacokinetics for clinical applications. 

 

Keywords: Brain cancer, Transferrin receptor, Targeted nanomedicines, Synergistic effect, 

Chitosan, TPGS  
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ABSTRACT
Diabetic foot ulcers (DFU) are chronic complications due to 
poor diabetic control. Diabetic foot ulcers can lead to lifelong 
disability and substantially diminish the quality of life. The aim 
of this study was to carry out a thorough evaluation of diabetic 
foot ulcer management, compare current scenario of DFUs care 
with the International guidelines and to identify the extended 
roles of clinical pharmacist to improve the conditions of diabetic 
patient with foot ulcers.
It is a retrospective qualitative study carried out in two 
tertiary care hospitals of Tamil Nadu state. The patients were 
selected based on inclusion and exclusion criteria admitted 
in the hospitals with diabetic foot ulcers. The patient’s socio-
demographic and clinical characteristics tools from the patient 
medication records (PMR) were collected and taken into 
considerations for the study.
The study revealed that diabetic foot ulcer was more prevalent 
among male patients with type 2 diabetes since 11 to 25 yrs 
belongs to the age group between 51-60 years. It was found that 
60.5% of the patients having at least one co-morbid condition 

and 90.6% of patients possess one or more risk factors to 
develop diabetic foot ulcers. Glycated hemoglobin (HbA1c) test 
were done only by 54.7% of the patients, which showed that it 
was not insisted as an important identification tool for diabetic 
foot ulcer. The PMR revealed numerous antibiotics switch-over 
for the wound treatment as well.
From the study it was concluded that an immediate requirement 
and thorough evaluation of enhanced foot care management, 
patient centered care and diabetic foot surveillance etc is 
needed for diabetic foot ulcer management. A comparative 
current scenario of DFUs care with the International guidelines 
and its adaptation and modifications according to our need is 
to be emphasized. Amalgamation of clinical pharmacy services 
with the multidisciplinary diabetic foot care team services is 
to be made. The clinical pharmacist’s intervention is to be put 
forward to improve the conditions of diabetic patient with foot 
ulcers to decrease the alarming incidences in Indian hospital 
settings.

Key  Words: Diabetes, diabetic foot ulcer, wounds, guidelines, 
clinical pharmacy intervention
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A Retrospective Qualitative Study on Current Diabetic Foot Ulcer 
Management and Discussion on Extended Role of Clinical Pharmacist

INTRODUCTION

Diabetes is a group of heterogeneous disorders characterized 
by hyperglycemia and glucose intolerance due to insulin 
deficiency, impaired effectiveness of insulin action, or 
both [1]. About 15%-25% of diabetic patients will develop 
chronic ulcers of foot or lower extremity during their 
lifetime [2-4].The etiology of foot ulcers is multi-factorial 
[3,5] among which peripheral vascular disease, neuropathy 
and retinopathy are considered to be the most important 
causative factors [6]. Foot ulcers in diabetic patient are the 
major sufferings and cost-effective [7]. Diabetic foot ulcer 
patients use more in and outpatient health resources and 
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Bioactive Fraction of Annona
reticulata Bark (or) Ziziphus jujuba
Root Bark along with Insulin
Attenuates Painful Diabetic
Neuropathy through Inhibiting NF-κB
Inflammatory Cascade
Raghuram Kandimalla 1*, Suvakanta Dash 2, Sanjeeb Kalita 1, Bhaswati Choudhury 1,

Sandeep Malampati 3, Rajlakshmi Devi 1, Muthiah Ramanathan 4, Narayan C. Talukdar 1 and

Jibon Kotoky 1, 5*

1Drug Discovery Laboratory, Institute of Advanced Study in Science and Technology, Guwahati, India, 2Girijananda

Chowdhury Institute of Pharmaceutical Science, Guwahati, India, 3 School of Chinese Medicine, Hong Kong Baptist

University, Kowloon Tong, Hong Kong, 4 PSG College of Pharmacy, Coimbatore, India, 5National Institute of Pharmaceutical

Education and Research, Guwahati, India

The present study explains the neuroprotective ability of bioactive fractions of Annona

reticulata bark (ARB) and Ziziphus jujuba root bark (ZJ) along with insulin against diabetic

neuropathy. By using different solvents of increasing polarity ARB and ZJ were undergone

for bioactive guided fractionation. The neuroprotective ability of the all the plant fractions

were tested against H2O2 induced toxicity in SHSY5Y neuroblastoma cell lines and

DRG neuronal cells. Among all the fractions tested, the methanol extract of ARB and

ZJ (ARBME and ZJME) and its water fractions (ARBWF and ZJWF) exhibited significant

neuroprotection against H2O2 induced toxicity in SHSY5Y cells and DRG neuronal cells.

Further both the active fractions were tested against streptozotocin (55 mg/kg i.p.)

induced diabetic neuropathy in male Wistar rats. Body weight changes, blood glucose

levels and pain threshold through hot plate, tail immersion, cold plate and Randall-Sillitto

methods were measured throughout the study at weekly interval. After completion of the

drug treatment period, all the animals were sacrificed to measure the sciatic nerve lipid

peroxidation, antioxidative enzyme levels (SOD, catalase, and GSH) and cytokine levels

(IL-1β, IL-6, IL-10, TNF-α, iNOS, and NFκB) through ELISA and western blotting analysis.

Results of this study explain that ARBME, ZJME, ARBWF, and ZJWF along with insulin

potentially attenuate the thermal, mechanical hyperalgesia and cold allodynia in diabetic

neuropathic rats, where insulin treatment alone failed to diminish the same. Reduction

of sciatic nerve oxidative stress, NF-κB and iNOS mediated inflammatory cascade and

normalization of abnormal cytokine release confirms the possible mechanism of action.

The present study confirms the neuroprotective ability of ARB and ZJ against painful

diabetic neuropathy through inhibiting oxidative stress and NF-κB inflammatory cascade.

Keywords: neuro-inflammation, diabetic neuropathic pain, NF-κB, iNOS, cytokines, oxidative stress
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RESEARCH ARTICLE 

Design, Synthesis and Biological Evaluation of Novel 1, 3-
thiazolidine-2, 4-diones as Anti-prostate Cancer Agents 

 

Ramakrishnan Elancheran1,2,*, Kuppusamy Saravanan3, Selvaraj Divakar4, Sima Kumari1, V.Lenin Marutha-
nila1, Senthamarikannan Kabilan3, Muthiah Ramanathan4, Rajlakshmi Devi1 and Jibon Kotoky1,* 

1Division of Life Sciences, Institute of Advanced Study in Science and Technology, Guwahati-781035, Assam, India; 2Department  
of Chemistry, Gauhati University, Guwahati-781014, Assam, India; 3Department of Chemistry, Annamalai University, Annamalai 
Nagar-608002, Tamil Nadu, India; 4Department of Pharmacology, PSG College of Pharmacy, Coimbatore-641 004, Tamil Nadu, 
India 

Abstract: Background: Androgen receptor is an attractive target for the treatment of prostate cancer. The 1,3-
thiazolidine-2,4-diones possess a wide diversity of important biochemical effects and interesting pharmacologi-
cal properties. 

Objective: The aim of the study is to find the experimental and computational methods to investigate the inter-
ference of 1,3-thiazolidine-2,4-diones with androgen receptor against prostate cancer. 

Method: Structural modification and molecular docking-based virtual screening approaches were imposed to 
identify the novel 1,3-thiazolidine-2,4-diones by using Schrödinger (Maestro 9.5). The best fit molecules (3-12 
& 23-31) were synthesized and characterized using spectroscopic techniques, then in vitro antioxidant and anti-
prostate cancer activities were evaluated. Further, the structure of the intermediate (18) was confirmed by single 
crystal XRD analysis. The mechanism studies were performed through the gene expression for the compounds, 
29, 30, and 31, the standards, dihydrotestosterone and R-bicalutamide. 

Results: The compounds, 29, 30 and 31 showed comparatively significant antioxidant activity and better anti-
proliferative activity against PC-3 and LNCaP cell lines. Also, very low cytotoxicity was observed in the non-
cancerous cell (3T3). The compounds, 29, 30 and 31 significantly decreased the mRNA expression of AR-
stimulated genes, PSA and TMPRSS2, which demonstrated their anti-prostate cancer activities. ADME/T prop-
erties prediction of the compounds (3-12 and23-31) showed the promising drug-likeness and pharmacokinetic 
parameters without toxicity. Moreover, DFT calculations apparently confirmed the stable conformer of the 
compound, 31. 

Conclusion: These findings may provide the essential information for the development of anti-prostate cancer 
agents. 

Keywords: Androgen receptor, prostate cancer, AR antagonist, thiazolidinedione, ADME/T, synthesis.  

1. INTRODUCTION 

 Prostate cancer (PCa) is the most often diagnosed noncutaneous 
tumor and the second leading cause of cancer deaths among men in 
the United States [1, 2]. PCa growths are primitively dependent on 
endogenous androgens that activate the androgen receptor (AR), a 
member of the nuclear receptor superfamily and play a crucial role 
in gene transcription, growth, and functions of the prostate as well 
as having effects on hair and skin. Androgen deprivation therapies 
are currently recommended along with radiation treatment, also 
after surgery or radiation if any cancer cells remain [3]. Current 
chemotherapeutic drugs such as abiraterone, bicalutamide, cabazi-
taxel, and enzalutamide have been practiced for the treatment of 
Castration-Resistant Prostate Cancer (CRPC) patients. Interestingly, 
compounds like MDV 3100, ARN-509 and ONC1-13B demon-
strated strong antagonist activity in the prostate, also bind to the AR 
with high affinity and more potent than bicalutamide. In addition, 
AR gene mutation, such as T877A and W741C/L is an important 
mechanism for castration-resistance and remains the major challenge  
 
 

*Address correspondence to these authors at the Drug Discovery Lab, Divi-
sion of Life Sciences, Institute of Advanced Study in Science and Technol-
ogy, Guwahati-781035, Assam, India; Tel: +(91)-361-2912073;  
E-mails: srielancheran@gmail.com; and jkotoky@gmail.com 

in the clinical studies [4]. Most of the antiandrogens are derived 
from flutamide (1a), bicalutamide (1b), Enzalutamide (1c), nilu-
tamide (1d), DDL-02 (1e), DDL-03 (1f), N-(4-(4-hydroxyphenoxy)-
3-methylphenyl)benzamide (1g), (Z)-5-(4-propoxybenzylidene) 
thiazolidine-2,4-dione (1h), (Z)-5-(3-(trifluoromethyl)benzylidene) 
thiazolidine-2,4-dione (1i), and OSU-CG12 (1j) bearing a 4-cyano  
or 4-nitro-N-substituted (3-trifluoromethyl) phenyl or (3-
trifluoromethyl) phenyl group (Fig. 1) [3, 5]. Recently, Enzalu-
tamide (MDV3100) has been the FDA approved drug that has been 
reported to be more effective than bicalutamide and could solve the 
problems to some extent [3, 6]. Therefore, the modification of exist-
ing drugs and evolution of specific targeted therapeutics are cur-
rently carried out to minimize the toxicity, minimizing drug resis-
tance and lowering therapeutic doses. In a previous study, we have 
reported the design and synthesis of several oxobenzimidazoles and 
thiazinones that demonstrated the relevant cytotoxicity and pharma-
cokinetic properties [5, 7]. There are several studies reported that 
five-membered heterocyclic compounds play an important role in 
the development of anti-cancer drugs, where 1,3-thiazolidine-2,4-
diones have been reported to be a potential scaffold and have thera-
peutic importance when combined with aromatic rings through 
exocyclic double bond produce a wide range of biological activities 
such as anti-diabetic, anti-inflammatory, anti-oxidant, anti-tubercular, 
anti-microbial, anti-convulsant and cytotoxic activities [8-11]. 
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Abstract 

 Treatment by androgen receptor (AR) antagonists is one of the regimens for prostate 

cancer. The prolonged treatment with AR antagonist leads to the expression of point mutation 

in the ligand binding domain of the AR. This point mutation causes resistance to AR 
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ABSTRACT:  
According to the WHO, more than 80% of the population in Africa resort to the traditional medicine for their health care. In the present 
study, a survey was carried out among traditional practitioners and the most cited plant species was submitted to anticancer experiments 
in vitro. The results revealed that Gardenia ternifolia contains secondary metabolites with anticancer activity and is selective towards 
breast (MCF-7) cancerous cell lines. 

Keyword: Evidence based Medicine, indigenous knowledge, botanical Medicine, cancer, DR Congo. 
INTRODUCTION 
Cancer is a major public health problem all over the world and 
constitutes the second leading cause of death after cardiovascular 
disease [1]. Because of serious side effects of both chemo-and 
radiation therapies, many patients seek alternative and 
complementary methods of treatment. Several anti-cancer agents 
derived from plant species (Taxol, Camptothecin, Topotecan, etc. 
and their derivatives) are in clinical use or in preclinical 
development (Flavopiridol, Silvestrol, Betulinic acid, etc.) [2]. 
Democratic Republic of the Congo (DRC) as one of the hotspots 
of plant biodiversity in the world could play a key role in the R & 
D of new anti-cancer agents from it flora [3]. The aims of this 
multidisciplinary research program were:(a)To validate 
scientifically the traditional use of selected plant species by 
investigating anti-cancer activity of their extracts as a possible 
source of anti-cancer hits using human prostate (PC-3) and breast 
(MCF-7) cancerous cell lines and non-cancerous rat skeletal 
muscle L6 cell lines as model systems (Scientific evidence based 
Traditional Medicine); (b)To evaluate the therapeutic index of the 
biologically active extracts; (c)To develop anti-cancer 
phytomedicines as a result of the transformation of 
indigenous/ethno-medical knowledge into large scale action by the 
mean of Science and Technology(Research for sustainable 
development). 
 

MATERIALS AND METHODS 
An ethno-botanical survey was conducted in DRC according to the 
principles laid out in the Declaration of Helsinki and the Nagoya 
protocol. Traditional Healers and/or medicinal plant vendors (50) 
were interviewed about medicinal plants used in Congolese folk 
medicine [4]. The powdered leaves of Gardenia ternifolia were 
extracted by maceration. Successive extractions were carried out 
with organic solvents of increasing polarity (Petroleum ether, 
Chloroform, Ethyl acetate, Methanol and Methanol 80%). Anti-
cancer bioactivity of different extracts was assessed by MTT 
assay. Paclitaxel was used as positive control [5]. 
 
 

 

RESULTS AND DISCUSSION 
Ethno-botanical survey revealed that the most cited plant species 
was Gardenia ternifolia (or Lembanzau in Kikongo) with a high 
value of informant consensus factor (0.361). Biological screening 
revealed that chloroform and ethyl acetate soluble fractions are 
biologically active against MCF-7 cell lines with a CC50 (50% 
cytotoxic concentration) of 21.62±1.6μg/mL and 45.44±2.2μg/mL 
respectively. For PC-3 cell lines, the CC50 were 9.66±2.6μg/ml 
and24.47±1.1μg/ml, respectively for chloroform and ethyl acetate 
extracts. The petroleum ether, methanol and methanol 80% crude 
extracts were inactive against both MCF-7 and PC-3 cell lines (50 
< CC50<100 or CC50> 100 μg/ml).The chloroform extract 
displayed interesting therapeutic index or safety ratio (CC50 
L6/CC50 MCF-7 or PC-3 ≥3).This extract is 3 or 7 times selective 
in killing the cancerous cell lines (MCF-7 or PC-3) than the non-
cancerous cell lines (L6) [5]. This could be due to the different 
secondary metabolites extracted with the chloroform solvent. 

 
Figure 1 : Gardenia ternifolia 
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a b s t r a c t

Structural based molecular docking approach revealed the findings of 2-(phenoxymethyl) -5-phenyl-
1,3,4-oxadiazole derivatives. The compounds (7a-o) were synthesized and characterized well by using
conventional methods. The compounds, 7b and 7m were reconfirmed through single crystal XRD
analysis. The synthesized compounds (7a-o) were evaluated their antiproliferative activities against
MCF-7 and MDA-MB-453. Furthermore, Lipinski's rule of five and pharmacokinetic properties were
predicted for the test compounds. These results demonstrate that the compounds 7b and 7d exhibit
more potent cytotoxicity and 7d exhibits dose-dependent activity and reduced cell viability. Further, the
mechanism of action for the induced apoptosis was observed through morphological changes and
western blotting analysis. These findings may furnish the lead for further development.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction

Cancer is a group of heterogeneous diseases involving dysre-
gulation of cell growth and functions to proliferate to other parts of
the body. Breast cancer (BCa) is the second most common cancer
worldwide. National Cancer Institute (NCI) has assessed that the
diagnosis of 266,120 new cases and 40,920 dying due to BCa in the
United States in 2018 [1,2]. The global burden of BCa surpasses all
other cancers, and the frequency is still rising. Over the last decade,
several drugs and monoclonal antibodies have been approved and
are in the advanced stages of clinical trials that target the receptors
and signaling pathways [3]. ER-positive (ERþ) breast cancer is
estrogen-dependent including luminal types A and B. ER-negative
(ER-) breast cancer is estrogen independent including the sub-
types human epidermal growth factor receptor 2 (HER2) in which
ErbB2 is overexpressed [3]. Tamoxifen is a non-steroidal anties-
trogen and widely used for the treatment of breast cancer, which
acts on estrogen receptor [4]. Inhibition of cancerous inhibitor of
protein phosphatase 2A (CIP2A) determines the effects of

tamoxifen-induced apoptosis in ER-negative breast cancer cells [5].
ER alpha, ER beta, and Progesterone receptor are not expressed in
Triple-negative breast cancer (TNBC) which still exhibits an
extraordinary clinical challenge due to the unavoidably ineluctable
advancement of medical obstruction [6]. DNMT3B (DNA Methyl-
transferase 3 Beta) is a Protein-Coding gene, which is related to
abnormal methylation of tumour suppressor and repair genes and
its overexpression contributes to oncogenic processes and tumor-
igenesis [7]. OTUD1 (ovarian tumour deubiquitinase 1) represses
breast cancer metastasis by mitigating Transforming growth factor
beta (TGF-b) induced pro-oncogenic responses via deubiquitination
of SMAD7 (SMAD FamilyMember 7) which is a protein-coding gene
[8]. The five-membered heterocyclic compound containing more
than two heteroatoms like azole, thiazole, oxadiazole, triazene,
imidazole, purines, etc. have tremendous importance in human life
due to their assortment of medicinal applications against several
maladies [9,10].

In recent years, the structural activity relationship with target
structures and their mechanism used for the drug design and
oxadiazole has been reported with various biological activities such
as antitubercular, antiviral, antifungal, antibacterial, antimicrobial,
antidiabetic and anticancer activities [11e14]. In particular, 1,3,4-
oxadiazole is an important moiety that exhibits more potent and
selective inhibitory activity against various cancer cell lines.
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Tribulusterine Containing Tribulus terrestris Extract Exhibited 
Neuroprotection Through Attenuating Stress Kinases Mediated 
Inflammatory Mechanism: In Vitro and In Vivo Studies
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Abstract
The present study has been aimed to explore the different secondary messengers of the inflammatory pathway NF-κB, kinases 
(JNK, P38MAPK, GSK3β/βcatenin), apoptosis pathway (Caspase-3 and AIF), and neuronal survival pathway (BDNF) in 
order to understand the neuroprotective mechanism of aqueous extract of Tribulus terrestris (AQTT). In primary cortical 
neurons, the ischemic condition was induced through oxygen–glucose deprivation (OGD). Anti-inflammatory activity of 
AQTT was evaluated in formalin induced inflammation model and carrageenan-induced paw edema test. The bilateral com-
mon carotid artery occlusion model was employed for whole animal studies. Treatment of AQTT (100 mg/kg) significantly 
reduced the inflammation induced by formalin and carrageenan. The neuroprotective mechanism of AQTT (50 and 100 mg/
kg) was assessed by pre- and post-administration. The results indicate down regulation of kinases and NFkB, suggesting 
possible anti-inflammatory activity of AQTT. Additionally, AQTT down regulated both caspase dependent and independent 
apoptotic pathways suggesting its possible anti-apoptotic activity. The treatment of AQTT also reduced GSK3β levels and 
increased p-Ser9 GSK3β levels; stabilizing the unphosphorylated form of β-catenin and its translocation into the nucleus 
suggesting role of AQTT in neuronal survival and GSK3β mediated anti-inflammatory property. In comparison to pretreat-
ment, post treatment of AQTT had lesser effects indicating tribulusterine standardized AQTT may have prophylactic effect. 
This study can be concluded with the thesis that AQTT has neuroprotective effect through alternating neuroinflammation, 
apoptosis, and promoting neuron survival. Being that it produced better effect with pretreatment, exploring this with throm-
bolytic drugs will be beneficial. For the first time AQTT has been reported for this indication.

Keywords Tribulus · Nerunjil · Apoptosis · Stress kinases · Neuroprotection · Ischemia

Introduction

Tribulus terrestris (T. terrestris) Linn, (Family: Zygophyl-
laceae) commonly known as Nerunjil, is one of the most 
widely used traditional medicine in India and China [1]. 
Our previous study has shown that standardized aqueous 
T. terristris extract attenuated hyperalgesia in diabetic 
neuropathic pain [2] through down regulation of oxidative 
stress and inflammatory mediators. Active role of T. ter-
restris in ameliorating mitochondrial dysfunction in H9c2 
cells during ischemia has been reported [3]. In a recently 
reported study, the in silico study, inhibition of c-Jun ter-
minal-NH2 kinase (JNK) pathway with alkaloids of T. ter-
ristris indicated possible anti-inflammatory activity of the 
herb [4]. In-vitro studies have shown that N-trans-ρ-caffeoyl 
tyramine isolated from T.terrestris exerted anti-inflamma-
tory effects by down regulating COX2 and JNK pathway 
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J. INTROD UCTION 

Prosta te cancer (PCa) is the second leading ca uses of 
cancer dea ths in developed countri es, and its therapy remains 
a chal lenge . National Cancer In stitute (NC I) has est imated 
that 164,690 men wi ll be diagnosed with and 29,430 men 
will die of prostate cancer in the USA in 20 18 [ 1 l. 
Antiandrogcns such as ab irateronc acetate, cyprotcronc 
acetate, fluta mide, nilutamide, and bicalutamide have been 
clin ica ll y access ibl e fo r the last IO yea rs [2, 3]. 
Unfortunately, th ese drugs lose their e ffi cacy after a few 
years of treat ment due to resis tance and mutati on. 
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These drawbacks emphasize the need for new dru g 
development with low adverse effects. The combination of 
both prostate-spec ifi c anti gen (PSA) test and a cligit ::i l rec tal 
examinati on (DRE) improves the ovcral I rate of PC a 
detection. Also, the well-estab lished Androgen Rece ptor 
(AR) pathway in castrate-resistance rumours is frequentl y 
mutant with T877A and W74\ C/L. Sipulcuce l-T is the r,r~ t 
therapeutic cancer vacc ine to receive FDA appruv:-i l for 1hc 

treatment of asympt omatic or minimall y symptt imatic 
metastatic castrati on-resistant prostate cancer (CRPC) and 
used fo r immunothcr;i py to boost the body 's natur;i l defence'> 
to fi ght aga inst ca nce r. Severa l reporl s sugges ted that amid(' 
analogues have a signifi ca nt role in different th erapeuti c 
applications such as vasc ular endotheli al growth factor 
n:ceptor 2 (VEGFR -2) inhibitor, in vilrn antim ycuhacten:il , 
and antimi crobia l activ iti es [4-6]. Also , 6-(3,4 -dih ydru- l I 1-
isuquinolin-2-y l )-N-( 6- mcthyl pyndin -2-yl )n 1cut in :1m1dc 
(DIMN ) ha~ been proven tu he a nnw l anti <11Hl m gcttl l' 
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Plants and their extract have the potential to cure the infirmity of mankind. From ancient times 
herbal plants are used for treatment. Croton tiglium Linn belongs to the family of Euphorbiaceae is 
widely distributed throughout the plain of India. Jayapala (Croton tiglium) is one among the upa 
vishas and a well-known plant in Indian system of medicine as certain number of formulations 
includes this drug as an ingredient after proper purification. The word Upavisha means nearer to 
visha i.e. drugs which possess the same qualities of visha, but not that much potent. Also it is one of 
the known purgative drugs in Ayurveda with huge therapeutic values. This review article includes 
overall information about the plant Croton tiglium, its botanical description, toxicological aspect, 
treatment in both Ayurveda and Modern toxicology, its shodhana (purification) processes, FT- IR, 
GC-MS for component identification. 
 
 
 
 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 

 

 
  

 
 

 

INTRODUCTION 
 

Plants are the prime source of medicine in Ayurveda. Several 
compounds have been isolated from medicinal plants and 
introduced for the service of mankind; however most of these 
medicines have been withdrawn due to their toxicity or side-
effects. Traditionally, plants having various classes of 
phytochemicals are still in use either in their crude form or 
after proper processing. Though most of the plant drugs are 
safe, yet few are toxic for human health. These poisonous/toxic 
plants are categorized as viṣa (poison) and upaviṣa (toxic but 
not lethal for human health) in Ayurvedic texts (table 1) and 
also listed in the schedule-E of Drugs and Cosmetics Act 1940 
(table 2). Jayapala (Croton tiglium) is one among the upavishas 
and a well-known plant in Indian System of Medicine 

 

Table 1  List of plants having Visa properties 
 

Visa Binomial nomenclature Family 
Vatsanabha Aconitum ferox wall Ranunculaceae 

Mustaka   

Srngivisa 
Aconitum chasmanthum stapfex 

Holmes 
Ranunculaceae 

Kalakuta   
Saktuka   

 

Table 2 List of plants having Upavisa properties. 
 

Upavisa Binomial nomenclature Family 
Arka Calotropis procera Asclepiadaceae 
Snuhi Euphorbia neriifolia Linn. Euphorbiaceae 

Langali Gloriosa superb Linn. Liliaceae 
Karavira Nerium indicum mill. Apocynaceae 

Gunja Abrus precatorius Linn. Fabaceae 
Ahiphena Papaver somniferum Linn. Papaveraceae 
Dhattura Datura metal Linn. Solanaceae 

 

Table 3 Ayurvedic poisonous plant listed in the schedule E of 
D&C Act 1940 

 

Poisonous Plants Binomial nomenclature 
Aphipena Papaver somniferum 

Arka Calotropis procera 
Bhallataka Semecarpus anacardium 

Bhanga Cannabia eativa Linn. 

Danti 
Baliospermum monatanum 

Mull.Arg 
Dhattura Datura metal Linn. 

Gunja Abrus precatirius Linn. 
Jayapala Croton tiglium 
Karavira Nerium indicum 
Langali Gloriosa superba 

Parasika yavani Hyoscyamus nibar Linn. 
Snuhi Euphorbia neriifolia Linn. 

Vatsanabha Aconitum chasmanthum 
Visamusti Strychnos nux-vomica 
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Design, Synthesis, and Biological
Evaluation of (E)-N’-((1-Chloro-3,4-
Dihydronaphthalen-2-
yl)Methylene)Benzohydrazide
Derivatives as Anti-prostate Cancer
Agents

H. A. Arjun 1, Ramakrishnan Elancheran 1, N. Manikandan 2, K. Lakshmithendral 1,

Muthiah Ramanathan 2, Atanu Bhattacharjee 3, N. K. Lokanath 4 and

Senthamaraikannan Kabilan 1*

1Drug Discovery Lab, Department of Chemistry, Annamalai University, Chidambaram, India, 2Department of Pharmacology,

PSG College of Pharmacy, Coimbatore, India, 3Computational Biology Laboratory, Department of Biotechnology &

Bioinformatics, North Eastern Hill University, Shillong, India, 4Department of Physics, University of Mysore, Mysore, India

Prostate Cancer (PCa) is the most frequently diagnosed cancer in men in their
late ’50s. PCa growth is mainly due to the activation of the androgen receptor by
androgens. The treatment for PCa may involve surgery, hormonal therapy, and oral
chemotherapeutic drugs. A structural based molecular docking approach revealed
the findings of (E)-N’-((1-chloro-3,4-dihydronaphthalen-2-yl)methylene)benzohydrazide
derivatives, where the possible binding modes of the compounds with protein (PDB
ID: 3V49) are shown. The compounds (6a-k) were synthesized and characterized by
using conventional methods. The compounds, 6g, 6j, and 6k were reconfirmed through
single crystal X-ray diffraction (XRD). Further, the compounds (6a-k) and standard drug
were evaluated against human prostate cancer cell lines, LNCaP and PC-3 and the
non-cancerous cell line, 3T3. Among these compounds, 6g and 6j showed higher
cytotoxicity, and 6g exhibited dose-dependent activity and reduced cell viability. The
mechanism of action was observed through the induced apoptosis and was further
confirmed by western blot and ELISA. Molecular dynamics simulation studies were
carried out to calculate the interaction and the stability of the protein-ligand complex
in motion. ADME properties were predicted for all the tested compounds. These findings
may give vital information for further development.

Keywords: androgen receptor, prostate cancer, benzohydrazide, molecular docking, molecular dynamics, ADME

INTRODUCTION

Cancer is a group of heterogeneous diseases leading to abnormal cell growth and dysfunction which
proliferates to other parts of the body. Prostate cancer (PCa) is the second leading cause of cancer
deaths among men in the United States. The American Cancer Society has estimated that 174,650
men will be diagnosed and there will be 31,620 deaths due to PCa in the United States in 2019

https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org/journals/chemistry#editorial-board
https://www.frontiersin.org/journals/chemistry#editorial-board
https://www.frontiersin.org/journals/chemistry#editorial-board
https://www.frontiersin.org/journals/chemistry#editorial-board
https://doi.org/10.3389/fchem.2019.00474
http://crossmark.crossref.org/dialog/?doi=10.3389/fchem.2019.00474&domain=pdf&date_stamp=2019-07-10
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:profdrskabilanau@gmail.com
https://doi.org/10.3389/fchem.2019.00474
https://www.frontiersin.org/articles/10.3389/fchem.2019.00474/full
http://loop.frontiersin.org/people/720996/overview
http://loop.frontiersin.org/people/321230/overview
http://loop.frontiersin.org/people/715485/overview
Highlight
Muthiah Ramanathan2

Highlight
Published: 10 July 2019







See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/336362516

TOPICAL DELIvERy Of DRUGS USING ETHOSOMES: A REvIEW

Article  in  Indian Drugs · October 2019

CITATIONS

2
READS

1,105

6 authors, including:

Some of the authors of this publication are also working on these related projects:

Silver nanoparticles for breast cancer View project

V. Sankar

PSG College of Pharmacy

72 PUBLICATIONS   602 CITATIONS   

SEE PROFILE

Karthik Siram

Skaggs School of Pharmacy, University of Montana

26 PUBLICATIONS   150 CITATIONS   

SEE PROFILE

Arjun Karuppaiah

PSG College of Pharmacy

12 PUBLICATIONS   26 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Arjun Karuppaiah on 09 October 2019.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/336362516_TOPICAL_DELIvERy_Of_DRUGS_USING_ETHOSOMES_A_REvIEW?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/336362516_TOPICAL_DELIvERy_Of_DRUGS_USING_ETHOSOMES_A_REvIEW?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Silver-nanoparticles-for-breast-cancer?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/V_Sankar?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/V_Sankar?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/PSG_College_of_Pharmacy?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/V_Sankar?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Karthik_Siram?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Karthik_Siram?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Karthik_Siram?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arjun_Karuppaiah?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arjun_Karuppaiah?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/PSG_College_of_Pharmacy?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arjun_Karuppaiah?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arjun_Karuppaiah?enrichId=rgreq-0aaf36fb02c88e611992ec69640fc6f7-XXX&enrichSource=Y292ZXJQYWdlOzMzNjM2MjUxNjtBUzo4MTE5NjI1MjcxNDE4ODhAMTU3MDU5ODM2MDM1MQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf
Highlight
V. Sankar



INDIAN DRUGS 56 (08) SeptembeR 2019 7 6  INDIAN DRUGS 56 (08) SeptembeR 2019 INDIAN DRUGS 56 (08) SeptembeR 2019 7 6  INDIAN DRUGS 56 (08) SeptembeR 2019

TOPICAL DELIvERy Of DRUGS USING ETHOSOMES: A REvIEW
v.  Sankara*,   v. Wilsona, K. Sirama, A. Karuppaiaha,  

S. Hariharanb, A. Justinc  

(Received 14 July 2018) (Accepted 25 July 2019)

AbSTRACT 

the skin is the largest organ of human body that restricts the movement of drug to the systemic circula-
tion. topical drug delivery system is a system where the drug reaches the systemic circulation through 
the protective layer i.e. skin.  the main disadvantage of this route is the low diffusion rate of the drugs 
across the layer of skin which is the stratum corneum. to overcome this problem to a certain extent, 
ethosomal delivery for drugs and herbal compounds has been recently introduced. Literature studies 
state ethosomal formulation of acyclovir show high therapeutic efficiency with shorter healing time in the 
treatment of recurrent herpes labialis than conventional Zovirax. Also, the ethosomes of minoxidil en-
hanced the skin permeation of minoxidil in vitro in comparison to its ethanolic or phospholipid ethanolic 
micellar solution or hydroethanolic solution.  the advantages of this system include increased drug 
permeation, increased drug entrapment, and improved drug delivery. ethosomal drug delivery system 
opens up doors for the development of new and novel therapies for treating male pattern baldness, as 
it is an easier way to prepare in addition to its safety and efficacy. In this review article we have focused 
on topics ranging from methods of preparation of ethosomes, characterization techniques, applications, 
details about the various research trials for the management of androgenic alopecia and various etho-
somal products in market.

REvIEW ARTICLE

11504 - 1

Keywords: ethosomes, androgenic alopecia, topical 
route, skin, ethanol.

INTRODUCTION

topical route of delivery system is a non-invasive 
method that enables the drug to reach the systemic 
circulation. In pharmaceutical point of view topical drug 
delivery offer advantages compared with other routes 
of administration, including avoidance of first-pass 
metabolism, fewer administration frequency, smaller 
fluctuations in plasma drug profile, and good patient 
compliance1. Skin is a multilayered structure composed of 
stratum corneum, the outermost and the tightest layer of 
skin and below which lies the epidermis and dermis2. Skin 
is a highly hydrophobic layer composed of differentiated 
non-nucleated cells and corneocytes, which are filled with 
keratins and embedded in the lipid domain. Since the 
rate limiting step for skin absorption of most molecules 
is considered to be because of this non-viable layer, 
percutaneous permeation of molecules is believed to be 

a Department of pharmaceutics, pSG College of pharmacy, peelamedu, Coimbatore, 641 004, tamil Nadu, India
b Department of pharmaceutical chemistry, pSG College of pharmacy, peelamedu, Coimbatore,  641 004, tamil Nadu, India
c Department of pharmacology, JSS college of pharmacy, Ooty, 643 001, tamil Nadu, India
* For Correspondence email: sansunv@yahoo.co.in

governed by diffusion laws. the skin contributes to 4% 
of the total body weight. the extent of skin permeation 
of a compound may depend on the route of absorption. 
the barrier nature of skin makes it difficult for most drugs 
to penetrate into and permeate through it3. In order to 
improve topical drug delivery, many kinds of techniques, 
including complex physical enhancement strategies, 
such as iontophoresis4, sonophoresis5, microneedle6, 
and electroporation7, and lipid vesicular systems such 
as emulsions8, microemulsions, and liposomal-based 
delivery systems, have been used to overcome the 
barrier of SC. Amongst these, liposomal-based delivery 
systems, including conventional liposomes9, ultraflexible 
liposomes10, and ethosomes11-14, offer a promising strategy 
for improving skin drug delivery and have attracted much 
interest in recent years due to the merits, including 
convenience for use and harmlessness to skin.  there 
are three pathways which are involved in the transdermal 
permeation of drugs: (1) through the intercellular lipid 
zone in sub cutaneous (SC) region ; (2) through the 
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Prediction and elucidation of factors affecting solubilisation of imatinib
mesylate in lipids
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A R T I C L E I N F O

Keywords:
Imatinib mesylate
Lipids
Solubility
Physico-chemical properties
QSSR model

A B S T R A C T

The physico-chemical properties of lipids influencing the solubilisation of imatinib mesylate (IM) in lipid matrix
were evaluated and a statistical model to predict the same has been derived in the present study. After ex-
perimental quantification of IM solubility in various lipids, Hansen Hildebrand’s total solubility parameters were
calculated in order to study the role of various forces connected to lipid-drug interaction. To develop a re-
lationship between the various descriptors of the lipids and experimental solubility of IM in lipids (% w/w),
quantitative structure-solubility relationship (QSSR) was used. To generate equations that can predict the so-
lubility of IM in lipids (%w/w), multiple linear regression was used. Amongst the various lipids tested, glyceryl
monostearate and behenic acid solubilised the highest (6.19 ± 0.22%) and lowest (0.01 ± 0.01%) amounts of
IM respectively. Our results suggested that alkyl chain length, polarity of the lipids, index of cohesive interaction
in solids, estimated number of hydrogen bonds that would be accepted by the solute from water molecules in an
aqueous solution, estimated number of hydrogen bonds that would be donated by the solute to water molecules
in an aqueous solution and solvent accessible surface area collectively play a significant role in solubilising IM in
the lipids. The equation developed could predict the solubility of IM in lipids with good accuracy
(R2

pred= 0.912).

1. Introduction

Lipids are chemically diverse groups of macromolecules classified
under several categories namely fatty acids, glycerides, esterified gly-
cerides, hydrogenated oils, waxes, phopsholipids, etc. [1]. They form a
major part of our diet and also play a crucial role in the body as
building blocks of basic structural elements such as biological mem-
branes, vitamins, hormones, intracellular messengers, enzyme cofac-
tors, emulsifying agents in the digestive tract, electron carriers, etc.
Lipids assist in presenting the drugs in a solubilised state to the gas-
trointestinal tract to achieve enhanced drug absorption. Consequently,
the lipids may promote the delivery of drugs to the systemic circulation
through the intestinal lymphatics by evading first pass metabolism [2].
Thus, lipids also play an important role in enhancing the bioavailability
of drugs that suffer poor aqueous solubility and/ or low intestinal

permeability and/ or extensive first pass metabolism [3]. Additionally,
the uptake of hydrophilic drugs to brain [4], lymphatics [5], etc., could
also be improved by encapsulating them in the lipid matrix.

The number of lipid-based formulations (LBFs) is tremendously in-
creasing over the past few decades due to their biocompatibility,
economy, safety, non-toxicity and biodegradability [6]. LBFs generally
consist of core lipid(s) and surfactant(s), with or without water, where
the solubilisation of drug in the lipid matrix is crucial for the successful
design of LBFs [7–10]. Lipids represent a broad term encompassing
different categories like fatty acids, partial glycerides (mono, di and
triglycerides), mixtures of fatty acids and partial glycerides [11]. Each
of these categories additionally has several lipids which vary in their
chemical structure and physico-chemical properties. As lipid and drug
molecules are chemically diverse, a given lipid need not necessarily
solubilise all drugs and vice versa. Although lipophilic drugs can be
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Synergistic and enhanced anticancer effect of a facile surface modified non-
cytotoxic silver nanoparticle conjugated with gemcitabine in metastatic
breast cancer cells

Arjunan Karuppaiaha,1, Karthik Sirama,b, Divakar Selvarajc,d, Mohankandhasamy Ramasamye,
Dinesh Babuf, Veintramuthu Sankara,*
a Department of Pharmaceutics, PSG College of Pharmacy, Coimbatore 641 004, Tamil Nadu, India
b Institute of Plant Genetics, Polish Academy of Sciences, Strzeszynska 34, 60-479, Poznan, Poland
c Department of Pharmacology, PSG College of Pharmacy, Coimbatore, Tamil Nadu, India
dDepartment of Pharmacology, JSS College of Pharmacy, JSS Academy of Higher Education and Research, Ooty, Nilgiris, Tamil Nadu, India
e Department of Chemical Engineering, Waterloo Institute of Nanotechnology, University of Waterloo, Waterloo, N2L 5G1, Canada
f Faculty of Pharmacy and Pharmaceutical Sciences, Katz Group Centre for Pharmacy and Health Research, University of Alberta, Edmonton, Alberta, T6G 2R3, Canada

A R T I C L E I N F O

Keywords:
Breast cancer
Gemcitabine
Silver nanoparticles
Synergism
Electrostatic attraction

A B S T R A C T

The safety and efficacy of metallic nanoparticles was one of the major challenges that limit their use in the
treatment of cancer. Nanotechnology is applied in the field of pharmaceutical sciences with focus on improving
the therapeutic outcome in various diseases. Recently, many novel nano-formulations comprising two or more
drugs were studied to improve their efficacy with better safety profile. In this study, we investigated the sy-
nergistic cytotoxic effect of gemcitabine (GEM) conjugated non-cytotoxic dose of silver nanoparticles (AgNP) in
MDA-MB-453 human triple-negative metastatic breast cancer cells. Synthesized AgNP and electrostatic con-
jugates were characterized by UV-spectroscopy, dynamic light scattering (DLS), Transmission electron micro-
scopy (TEM), Scanning electron microscopy (SEM) and energy dispersive x-ray analysis (EDAX). GEM-(non-
cytotoxic AgNP) conjugated system (IC50 = 37.64 μM) showed better cytotoxic activity in MDA-MB-453 cells
when compared to individual treatments of GEM (IC50 = 56.54 μM) or AgNP (IC50 = 71.45 μg/ml). The sy-
nergism between the GEM-(non-cytotoxic AgNP) for all the tested doses were evaluated using CompuSyn soft-
ware. The combination index (CI) of ED50, ED75 and ED90 showed synergism for GEM-(non-cytotoxic AgNP)
conjugation. According to the calculated dose reduction index (DRI), it requires 1.70-fold less GEM plus 42.55-
fold less AgNP to achieve the same 50 % inhibition at 18.38 (GEM): 1 (AgNP) ratio.

1. Introduction

Nanotechnology is applied in various fields of pharmaceutical sci-
ences to improve the physicochemical and ADME properties, efficacy
and safety of the drugs [1]. One such approach is combining effective
metallic nanoparticles with chemotherapeutic agents [2]. Metallic na-
noparticles possess unique properties due to their size, shape, surface
structure and aggregation characteristics [3]. Amongst, AgNP is the one
which is extensively studied in pharmaceutical sciences because of its
antimicrobial activity and cytotoxicity against various cancer cell lines
[4–6]. Nano silver can be easily oxidized in the presence of oxygen
leading to the release of silver ions (Ag+) which is the major source of
toxicity. Thus, AgNP often acts as a source of Ag+ inside the cells. Ag+

ions induce oxidative stress through the generation of reactive oxygen
species and causes damage to cellular components such as cell mem-
brane, protein and DNA. This leads to apoptotic and necrotic cell deaths
triggering the release of pro-inflammatory cytokines which cause fur-
ther damage to nearby tissues or cells. AgNP can also deplete the an-
tioxidant molecules like glutathione and aggravate the cytotoxic effects.
AgNP are reported to cause genotoxicity, neurotoxicity, pulmonary
toxicity, hepatotoxicity and immunotoxicity [7]. Necropsy analysis of
rats orally administered with AgNP (5mg/kg b.w. and 10mg/kg b.w.)
for 28 days showed no signs of toxicity in the organs such as kidney,
brain, lungs, heart and testis. Liver cells had some anomaly in 10mg/kg
b.w. treatment and not in 5mg/kg b.w. treated rats [8]. Hepatoma cells
(HepG2) treated with non-cytotoxic dose (< 0.5 mg/L) of AgNP
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Preparation and Evaluation of Rosuvastatin Calcium 
Nanosuspension and Solid Dispersion Tablets by Wet 
Granulation and Direct Compression Techniques using 
Tamarind Gum as a Binder
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Arjun et al.: Rosuvastatin Calcium Nanosuspension and Solid Dispersion Tablets

The current investigation was attempted to enhance the solubility and dissolution of rosuvastatin calcium 
through nanosuspension and solid dispersion techniques using tamarind gum as a binder. Rosuvastatin 
calcium nanosuspension and solid dispersion were prepared using high shear homogenisation and melt 
fusion techniques, respectively. Various pre-compression tests were performed for the powder blends. 
Finally, tablets containing these nanosuspensions and solid dispersions were evaluated for various post 
compression quality control parameters. The nanosuspension had a particle size of 453.3±23.6 nm with a 
neutral surface charge. Using the lyophilised nanosuspensions and solid dispersion, tablets were prepared 
by wet granulation and direct compression techniques. The results of in vitro drug release studies in  
pH 6.8 buffer showed enhanced solubility and release of rosuvastatin calcium from the tablets containing 
nanosuspension and solid dispersion in 60 min, when compared to the control tablets and a marketed 
tablet. Additionally, the property of tamarind gum to enhance the release of drug was also observed. 

Key words: Nanosuspension, solid dispersion, tamarind gum, rosuvastatin calcium

Among the various routes of delivery available, the 
oral route is the most preferred route of administration, 
with advantages like high patient compliance and 
better pharmacokinetic profile[1]. Tablets constitute 
a major portion of drug delivery systems that are 
currently available in the market. Factors like economic 
feasibility, ease of manufacturing, patient compliance 
and lack of excipient toxicity render tablets as the most 
preferred form of drug delivery system[2]. Although the 
science of nanotechnology has achieved new heights 
for enhancing the bioavailability at the laboratory level, 
translating the product to tablets for oral administration 
remains the ultimate goal to cater patients in the clinic. 

Solubility is one of the important factors required to 
achieve desired systematic concentration of a drug 
in systemic circulation for achieving the desired 
therapeutic response[3]. Low aqueous solubility is the 
major problem in formulation development of several 
new chemical entities[4]. Often, these poorly water 
soluble drugs need to be administered at high doses 

to achieve desired therapeutic plasma concentrations 
after oral administration[5]. A great number of new 
and possibly beneficial chemical entities do not have 
suitable pharmaceutical dosage forms because of 
their poor solubility and poor dissolution rates. The 
oral absorption of drugs is most often controlled 
by dissolution in the gastrointestinal tract[6]. Hence, 
an attempt was made using a model drug with poor 
solubility and dissolution. Rosuvastatin calcium (RC), 
a HMG-CoA reductase inhibitor, is widely used in the 
treatment of hyperlipidemia. RC promotes conversion of 
HMG-CoA to mevalonic acid by reducing the synthesis 
of cholesterol. However, RC has poor solubility and 
bioavailability (20 %)[7,8]. Of late, various kinds of 
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Design, Synthesis, and Biological Evaluation of 2-(2-Bromo-3-
nitrophenyl)-5-phenyl-1,3,4-oxadiazole Derivatives as Possible Anti-

Breast Cancer Agents
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b Department of Pharmacology, PSG College of Pharmacy, Coimbatore 641004, Tamil Nadu, India
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Breast Cancer (BCa) is the most often diagnosed cancer among women who were in the late 1940’s. Breast
cancer growth is largely dependent on the expression of estrogen and progesterone receptor. Breast cancer cells
may have one, both, or none of these receptors. The treatment for breast cancer may involve surgery, hormonal
therapy (Tamoxifen, an aromatase inhibitor, etc.) and oral chemotherapeutic drugs. The molecular docking
technique reported the findings on the potential binding modes of the 2-(2-bromo-3-nitrophenyl)-5-phenyl-
1,3,4-oxadiazole derivatives with the estrogen receptor (PDB ID: 3ERT). The 1,3,4-oxadiazole derivatives 4a–4j
have been synthesized and described by spectroscopic method. 2-(2-Bromo-6-nitrophenyl)-5-(4-bromophenyl)-
1,3,4-oxadiazole (4c) was reconfirmed by single-crystal XRD. All the compounds have been tested in combination
with generic Imatinib pharmaceutical drug against breast cancer cell lines isolated from Caucasian woman MCF-
7, MDA-MB-453 and MCF-10A non-cancer cell lines. The compounds with the methoxy (in 4c) and methyl (in 4j)
substitution were shown to have significant cytotoxicity, with 4c showing dose-dependent activation and
decreased cell viability. The mechanism of action was reported by induced apoptosis and tested by a DNA
enzyme inhibitor experiment (ELISA) for Methyl Transferase. Molecular dynamics simulations were made for hit
molecule 4c to study the stability and interaction of the protein� ligand complex. The toxicity properties of
ADME were calculated for all the compounds. All these results provide essential information for further clinical
trials.

Keywords: 1,3,4-oxadiazole, breast cancer, estrogen receptor, single-crystal XRD, molecular dynamics, ADMET,
cytotoxicity.

Introduction

Cancer is a class of diseases that contributes to
abnormal cell growth and spread. If the ranges of the
abnormal cells are not controlled, it can result in
death. The second-largest source of cancer death in
women worldwide, after lung cancer, is breast cancer

(BCa). The risk of breast cancer deaths in a person is
roughly 1 out of 38 in recent years, approximately
2.6%. It is reported from the American Cancer Society
that in 2019, around 268,600 people were diagnosed
and 41,760 deaths from Breast cancer were recorded.[1]

Studies showed that there is a 3.1% rise in the global
incidence of breast cancer every year. The ERα (estro-
gen receptor alpha) is essential for mammary gland
development and plays a vital role in breast cancer
growth. It was reported that ERα could mediate

Supporting information for this article is available on the
WWW under https://doi.org/10.1002/cbdv.201900659

DOI: 10.1002/cbdv.201900659 FULL PAPER

Chem. Biodiversity 2020, 17, e1900659 © 2020 Wiley-VHCA AG, Zurich, Switzerland

http://orcid.org/0000-0003-2992-4365
https://doi.org/10.1002/cbdv.201900659
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcbdv.201900659&domain=pdf&date_stamp=2020-01-29
Highlight
Muthiah Ramanathan,



Chemical Data Collections 26 (2020) 100350 

Contents lists available at ScienceDirect 

Chemical Data Collections 

journal homepage: www.elsevier.com/locate/cdc 

Data Article 

Crystal structure, Hirshfeld surface analysis, DFT and 

molecular docking studies on benzohydrazide derivatives as 

potential inhibitors of prostate cancer 

H.A. Arjun 

a , Ravi Kumar Rajan 

b , R. Elancheran 

a , M. Ramanathan 

b , 
Atanu Bhattacharjee 

c , S. Kabilan 

a , ∗

a Drug Discovery Lab, Department of Chemistry, Annamalai University, Chidambaram, Tamil Nadu 608002, India 
b Department of Pharmacology, PSG College of Pharmacy, Coimbatore, Tamil Nadu 641004, India 
c Computational Biology Laboratory, Department of Biotechnology & Bioinformatics, North Eastern Hill University, Shillong 793022, India 

a r t i c l e i n f o 

Article history: 

Received 30 September 2019 

Revised 25 January 2020 

Accepted 27 January 2020 

Available online 1 February 2020 

Keywords: 

Crystal structure 

Hirshfeld surface 

Homo-lumo 

Molecular docking 

Molecular dynamics 

a b s t r a c t 

Single crystals of (E)-N’-((1–chloro-3,4-dihydronaphthalen-2-yl)methylene)-3-nitro benzohy- 

drazide and (E)-3–chloro-N’-((1–chloro-3,4dihydronaphthalen-2-yl)methylene) benzohydrazide 

crystals were grown from the (DMSO/ CDCl 3 ) by slow evaporation growth technique. The 

Compounds 6a (C 18 H 14 ClN 3 O 3 ) crystallized at orthorhombic system with Pbca space group 

and 6b (C 18 H 14 Cl 2 N 2 O) crystallized at tetragonal system with I 41/a space group through 

single-crystal X-ray diffraction analysis. The compounds were synthesized and character- 

ized well by spectroscopic techniques. The morphology of crystals were analysed by SEM 

and the stability at different tem perature was done by TG-DTA analysis. Theoretical calcu- 

lations were performed using density functional theory by Gaussian 09 to develop the op- 

timized geometry, polarizability and dipole moment. Molecular docking and in vitro stud- 

ies were carried out for both the crystals. Molecular Dynamics simulations for the highest 

binding energy molecule 6a were studied with protein 3V49. Further, the pharmacokinetic 

properties were predicted for the compounds 6a & 6b. These findings may give vital infor- 

mation for further development. 

© 2020 Elsevier B.V. All rights reserved. 

Specifications table 

Subject area Organic Chemistry, Crystallography, Hirshfeld surface. 

Compounds (E)-N’-((1 - chloro-3,4-dihydronaphthalen-2-yl)methylene) −3-nitrobenzohydrazide and 

(E) −3 - chloro-N’-((1 - chloro-3,4-dihydronaphthalen-2-yl)methylene)benzohydrazide 

Data category Crystal, NMR ( 1 H & 13 C), crystallographic data, computational simulation physicochemical and molecular dynamics. 

Data acquisition format Process and analysis data. 

Data type Single crystal X-ray diffraction method. 

Procedure The compound was synthesized and characterized by spectral Analysis. Both the crystals were confirmed by X- ray diffraction 

studies. Further molecular docking, ADME properties were checked for these two compounds. Compounds showed activity 

against (PC3 cell line) Prostate cancer. The bio active molecule was further analyzed in molecular dynamics stimulation. 

Data accessibility The Crystallographic data for compound 6a & 6b have been deposited with the Cambridge Crystallographic Data center, 

CCDC No. 1,947,850 and 1,947,851 . Supplementary data associated NMR spectra and computational studies of compounds 

6a and 6b are deputed. 
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ABSTRACT: The aim of the present research work was to prepare and evaluate in situ gel forming ophthalmic drug 
delivery system loaded with brimonidine tartarate (BT). In this work, carbopol and hydroxy propyl methyl cellulose 
(HPMC), ophthalmic gel-forming mucoadhesive polymers, which gets converted to gel in the lachrymal fluid were 
used as in the preparation of pH t riggered in situ gel formulation. The formulations were then autoclaved at 121°C 
for 15 min and evaluated for pH, clarity, gelling capacity, drug content, viscosity, and in vitro release. The developed 
formulations exhibited extended release of drug over a period of 8 hours in in vitro studies and therefore it could 
increase the residence time in eye. The optimized formulations were finally tested for its ability to cause irritation in 
male albino rabbits. The results indicated that the formulations did not irritate or damage the cornea, iris and 
conjunctiva. 

KEYWORDS: Brimonidine tartarate; in situ gel; ophthalmic drug delivery; viscosity enhancement; in vitro release. 

1.  INTRODUCTION 

Glaucoma is the second most common cause of blindness worldwide, after cataract and there were 
60.5 million people with open angle glaucoma and angle closure glaucoma in 2010, increasing to 79.6 million 
by 2020. Glaucoma is generally treated using traditional surgery, pills, eye drops, laser surgery, or a 
combination of any of these methods. One of the major challenges in ophthalmic drug delivery systems is to 
design new soluble ocular carriers without causing blurred vision and to get the drug into the target site to 
enhance the therapeutic effects [1]. More than 90% of the marketed ophthalmic formulations are available as 
eye drops. But, majority of the topically applied formulations do not remain in the eye for long time as they 
washed off from the eye by constant blinking of the eye, high tear turnover the impermeability of the drugs 
across corneal epithelial membrane, lachrymal drainage, and tear fluid dilution, which usually results in 
poor ocular bioavailability of the drugs [2]. As a result of these factors, the ocular bioavailability for the 
drugs administered is very poor. 

Brimonidine tartrate (BT) is a selective alpha-2 adrenergic agonist, used to lower ocular pressure by 
decreasing production of aqueous humor and simultaneously by increasing uveoscleral outflow. 
Additionally it functions well in treating glaucoma in cardiopulmonary patients. But, patients taking BT 
continuously suffer from problems like ocular allergy and sub-clinical inflammation in conjunctiva [3]. As 
marketed form of BT exists only as solution, research works are necessary for the development of delivery 
systems that can prolong the release of BT for a long time in the eye to reduce the frequency of 
administration of BT. 

Ophthalmic ointments offer high ocular bioavailability of the drugs by increasing the contact time at 
the cornea, resisting nasolacrimal drainage, and minimizing the dilution by tears. A major disadvantage of 
the ointment which restricts its usage is blurred vision. Application of ointments in ophthalmic delivery 
system relies on the fact that the drug particles may be present in the conjunctival sac for a longer time by 
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ABSTRACT
In the present work, chicken (IgY) and rabbit (IgG) antibodies were generated against the ven-
oms of Daboia russelii and Echis carinatus snakes and efficacy was compared with commercial
antivenom. Antivenom antibodies were purified and evaluated by ELISA, SDS-PAGE, Western
Blot. All antivenoms neutralized a challenge dose of 3LD50. Each ml of IgY, IgG and commercial
antivenom neutralized 0.3, 0.34, and 0.6mg of E. carinatus venom and 0.2, 0.22 and 0.57 mg D.
russelii venom respectively. The present study suggests the generated antivenoms as effective in
neutralizing the venoms injected, implying the scope of IgY antivenoms for further screening
and evaluation.
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1. Introduction

Envenomation from snakebite is considered a serious
health hazard in tropical and sub-tropical regions such
as Africa, Asia, Latin America and Oceania affecting
around 1.8–2.7 million people worldwide resulting in
81,000 to 138,000 deaths annually (Gutierrez 2017).
Currently, available treatment for the envenomation
caused by snake venom is the administration of anti-
venom produced from hyperimmune plasma of equi-
nes, which leads to undesirable side effects such as
anaphylactic reactions and serum sickness (Laustsen
et al. 2018), and if the antivenoms are well designed,
they can be an effective life-saving drug. The most
affected of all the regions in India, which is also the
snake bite capital of the world with mortality ranging
from 35,000 to 50,000 deaths annually (Choudhury
et al. 2017). The principal common snakes responsible
for causing snake envenomation in India are Indian
cobra (Naja naja), Common Krait (Bunagarus caeruleus),
Russell’s viper (Daboia russelii) and Saw scaled viper
(Echis carinatus). Snake venom is a mixture of various
proteins, organic and inorganic materials. The closely
related species of snakes share common proteins that
vary within individual snakes depending on different
environments and seasons (Pawade et al. 2016). The
poor neutralizing ability and adverse reactions of

equine antivenom have resulted in search of alterna-
tive methods for the production of antivenom. A num-
ber of research groups have produced antivenom
from different animal or avian sources such as
Camelid (Padula and Winkel 2016, 2017), Rabbits
(Beghini et al. 2008, Venkatesan et al. 2014), Mice
(Tanaka et al. 2016, Melo et al. 2017), Donkeys (Patrick
Fernandez et al. 2009), Sheep (Le�on et al. 2000), Ducks
(Y-Neng Chiou 2008) and chickens (Maya et al. 2002,
Almeida et al. 2008, Meenatchisundaram et al. 2008,
Araujo et al. 2010, Prabhu et al. 2010, Duan et al.
2016, Navarro et al. 2016) so as to produce antivenom
of high neutralization potential.

Identification of snakes, post snake bite envenom-
ation depends on the information given by the
patients and the conventional method of identification
of venoms such as the 20min whole blood clot test
(WBCT) (Pawade et al. 2016, Shaikh et al. 2017). So far,
since antivenoms have been in use for the treatment
of snake envenomation, researchers are still exploring
the possibilities to develop a rapid snake venom
detection kit. Globally, only Australia has a Snake
venom detection kit (SVDK) developed by Bio
Commonwealth serum laboratories (BIO-CSL). Indian
scenario on detection kits for snake venom remains
silent though there a couple of antivenom
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Abstract
The leaves of Psidium guajava (PG) and Justicia adhatoda (JA) are traditionally used in the Indian herbal medicine for the

treatment of dengue. The current research work was aimed to evaluate the antiviral activity of the phytoniosomes (PN)

loaded with the aqueous extracts of PG and JA (AGN) against dengue virus-2 strain (DEN-2). The AGN were prepared by

ultrasonication method using tween 80, poloxamer 407, polyethylene glycol 6000 and cholesterol. The particle size of the

PN was found out to be in the range of 105.1 ± 3.6–279.4 ± 5.2 nm. In comparison to the non-PEGylated niosomes,

PEGylated niosomes showed lower particle size. AGN showed in vitro antiviral activity against vero cells infected with

DEN-2 virus. Capsules containing AGN powder were found to be stable for 3 months when stored at room temperature.

AGN4 showed maximum of 40% plaque forming units, indicating that formulation poses significant viral inhibition in

in vitro condition.

Keywords Phytoniosomes � Nanoparticles � DEN-2 virus � Justicia adhatoda � Psidium guajava

Introduction

Dengue is the most frequently observed infection effecting

more than 50–100 million cases annually throughout the

world [1]. The overall incidences as well as the explosive

outbreaks have been increasing dramatically over the last

several years. Reported data suggests an estimate of about

500,000 cases of dengue hemorrhagic fever occur world-

wide, with 22,000 deaths (Malavige GN, Stephenson JR)

[2, 3]. According to data released by the Directorate of the

National Vector Borne Disease Control Programme

(NVBDCP), India has more than 67,000 cases of dengue

fever as of October 13th [4]. Dengue hemorrhagic fever

(DHF) and dengue shock syndrome (DSS) are caused by a

flavivirus named dengue virus (DENV) in which female

mosquitoes of the species Aedes aegypti and Aedes

Albopictus act as vector. There are 4 distinct, but closely

related serotypes of the virus that cause dengue (DEN-1,

DEN-2, DEN-3, and DEN-4). During the course of infec-

tion, the patient may experience early symptoms such as

fever, headache, rashes, nausea, and musculoskeletal pains,

and can even lead to mortality. Recovery of the patients

from the infection provides lifelong immunity against that

particular serotype. Subsequent infections by other ser-

otypes increase the risk of developing severe dengue [5].

Hematological abnormalities related to platelets like

thrombocytopenia, coagulopathy, vasculopathy, and

endothelial dysfunction are generally observed in severe

dengue [6]. The magnitude of the global problem is com-

pounded by the fact that there is no specific antiviral

treatment or vaccines for the disease. The virus attacks and

creates lesions in the bone marrow, which causes depletion

of the platelets and can even be potentially fatal. It is
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