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RESEARCH ARTICLE

Evaluation of oxidative stress induction in rats following exposure to silver
nanorods

Harikiran Lingabathula and Narsimhareddy Yellu

Department of Pharmacology and Toxicology, University College of Pharmaceutical Sciences, Kakatiya University, Warangal, Telangana, India

ABSTRACT
The study investigated the oxidative stress induction by the 10 and 25nm silver nanorods (SNRs) fol-
lowing intra-tracheal instillation in rats after 1 day, 1 week, 1 month and 3 months post instillation peri-
ods at 1 and 5mg/kg b.w. doses. The blood was withdrawn by retro orbital plexus method after
exposure periods and different oxidative stress markers were estimated. The results showed that the
both sizes of SNRs induced increased levels of malondialdehyde (MDA) and depleted glutathione (GSH)
levels after 1 day and 1 week post exposure periods. The 10 and 25nm SNRs at both doses displayed
that significantly reduced levels of superoxide dismutase (SOD) and catalase following 1day and
1 week post exposure periods. Also, the results have shown that decrease in total antioxidant capacity
(TAC) of both sizes of SNRs significantly following 1 day and 1 week post exposure periods, indicating
the oxidative stress induction by SNRs. In spite, there were no significant changes in oxidative stress
markers following 1 month and 3 months post exposure periods may be due to recovery. The
increased levels of MDA and decreased levels of GSH, SOD, catalase and TAC activity are strongly asso-
ciated to ROS production and lipid peroxidation, suggesting the induction of oxidative stress in rats.
The 10nm SNRs at 5mg/kg b.w. dose exposures in rats have shown greater changes in all oxidative
stress parameters, indicating the greater induction of oxidative stress when compared with the 25nm
SNRs, representing the size–dose-dependent induction of oxidative stress of SNRs.
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Introduction

Nanomaterials (NMs) are structures that have one of its
dimensions should be in the range of 1–100 nm. The produc-
tion and utilization of NMs were rapidly growing due to its
wide range of commercial applications can be attributed to
its small size, high specific surface area, attractive physico-
chemical properties, high reactivity and unique mechanical
properties (Wan-Seob et al., 2009; Yah et al., 2011). These
NMs are used in various applications like material engineer-
ing, energy production, environment remediation, microelec-
tronics, biosensing and biomedicine (Rosella et al., 2013;
Saunders, 2012). Recently, the manufactured NMs are utilized
extensively in modern technology, there is a limited availabil-
ity of data in relation to toxicities concerning to human
health and environment (Alicia et al., 2014).

The recent study evaluated the toxicity of gold nanorods
following 48 h exposure in human Hep G2 liver cells in vitro.
Results revealed that the gold nanorods induced cytotoxicity,
inflammation and oxidative stress in liver cells via decrease in
cell viability, increased lactate dehydrogenase (LDH) leakage,
depleted glutathione (GSH) levels, and elevated lipid peroxi-
dation, caspase-3 and interleukin-8 levels (Harikiran &
Narsimhareddy, 2016). The pulmonary toxicity of magnesium
oxide NMs and multi-walled carbon NMs were investigated
after intra-tracheal instillation in rats and evaluated

bronchoalveolar lavage fluid tissue damage markers.
Alkaline phosphatase and LDH leakage were enhanced at
1 day, 1 week and 1 month post-exposure intervals and also
the histological studies of rat lungs revealed the pulmonary
toxicity of magnesium oxide and multi-walled carbon NMs
(Kiranmai et al., 2013; Reddy et al., 2012).

The silver nanoparticles (SNPs) are having great potentials
in future industrial applications (Coradeghini et al., 2013).
SNPs are utilized in medical devices, surgical instruments,
biosensors, textiles, refrigerators, cosmetics, deodorants and
packaging materials for food (Chen & Schluesener, 2008;
Marin et al., 2015; Wijnhoven et al., 2009). The silver nano-
rods (SNRs) are finding applications in different areas such as
textile, painting and food industries, cosmetics, sunscreens,
bio-sensing, antimicrobial activities, medical devices and
imaging applications (Animesh et al., 2013; Dubas & Pimpan,
2008; Maqusood et al., 2010). Recently, SNRs also having
great potentials in the determination of trace chloropropanol
(Li et al., 2015) and used as high brightness photocathode
material (Subramanian et al., 2013).

Because of these huge applications of SNPs, the occupa-
tional exposure for these materials also increased enor-
mously. One of the recent study conducted by Alicia et al.
(2014) evaluated the 4.7 and 42 nm SNPs toxicities upon two
different cell lines and concluded that the SNPs induced
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cytotoxicity via reactive oxygen species (ROS) generation,
GSH depletion and oxidative stress induction. Recently, some
of the studies were conducted on SNPs in vitro and in vivo
and reported the toxicities induced by the SNPs in different
human cell lines and animals (Jennifer et al., 2016; Marin
et al., 2015; Susann et al., 2013; Xiaomei et al., 2015). Most of
the studies evaluated the toxicities of SNPs, but there is a lit-
tle availability of toxicity data related to SNRs, because the
size, shape and surface coating of the SNPs can affect the
level of toxicity (Lankveld et al., 2010; Rothen et al., 2010;
Sur et al., 2010). Some of the studies evaluated the toxicity
of SNRs by using different human cell lines and reported the
SNRs induced cytotoxicity towards different cell lines in vitro
(Favi et al., 2015; Harikiran et al., 2015). The present
study goal was to investigate the oxidative stress induction
by poly ethylene glycol (PEG) coated, 10 and 25 nm SNRs
following intra-tracheal instillation in rats and the results
were compared against the control and a positive control,
quartz (QTZ).

Materials and methods

Chemicals

The 10 and 25 nm SNRs were purchased from Sigma-Aldrich,
St. Louis, MO. QTZ particles (58–68 lm; 99.95% purity) were
procured from Berkely Springs, Morgan County, WV.
Phosphate buffer saline (PBS) and PEG were acquired from
Himedia, India. All the biochemical assay kits were procured
from Cayman Chemicals, Ann Arbor, MI.

Animals and treatment

Male Wistar rats of six-week-old were purchased from
Sainath agencies, Hyderabad, India and before starting the
experiments kept one week for acclimatization. The rats were
housed in polypropylene cages in a room; water and feed
were available ad libitum with controlled temperature
(25 ± 2 �C), humidity (55 ± 5%) and a 12-h light/dark cycle
throughout the acclimatization and experimental periods.
The rats, weighed approximately 220 g were selected and
randomly divided into seven groups (6 rats in each group).
The different groups of rats were exposed with a single dose
of 1mg/kg and 5mg/kg b.w. of 10 nm SNRs, 25 nm SNRs,
QTZ and control (PBSþ 1% PEG) by intra-tracheal instillation
method as described by Warheit et al. (2007). The experiment
was approved by the Animal ethics committee, Kakatiya
University.

Collection of blood

The blood was collected from the control, SNRs and QTZ
exposed rats by means of retro orbital plexus at 1 day,
1 week, 1 month and 3 months after instillation periods. The
serum was obtained by immediate centrifugation of blood
samples at 3000 rpm for 10min at room temperature. The
serum was used for the estimation of the oxidative stress
parameters using following biochemical assays.

Oxidative stress assessment

Lipid peroxides are unstable indicators of oxidative stress in
cells that decompose to generate more complex and reactive
compound such as malondialdehyde (MDA), natural byprod-
uct of lipid peroxidation. Thiobarbituric acid reactive sub-
stance (TBARS) is a well-established assay for screening
and monitoring lipid peroxidation (Anreddy et al., 2010).
MDA forms a 1:2 adduct with thiobarbituric acid (TBA).
The MDA–TBA complex formed from the reaction of MDA in
samples with TBA can be measured colorimetrically. GSH is
an important intracellular tripeptide thiol composed of glu-
tamic acid, cysteine and glycine. GSH helps to protect cells
from free radical damage through acting as an antioxidant.
The GSH assay measuring the total concentration of GSH,
which includes both oxidized and reduced GSH. GSH reduc-
tase reduces oxidized GSH (GSSG) to reduced GSH.
Subsequently, the chromogen reacts with the thiol group of
GSH to generate a colored complex that absorbs at 405 nm
(Mytilineou et al., 2002).

Superoxide dismutase (SOD) brings about the dismutation
of superoxide anion into H2O2 and molecular oxygen, is one
of the most important antioxidative enzymes (Lepock et al.,
1990). Superoxide anions (O�

2 ) are generated by a xanthine
oxidase system and then detected with a chromagen solu-
tion. However, in the presence of SOD, the superoxide anion
concentrations are declined, yielding less colorimetric signal
(Zelko et al., 2002). Catalase is an antioxidant enzyme, which
is present in mammalian and non-mammalian cells that des-
troy hydrogen peroxide by dismutation (Votyakova &
Reynolds, 2004). The method is based on the enzyme with
methanol in the presence of hydrogen peroxide and the for-
maldehyde produced was quantified spectrophotometrically
with 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole as the
chromogen (Wheeler et al., 1990). All these assays were per-
formed by using respective diagnostic kits as per the man-
ufacturer’s protocol.

The TAC was estimated by using a stable free radical 2,2-
diphenyl-1-picryl hydrazyl (DPPH), at the concentration of
0.2mM in methanol. DPPH is a paramagnetic compound hav-
ing an odd electron. It can accept an electron (or) hydrogen
radical to become a stable, diamagnetic molecule. It shows a
strong absorption band at 517 nm in methanol and its solu-
tion appears in deep violet color (Reddy et al., 2011).
Ascorbic acid was used as a reference standard and the TAC
was expressed in terms of nM of ascorbic acid.

Statistical analysis

Data were expressed as mean± SD (standard deviation).
Statistical analysis was performed for all the biochemical
assays using ANOVA followed by Bonferroni posttests and
the statistical significances were indicated by $p< .05,
#p< .01, �p< .001 versus control (PBSþ 1% PEG).

Results

The MDA levels were increased following intra-tracheal instil-
lation of SNRs, QTZ and control treated rats at 1 day and
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1 week post exposure periods (Figure 1), indicating lipid per-
oxidation. The 10 nm SNRs have shown significant elevated
lipid peroxidation following 1 day and 1 week post
exposure periods at 1mg/kg (p< .01) and 5mg/kg (p< .001)
b.w. doses. The 25 nm SNRs at 5mg/kg b.w. dose
significantly increased MDA levels following 1 week (p< .01)
post exposure period. The 10 nm SNRs have shown signifi-
cant depleted GSH levels following 1 day (p< .001), 1 week
(p< .001) and 1 month (p< .05) post exposure periods at
1mg/kg and 5mg/kg b.w. doses versus control treated rats,
whereas the 25 nm SNRs at 5mg/kg b.w. dose only

significantly decreased the GSH content following 1 day
(p< .001), 1 week (p< .001) and 1 month (p< .01) post
exposure periods (Figure 2).

The SOD levels in rat blood following exposure of SNRs,
QTZ and control were estimated at 1 day, 1 week, 1 month
and 3 months post exposure periods were presented in
Figure 3. The 10 and 25 nm SNRs at 5mg/kg dose signifi-
cantly (p< .001) depleted the SOD levels following 1 day and
1 week post exposure periods compared with control treated
rats. The 10 nm SNRs at both doses and 25 nm SNRs at 5mg/
kg dose have shown significantly (p< .001) decreased levels

Figure 2. GSH levels (lM) following intra-tracheal instillation of SNRs in rats; Data were expressed as mean ± SD (n¼ 6); $p< .05, #p< .01, �p< .001 versus control
treated rats.

Figure 1. MDA levels (nM) following intra-tracheal instillation of SNRs in rats; Data were expressed as mean ± SD (n¼ 6); $p< .05, #p< .01, �p< .001 versus control
treated rats.
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of catalase following 1 day and 1 week post exposure peri-
ods. The 10 nm SNRs at 5mg/kg dose (p< .01) decreased the
catalase levels following 1 month post exposure also. The
25 nm SNRs at 1mg/kg dose has displayed decreased cata-
lase levels following 1 day (p< .001) and 1 week (p< .01)
post exposure periods (Figure 4).

The TAC levels in rat serum upon intra-tracheal instillation
of SNRs, QTZ and control were estimated at 1 day, 1 week,
1 month and 3 months post exposure periods were pre-
sented in Figure 5. The 10 nm SNRs have displayed signifi-
cantly decreased levels of TAC following 1 day and 1 week
post exposure periods (p< .001) at both doses whereas at

Figure 3. SOD levels (IU/mL) following intra-tracheal instillation of SNRs in rats; Data were expressed as mean ± SD (n¼ 6); $p< .05, #p<.01, �p< .001 versus con-
trol treated rats.

Figure 4. Catalase levels (IU/mL) following intra-tracheal instillation of SNRs in rats; Data were expressed as mean ± SD (n¼ 6); $p< .05, #p< .01, �p< .001 versus
control treated rats.
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5mg/kg dose has shown significantly decreased TAC levels
following 1 month post exposure (p< .001). 25 nm SNRs have
shown decreased levels of TAC following 1 day (p< .001), 1
week (p< .001) and 1 month (p< .05) post exposure periods
at 5mg/kg dose.

Discussion

The present investigation was to assess the oxidative stress
and total antioxidant capacity (TAC) of 10 nm and 25 nm
SNRs, QTZ and control (PBS þ1% PEG) at 1 and 5mg/kg b.w.
doses following intra-tracheal instillation in rats using estima-
tion of oxidative stress parameters such as MDA, GSH, SOD,
catalase and TAC after 1 day, 1 week, 1 month and 3 months
post exposure periods. Most of the previous investigations
were suggested that the toxicity of NPs was mainly due to
production of ROS and induction of oxidative stress
(Alexandra et al., 2012; Abudayyak et al., 2016; Pengjuan
et al., 2012).

One of the recent study conducted by Alicia et al. (2014)
evaluated the 4.7 and 42 nm SNPs toxicities upon two differ-
ent cell lines and concluded that the SNPs induced cytotox-
icity via ROS generation, GSH depletion and oxidative stress
induction. Igor et al. (2011) investigated the oxidative stress
induced by different metallic NPs such as CdS and ZnO on
human kidney cells (Glomerular and tubular). CdS and ZnO
NPs significantly increased the cell mortality, generation of
ROS and intracellular levels of GSH revealed that NPs induced
stress. Generation of ROS and induction of oxidative stress
clearly proposed that the metal NPs nephrotoxic potential.
The previous studies were conducted mainly by using human

cells in vitro and no clear guidelines were available for tox-
icity testing of these NPs. We have made an attempt
to evaluate the oxidative stress induction, in vivo in rats fol-
lowing exposure of SNRs.

The present investigation results were displayed that the
intra-tracheal instillation of both sizes of SNRs revealed
increased levels of MDA and depleted blood GSH levels fol-
lowing 1 day and 1 week post exposure periods at 5mg/kg
b.w. dose. In contrast, there were little or no increased
levels of MDA and decreased levels of GSH were detected at
1 month and 3 months post exposure periods. The 10 nm
SNRs at 1mg/kg b.w. dose also displayed significant
increased lipid peroxidation and depleted GSH content,
whereas 25 nm SNRs were not significantly, representing the
size-dependent toxicity.

Induction of oxidative stress can be expressed in terms of
GSH estimation and is an important antioxidant that is
oxidized during oxidative stress (Marquis et al., 2009). ROS
production and subsequent oxidative stress induction was
manifested by increased levels of MDA and reduction in GSH
content. The SNRs might have resulted in ROS generation
and oxidative stress induction via elevated MDA levels
and depleted GSH content following instillation after 1 day
and 1 week post exposure periods. Recently, Porntipa et al.
(2013) examined the in vitro toxicity of SNPs in relation to
the generation of ROS in A549 lung cells. SNPs exposure
results in ROS formation, reduction in mitochondrial mem-
brane potential, S phase arrest and increase in the proportion
of cells in the sub-G1 (apoptosis) population in a concentra-
tion-time-dependent fashion. The study was supported our
results related to ROS generation and subsequent induction
of oxidative stress by SNRs.

Figure 5. TAC (nM) following intra-tracheal instillation of SNRs in rats; Data were expressed as mean ± SD (n¼ 6); $p< .05, #p< .01, �p< .001 versus control
treated rats.
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Our results pertaining to enzymatic oxidative stress
markers in rat blood after intra-tracheal instillation of both
sizes of SNRs at 1mg/kg and 5mg/kg b.w. doses displayed
that significantly decreased levels of SOD and catalase follow-
ing 1 day and 1 week post exposure periods. Whereas, there
was no significant fall in these enzymatic oxidative stress
markers following 1 month and 3 months post exposure peri-
ods may be due to recovery. SOD is one of the most import-
ant anti-oxidative enzymes (Valentine & Hart, 2003). Catalase
is one of the major antioxidant enzymes that destroy hydro-
gen peroxide by dismutation (Votyakova & Reynolds, 2004;
Zhang et al., 2001). It is noticeable from the results of
present investigation is that inhibition of SOD and catalase
activity may increases the SNRs induced oxidative stress.

The TAC of test SNRs was determined by using a stable
free radical, DPPH, as TAC is based on the decrease in
absorbance of the free radical in the presence of antioxi-
dants. The results have shown that decrease in TAC of both
sizes of SNRs significantly following 1 day and 1 week post
exposure periods in rats, indicating the oxidative stress
induction by SNRs. The findings were revealed significantly
decreased TAC of SNRs at 5mg/kg dose following 1 month
post exposure period. The oxidative stress induction was
followed a dose-dependent fashion.

Reddy et al. (2011) assessed the oxidative stress and total
antioxidant status following intra-tracheal instillation of
multi-wall carbon nanotubes in rats at a dose of 0.2, 1 and
5mg/kg b.w. Following instillation, the blood samples were
collected at 1 day, 1 week, 1 month and 3 months post instil-
lation of nanotubes and different parameters were estimated
to assess the oxidative stress. Instillation of nanotubes in rats
produced a significant dose dependent decrease of total anti-
oxidant status, GSH, SOD, catalase activity and increased
MDA levels than control group. Kiranmai & Reddy (2013)
evaluated antioxidant status following intra-tracheal instilla-
tion of MgO NPs at a dose of 1 and 5mg/kg of b.w. in rats
and the blood samples were collected at 1 day, 1 week and
1 month post instillation periods. Intra-tracheal instillation of
MgO NPs produced a significant dose-dependent decrease in
blood TAC, SOD and catalase levels.

Similar to the above studies, our investigation has shown
the elevated levels of MDA and depletion of GSH, SOD, cata-
lase and TAC activity are strongly associated with ROS pro-
duction and lipid peroxidation, demonstrating the induction
of oxidative stress in rats following instillation of SNRs. The
reduction in the antioxidant capacity in SNRs instilled rats
shows the reduction in antioxidant defense mechanisms. The
results propose possible occupational health risk in chronic
exposures of SNRs.

The intra-tracheal instillation of 10 nm SNRs in rats has
shown greater elevated levels of lipid peroxidation and
depletion of GSH, SOD, catalase and TAC activity, indicating
the greater induction of oxidative stress when compared
with the 25 nm SNRs, representing the size-dependent induc-
tion of oxidative stress of SNRs.

Some of the previous studies also conducted experiments
on size-dependent toxicity of SNPs and suggesting the size
based toxicity. One of such type of investigation conducted
by Soderstjerna et al. (2014) on 20 and 80 nm silver and gold

NPs using an in vitro tissue culture model of the mouse ret-
ina. TEM analysis revealed cellular and nuclear uptake of gold
and silver NPs in all neuronal layers of the retina and signifi-
cantly superior numbers of apoptotic cells as well as an
increased number of oxidative stressed cells were found by
20 nm NPs. Andrea et al. (2012) evaluated the effects of 20
and 40 nm SNPs using a mixed primary cell model consisting
of neurons, astrocytes and a minor proportion of oligoden-
drocytes. Both SNPs have shown size-dependent cytotoxicity,
generation of ROS and acute calcium response, indicating
oxidative stress. Rona et al. (2014) evaluated the toxic effects
of 10, 20, 40, 60 and 100 nm SNPs by treating with the
human LoVo cell line, an intestinal epithelium model.
The cellular uptake by confocal laser scanning microscopy
and various cytotoxicity parameters were displayed size–
dose-dependent toxicity.

Conclusions

The intra-tracheal instillation of 10 and 25 nm SNRs in rats
results in elevated levels of lipid peroxidation and depleted
levels of GSH, SOD, catalase and TAC, indicating oxidative
stress induction by the test SNRs. Finally, the SNRs induced
dose–size-dependent oxidative stress following intra-tracheal
instillation in rats after 1 day and 1 week post exposure
periods.
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ABSTRACT

Objective: Carbon nanomaterials (CNMs) such as carbon nanofibres (CNFs), multi-wall carbon nanotubes (MWCNTs), and carbon nanorods (CNRs) 
were found various industrial and commercial applications. The occupational exposure for these CNMs was also increased enormously. This study 
evaluated the extrapulmonary toxicity induced by these CNMs.

Methods: The extrapulmonary toxicity was assessed following intratracheal instillation of test CNMs in rats after 1 day, 1 week, 1 month, and 3 months 
postexposure periods using serum biochemical parameters such as alanine transaminase (ALT) and creatinine using diagnostic assay kits. Further, the 
histopathological analysis was performed for liver and kidneys of particle exposed rats.

Results: The results have displayed that increased levels of serum ALT and creatinine were found after 1 day, 1 week, and 1 month postexposure 
periods indicating liver and kidney toxicity, respectively. This toxicity was further confirmed by the changes observed in the histopathological analysis 
of rat liver and kidneys.

Conclusion: The CNFs, MWCNTs, and CNRs able to translocate from the lungs into other extrapulmonary organs such as liver and kidney, and also 
cause dose-dependent toxicity to them.

Keywords: Alanine transaminase, Carbon nanomaterials, Creatinine, Toxicity.

INTRODUCTION

Carbon nanomaterials (CNMs) are a new form of crystalline carbon 
currently attracting intense research efforts because of their unique 
properties that make them suitable, as such or after modification, 
for many industrial developments such as in high strength materials, 
electronics or biomedical applications [1]. With the widespread 
development of commercial CNMs manufacturing and commercial 
application, CNMs such as multi-wall carbon nanotubes (MWCNTs), 
carbon nanofibers (CNF), and carbon nanorods (CNRs) are an important 
category of nanoparticle for health risk assessment. There is a need 
to address the associated bioactivity of these newly manufactured 
nanomaterials [2,3].

Pulmonary retention and extrapulmonary redistribution of inhaled 
nanoparticles have been considered to be important contributing 
factors of cardiorespiratory diseases. Varying the characteristics of 
carbon nanoparticles, such as size, surface charge, attachment of ligands, 
or surfactant coatings, offers the possibility for site-specific targeting 
of different regions of the gastro-intestinal tract. The fast transit of 
material through the intestinal tract (on the order of hours), together 
with the continuous renewal of epithelium, led to the hypothesis that 
nanomaterials will not remain there for indefinite periods [4].

The ingested nanoparticles have eliminated rapidly: 98% in the feces 
within 48 hours and most of the remainder via urine [3]. However, 
other studies indicate that certain nanoparticles can translocate to 
blood, spleen, liver, bone marrow, lymph nodes, kidneys, lungs, brain 
and can also be found in the stomach and small intestine. Oral uptake 
of polystyrene spheres of various sizes (50 nm-3 μm) by rats resulted 
in a systemic distribution to liver, spleen, blood, and bone marrow [5].

Recently, some investigations were evaluated the in vitro toxicity of 
different nanoparticles in human cell lines through various biomarkers 
and reported the cytotoxicity and oxidative stress induction [6-8]. 
Initial studies focused on the respiratory effects of pulmonary exposure 
of various nanoparticles but were limited by the lack of knowledge 
concerning the extra-pulmonary toxicity [9-11]. Some nanoparticles 
characterized by their ability to translocate, from their site of deposition 
in the lungs to the blood and the brain [12,13]. In this study, we have 
evaluated the ability of the MWCNTs, CNFs, and CNRs to translocate into 
extra-pulmonary organs like liver and kidney, and also evaluated the 
extrapulmonary toxicity of these CNMs in rats following intratracheal 
instillation.

METHODS

The MWCNTs, CNFs, and CNRs were purchased from Sigma-Aldrich, 
USA. Quartz powder (QZ) and carbonyl iron (CI) were obtained from 
S.D. Fine chemicals, India. Phosphate buffer saline (PBS) and Tween 80 
were procured from HiMedia Laboratories Ltd., Mumbai. Serum alanine 
transaminase (ALT) and serum creatinine assay kits were purchased 
from Span diagnostics, India.

Experimental animals
Groups of male wistar albino rats (Hyderabad, India) of 6-9 weeks 
old at study start (mean weights in the range of 220-275 g) were 
selected and housed in polypropylene cages in a room where the 
congenial temperature was 26±2°C and 12 hrs light and dark cycles 
were maintained. The animals were allowed to acclimatize to the 
environment for 7 days and supplied with a standard pellet diet and 
water ad libitum. All procedures using animals were reviewed and 
approved by the Institutional Animal Care and Use Committee of 
Kakatiya University.

© 2017 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons. 
org/licenses/by/4. 0/) DOI: http://dx.doi.org/10.22159/ajpcr.2017.v10i5.17152
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Preparation of fine-dust suspensions
Fine particle suspensions of CNMs were prepared with a nontoxic 
dispersion vehicle for instillation into rat lungs [14,15]. The 
products are extremely difficult to disperse even in the presence of 
a dispersing agent. All the CNMs suspensions were prepared in PBS 
+ 1% Tween 80 at a concentration of 10 mg/mL by briefly shearing 
(2 minutes in a small glass homogenizing tube) and subsequently 
sonicating (1-2 minutes) the samples. All the samples with different 
concentrations were re-sonicated on the day of dosing before the 
instillation.

Intratracheal instillation
The rats were anesthetized with 3-5% isoflurane in a small 
chamber and individual rats were secured on an inclined plastic 
platform and anesthetization continued via a small nose cone. The 
trachea was exposed by a 1 cm incision on the ventral neck skin 
for instillation of the dust suspension [16]. The intratracheal fast 
instillation/nebulization procedure for rats was modified to ensure 
that instilled material was delivered into the lungs of rats with a 
good distribution [17].

Experimental design
Groups of rats were instilled intratracheally with single dose of 
1 mg/kg or 5 mg/kg of CNF, MWCNT, CNR, CI and quartz-crystalline 
silica particles (QZ). All the particles were prepared in a volume of 
1.0% Tween 80 and phosphate-buffered saline and subjected to 
polytron dispersion [18]. Groups of PBS-Tween, CI, and QZ instilled rats 
were served as solvent control, negative control, and positive control, 
respectively.

Collection of blood samples and biochemical analysis
Blood samples were collected from all the group of rats by retro-
orbital sinus puncture, under mild ether anesthesia and serum 
was obtained by immediate centrifugation of blood samples using 
BIOFUGE cooling centrifuge at 3000 rpm for 10 minutes at room 
temperature. The blood samples were collected from all the group 
of rats at 24 hrs, 1 week, 1 month, and 3 months postinstillation 
intervals and were used to estimate suitable biomarkers (enzyme 
levels) which represent the organ/tissue toxicity. Evaluation of 
ALT levels was specifically used to assess the liver toxicity and 
estimation of serum creatinine levels assesses the renal toxicity. 
The biochemical assays were performed on serum samples for the 
estimation of creatinine and ALT using respective diagnostic kit 
methods.

Histopathological studies of extrapulmonary organs
The extrapulmonary vital organs (liver and kidney) of all the control 
and particles exposed rats were collected at 24 hrs, 1 week, 1 month 
and 3 months postinstillation intervals of CNMs. These tissues were used 
for the histopathological examination to assess the extrapulmonary 
toxicity of CNMs. The isolated tissues were fixed in 10% v/v neutral 
buffered formalin and processed using routine histological techniques. 
The liver and kidney tissues were embedded in paraffin and stained 
using hematoxylin and eosin (H and E) dyes for histopathological 
evaluations.

Statistical analysis
All the experimental values were expressed as mean±standard deviation 
and were compared with control value at each time point. One-way 
analysis of variance and Dunnett test were used to compare means 

Table 1: Serum ALT levels (IU/L) in rats exposed to CNFs, MWCNTs and CNRs

Group Postinstillation period

1 day 1 week 1 month 3 months
PBS+1% Tween 80 29.54±2.12 29.20±0.80 27.60±2.30 26.30±1.23
CI 1 mg/kg 29.92±1.90 30.18±1.23 30.34±3.01 30.09±2.15
CI 5 mg/kg 31.21±2.36 31.84±2.12 31.55±2.18 31.37±3.12
CNFs 1 mg/kg 38.58±4.12* 44.32±4.50** 52.49±4.23*** 46.76±3.56*
CNFs 5 mg/kg 45.15±4.92** 50.54±4.30** 59.97±4.56*** 53.18±4.23**
MWCNTs 1 mg/kg 36.33±3.12* 41.15±3.58** 49.36±3.96** 44.72±2.36*
MWCNTs 5 mg/kg 42.64±4.12* 47.54±3.26** 55.25±4.78*** 51.67±2.47**
CNRs 1 mg/kg 34.13±1.23* 38.28±3.56* 41.47±3.45** 40.61±3.78*
CNRs 5 mg/kg 39.62±2.50* 43.41±3.60** 49.18±3.56** 47.55±3.60**
QZ 1 mg/kg 33.24±3.45* 39.53±3.12* 41.83±3.48** 41.29±2.96*
QZ 5 mg/kg 38.78±4.35* 44.12±1.23** 50.74±3.96** 45.90±2.98*
Data were expressed as mean±SD (n=6), Significance was indicated by *p<0.05, **p<0.01, ***p<0.001 versus control treated rats. ALT: Alanine transaminase, 
BPS: Phosphate buffer saline, CI: Carbonyl iron, CNFs: Carbon nanofibers, MWCNTs: Multi wall carbon nanotubes, CNRs: Carbon nanorods, QZ: Quartz, SD: Standard 
deviation

Table 2: Serum creatinine levels (mg/dL) in rats exposed to CNFs, MWCNTs and CNRs

Group Postinstillation period

1 day 1 week 1 month 3 months
PBS+1% Tween 80 0.79±0.11 0.79±0.10 0.75±0.23 0.72±0.20
CI 1 mg/kg 0.80±0.17 0.81±0.14 0.88±0.15 0.82±0.19
CI 5 mg/kg 0.82±1.12 0.82±0.18 0.91±0.18 0.84±0.16
CNFs 1 mg/kg 1.04±0.25* 1.08±0.32* 1.29±0.32** 1.03±0.27
CNFs 5 mg/kg 1.29±0.28** 1.41±0.39*** 1.32±0.42** 1.12±0.35
MWCNTs 1 mg/kg 1.02±0.16* 1.06±0.25* 1.23±0.32* 1.02±0.29
MWCNTs 5 mg/kg 1.26±0.25** 1.36±0.40** 1.25±0.41** 1.08±0.16
CNRs 1 mg/kg 0.98±0.26 1.01±0.34* 1.12±0.34* 1.04±0.34
CNRs 5 mg/kg 1.23±0.31* 1.31±0.23** 1.23±0.36* 1.04±0.23
QZ 1 mg/kg 0.92±0.19 0.98±0.19 1.11±0.45* 1.07±0.35
QZ 5 mg/kg 1.22±0.23* 1.29±0.36** 1.21±0.39* 1.03±0.26
Data were expressed as mean±SD (n=6); Significance was indicated by *p<0.05, **p<0.01, ***p<0.001 versus control treated rats. BPS: Phosphate buffer saline, 
CI: Carbonyl iron, CNFs: Carbon nanofibers, MWCNTs: Multi wall carbon nanotubes, CNRs: Carbon nanorods, QZ: Quartz, SD: Standard deviation
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from the control group and each of the groups exposed to particulates, 
and the statistical significance was judged at the 0.05 probability level. 
Significance was indicated by: *p<0.05, **p<0.01, ***p<0.001 versus 
control (n=6).

RESULTS

Similar to the QZ, exposures of CNFs, MWCNTs, and CNRs in rats 
resulted in a dose-dependent increase in ALT levels at all postexposure 
periods (Table 1), but the significant (p<0.001) increase in ALT levels 
were observed with 5 mg/kg doses of all CNMs.

Intratracheal instillation of CNFs, MWCNTs, and CNRs in rats resulted 
in a dose-dependent increase in creatinine levels at all postexposure 
periods (Table 2), but the significant (p<0.001) increase in creatinine 
levels were observed with 5 mg/kg dose at 1 week of postinstillation 
period of CNFs.

The liver and kidney tissues exposed to various CNMs were isolated 
at 1 day, 1 week, 1 month, and 3 months postexposure periods and 
the histopathological changes were presented in Figs. 1 and 4. 
The rat livers after 1 week and 1 month postinstillation periods 
have shown congestion of central vein, shrinkage or ballooming of 

Fig. 1: Light micrograph of rat liver tissue at 1 week postinstillation exposure; control: PBS+1% Tween 80; 1WF1L: CNF (1 mg/kg); 1WF2L: 
CNF (5 mg/kg); 1WM1L: MWCNT (1 mg/kg); 1WM2L: MWCNT (5 mg/kg); 1WR1L: CNR (1 mg/kg); 1WR2L: CNR (5 mg/kg); 1WQ1L: Quartz 

(1 mg/kg); 1WQ2L: Quartz (5 mg/kg)

Fig. 2: Light micrograph of rat liver tissue at 1 month postinstillation exposure; control: PBS+1% Tween 80; 1MF1L: CNF (1 mg/kg); 
1MF2L: CNF (5 mg/kg); 1MM1L: MWCNT (1 mg/kg); 1MM2L: MWCNT (5 mg/kg); 1MR1L: CNR (1 mg/kg); 1MR2L: CNR (5 mg/kg) 

1MQ1L: Quartz (1mg/kg); 1MQ2L: Quartz (5 mg/kg)
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hepatocytes, necrosis, and degeneration with fat globules. There were 
no remarkable changes in liver tissue during 1 day and 3 months 
postexposure periods.

The histology of rat kidneys after 1 week and 1 month postexposure 
was displayed tubular dilation, increased inflammatory infiltrates, 
thinned outer cortex, focal areas showing necrosis and degeneration. 
There were no remarkable changes were found in the kidneys after 
1 day and 3 months postexposure periods.

DISCUSSION

This study investigated the ability of the different types of carbon 
nanoparticles to translocate into extrapulmonary organs such as 

Fig. 4: Light micrograph of rat kidney tissue at 1 month postinstillation exposure; control: PBS+1% Tween 80; 1MF1K: CNF (1 mg/kg); 
1MF2K: CNF (5 mg/kg); 1MM1K: MWCNT (1 mg/kg); 1MM2K: MWCNT (5 mg/kg); 1MR1K: CNR (1 mg/kg); 1MR2K: CNR (5 mg/kg); 

1MQ1K: Quartz (1 mg/kg); 1MQ2K: Quartz (5 mg/kg)

liver and kidney, and also evaluated the extrapulmonary toxicity in 
rats following intratracheal instillation of CNMs. Exposure of these 
CNMs at different doses does not produce any mortality in exposed 
rats. Exposure of QZ and these CNMs produced a dose-dependent 
periportal lymphocytic infiltration, congestion of sinusoids, ballooning, 
foamy degeneration of hepatocytes, fatty changes and finally focal 
inflammation and necrosis at 1 week and 1 month postinstillation 
periods. However, the significant tubular necrosis and interstitial 
nephritis take place with a dose of 5 mg/kg at 1 week of postinstillation 
of CNFs.

Exposures of these CNMs produced progressive liver and kidney 
damage which were confirmed by elevated levels of respective 

Fig. 3: Light micrograph of rat kidney tissue at 1 week postinstillation exposure; control: PBS+1% Tween 80; 1WF1K: CNF (1 mg/kg), 
1WF2K: CNF (5 mg/kg) WM1K: MWCNT (1 mg/kg); 1WM2K: MWCNT (5 mg/kg); 1WR1K: CNR (1 mg/kg); 1WR2K: CNR (5 mg/kg); 

1WQ1K: Quartz (1 mg/kg); 1WQ2K: Quartz (5 mg/kg)
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biomarkers of cell injury and inflammation. Analysis of serum for tissue 
damage biomarkers (serum ALT and creatinine) levels revealed that 
these enzyme levels in CNMs exposed rats (1 and 5 mg/kg b.w) were 
significantly higher than control at all the mentioned postexposure 
periods. The results of this study also showed the greater toxicity of 
CNFs than MWCNTs and CNRs.

Some of the reported the pulmonary toxicities induced by different 
CNMs such as single wall carbon nanotubes, MWCNTs and CNFs 
following intratracheal instillation in rats after 1 day, 1 week, 
1 month, and 3 months postexposure periods [19-21]. However, 
our results suggest the dose-dependent extra-pulmonary (liver and 
kidney) toxicities of intratracheally instilled CNFs, MWCNTs, and 
CNRs in rats, which was further confirmed by the histopathological 
examination of these organs of particle exposed rats. These 
extrapulmonary toxicities of CNMs might be due to the translocation 
into the liver and kidneys.

Once the particles have reached pulmonary interstitial sites, uptake 
into the blood circulation in addition to lymphatic pathways can 
occur, a pathway that again is dependent on particle size, favoring 
nanosized particles. Translocation of nanoparticles from the lung to the 
blood and extrapulmonary organs has been documented for various 
nanoparticles. For example, 60 minutes after intratracheal instillation 
of hamsters with nanocolloid albumin labeled with technetium-99m, 
detectable levels of the labeled nanoparticles were found in the blood, 
liver, heart, spleen, kidneys, and brain [13]. In ththis study also, MWCNT 
translocate mainly into the liver and produces liver toxicity than other 
extra-pulmonary sites.

Berry et al. was the first to describe translocation of nano sized particles 
across the alveolar epithelium using intratracheal instillations of 30 nm 
gold particles in rats [22]. Evidence in humans for the translocation of 
inhaled NSP into the blood circulation is ambiguous, with one study 
showing rapid appearance in the blood and significant accumulation 
of label in the liver of humans inhaling 99Tc-labelled 20 nm carbon 
particles [12], while another study using the same labeled particles 
reported no such accumulation [23].

Taken together all of the evidence from animal and human studies for 
alveolar translocation of various nanoparticles, it is likely that this 
pathway exists in humans as well; however, in addition to particle 
size, the extent of extrapulmonary translocation is highly dependent 
on particle surface chemistry, the amount of inhaled nanoparticles 
and potential degradation by lysosomal enzymes before transport 
to the lymphatic circulation. Translocation to the blood circulation 
could provide a mechanism for a direct particle effect on the 
cardiovascular system as an explanation for epidemiological findings 
of cardiovascular effects associated with inhaled ambient ultra fine 
particles [24-26]. All these above studies were supported our results 
for translocation and extrapulmonary toxicity induced by the test 
CNMs.

CONCLUSION

In summary, the intratracheal instillation of test CNMs increased 
the serum ALT and creatinine levels following 1 day, 1 week and 
1 month postexposure periods resulting in liver and kidney toxicity, 
respectively. This further confirmed by histopathological analysis of 
liver and kidneys. The order of extrapulmonary toxicity induced by the 
test CNMs was CNFs > MWCNTs > CNRs. Finally, the CNFs, MWCNTs, 
and CNRs able to translocate from the lungs into other extrapulmonary 

organs such as liver and kidney, and also cause dose-dependent toxicity 
to them.
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ABSTRACT  

The titanium dioxide nanoparticles (TNP) are widely using in skin care, biosensing and many other commercial 

applications. TNP, 82% anatase / 18% rutile, with primary average diameter of 22 ± 6 nm (TNP 20), 87 ± 16 nm 

(TNP100). So TNP 20 and TNP 100 cell-particle interactions with human cells and human exposure risk are gaining 

much importance due to their extensive pharmaceutical and nanobased applications. The potential high-risk 

exposure for TNP generally inhalation route was the most considered. So, the present study investigates the in 

vitro cytotoxicity and oxidative stress upon exposure to human lung epithelial cells (A549) using 3-(4, 5-dimethyl 

thiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT). The oxidative stress bioindicators like lactate 

dehydrogenase (LDH) leakage, glutathione (GSH), lipid peroxidation (TBARS) levels were estimated. Both the TNP 

20 and TNP 100 were decreased the cell viability and caused cell membrane damage via increased LDH in A549 

cells for 48 h post exposure. The TNP exposure to lung cells resulted in decreased GSH levels and increased TBRAS 

levels were indication of oxidative stress development. The TNP 20 have shown significant toxicity against all 

tested oxidative stress parameters when compare to TNP 100 and quartz treated cells. Finally, the results 

indicating that the tested both the TNP were induced cytotoxicity and oxidative stress in A549 post exposed cells. 

So, the in vitro data could help in risk/hazard assessment of TNP in relevance to human toxicology. 

 

KEY WORDS 

TNP 20, TNP 100, MTT Assay, Cytotoxicity, Oxidative Stress 

 

INTRODUCTION 

Titanium dioxide nanoparticles (TNP) are used 

extensively in numerous commercial applications such 

as sunscreens, pigments, paints, cosmetics, plastics, 

paper, an anticaking or whitening agent (Wang et al., 

2014). As their production volume and multiple 

applications in various industrial sectors have been 

raising safety concerns in the present nanoworld (Bhatt 

and Tripathi, 2011). As of now very few authors have 

screened the TNP toxicity using human cell line.  They 

include TNP 26 nm induce DNA damage and cell cycle 

arrest in human alveolar cells, A549 (Kansara et al., 

2015).  

Rollerova et al., 2015 studied some aspects of toxicity 

and future developments related to TNP. Harikiran et 

al., 2015 reported that the gold NP 10, 25 nm sized 

were produced cytotoxicity and oxidative stress in liver, 

Hep G2 cells.   Short-term exposure to low doses of 

nanosized TNP and potential modulatory effects on 

intestinal cells was studied by Ammendolia et al., 2017. 

Simone et al., 2016 revealed that the bulk and nano 

titanium induces subtle changes after their exposure to 

human astrocytes, D384 and skin, HaCaT cells. Role of 

TNP size, shape and surface area that would affect the 

toxicity was studied.  

The emerging trends of nanotoxicology area in public 

health and disease from agri-food to nanotherapeutic 

applications (Banerjee et al., 2016).  Indeed, it is 

important to predict the possible toxicity effects of TNP 

in human lung cells due to their high-volume 
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production, wide spread use of applications and high 

risk of occupational exposure. So, the occupational 

exposure to TNP was producing unknown health 

complications in the humans and animals. Due to their 

nano size, their entry into the lungs via inhalation was 

much focused in several studies since the last decade 

(Piperigkou et al., 2016). The TNP interaction with lung 

tissue (primary target) via inhalation route was studied 

for possible toxicity effects. The objective of the present 

study was cell-particles interaction, cytotoxicity and 

oxidative stress induction using MTT assay and 

determination of oxidative stress parameters upon post 

exposure to A549 cells for 48 h with various dose ranges 

by in vitro. To evaluate the potential mechanisms of 

cytotoxicity, different types of oxidative stress 

parameters including cell membrane damage (LDH 

leakage assay), reduced glutathione (GSH assay), lipid 

peroxidation product (TBARS assay) levels 

quantitatively determined and were compared to 

control and NQTZ (positive control) treated cells. 

 

MATERIALS AND METHODS 

Test Particles and Chemicals  

The test poly ethylene glycol (PEG) coated TNP 20 and 

TNP 100 were purchased from Sigma Aldrich, USA. 

Quartz (QTZ) particles (>100 nm; 99.94% purity) were 

obtained from Berkely Springs, West Virginia, USA. The 

fetal bovine serum (FBS), Dulbecco’s modified eagle’s 

medium (DMEM), 1% L-glutamine, 1% penicillin-

streptomycin antibiotic solution, phosphate buffer 

saline (PBS) and trypsin-EDTA 0.25% were obtained 

from Himedia, Mumbai, India.  The MTT was purchased 

from Sigma-Aldrich, USA. All the biochemical assay kits 

were purchased from BioVision, USA. 

Cell culture and treatment  

Human lung (A549) cells were revived from National 

Center for Cell Sciences (NCCS), India with a job number 

1615. The flasks were checked for their fungal and 

bacterial contamination. The passage number 18 cells 

were used. Lung cells were grown in DMEM 

supplemented with 10% fetal bovine serum, 1% L-

glutamine and 1% penicillin-streptomycin antibiotic 

solution. Cells were seeded at 2, 50,000 cells/flask in a 

total volume of 10 mL. After achieving confluence, cells 

were trypsinized and seeded into 96 well plates at the 

rate of 3.0 x 104 cells/0.1 mL. The cell cultures were 

maintained in a 5% CO2 incubator (WTC Binder, 

Germany) at 370C.  The test TNP were prepared as 

suspensions in PBS as solvent with < 1% PEG as 

stabilizer. The different concentrations 1-300ug/mL 

were used for screening of possible toxicity effects in 

human lung cells. 

CYTOTOXICITY ASSAY 

The effect of test TNP on the cellular proliferation and 

viability was determined by using MTT assay method 

(Tomankova et al., 2015). The yellow tetrazolium salt 

was reduced by dehydrogenase enzymes present in 

mitochondria of metabolically active cells, to generate 

reducing equivalents, NADH and NADPH. The lung cells 

were seeded into 96 well plates and add test TNP 

suspensions (100 µL, in quadraplate) in media. The 

microtiter plate was incubated at 370C for 48 h in 5% 

CO2 incubator and 20 µL of MTT (5 mg/mL) was added 

to each well. The plate was again incubated for 2 h. The 

formazan product was dissolved in DMSO (80 µL) and 

followed by aluminum foil wrapping to prevent the 

oxidation of the dye. The plate was placed on a rotary 

shaker for 2 hours for proper mixing. The absorbance 

was recorded using ELISA reader at 470 nm. The test 

absorbance was compared with that of solvent control 

to get the cell viability (Bhikku et al., 2014). 

OXIDATIVE STRESS PARAMETERS ESTIMATION 

The lung cell extract was prepared after cell loading into 

a 96 well plate at a density of 3.0 x 104 cells/well in 100 

µL of culture medium. To each well, 100 µL of increasing 

concentrations of test TNP suspensions were added in 

quadraplate. The microtiter plate was incubated in 5% 

CO2 incubator at 370C for 48 h. The supernatants were 

transferred into fresh 96 well plates and assayed 

according to the manufacturer’s protocol for 

estimation of LDH, GSH and TBARS levels respectively. 

LACTATE DEHYDROGENASE (LDH) LEAKAGE ASSAY 

LDH is a soluble zinc containing enzyme present in the 

cytosol. It is released into surrounding culture medium 

upon cell injury or lysis during apoptosis and necrosis. 

LDH leakage into the culture medium can be used as a 

sign of cell membrane integrity, and therefore used as 

a measurement of cytotoxicity.  

This assay measures cell death in response to chemicals 

or environmental pollutants using a coupled two step 

reaction. In the first step, LDH enzyme catalyzes the 

reduction of NAD+ to generate NADH and H+ by 

oxidation of lactate to pyruvate. In the second step of 

reaction, diaphorase uses the newly generated NADH 

and H+ to catalyze the reduction of a tetrazolium salt to 

colored formazan which absorbs strongly at 490-520 
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nm. The quantity of formazan generated is proportional 

to the amount of LDH leakage into the culture medium 

for measurement of oxidative stress (Harikiran et al., 

2016). 

GLUTATHIONE (GSH) ASSAY 

Glutathione is chemically a tripeptide (γ-

glutamylcysteinyl glycine), distributed in plants, 

animals and human beings. This assay employs an 

optimized enzymatic recycling process, using 

glutathione reductase, for the quantification of GSH. 

The sulphydryl group of GSH reacts with 5,5’-dithio-bis-

2-nitrobenzoic acid (DTNB) and generates a yellow 

colored TNB (5-thio-2-nitrobenzoic acid). The mixed 

disulfide generated is reduced by glutathione reductase 

to recycle the GSH and produce more TNB. The quantity 

of TNB generation is directly proportional to the 

concentration of GSH in the cell sample. The 

absorbance of TNB was measured at 405- 414 nm and 

GSH levels were estimated in the cell sample (Shukla et 

al., 2015). 

LIPID PEROXIDATION ASSAY 

Malondialdehyde (MDA) was formed on lipid 

peroxidation naturally. The MDA content was 

measured indirectly in terms of thiobarbituric acid 

reactive substances (TBARS). The determination of 

TBARS is a well-established method for extent of lipid 

peroxidation. This assay was a simple, reproducible and 

standardized tool for estimation of lipid peroxides in 

cell lysates. The TBARS were measured colorimetrically 

at 530-540 nm under high temperatures and acidic 

conditions (Chellappa et al., 2015). 

Statistical Analysis 

All the data were analyzed and expressed as the 

percentage of control. Statistical analysis was 

performed using one-way ANOVA followed by Dunnett 

test. The statistical significance was assigned at 

*p<0.05, $p<0.01, #p<0.001 versus control cells. NQTZ 

used as a positive control. 

 

RESULTS 

The cell viability reduction was measured by using MTT 

assay. The lung cells were exposed to TNP 20 and TNP 

100 for 48 h, results showed that TNP 20 induced 

significant cytotoxicity at the doses 100 and 300 µg/mL 

shown in Figure 1.  
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Figure 1. Percent of Cytotoxicity measured by MTT assay on human lung (A549) cells after

post exposure to TNP 20, TNP 100 with concentrations (1 - 300 µg/mL) for 48 h. Data as

mean ± standard deviation (S.D.) n = 4. Stastical analysis was performed using one-way

ANOVA followed by Dunnett test.  *p<0.05, #p<0.001, $p <0.01 versus control.

*

**

*

$

$

$

#

#

Concentrations (µg/mL)

C
yt

ot
ox

ic
it

y 
(%

 C
on

tr
ol

)

 
 

 



          

  

 
International Journal of Pharmacy and Biological Sciences                                                Durgaiah Gandamalla* et al 

  

                                                                                                                                        www.ijpbs.com  or www.ijpbsonline.com 
 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

207 

0 10
100

300

0

100

200

300

400

500
TNP  20

TNP 100

N QTZ

Figure 2. LDH levels in human lung (A549) cells after post exposure to TNP 20, TNP

100 with  concentrations (10 - 300 µg/mL) for 48 h. Data as mean ± standard deviation

(S.D.) n = 4. Stastical analysis was performed using one-way ANOVA followed by

Dunnett test.  *p<0.05, #p<0.001, $p <0.01 versus control.
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Figure 3. Glutathione levels in human lung (A549) cells afer post exposure to TNP 20,

TNP 100 with  concentrations (10 - 300 µg/mL) for 48 h. Data as mean ± standard

deviation (S.D.) n = 4. Stastical analysis was performed using one-way ANOVA followed

by Dunnett test.  *p<0.05, #p<0.001, $p <0.01 versus control.
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Figure 4. TBARS levels in human lung (A549) cells after post exposure to TNP 20, TNP

100 with  concentrations (10 - 300 µg/mL) for 48 h. Data as mean ± standard deviation

(S.D.) n = 4. Stastical analysis was performed using one-way ANOVA followed by

Dunnett test.  *p<0.05, #p<0.001, $p <0.01 versus control.
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The cell viability was decreased in a dose dependent 

manner. Both TNP were significantly (p<0.001) 

decreased the cell viability when compared with 

control cells. TNP 20 showed highest cell viability 

reduction 94.41 % at 300 (p<0.001) µg/mL than TNP 100 

and NQTZ. The cell viability at lower concentrations 1 

and 3 µg/mL were reduced non- significantly.   

The cytotoxicity and oxidative stress was measured by 

cell membrane damage, determined through LDH 

leakage assay. Because, LDH is a cytosolic enzyme 

present in normal cells and cell membrane damage 

results it’s leakage into the extracellular fluid. Lung cells 

exposed to TNP 20 and TNP 100 significantly increased 

the LDH levels shown in Figure 2. Both the TNP 20 and 

TNP 100 were increased the LDH leakage at doses 100 

and 300 µg/mL concentrations significantly (p<0.001). 

The effect of TNP 20 on LDH levels observed that 2, 3, 4 

folds increment were found at doses 10 (p<0.05), 100 

(p<0.01), 300 (p<0.001) µg/mL significantly in A549 cells 

compared to control. 

GSH is responsible for maintaining cellular oxidation-

reduction homeostasis in cells; any changes in GSH 

levels leads to characteristic functional damage of cells. 

The reduced GHS levels of tested TNP 20 and TNP 100 

were shown in Figure 3. A significant (p<0.001) 

depletion of GSH levels were found at 100 and 300 

µg/mL in A549 cells for 48 h study. 4 folds decrement of 

GSH was observed for TNP 20 and 3½ folds for TNP 100 

when compared to control. 

The effect of TNP 20 and TNP 100 on lipid peroxidation, 

results were shown in figure 4 after post exposed to 

A549 cells for 48 h. Cells were exposed to 10, 100 and 

300 µg/mL of test TNP for 48 h and the dose dependent 

increase of TBARS were observed. The results were 

indicating that there was a significant (p<0.001) 

enhancement in TBARS levels at 100 (p<0.01) and 300 

(p<0.001) µg/mL concentrations of both the TNP 

compared to control cells.  

 

DISCUSSION 

In recent decades, TNP have been increased for their 

worldwide applications in cosmetics, food-industries, 

materials for air pollution control, pharmaceuticals and 

personal care products. The extensive production and 

use of TNP has increased risk for human exposure 

results in unknown health complications (Rehman et 

al., 2016). TNP enters into the human body in the form 

of skin care, nano-food or nanodrug delivery 

applications.  

Due to their nano particle size, industrially released TNP 

can also be inhaled as air borne particles. So, safety 

concerns have been increasing about the possible 

health complications when exposed to TNP by humans 

and animals. Cells were exposed to different 
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concentrations (1-300µg/mL) among them lower doses 

(1and 3 µg/mL) represent environmental exposure, 

while higher ones considered the possibility of a 

pulmonary local accumulation of TNP. This study 

evaluated the potential toxicity of different doses of 

TNP in human respiratory cells. The alveolar epithelial 

cells can have direct contact with the inhaled TNP (Das 

et al., 2016).  

So we have chosen A549 cell line as in vitro model to 

evaluate cytotoxicity and oxidative stress for 48 h 

exposure. The tested TNP 20 and TNP 100 induced 

cytotoxicity and oxidative stress in A549 cells. The MTT 

assay results clearly indicating that the tested TNP were 

reduced the cell viability significantly at higher doses 

100 and 300 µg/mL after exposed to A549 cells for 48 

h. The highest cell viability reduction 94.41 % was 

induced at the dose 300 (p<0.001) µg/mL for TNP 20. 

The TNP 20 and TNP 100 were reduced cell viability at 

lower concentrations 1 and 3 µg/mL in tested A549 cells 

for acute exposure (Rihane et al., 2016).   

The cell membrane damage induced by TNP was done 

by LDH leakage assay.  Because LDH is a cytosolic 

enzyme present in normal cells can release into 

surrounding extracellular fluid after cell membrane 

damage. The results showed that increased release of 

LDH into culture media after TNP exposure was in a 

dose-dependent manner. TNP 20 and TNP 100 have 

showed highest release of LDH compared to control 

and NQTZ treated cells at 48 h exposure period. 

 Kongseng et al., 2016 findings were similar to the 

results showing cytotoxicity towards A549 cells using 

MTT and LDH leakage assays in the present study. LDH 

leakage from cells into culture media is another 

evidence for penetration of nanoparticles into the cells 

and damage of cell membrane. The GSH levels were 

decreased drastically at the doses 100 (p<0.01) and 300 

(p<0.001) µg/mL significantly. The cellular oxidative 

stress was determined by decreased GSH levels and 

increased TBRAS (Ahamed et al., 2016). The decreased 

cell viability and increased TBARS levels suggested that 

cell death was the primary cause of membrane damage 

by lipid peroxidation. The depleted GSH and increased 

TBARS significantly induce the oxidative stress in tested 

alveolar epithelial cells (A549). 

 

CONCLUSION 

So finally, we conclude that the tested TNP 20 and TNP 

100 were induced cytotoxicity and oxidative stress due 

to the increased LDH, TBARS and followed by decreased 

GSH in A549 cells for acute exposure. 
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A B S T R A C T

The present investigation was aimed to evaluate the pulmonary toxicity of 10 and 25 nm gold nanorods (GNRs)
following intra-tracheal instillation in rats using bronchoalveolar lavage (BAL) fluid and lung histopathological
analysis. The GNRs displayed that the dose-dependent toxicity via elevated lactate dehydrogenase leakage,
alkaline phosphatase, lipid peroxidation and total microprotein levels in BAL fluids after 1 day, 1 week and 1
month post exposure periods. All the parameters were returned to normal values after 3 months post exposure
period may be due to recovery. The rat lung histopathology displayed that accumulation of macrophages,
inflammatory response and tissue thickening for both sizes of GNRs. 10 nm GNRs increased all BAL fluid
parameters significantly following 1 day, 1 week and 1 month post exposure periods whereas 25 nm GNRs have
shown similar effects but less extent. These investigations proposed that the dose and size dependent pulmonary
toxicity of GNRs.

1. Introduction

Nanoparticles (NPs), especially gold nanoparticles (GNPs) hold
great promises for future applications. GNPs are particularly exploited
in organisms because of their biocompatibility (Bhattacharya and
Mukherjee, 2008). Recent investigations have centered on functionaliz-
ing the GNPs as phothermal agents for hyperthermically killing
pathogens (Norman, 2008; Simon, 2008). The effectiveness of the
antibacterial activity of GNPs can be enhanced by adding antibiotics
(Burygin, 2009). GNPs generate holes in the cell wall, resulting in the
cell contents leakage and cell death. The cell death is also possible that
GNPs bind to the DNA of bacteria and inhibit the uncoiling and
transcription of DNA (Rai et al., 2010). The GNPs can be used to coat
a wide variety of surfaces for instance, fabrics for treatment of wounds,
implants and surfaces of glass to maintain hygienic conditions in the
home and hospitals (Das, 2009).

GNPs can be manufactured into a variety of shapes including gold
nanospheres, nanoprisms, nanobelts, nanorods, nanocages and nanos-
tars. The chemical, optical and electromagnetic properties of GNPs are
powerfully influenced by their size and shape (Yang and Cui, 2008).
Gold nanorods (GNRs) are having 20 times more optical absorption
efficiencies than the GNPs of the same volume (Copland et al., 2004).
The scattering coefficients of GNRs are also an order of magnitude
higher when compared to those of gold nanoshells and nanospheres
(Jain et al., 2006). GNRs of high aspect ratio tender higher fluorescence

intensity and this property will encourage the development of techni-
ques using GNRs in fluorescent probe micro array assays and optical
biosensor applications (Li et al., 2005). Additionally, GNRs have a
strong binding affinity to thiol groups permitting them to be compe-
tently conjugated with several biomolecules (Liao and Hafner, 2005).

Because of these enhanced properties of the rod shaped GNPs, the
GNRs are finding various industrial and commercial applications. GNRs
are useful materials for photothermal therapy, drug delivery, sensing
and biomedical imaging due to unique surface plasmon resonance
ranging from visible to near infrared (NIR) region, facile synthesis and
easy functionalization (Stone et al., 2011; ZhiYa et al., 2013). GNRs
could be used as optical sensors for Raman-based intracellular biosen-
sing useful for cancer diagnosis and other diagnostic biomedical
applications (Oyelere et al., 2007). GNRs conjugated with photo
sensitizers can kill Methicillin-resistant Staphylococcus aureus by NIR
photothermal radiation (Kuo, 2009; Pissuwan et al., 2009).

In spite of the huge applications of GNRs, the occupational exposure
for these nanorods also increased enormously. Recently, some of the
studies were investigated the toxicities of GNRs using different human
cells and reported in vitro cytotoxicity induced by GNRs (Harikiran and
Narsimhareddy, 2016; Harikiran et al., 2015; Ying et al., 2015), but
there is lack of availability of pulmonary toxicity effects of GNRs in
vivo. The present study was aimed to assess the potential pulmonary
toxicity of rod shaped, poly ethyleneglycol (PEG) coated, 10 and 25 nm
GNRs following intra-tracheal instillation in rats.
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2. Materials and methods

2.1. Chemicals

Quartz particles (QTZ; 58–68 μm) of 99.95% purity were obtained
from Berkely Springs, Morgan County, WV. The phosphate buffer saline
and PEG were acquired from Himedia, Mumbai, India. All the
biochemical assay kits were obtained from Raybiotech, New Delhi,
India. The rest of the chemicals were purchased from Himedia,
Mumbai, India.

2.2. Particle types

The 10 nm GNRs (GNR 10) and 25 nm GNRs (GNR 25) were
procured from Sigma-Aldrich, St. Louis, MO. The GNRs were prepared
as suspensions in phosphate buffer saline (PBS) with 1% PEG as
stabilizer and were first ultrasonicated at 25 °C to achieve optimal
dispersion. The average particle size and shape of the GNRs suspensions
were determined using transmission electron microscopy (TEM;
TECNAI 20, Philips, USA). At least 250 particles were used to determine
the average size of nanorods.

2.3. Animals

The six weeks old male wistar rats were procured from National
Institute of Nutrition, Hyderabad, India. The rats were kept one week
for acclimatization before starting the experiments. The rats were
housed in polypropylene cages in a room; water and feed were available
ad libitum with controlled temperature (25 ± 2 °C), humidity
(55 ± 5%) and a 12 h light/dark cycle during the acclimatization
and experimental periods. The animals, weighed approximately
200–220 g were picked and randomly divided into different groups.

2.4. Experimental design

The test GNRs were prepared as suspensions by using a nontoxic
dispersion vehicle (Warheit et al., 2005). The test GNRs and QTZ
suspensions were prepared in PBS with 1% PEG by briefly shearing and
subsequently sonicating (Soltec, Italy) the GNRs samples. The rats were
divided into different groups (n = 6) and instilled with a single dose of
1 mg/kg and 5 mg/kg b.w. GNRs, QTZ and control (PBS + 1% PEG) by
intra-tracheal instillation method, as this method of exposure was a
reliable qualitative screen for estimating the pulmonary toxicity of
inhaled particles (Yasuo et al., 2016). The different groups were Group
1: Control, Group 2: 1 mg/kg GNR 10, Group 3: 5 mg/kg GNR 10,
Group 4: 1 mg/kg GNR 25, Group 5: 5 mg/kg GNR 25, Group 6: 1 mg/
kg QTZ and Group 7: 5 mg/kg QTZ. The experiment was approved by
the Institutional Animal Ethics Committee, UCPSC, Kakatiya University
(File No. IAEC/05/UCPSC/KU/2016).

2.5. Intra-tracheal instillation

The rats were anesthetized with isoflurane in a small chamber and
individual rats were secured on an inclined plastic platform and
anesthetization continued via a small nose cone. A small hole was
made in the trachea close to the larynx. A 24 gauge plastic catheter was
inserted through the hole to the distal end of the trachea and the
blunted needle was then inserted inside the plastic catheter. A 1 mL
syringe already filled with 200 μL of air and 50 μL of PBS was then
connected to the free end of silicone tubing to rapidly propel the test
sample from the tubing and needle into the rat lungs. The incision was
then sutured, swabbed with povidone iodine and anesthetized with a
drop of lidocaine. The rats recovered and were active within 10–15 min
after removal of the inhalation anesthetic. The incision was healed
within 3–4 days and the rats were observed daily until their scheduled
termination (Lam et al., 2004).

2.6. Collection of bronchoalveolar lavage fluid

The BAL fluid (15–20 mL) was collected from all the above control
and test nanorod exposed rats at 1 day, 1 week, 1 month and 3 months
post instillation periods (Reddy et al., 2012). The lungs of control, QTZ
and test nanorod exposed rats were lavaged with a warmed PBS
solution as per the procedure already depicted previously (Warheit
et al., 2007). Briefly, the lungs were removed from the thoracic cavity
and lavaged with a PBS solution that had been heated to 37 °C. A 10 mL
syringe was used to fill the lungs with 8 mL of PBS per wash. The rat
lungs were gently manipulated after incorporation of the PBS and
during the withdrawal of BAL fluid. The first recovered 12 mL of
lavaged fluids was used for BAL fluid analysis.

2.7. Biochemical analysis

All biochemical assays were performed on BAL fluids of 1 day, 1
week, 1 month and 3 months post instillation periods in rats for the
estimation of lactate dehydrogenase (LDH), alkaline phosphatase
(ALP), extent of lipid peroxidation and total microprotein (MTP) using
respective diagnostic kit methods as per the manufacturer’s protocol.

2.8. Lactate dehydrogenase leakage assay

LDH leakage into the BAL fluid can be used as a sign of cell
membrane integrity and therefore used as a measurement of cytotoxi-
city (Ran et al., 2009). This assay measures cell death in response to
environmental pollutants or chemical compounds using a coupled two
step reaction. In the first step, LDH catalyzes the reduction of NAD+ to
produce NADH and H+ by oxidation of lactate to pyruvate. In the
second step, diaphorase uses the newly produced NADH and H+ to
catalyze the reduction of a tetrazolium salt to colored formazan which
absorbs strongly at 490 nm. The quantity of formazan generated is
proportional to the amount of LDH leaked into BAL fluid as a result of
cytotoxicity.

2.9. Alkaline phosphatase assay

ALP activity measured to determine the Type II alveolar epithelial
cell secretory activity and increased ALP levels in BAL fluids is
considered to be an indicator of Type II cell toxicity (Ran et al.,
2009). At pH 10.3, ALP catalyzes the hydrolysis of colourless p-
nitrophenylphosphate (pNPP) to yellow coloured p-nitrophenol and
phosphate. Change in absorbance due to yellow colour formation is
measured kinetically at 405 nm and is proportional to ALP activity in
the sample.

2.10. Lipid peroxidation assay

Malondialdehyde (MDA) is a naturally occurring by product of lipid
peroxidation. The MDA content was estimated in the form of thiobar-
bituric acid reactive substances (TBARS) and it is a well-established
method for screening and monitoring of lipid peroxidation (Yagi,
1998). The MDA-TBA adducts produced by the reaction of MDA and
TBA under high temperature (90–100 °C) and acidic conditions is
measured colorimetrically at 530–540 nm.

2.11. Total microprotein assay

Raises in BAL fluid protein concentrations generally were consistent
with increased permeability of vascular proteins into alveolar regions,
indicating a collapse in the integrity of the alveolar capillary barrier
(Warheit et al., 2007). This protein determination assay is a microplate
based colorimetric method for rapid total protein quantification. It is
based on the well-known Bradford method (Bradford, 1976) and it
takes advantage of the colour change of dye in acidic medium when it
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binds to proteins. When the dye binds, there is an immediate shift of the
absorption maximum from 465 to 595 nm with a simultaneous change
in colour from brown to blue.

2.12. Histopathology of rat lungs

Additional groups of rats were instilled with the test nanorod types
at 5 mg/kg b.w. dose as well as PBS + 1% PEG. These studies were
dedicated for lung tissue analysis and histopathological evaluations of
lungs (Warheit et al., 2007). The lungs of GNRs exposed rats were
collected from all the groups at 1 day, 1 week, 1 month and 3 months
post instillation periods. For the histopathology study, the control and
particle exposed (5 mg/kg b.w.) lungs were fixed in 10% v/v neutral
buffered formalin and processed using routine histological techniques.
The lung tissues were embedded with paraffin, and stained by using
hematoxylin and eosin (H & E) dyes for histopathological evaluations
and observed under 40×.

2.13. Statistical analysis

The data were expresses as mean ± SD (n = 6). Statistical analysis
was performed for all the assays using one way ANOVA followed by
Bonferroni posttests by using GraphPad Prism 6.0. The statistical
significances were indicated by $p < 0.05, #p < 0.01, *p < 0.001
versus control and ap < 0.05, bp < 0.01, cp < 0.001 versus QTZ.

3. Results

The 10 and 25 nm GNRs were well dispersed in PBS with 1% PEG
solution and subsequent sonication of the suspension prevents the
agglomeration of nanorods. The size and shape of the both GNRs were
presented in Table 1. The TEM pictures of two GNRs were showed in
Fig. 1.

The BAL fluid LDH levels were significantly increased at 1 day, 1
week and 1 month post exposure versus control treated rats (Table 2).
Both 10 and 25 nm GNRs at 5 mg/kg b.w. dose showed the significant
(p < 0.001) increase of BAL fluid LDH levels following 1 day and 1
week versus control. The 10 nm GNRs showed significant (p < 0.001)
increase in LDH levels following 1 day, 1 week and 1 month post
exposure periods versus QTZ treated rats. The 10 and 25 nm GNRs
enhanced the BAL fluid ALP levels in rats at all-time points tested for
both doses compared to control (Table 3). The ALP levels were
significantly (p < 0.001) increased for both sizes of GNRs at 5 mg/
kg b.w. dose in rats. The 10 nm GNRs at higher dose displayed
significant enhanced BAL fluid ALP levels following 1 day, 1 week
and 1 month post exposure periods compared to QTZ treated rats.

Lipid peroxidation in test nanorods exposed rat lung BAL fluids was
quantified by means of MDA estimation in the form of TBARS assay
(Table 4). Both GNRs induced significant (p < 0.001) elevated levels
of MDA at 1 day and 1 week post exposure periods at two doses tested
versus control. The 10 nm GNRs at 5 mg/kg dose have shown sig-
nificant (p < 0.05) increased levels of lipid peroxidation after 1 day
and 1 week post exposure periods versus QTZ. The 10 and 25 nm GNRs
at 1 and 5 mg/kg b.w. doses displayed significant (p < 0.001) elevated
BAL fluid MTP levels at 1 day and 1 week (p < 0.001) post exposure
periods whereas at higher dose 10 nm (p < 0.001) and 25 nm
(p < 0.01) GNRs displayed significant increase in MTP levels at 3

months post exposure period versus control (Table 5). The 10 nm GNRs
at both doses have shown significant elevated levels of BAL fluid MTP
levels following 1 day (p < 0.05) post exposure period versus QTZ.

The GNRs, QTZ and control exposed rat lungs were isolated from all
time points tested and observed for histopathological changes were
shown in Figs. 2–4. Both sizes of GNRs exposed rat lungs after 1 day
post instillation showed occasional macrophage aggregation, alveolar
wall thickening, inflammatory response and congested or dilated
alveoli. All the histopathological changes were worsened at 1 week
post instillation and showed less changes at 1 month after exposure and,
were alleviated after 3 months post exposure periods, displaying the
lung toxicity of test nanorods similar to the QTZ treated rat lungs.

4. Discussion

The GNRs are finding enormous applications in different areas like
biological, medical, imaging, textiles, industrial and consumer applica-
tions. With the increased utilization of these GNRs, the occupational
exposure is also increased. The pulmonary toxicity related to the GNRs
was very little known. The present study was investigated to assess the
pulmonary toxicity of two sizes (10 and 25 nm) of GNRs following
intra-tracheal instillation in rats using BAL fluid and lung histopatho-
logical analysis versus control (PBS + 1% PEG) and a positive control,
QTZ.

The lung cell membrane damage induced by the test nanorods was
evaluated by LDH leakage assay, as LDH is a cytosolic enzyme and it
can be released after damage of cell membrane can lead to cytotoxicity.
ALP activity is a measure of Type II alveolar epithelial cell secretory
activity and increased ALP levels in rat lung BAL fluids is considered to
be an indicator of Type II cell toxicity. The pulmonary toxicity induced
by cerium oxide nanoparticles were evaluated by single dose (0.5 or
1 mg/kg) intra-tracheal instillation in Sprague-Dawley rats. The BAL
fluid LDH levels were elevated at 1 day post exposure and sustained 1
week post exposure but subsided to normal levels after 84 days post
exposure (Katherine et al., 2016).

BAL fluid analysis for LDH was displayed that the leakage was
increased with the intra-tracheal instillation of both sizes of GNRs and
QTZ at 1 day, 1 week and 1 month post instillation periods for both 1
and 5 mg/kg b.w. doses. In contrast, there were little or no increased
levels of LDH leakage was observed at 3 months post instillation period.
Especially, the higher dose exposed rat BAL fluid LDH leakage was
elevated enormously comparing to lower dose treated rats, indicating
dose-dependent lung toxicity of both GNRs. BAL fluid ALP activity was
revealed that the levels were elevated with the exposure of 10 and
25 nm GNRs and QTZ at 1 day and 1 week post instillation periods for
both 1 and 5 mg/kg b.w. doses versus control treated rats. The 10 nm
test nanorods were displayed increased ALP activity at 1 month post
exposure period also. There were little or no increased levels of ALP
levels were found at 3 months post exposure period. The 5 mg/kg b.w.
dose instilled rat BAL fluid ALP activity was increased enormously
comparing to 1 mg/kg b.w. dose treated rats, indicating dose-depen-
dent type-II cellular toxicity of both GNRs.

Jae et al. (2011) was investigated the toxicity of GNPs following
sub-chronic inhalation in rats for 3 months using whole-body inhalation
chamber. Results have displayed that cytotoxicity using BAL fluid
analysis of LDH, MTP and albumin, and also lung histopathology has
shown minimum alveoli, increased macrophages and an inflammatory
infiltrate. The pulmonary toxicity of ZnO NPs were evaluated after
intra-tracheal instillation in rats revealed that the increased LDH and
ALP levels were found after 1 day, 1 week and 1 month post instillation
periods (Shilpa and Rama, 2012). The above studies were supported our
investigated results.

Increased lipid peroxidation, induction of oxidative stress and
generation of ROS have shown to be some of the crucial mechanisms
in the toxicity of different types of NPs after their exposures (Alexandra
et al., 2012; Khanna et al., 2015). BAL fluid total protein concentrations

Table 1
Characteristics of test gold nanorods.

Property Diameter Length Shape

GNR 10 10 ± 1 nm 31 ± 3 nm Rod
GNR 25 25 ± 2.5 nm 50 ± 5 nm Rod

Data were expressed as mean ± SD.
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generally were consistent with enhanced permeability of vascular
proteins into alveolar regions, indicating a breakdown in the integrity
of the alveolar-capillary barrier. Warheit et al. (2007) evaluated
pulmonary toxicity of newly developed TiO2 NPs and compare them
to TiO2 samples in two different size ranges in rats. Groups of rats were
intra-tracheally instilled with 1 and 5 mg/kg b.w. doses of two TiO2

particles (100 nm and 20 nm), QTZ particles and PBS (vehicle control).
The lungs of control and particle-instilled rats were evaluated for BAL
fluid inflammatory markers, cell proliferation and histopathology at
post exposure time periods of 1 day, 1 week, 1 month and 3 months.
The ranking of rat lung inflammation/cell proliferation/cytotoxicity
and histopathological responses was QTZ > 20 nm TiO2 > 100 nm
TiO2. The results displayed that exposures to TiO2 NP types can produce
pulmonary effects, based upon their composition and crystal structure
(Warheit et al., 2007).

BAL fluid analysis for MDA levels were displayed that increased
levels with the intra-tracheal instillation of both sizes of GNRs and QTZ
at 1 day and 1 week post instillation periods for both 1 and 5 mg/kg
b.w. doses versus control, indication of lipid peroxidation. There were
little or no increased level of lipid peroxidation was observed at 1 and 3
months post instillation periods. BAL fluid MTP levels were revealed
that elevated levels with the instillation of 10 and 25 nm GNRs and QTZ
at 1 day, 1 week and 1 month post instillation periods for both 1 and
5 mg/kg b.w. doses versus control treated rats. There were little or no
increased levels of MTP were found at 3 months post exposure period.
The 10 nm test nanorods at 5 mg/kg b.w. dose instilled rat BAL fluid
MDA and MTP levels were increased enormously comparing to 1 mg/kg
b.w. dose treated rats and also significant increased levels were found
comparing to QTZ treated rats.

These BAL fluid analysis results have shown that the 10 and 25 nm

Fig. 1. Transmission electron micrographs of (A) 10 nm GNRs and (B) 25 nm GNRs.

Table 2
BAL fluid lactate dehydrogenase (LDH) levels (IU/L) following intra-tracheal instillation of GNRs in rats.

Nanorod Treatment Post instillation period

1 day 1 Week 1 Month 3 Months

Control 8.35 ± 0.78 8.04 ± 0.95 7.81 ± 0.86 7.73 ± 0.69
GNR 10 (1 mg/kg) 25.69 ± 2.38* 21.18 ± 2.28* 11.27 ± 1.46 9.36 ± 0.84
GNR 10 (5 mg/kg) 57.32 ± 6.36*,c 48.46 ± 4.67*,c 28.34 ± 2.17*,c 15.37 ± 1.28#

GNR 25 (1 mg/kg) 21.76 ± 2.85* 15.59 ± 2.09# 10.85 ± 1.39 8.93 ± 1.11
GNR 25 (5 mg/kg) 34.58 ± 4.73* 26.48 ± 3.14* 14.47 ± 1.96$ 10.85 ± 1.09
QTZ (1 mg/kg) 23.19 ± 2.46* 19.17 ± 2.12* 9.81 ± 0.89 8.71 ± 1.14
QTZ (5 mg/kg) 42.96 ± 3.83* 31.45 ± 2.27* 18.73 ± 1.94* 12.76 ± 1.16$

Data were mean ± SD (n = 6).
$ p < 0.05.
# p < 0.01.
* p < 0.001 versus control.
c p < 0.001 versus QTZ.

Table 3
BAL fluid alkaline phophatase (ALP) levels (IU/L) following intra-tracheal instillation of GNRs in rats.

Nanorod Treatment Post instillation period

1 day 1 Week 1 Month 3 Months

Control 6.15 ± 0.48 6.02 ± 0.46 5.95 ± 0.59 5.92 ± 0.64
GNR 10 (1 mg/kg) 19.21 ± 1.38* 17.43 ± 2.15* 12.34 ± 0.95* 8.15 ± 0.75
GNR 10 (5 mg/kg) 26.18 ± 1.16* 23.37 ± 2.05*,a 18.49 ± 1.47*,a 11.28 ± 0.92#

GNR 25 (1 mg/kg) 16.25 ± 1.58* 14.54 ± 1.94* 9.12 ± 1.25 7.29 ± 0.63
GNR 25 (5 mg/kg) 22.59 ± 2.65* 18.45 ± 2.13* 12.24 ± 1.32* 8.94 ± 0.88
QTZ (1 mg/kg) 16.98 ± 1.94* 15.14 ± 1.19* 9.35 ± 1.02 7.05 ± 0.58
QTZ (5 mg/kg) 24.49 ± 2.13* 19.38 ± 1.69* 14.97 ± 1.28* 9.19 ± 0.76

Data were mean ± SD (n = 6).
# p < 0.01.
* p < 0.001 versus control.
a p < 0.05 versus QTZ.
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Table 4
BAL fluid malondialdehyde (MDA) levels (nM) following intra-tracheal instillation of GNRs in rats.

Nanorod Treatment Post instillation period

1 day 1 Week 1 Month 3 Months

Control 2.87 ± 0.18 2.80 ± 0.21 2.70 ± 0.23 2.63 ± 0.16
GNR 10 (1 mg/kg) 5.92 ± 0.47* 5.74 ± 0.48* 2.98 ± 0.19 2.77 ± 0.19
GNR 10 (5 mg/kg) 7.34 ± 0.62*,a 7.17 ± 0.63*,a 3.52 ± 0.23$ 3.19 ± 0.22
GNR 25 (1 mg/kg) 5.32 ± 0.48* 5.24 ± 0.51# 2.85 ± 0.21 2.74 ± 0.18
GNR 25 (5 mg/kg) 6.89 ± 0.56* 6.68 ± 0.62* 3.36 ± 0.28 3.01 ± 0.25
QTZ (1 mg/kg) 5.41 ± 0.46* 5.19 ± 0.43* 2.89 ± 0.21 2.70 ± 0.18
QTZ (5 mg/kg) 6.52 ± 0.56* 6.35 ± 0.59* 3.42 ± 0.22 3.14 ± 0.27

Data were mean ± SD (n = 6).
$ p < 0.05.
# p < 0.01.
* p < 0.001 versus control.
a p < 0.05 versus QTZ.

Table 5
BAL fluid total microprotein (MTP) levels (μg/mL) following intra-tracheal instillation of GNRs in rats.

Nanorod Treatment Post instillation period

1 day 1 Week 1 Month 3 Months

Control 611.37 ± 21.58 602.38 ± 18.37 586.85 ± 19.41 566.19 ± 20.27
GNR 10 (1 mg/kg) 1109.22 ± 36.28*,a 936.46 ± 25.45* 763.32 ± 26.48# 593.28 ± 24.48
GNR 10 (5 mg/kg) 1174.28 ± 34.37*,a 1022.34 ± 32.56* 811.47 ± 32.41* 625.87 ± 21.37
GNR 25 (1 mg/kg) 1067.29 ± 35.65* 904.75 ± 27.36* 715.28 ± 28.38 574.19 ± 22.39
GNR 25 (5 mg/kg) 1111.23 ± 35.19* 983.61 ± 32.47* 772.18 ± 23.59# 598.26 ± 19.24
QTZ (1 mg/kg) 1040.36 ± 37.91* 917.26 ± 25.37* 723.39 ± 27.38$ 571.39 ± 18.29
QTZ (5 mg/kg) 1107.58 ± 34.58* 966.37 ± 33.84* 781.20 ± 33.39# 592.24 ± 19.47

Data were mean ± SD (n = 6).
$ p < 0.05.
# p < 0.01.
* p < 0.001 versus control.
a p < 0.05 versus QTZ.

Fig. 2. Photomicrographs of rat lung tissue following intra-tracheal instillation of 1 day post exposure of (a) Control, (b) GNR 10, (c) GNR 25 and (d) QTZ.
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gold nanorods induced pulmonary toxicity following intra-tracheal
instillation in rats. The recent study conducted by Reddy et al. (2012)
has shown the pulmonary toxicity induced by multi-wall carbon
nanotubes after single dose intra-tracheal instillation in rats following
1 day, 7 days, 30 days and 90 days post instillation periods. The results
displayed that increased levels of LDH, ALP, lipid peroxidation and

MTP in a dose-dependent manner and also histopathology of rat lungs
have shown macrophage accumulation, alveolar damage and fibrosis.
These results have supported our findings relating to pulmonary
toxicity of GNRs following intra-tracheal instillation in rats.

GNRs have shown different histopathological changes in rat lungs
after 1 day, 1 week and 1 month post exposure periods and the changes

Fig. 3. Photomicrographs of rat lung tissue following intra-tracheal instillation of 1 week post exposure of (a) Control, (b) GNR 10, (c) GNR 25 and (d) QTZ.

Fig. 4. Photomicrographs of rat lung tissue following intra-tracheal instillation of 1 month post exposure of (a) Control, (b) GNR 10, (c) GNR 25 and (d) QTZ.
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were recovered or reduced after 3 months post exposure period. The
GNRs exposure at 5 mg/kg b.w. dose displayed congested or dilated
alveoli, aggregation of macrophages, slight inflammatory infiltrate and
tissue thickening leading to fibrosis, indicating the pulmonary toxicity.
Similar to our experiments, zinc oxide, magnesium oxide and titanium
dioxide NPs exposure to rats following intra-trachea instillation have
shown marked changes in lung histopathology like accumulation of
foamy alveolar macrophages, aggregation of interstitial lymphocytes,
thickening of lung tissue, infiltration of inflammatory cells and dilated
or congested vessels (Gelli et al., 2013; Shilpa and Rama, 2012; Warheit
et al., 2007).

BAL fluid analysis displayed that the 10 nm GNRs increased the LDH
leakage, ALP levels, lipid peroxidation and MTP levels significantly
following 1 day, 1 week and 1 month post exposure periods. In contrast,
25 nm GNRs have shown similar effects but less extent when compare
with 10 nm GNRs, suggesting graeter lung toxicity of 10 nm GNRs.
These investigations suggested that the greater pulmonary toxicity of
smaller sized GNRs than the bigger sized GNRs. Recently, some studies
have been investigated the toxicity of different sizes of GNPs and
proposed that the capability of increased cytotoxicity, oxidative stress
and inflammation with smaller sized GNPs compared to bigger sized
GNPs (George et al., 2012; Harikiran and narsimhareedy, 2016;
Vijaykumar and Ganesan, 2013).

5. Conclusions

In summary, the 10 and 25 nm GNRs following intra-tracheal
instillation in rats displayed that the dose-dependent toxicity via
elevated LDH leakage, ALP, MDA and MTP levels in BAL fluids after
1 day, 1 week and 1 month post exposure periods. All the parameters
were returned to control values after 3 months post exposure period
may be due to recovery. The rat lung histopathology investigations also
displayed that accumulation of macrophages, inflammatory response
and tissue thickening for both sizes of GNRs. These investigations
suggests that the dose-size-dependent pulmonary toxicity of GNRs.
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a b s t r a c t

Herein, we have reported the synthesis of 18 novel 8-substituted tryptanthrin analogues based on our
earlier work. All these tryptanthrin analogues were well characterized by 1H & 13C NMR, FT-IR, Mass
Spectrometry and Elemental Analysis. All these 8-substituted analogues were screened for their anti-oxi-
dant activity by DPPH radical scavenging assay. Out of all the tested compounds, T11, T12, T17 and T18

showed potent anti-oxidant activity. The anti-cancer activity have been performed by using MTT assay
protocol and their results depicts that compounds having the 4-pyridyl or 4-carboxyphenyl substituents
at the 8th position of the tryptanthrin framework are found to be the most promising cytotoxic agent
against A549, MCF-7 and HeLa human cancer cell lines compared to others as well as with the standard
drug cisplatin. Moreover, the comparative molecular docking studies against the three protein receptors
IDO1, EGFR and HER2 strongly suggested that IDO1 is the best target protein, which exhibits lowest bind-
ing energies of �11.73 and �11.61 kcal mol�1 for T11 and T12 scaffolds, respectively towards the in vitro
anti-cancer activity.

� 2017 Elsevier Ltd. All rights reserved.

Presently, cancer is one of the most challenging diseases found
worldwide and also the most stimulating factor for the human
morbidity and mortality. Therefore, the design and development
of an anticancer drug is still one of the most challenging task for
the people working in the domain of medicinal chemistry. As we
know that the drug currently available in the market have several
side effects on the normal cells and thus causing several abnormal-
ities in the body despite of their enormous utilizations. The cost
and availability are the another major concern of the present
anti-cancer drugs.1,2 Hence, developing the new therapeutic drugs
having the advance proficiency and efficacy on the cancer cells is
one of the foremost goal for the researchers.3 In addition, to under-
stand the molecular biology and pharmacology of cancer at a
molecular level the target based drug-design and discovery is
another emerging and challenging filed for the researchers.4–6 In

this regards, the highly developed technology in molecular biology
advantages to identify many cancer targets in human body.7 So,
considerable attention and effort have been needed for the discov-
ery and development of new and potential anti-cancer drugs.

In this regards, indoloquinazolines received considerable
curiosity in the field of therapeutic and diagnostic medicines. The
natural product tryptanthrin (Indolo[2,1-b]quinazoline-6,12-
dione) is obtained from the Chinese medicinal plants Polygonum
tinctorium and Isatis tinctoria (Chinese wood) and shows significant
biological activities due to the presence of indoloquinazolines moi-
ety (Fig. 1).8 Furthermore, as tryptanthrin framework is derived
from the isatin, which is well known inhibitors for anti-bacterial,
anti-viral and anti-fungal agents and thereby also capable to influ-
ence their therapeutic effect of the concerned drugs.9–15 These
important classes of heterocycles have attracted remarkable
attention16 and possession of the researchers to investigate their
synthesis, pharmacological and biological screening such as
anti-leishmanial17 anti-microbial18,19 anti-tuberculosis20 anti-
inflammatory21–23, anti-oxidant agents24 and their cytotoxicity

http://dx.doi.org/10.1016/j.bmcl.2017.08.064
0960-894X/� 2017 Elsevier Ltd. All rights reserved.
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against many cancer cell lines in mammalian cells.25 This
compound can control the activity of COX-226,27 and inhibits the
expression of nitric oxide synthase and prostaglandin E(2) in
cells.28–30 Even though tryptanthrin has wide range of applications
it has some small drawback such as poor aqueous solubility as
well. Inspiring with the aforementioned fascinating importance
of the tryptanthrin scaffolds, we are interested to develop some
new tryptanthrin based anti-cancer agents and IDO1 inhibitor.

In literature 8-floro substituted tryptanthrin derivatives were
successfully demonstrated as potential anti-cancer agent and
IDO1-inhibitor.31 wherein, 8-bromo substituted hydrazono
tryptanthrins were found to be an excellent cytotoxic agents as
well as a good inhibitors for IDO-1 enzyme. The in vitro anti-cancer
activity and molecular docking studies were also well exploited in
our previous report.32 Herein, we have disclosed the design and
synthesis of a series of 18 novel 8-substituted (F, Cl, I, NO2, 4-pyr-
idyl or 4-carboxyphenyl) tryptanthrin analogues T1–T18 (Scheme 1
and Fig. 2) and investigated their anti-cancer evaluation by MTT
assay using human cancer cell lines MCF-7, A549, HeLa and anti-
oxidant activity screening by using DPPH radical scavenging
method. The molecular docking studies were also performed using
the three target proteins IDO1, EGFR and HER2. The tryptanthrin
analogues T1–T4 were prepared by adapting the literature protocol
and using the respective substituted (F, Cl, Br, I and NO2) indoline-
2,3-dione and 2H-benzo[d][1,3]oxazine-2,4(1H)-dione followed by
the facile condensation using the hydrazine hydrate in presence of
acid.33 Compounds T1–T4 afforded T7–T10 and T13–T16 after the
reaction with benzoyl acetone and o-vanillin, respectively in pres-
ence of acetic acid and following the literature protocol.34,35 More-
over, Suzuki coupling reaction of respective boronic acid and
bromo substituted tryptanthrin analogue (see Scheme 1) gave T5

and T6. However, T11 and T12 were prepared by refluxing T5 and
T6 with benzoyl acetone. In similar manner, T5 and T6 also afforded
T17 and T18 after the reaction with o-vanillin. The synthetic route
adapted for the preparation of all the aforementioned 8-substi-
tuted-6-hydrazonoindolo[2,1-b]quinazolin-12-(6H)-one and its
derivatives were illustrated in Scheme 1. Whereas, details of the
synthesis and characterization of these tryptanthrin analogues
T1–T18 were depicted in Supporting Information (Figs. S1–S14).

The 1H NMR spectra of the compounds T1–T6 showed two sig-
nals in the range of d 11.02–11.35 ppm and d 10.20–10.55 ppm,
which is assigned as NH2 protons. However, compounds T7–T12

exhibits a signal in the region of d 13.65–16.25 ppm, which corre-
sponds to the enolic proton (AOH). The singlet appeared in the
region of d 5.45–6.35 ppm attributed to the alkene (@CHA) proton.
For compounds T13–T18 singlet related to the@CH proton appeared
in the region d 8.57–8.45 ppm. The 13C NMR spectra showed the

signals in the region of d 198.2–187.8 and d 167.8–155.7 ppm
related to the enolic carbon and carbonyl group of quinazoline ring
and thus strengthens the aforementioned statement. The FT–IR
spectrum of T12 also displays peaks in the region of 3332–
3375 cm�1 and at 1738 cm�1, which are assigned for the m(OH)
and m(C@O), respectively. The LCMS spectrum of the compounds
T11 and T12 shows peaks at m/z 485 and 425, which is related to
the [M+H]+ peak of the T11 and T12, respectively.

Cytotoxic activity

All these 8-substituted-6-hydrazonoindolo[2,1-b]quinazolin-
12-(6H)-one derivatives T1–T18 were evaluated for their in vitro
anti-cancer activity against the human breast cancer MCF-7, Lung
cancer A549 and HeLa cervical cancer cell lines according to proce-
dure described in literature and taking cisplatin as the reference
drug.36,37 The structure of most potent tryptanthrin derivative is
shown in Fig. 3. The relationship between surviving fraction and
drug concentration was plotted to obtain the survival curves of
MCF-7, A549 and HeLa (Fig. 4). The response parameter calculated
was the IC50 value, which corresponds to the concentration
required for 50% inhibition of cell viability. Among all the 8-substi-
tuted-6-hydrazonoindolo[2,1-b]quinazolin-12-(6H)-one deriva-
tives used in this studies compounds T8, T9, T11 and T12 shows
better potent behavior than others. In particular T11 and T12 are
showing most potent cytotoxicity against three tumor cell lines
with their IC50 values of 11.60 ± 1.821 mM, 9.42 ± 1.239 mM against
MCF-7, 6.01 ± 1.116 mM, 7.19 ± 0.991 mM against A549 and
12.20 ± 0.239 mM, 9.42 ± 1.594 mM against HeLa, respectively, com-
pared to the standard drug cisplatin. Compounds T8 and T9 shown
moderate IC50 values of 19.71 ± 0.937 mM, 19.89 ± 1.44 mM for

Fig. 1. Some biologically potent 8-substituted-6-hydrazonoindolo[2,1-b]quina-
zolin-12-(6H)-one derivatives.

Scheme 1. (i) Et3N, 2–4 h, toluene, reflux. (ii) NH2-NH2�H2O, 12 h, THF, reflux. (iii)
Acetic acid, benzoyl acetone, reflux. (iv) o-vanillin, CH3OH, reflux 12 h. (v) Na2CO3

(20 mL, PdCl2(PPh3)2, DMF, 9 h, 110 �C, 4-pyridineboronic acid or 4-carboxyphenyl
boronic acid. (vi) Acetic acid, benzoyl acetone, reflux.
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MCF-7, 18.07 ± 0.375 mM, 20.36 ± 1.832 mM for A549 and
23.64 ± 1.629 mM, 18.82 ± 1.168 mM for HeLa, respectively. These
results indicates that compounds T8–T12 shows good cytotoxic
activity towards the three cell lines MCF-7, A549 and HeLa. Under
identical conditions the remaining compounds exhibits poor anti-
cancer activity with the IC50 values ranging from
20.368 ± 0.190 mM to 67.68 ± 0.862 mM for the three cell lines. We
have also screened cytotoxic activity of T8–T12 against HEK-293
(Human Embryonic Kidney-293) using MTT-micro cultured tetra-
zolium assay and noticed IC50 values of 76.09 ± 0.901 lM,
64.12 ± 1.482 lM, 71.04 ± 1.034 lM and 82.54 ± 0.694 lM for T11,
T12, T8 and T9, respectively and the detail results are presented in

Table 1. Notably and importantly, the results summarized in
Table 1 advocated that there are no adverse effects noticed on
the normal cell lines.

A closer look of the structure-activity relationship demonstrates
that usually the potency of heterocyclic compounds towards bio-
logical activity mostly depends on the position and type of sub-
stituents present on the core scaffold. Substituents present at C2
and C8 position of indole and quinazolone rings in tryptanthrin
changes the cytotoxic activity against different cell lines.31,32 How-
ever, substituents which can influence the core moiety either by
donating electrons or by withdrawing the electron density of
indole ring of the tryptanthrin also effects the cytotoxicity
proficiency against the different human cancer cell lines. In this
work we have noticed enhance cytotoxic activity in case of
4-pyridyl and 4-carbaxyphenyl substituted (at 8th position)
tryptanthrin derivatives against three human cancer cell lines
MCF-7, A549 and HeLa compared with non-substituted tryptan-
thrin derivatives and less cytotoxicity against HEK293 (normal
human cancer cell line).

In vitro anti-oxidant assay

In order to investigate the potential application of T1–T18

towards the in vitro anti-oxidant activity, DPPH radical scavenging
assay was performed. In this experiment, 10�6 molar methanolic
solution of the concerned compounds was used followed by the
Serial dilution. In small test tubes 1 mL (in each tube) mixture of
scaffold (100mL) and DPPH radical (10�4 M, 900mL) were taken
and incubated at 37 �C under dark conditions for 30 min (French
et al. 1994). The absorbance of the DPPH solution and mixture
was recorded using the UV–visible spectrophotometer. The DPPH
solution exhibits kmax of 517 nm (typical range of DPPH radical,
Blois et al. 1958; Lu and Foo, 2000; Zhu et al. 2002). Notably, the
absorbance is decreases in presence of the concerned compounds
with the colour change from the blue to yellow. In principle, DPPH
has an odd electron and thus can accept an electron or hydrogen
free radical and or also able to liberate this free radical, which
can be scavenges by synthesized compounds. The shifting of absor-
bance value towards the lower wavelength side indicates the
increasing radical scavenging activity of the test compounds
(Gulçin et al. 2004). The percentage of inhibition values were com-
pared by using absorbance values of standard ascorbic acid under
identical conditions. The anti-oxidant activity was considered in
IC50 in mM (the effective concentration at which 50% of the radicals
were scavenged) and shown in Table 2.38,39 Moreover, all the sam-
ples were tested in triplicate to maintain the accuracy and to find
out the standard deviation.40 From Table 2, it is clear that these
synthesized compounds showed remarkable anti-oxidant activity
compared to the standard drug. Importantly, compounds T11, T12,
T17 and T18 were found to be the most potent anti-oxidants with
the least IC50 values of 6.23 mM (for T11), 5.02 mM (for T12),
4.98 mM (for T17) and 5.31 mM (for T18), respectively, among all
the synthesized compounds.

We argued that, this better in vitro anti-oxidant activity of com-
pounds T11, T12, T17 and T18 are might be due to the presence of
electron-rich functionality such as 4-pyridyl or 4-carboxypheny
in the tryptanthrin scaffolds. The proton exchange capability
between carbonyl and ANH group of compounds T11 and T12

may possibly be another aspect for enhanced radical scavenging
activity. Moreover, T5, T8, T9, and T15 displaying moderate anti-oxi-
dant activity compared with standard ascorbic acid having the IC50

values of 11.23 mM (for T5), 12.45 mM (T8), 11.60 mM (for T9) and
10.90 mM (for T15), respectively. The remaining compounds exhi-
bits reasonable to poor anti-oxidant activity with IC50 value rang-
ing from 16.45 mM to 29.71 mM. Notably, T10 and T16 shows

Fig. 2. Chemical structures of all the 8-substituted-6-hydrazonoindolo[2,1-b]
quinazolin-12-(6H)-one derivatives.

Fig. 3. Structures of most potent 8-substituted-6-hydrazonoindolo[2,1-b]quina-
zolin-12-(6H)-one analogues T11 and T12.
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poorest anti-oxidant activity among all the synthesized com-
pounds with IC50 values of 29.71 mM and 28.68 mM, respectively
(Table 2) attributed to the presence of electron withdrawing -
NO2 group at 8-position of the tryptanthrin framework.

Molecular docking studies

Docking investigation was performed to compounds T1–T18

with pharmacological target proteins, indoleamine 2,3-dioxyge-

nase (IDO1), epidermal growth factor receptor (EFGR) and human
epidermal growth factor receptor 2 (HER2) to compare their poten-
tial as drug candidates. IDO1, which is an attractive target in design
of anti-cancer drugs as it catalyzes essential amino acid L-trypto-
phan to N-formylkynurenine.41 In principle, IDO1 is the primary
and rate-limiting enzyme of tryptophan catabolism and responsi-
ble for the depletion of tryptophan leading to halted growth of
microbes as well as T-cells.42 The EGFR is well known receptor
for the members of epidermal growth factor family of extracellular

Fig. 4. (a–c) Survival curves of MCF-7, A549 and HeLa cell lines.

Table 1
Cytotoxic activities of newly synthesized 8-substituted-6-hydrazonoindolo[2,1-b]quinazolin-12-(6H)-one derivatives T1–T18 on human cancer cell lines MCF-7, A549 and HeLa
[in vitro (IC50 mM)].a

S. No. Compound MCF-7 A549 HeLa HEK293

1 T1 54.55 ± 0.871 44.59 ± 0.974 67.68 ± 0.862 ND
2 T2 67.51 ± 1.453 62.12 ± 1.190 55.67 ± 1.122 ND
3 T3 44.94 ± 0.841 43.44 ± 1.454 51.05 ± 1.091 ND
4 T4 53.56 ± 0.745 45.55 ± 0.896 50.29 ± 0.540 ND
5 T5 50.38 ± 0.977 47.76 ± 0.511 44.12 ± 0.801 ND
6 T6 61.10 ± 1.004 62.16 ± 0.540 54.26 ± 1.538 ND
7 T7 20.368 ± 0.190 32.00 ± 1.230 24.46 ± 0.836 ND
8 T8 19.71 ± 0.937 18.07 ± 0.375 23.64 ± 1.629 71.04 ± 1.034
9 T9 19.89 ± 1.44 20.36 ± 1.832 18.82 ± 1.168 82.54 ± 0.694
10 T10 31.52 ± 1.234 28.39 ± 0.708 33.10 ± 0.300 ND
11 T11 11.60 ± 1.821 6.01 ± 1.116 12.20 ± 0.239 76.09 ± 0.901
12 T12 9.42 ± 1.239 7.19 ± 0.991 9.42 ± 1.594 64.12 ± 1.482
13 T13 35.51 ± 1.11 31.20 ± 1.075 34.28 ± 0.886 ND
14 T14 35.38 ± 0.982 40.84 ± 1.234 36.56 ± 1.547 ND
15 T15 30.38 ± 1.021 32.29 ± 1.964 29.22 ± 1.237 ND
16 T16 34.25 ± 0.237 40.06 ± 0.873 38.03 ± 0.966 ND
17 T17 24.77 ± 1.568 32.87 ± 1.342 24.77 ± 1.452 ND
18 T18 37.07 ± 1.471 39.25 ± 1.803 32.29 ± 1.053 ND
19 Cisplatin 4.28 ± 0.355 5.14 ± 0.421 3.88 ± 0.354 ND

a Values are expressed as mean ± SEM. Cytotoxicity as IC50 for each cell line, is the concentration of compound which is reduced by 50% the optical density of treated cell
with respect to untreated cell using the MTT assay.

4744 R. Guda et al. / Bioorganic & Medicinal Chemistry Letters 27 (2017) 4741–4748



protein.43 It induces receptor dimerization and tyrosine autophos-
phorylation and leads to cell proliferation, differentiation, motility
and cell survival44–46 Over expression of EGFR is up regulated in
colon cancers and most neoplasms. Whereas, mutations compris-
ing EGFR lead to its constant activation and produces uncontrolled
cell devision.47,48 Moreover, HER2 is a member of human epider-
mal growth factor receptor (HER/EGFR/ERBB) family. The overex-
pression of oncogene play a vital role in the development and
propagation of certain types of cancers such as breast, lung, stom-
ach, ovarian, adenocarcinoma and uterine cancer (uterine serous
epidermal carcinoma).49,50 For the reason that we have chosen
IDO1, EGFR and HER2 proteins as the target receptors for the dock-
ing studies and their comparative binding energy are compiled in
Table 3 (readers are advised to refer the Supporting Information
for the details of docking protocol). Whereas, hydrogen bonding
profile for the compounds T1–T18 are shown in Table 4 along with
residues. The comparative molecular docking demonstrations of
the organic scaffolds T1–T18 with the target receptors IDO1, EGFR
and HER2 (as shown in Table 3) clearly indicates that the affinity
of these drug candidates with receptor IDO1 is better than that
of receptors EGFR and HER2 and that’s why we have chooses

Table 2
Anti-oxidant activity of 8-substituted-6-hydrazonoindolo[2,1-b]quinazolin-12-(6H)-
one derivatives (T1–T18) by DPPH assay.

S. No Compounds IC50 (mm)

1 T1 16.45
2 T2 19.87
3 T3 24.87
4 T4 27.32
5 T5 11.23
6 T6 21.96
7 T7 20.14
8 T8 12.45
9 T9 11.60
10 T10 29.71
11 T11 6.23
12 T12 5.02
13 T13 21.07
14 T14 22.21
15 T15 10.90
16 T16 28.68
17 T17 4.98
18 T18 5.31
Standard Ascorbic acid 3.48

Table 3
Comparative binding energies of 8-substituted-6-hydrazonoindolo[2,1-b]quinazolin-12-(6H)-one compounds T1–T18 against IDO1, EGFR and HER2.

S. No. Compound Binding Energy
(kcal mol�1)
IDO1 (PDB id: 2dU0)

Binding Energy
(kcal mol�1)
EGFR (PDB id: 4hjo)

Binding Energy
(kcal mol�1)
HER2 (PDB id: 3ppo)

1 T1 �8.22 �7.24 �7.80
2 T2 �8.88 �7.69 �7.80
3 T3 �9.47 �8.09 �7.68
4 T4 �9.04 �7.86 �7.92
5 T5 �9.92 �8.94 �9.07
6 T6 �8.10 �9.08 �9.29
7 T7 �10.79 �8.91 �10.79
8 T8 �11.20 �10.43 �10.63
9 T9 �11.71 �10.76 �9.59
10 T10 �10.91 �11.00 �10.47
11 T11 �11.73 �10.06 �10.20
12 T12 �11.61 �10.49 �9.84
13 T13 �10.52 �9.53 �9.84
14 T14 �9.83 �9.05 �10.92
15 T15 �10.31 �9.83 �10.88
16 T16 �10.00 �9.59 �11.29
17 T17 �10.80 �8.89 �10.84
18 T18 �9.96 �9.41 �10.12

Table 4
Binding energies, number of hydrogen bonds and residues involved in hydrogen bonding of compounds 8-substituted-6-hydrazonoindolo[2,1-b]quinazolin-12-(6H)-one T1–T18

against IDO1.

S. No. Compound Binding Energy (kcal mol�1) Number of hydrogen bonds Residues

1 T1 �8.22 2 Ser167
2 T2 �8.88 2 Ser267, Glu171
3 T3 �9.47 2 Ser267, Glu171
4 T4 �9.04 2 Ser167
5 T5 �9.92 2 Glu171
6 T6 �8.10 2 Arg343
7 T7 �10.79 1 His346
8 T8 �11.20 2 His346, Ala264
9 T9 �11.71 1 His346
10 T10 �10.91 2 His346, Ser263
11 T11 �11.73 1 His346
12 T12 �11.61 1 His346
13 T13 �10.52 3 Ser267, Ser167, His346
14 T14 �9.83 2 His346
15 T15 �10.31 2 His346
16 T16 �10.00 2 Ser267, His346
17 T17 �10.80 1 Ala234
18 T18 �9.96 1 Arg343
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IDO1 as the target receptor for the details discussion. Out of these
series of drug candidates exploited for the doc score, scaffolds T12,
T11, T9 and T8 are found to be the best inhibitors and their probable
reasons are discussed below.

From Table 3 it is clear that T8 is a potential candidate for the
anticancer drug with the binding energy of �11.20 kcal mol�1.
Notably, T8 exhibits strong hydrogen bonding interactions between
amino acid His346 and N-atom of hydrazine tryptanthrin as well as
between Ala264 and carbonyl group of benzoyl acetone with bond
length of 2.7678 Å and 3.1517 Å, respectively (Fig. 5). All the other
interactions are hydrophobic in nature and found between the
amino acid of target receptor IDO1 and phenyl ring of tryptanthrin
core with the bond distance of 3.6445 Å, which is off course larger
than the drug – receptor hydrogen bonding interaction.

In a similar fashion drug T9 (binding energy, �11.71 kcal mol�1
,

Tables 3 and 4) also exhibit hydrogen bonding interaction with
receptor IDO1 (Fig. 6). Which takes place between His346 and nitro-
gen atom of hydrazono group of the tryptanthrin core with bond dis-
tance of 2.6800 Å. Whereas, the hydrophobic interaction observed
between the phenyl ring of quinazoline fused tryptanthrin core
and Ser167 with bond distance 3.9972 Å. Furthermore, T11 also
shows drug – receptor hydrogen bonding interaction (binding
energy, �11.73 kcal mol�1, Tables 3 and 4) analogous to T9

(�11.71 kcal mol�1). In this case hydrogen bonding interaction took
place in between His346 and nitrogen atom of hydrazono group
appended to tryptanthrin moiety with bond distance of 2.7190 Å
(Fig. 7). Drug T11 also features hydrophobic interactions between
Ala264 and carbonyl group of benzoylacetone attached with

tryptanthrins core in addition to interactions between Ser167 and
phenyl ring of quinazoline induced tryptanthrin framework having
the distance of 3.2152 Å and 3.6072 Å, respectively. The structure
of complex derived from the interaction of T12 and receptor IDO1
also displays hydrogen bonding interaction (binding energy,
�11.61 kcal mol�1, Tables 3 and 4) between His346 and nitrogen
atom of hydrazono tryptanthrin core with bond distance of
3.0734 Å (Fig. 8). This drug-receptor complex also features
hydrophobic interaction between Ala264 and carbonyl group of ben-
zoylacetone group of tryptanthrin core with bond distance of
3.1209 Å. Notably, all these cases the synthesized organic scaffolds
(T12, T11, T9 and T8) are interacted with the target protein (receptor
IDO1) through the hydrogen bonding between His346, Ala264 and/
or Ser167 and different substituted functionality of the tryptanthrin
core. Whereas, the affinity between the target receptor and drug
candidates are enhanced via the hydrophobic interactions.51 Nota-
bly, compounds other than T12, T11, T9 and T8 display moderate dock
score and binding affinity against all the three protein receptors
IDO1, EGFR and HER2 (see Table 3 for details).

In summary, 18 novel, 8-substituted-6-hydrazonoindolo[2,1-b]
quinazolin-12-(6H)-ones T1–T18 were synthesized by well-estab-
lished synthetic protocol followed by the Suzuki coupling reaction
and screened for their anti-oxidant, anti-cancer and molecular
docking studies. The compounds T12, T11, T17 and T18 were found
to be the most potent anti-oxidant agents by DPPH radical scav-
enging assay. Whereas, T12, T11, T8 and T9 are showing a promising
anti-cancer activity against the MCF-7, A549, HeLa human cancer
cell lines using the MTT assay protocol and using cisplatin as a

Fig. 5. Shows the binding poses and interactions of 8-substituted-6-hydrazonoindolo[2,1-b]quinazolin-12-(6H)-one analogue T8 to the binding sites of target protein IDO1
(PDB ID: 2d0U).

Fig. 6. Shows the binding poses and interactions of 8-substituted-6-hydrazonoindolo[2,1-b]quinazolin-12-(6H)-one analogue T9 to the binding sites of target protein IDO1
(PDB ID: 2d0U).

4746 R. Guda et al. / Bioorganic & Medicinal Chemistry Letters 27 (2017) 4741–4748



reference drug. We reasoned that the presence of 4-pyridyl or
4-carboxyphenyl substituents at 8th position of tryptanthrin
framework might be a cause for their potent anti-cancer and
anti-oxidant activity. The comparative molecular docking studies
have been also performed against the three protein receptors
IDO1, EGFR and HER2 and found IDO1 is the best one with
binding energies of �11.73 kcal mol�1, �11.61 kcal mol�1,
�11.20 kcal mol�1 and �11.20 kcal mol�1 for compounds T12, T11,
T8, and T9, respectively. Importantly, molecules having the lowest
binding energies are also displaying the highest cytotoxicity
against the tested MCF-7, A549, HeLa human cancer cell lines. In
a similar fashion, compounds with the better binding energies also
showing excellent anti-oxidant. Moreover, this results will provide
advantage to the medicinal chemist in the design and development
of new tryptanthrin based anti-cancer drugs in near future.
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Introduction
Nanoparticle is a particle with any outer dimension should be in 
the size range from 1 nm to 100 nm or having surface structure or 
inner structure in the nanoscale range. The nanoparticles such as 
metal oxide, carbon, gold, silver nanoparticles, fullerenes and 
quantum dots are available for various applications. The gold na-
noparticles (GNPs) and silver nanoparticles (SNPs) are having great 
potentials in future industrial applications due to their high reac-
tivity, high surface to volume ratio, large plasmon field area, unique 
physical, chemical, mechanical and optical properties [1, 2].

GNPs and SNPs are utilized in medical devices, surgical instru-
ments, biosensors, textiles, refrigerators, cosmetics, deodorants 
and packaging materials for food [3–5]. Moreover, the rod shaped 
gold and silver nanoparticles are finding various industrial and com-
mercial applications. Gold nanorods (GNRs) were used in the can-

cer cell imaging, photothermal therapy, gene therapy, biosensing 
and biomedical applications [6–9]. GNRs conjugated with photo 
sensitizers can kill MRSA by near infrared photothermal radiation 
and photodynamic antimicrobial chemotherapy [10, 11]. Silver na-
norods (SNRs) are finding applications in different areas such as 
textile, painting and food industries, cosmetics, sunscreens, bio-
sensing, medical devices and imaging applications [12, 13]. SNR 
array electrodes show great potential in the determination of trace 
chloropropanol [14].

Because of these huge applications of gold and silver nanorods, 
the occupational exposure for these materials also increased enor-
mously. Recently, some of the studies were conducted on gold and 
silver nanoparticles in vitro and in vivo and reported the pulmonary 
toxicities induced by these nanoparticles in different human cell 
lines and animals [15–17]. However, the size, shape and surface 
coating of the nanoparticles can also affect the level of toxicity [18–
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Abstr Act

The gold nanorods (GNRs) and silver nanorods (SNRs) are uti-
lized in various types of industrial and commercial applications. 
But, there is limited availability of extra pulmonary toxicity data 
regarding these nanorods. The present investigation evaluated 
the extra pulmonary toxicity induced by 10 and 25 nm GNRs 
and SNRs in rats following intra tracheal instillation. The serum 
biochemical analysis results have shown elevated levels of se-
rum alanine transaminase (ALT) and serum creatinine following 
1 day and 1 week post instillation. GNRs have shown greatly 
increased serum ALT levels at 1 day, 1 week and 1 month post 
exposure periods compared to SNRs and quartz (QTZ) treated 
rats. In case of serum creatinine levels, both GNRs and SNRs 
have shown similar elevated levels. Histopathology studies of 
rat liver tissues following exposure of GNRs and SNRs displayed 
that congestion of central vein, shrinkage and ballooning of 
hepatocytes and lymphocytic infiltration leading to degenera-
tion after 1 week and 1 month post instillation periods. The 
histopathology of rat kidney tissue was showed tubular dila-
tion, degeneration and necrosis with 10 nm SNRs and 10 nm 
GNRs after 1 month post instillation period. The 10 nm GNRs 
and SNRs have shown great changes in serum biochemical 
analysis and histopathological studies compared to 25 nm test 
nanorods. These observations suggest the size and dose de-
pendent translocation and extra pulmonary toxicity of both 
GNRs and SNRs.
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20]. Although some of the studies were investigated the toxicities 
of GNRs and SNRs using different human cell cultures [21–23], but 
there is lack of availability of extra pulmonary toxicity data related 
to GNRs and SNRs. The present study goal was aimed to assess the 
potential extra pulmonary toxicity of rod shaped, poly ethyleneg-
lycol (PEG) coated, 10 and 25 nm gold and silver nanorods follow-
ing intra tracheal instillation in rats, and compare the results with 
control and quartz (known toxicant; QTZ).

Materials and Methods

Chemicals
The 10 nm GNRs, 25 nm GNRs, 10 nm SNRs and 25 nm SNRs were 
purchased from Sigma-Aldrich, USA. QTZ particles (58–68 µm; 
99.95 % purity) were procured from Berkely Springs, USA. Phos-
phate buffer saline (PBS) and PEG were acquired from Himedia, 
India. All the biochemical assay kits were procured from Ray Bio-
tech, India.

Animals and treatment
6 weeks old male wistar rats were procured from National Institute 
of Nutrition, Hyderabad, India. The rats were kept in animal house 
for one week in a quarantine area. Throughout the quarantine and 
experimental periods, the animals were housed in polypropylene 
cages in a room, water and feed were available ad libitum with con-
trolled temperature (25 ± 2 °C), humidity (55 ± 5 %) and a 12-h light/
dark cycle. The rats, weighed approximately 220 g were selected 
and randomly divided into 11 groups (6 rats in each group). The 
different groups of rats were exposed with a single dose of 1 mg/
kg and 5 mg/kg b.w. of 10 nm GNRs (GNR 10), 25 nm GNRs (GNR 
25), 10 nm SNRs (SNR 10), 25 nm SNRs (SNR 25), QTZ and control 
(PBS + 1 % PEG) by intra tracheal instillation method as described 
by Warheit et al. [24]. The experiment was approved by the Insti-
tutional Animal Ethics Committee, Kakatiya University.

Collection of blood
The blood was collected from the control, GNRs, SNRs and QTZ ex-
posed rats by means of retro orbital plexus at 1 day, 1 week, 1 
month and 3 months post instillation periods. The serum was ob-
tained by immediate centrifugation of blood samples at 3 000 rpm 
for 10 min at room temperature. The serum was used for the esti-
mation of the extra pulmonary toxicity parameters.

Serum biochemical analysis
Alanine transaminase (ALT) also known as serum glutamic pyruvic 
transaminase, is a cytoplasmic pyridoxal phosphate dependent en-
zyme involved in liver gluconeogenesis. ALT is widely distributed in 
many tissues but is found in great quantity in the liver and to a much 
smaller extent in the kidneys, heart and brain [25]. ALT levels are 
generally low, but may increase during different disease states or 
in the event of tissue injury. As such, ALT levels are routinely used 
as indicators of liver injury [26]. Creatine, occurring either from ar-
ginine and glycine synthesis in the kidney, pancreas and liver or di-
rectly from dietary intake, is transported in blood to the brain and 
muscle tissue where it is phosphorylated to phosphocreatine. This 
phosphocreatine and free creatine in muscle is converted non-en-

zymatically to creatinine which enters into the blood and is excret-
ed by the kidneys. Because the kidneys are responsible for clearing 
creatinine, determination of serum creatinine levels is a useful in-
dicator of renal function [27]. These serum ALT and serum creati-
nine assays were performed by using respective diagnostic kits as 
per the manufacturer’s protocol.

Histopathology studies
For the histopathology study of liver and kidney tissues, the con-
trol and particle exposed (5 mg/kg b.w. [28]) liver and kidneys were 
isolated at 1 day, 1 week, 1 month and 3 months post instillation 
periods. The isolated tissues were fixed in 10 % (v/v) neutral buff-
ered formalin and processed using routine histological techniques. 
The test tissues were embedded with paraffin and stained by using 
hematoxylin and eosin (H&E) dyes for histopathological evaluations 
and observed under 40 X.

Statistical analysis
Data were expressed as mean ± SD (Standard deviation). Statistical 
analysis was performed for all the biochemical assays using ANOVA 
followed by Bonferroni posttests and the statistical significances 
were indicated by $p < 0.05, #p < 0.01,  * p < 0.001 vs. time-matched 
control and ap < 0.05, bp < 0.01, cp < 0.001 vs. time-matched QTZ 
treated rats.

Results

Serum biochemical analysis
Serum ALT levels were significantly (p < 0.001) increased at 1 day 
and 1 week after instillation vs. control treated rats (▶table 1) with 
10 and 25 nm test nanorods at both doses. The 10 nm GNRs 
(p < 0.001), 25 nm GNRs (p < 0.05) and 10 nm SNRs (p < 0.01) at 
5 mg/kg b.w. dose showed the significant increase of ALT levels in 
rat following 1 month post instillation period. Both sizes of GNRs, 
10 nm SNRs at both doses and 25 nm SNRs at 5 mg/kg b.w. doses 
have shown significantly elevated levels of ALT, which were almost 
greater or equal to QTZ, an indication of liver toxicity.

The serum creatinine levels were significantly (p < 0.05) elevat-
ed with both doses of 10 and 25 nm gold and silver nanorods at 1 
day and 1 week post instillation periods in rats (▶table 2). The 
10 nm GNRs and SNRs have shown higher levels of serum creati-
nine than the 25 nm GNRs, 25 nm SNRs and QTZ. The both gold and 
silver nanorods were showed significant increased levels of serum 
creatinine levels following 1 day and 1 week post instillation peri-
ods at higher dose (5 mg/kg).

Histopathology
The GNRs, SNRs, QTZ and control instilled rat livers and kidneys 
were isolated from all post instillation periods and observed for his-
topathological changes were shown in ▶Fig. 1–3. GNRs and SNRs 
instilled rat livers after 1 week and 1 month post instillation peri-
ods have shown congestion of central vein, shrinkage of hepato-
cytes, ballooning of hepatic cells and lymphocytic infiltration lead-
ing to degeneration. There were no significant changes found in 
liver during 1 day and 3 months post instillation periods. The his-
topathology of rat kidneys after 1 month post instillation was 
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showed tubular dilation, degeneration and necrosis with 10 nm 
SNRs, 10 nm GNRs and QTZ. There were no significant changes 
were found in the histopathology of kidneys following exposure of 
gold and silver nanorods at 1 day, 1 week and 3 months post instil-
lation periods in rats.

Discussion
The present study was aimed to evaluate the extra-pulmonary tox-
icity of 10 and 25 nm gold and silver nanorods at 1 and 5 mg/kg 
b.w. doses following single dose intra tracheal instillation in rats by 
assessing the serum ALT, serum creatinine levels and histopathol-
ogy studies (5 mg/kg b.w.) of rat liver and kidneys at 1 day, 1 week, 
1 month and 3 months post instillation periods.

Mo et al. [29] investigated the toxicity of 22 nm ferric oxide nan-
oparticles (FNPs) upon intra tracheal instillation into the male rats at 
a dose of 4 mg/rat. Extra pulmonary distribution of FNPs in organs 
and its metabolism in blood, lung, urine and feces were estimated 
for 50 days of post exposure. Phagocytosis and clearance of agglom-
erated FNPs by monocytes/macrophages were observed by induc-
tively coupled plasma mass spectrometry and histopathology stud-
ies. The results have shown intra tracheally instilled FNPs could pass 

through the alveolar capillary barrier into systemic circulation. The 
FNPs in the lung were distributed to different organs including liver, 
kidney, spleen and testicle. They suggest that the effect of FNPs ex-
posure, even at low concentration, should be evaluated because of 
the probable lung and systemic cumulative toxicity of the FNPs.

Our results displayed that the exposure of gold and silver na-
norods revealed elevated levels of serum ALT and serum creatinine 
following 1 day and 1 week post exposure periods, indicating liver 
and kidney toxicity respectively. In contrast, there were little or no 
increased levels of serum biomarkers were observed at 1 month 
and 3 months post instillation periods. Both sizes of GNRs and SNRs 
at 5 mg/kg b.w. dose resulted in higher increase of serum ALT and 
serum creatinine when compared to 1 mg/kg b.w. dose treated rats, 
representing the dose dependent extra pulmonary toxicity of test 
nanorods. The 10 nm GNRs were displayed increased serum ALT 
levels at 1 day, 1 week and 1 month post exposure period and these 
levels were far higher than the SNRs and QTZ treated rats. In case 
of serum creatinine levels, both GNRs and SNRs have shown simi-
lar elevated levels. The both liver and kidney toxicities were com-
parable to QTZ induced extra pulmonary toxicities.

Recently, 14 nm GNPs were repeatedly administered intrave-
nously at 3 dose levels (0.9, 9 and 90 µg) to male rats weekly for a 

▶table 1  Serum ALT levels (IU/L) following intra tracheal instillation of GNRs and SNRs in rats.

Nanoparticle treatment Post instillation period

1 Day 1 Week 1 Month 3 Months

Control 24.59 ± 1.94 23.48 ± 1.37 22.07 ± 1.52 21.89 ± 1.26

GNR 10 (1 mg/kg) 39.29 ± 2.48 * b 34.27 ± 2.54 * a 25.38 ± 1.96 23.17 ± 1.25

GNR 10 (5 mg/kg) 47.54 ± 3.21 * c 42.31 ± 3.25 * b 30.43 ± 2.16 * b 26.43 ± 1.58

GNR 25 (1 mg/kg) 35.43 ± 2.79 * 32.23 ± 2.53 * 24.53 ± 1.84 22.03 ± 1.21

GNR 25 (5 mg/kg) 41.38 ± 3.53 * 38.47 ± 2.69 * 27.12 ± 1.79$ 23.36 ± 1.34

SNR 10 (1 mg/kg) 36.41 ± 2.68 * 32.89 ± 2.97 * 23.86 ± 1.35 23.48 ± 1.47

SNR 10 (5 mg/kg) 43.17 ± 3.62 * 39.85 ± 2.86 * 28.48 ± 1.74# 25.12 ± 1.85

SNR 25 (1 mg/kg) 32.31 ± 2.14 * 29.48 ± 2.19# 22.79 ± 1.32 21.96 ± 1.12

SNR 25 (5 mg/kg) 37.57 ± 2.53 * 34.12 ± 2.67 * 24.72 ± 1.85 22.81 ± 1.23

QTZ (1 mg/kg) 33.36 ± 2.41 * 29.31 ± 2.25# 22.78 ± 1.23 22.04 ± 0.96

QTZ (5 mg/kg) 39.45 ± 2.76 * 35.58 ± 2.98 * 24.84 ± 1.11 22.93 ± 1.37

Data were mean ± SD (n = 6); $p < 0.05, #p < 0.01,  * p < 0.001 vs. control; ap < 0.05, bp < 0.01, cp < 0.001 vs. QTZ

▶table 2  Serum creatinine levels (mg/dL) following intra tracheal instillation of GNRs and SNRs in rats.

Nanoparticle treatment Post instillation period

1 Day 1 Week 1 Month 3 Months

Control 0.89 ± 0.11 0.86 ± 0.13 0.82 ± 0.21 0.81 ± 0.13

GNR 10 (1 mg/kg) 1.59 ± 0.23 * 1.24 ± 0.15 0.92 ± 0.11 0.93 ± 0.15

GNR 10 (5 mg/kg) 1.83 ± 0.16 * 1.59 ± 0.18 * 1.12 ± 0.23 1.02 ± 0.23

GNR 25 (1 mg/kg) 1.32 ± 0.18$ 1.13 ± 0.11 0.89 ± 0.19 0.87 ± 0.19

GNR 25 (5 mg/kg) 1.68 ± 0.36 * 1.42 ± 0.15# 1.01 ± 0.17 0.91 ± 0.17

SNR 10 (1 mg/kg) 1.61 ± 0.31 * 1.29 ± 0.13$ 0.93 ± 0.19 0.96 ± 0.21

SNR 10 (5 mg/kg) 1.85 ± 0.41 * 1.64 ± 0.21 * 1.18 ± 0.23 1.05 ± 0.25

SNR 25 (1 mg/kg) 1.33 ± 0.17$ 1.08 ± 0.09 0.85 ± 0.17 0.84 ± 0.21

SNR 25 (5 mg/kg) 1.69 ± 0.25 * 1.41 ± 0.17# 1.03 ± 0.13 0.89 ± 0.17

QTZ (1 mg/kg) 1.37 ± 0.13$ 1.12 ± 0.13 0.86 ± 0.19 0.86 ± 0.15

QTZ (5 mg/kg) 1.75 ± 0.22 * 1.45 ± 0.21# 1.02 ± 0.25 0.94 ± 0.23

Data were mean ± SD (n = 6); $p < 0.05, #p < 0.01,  * p < 0.001 vs. control treated rats
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period of 7 weeks, followed by a 14 day washout period. After sac-
rificing, the amount of gold was quantified in the liver, lungs, spleen 
and kidney using neutron activation analysis. The blood samples 
were collected from both the test and control groups, markers of 
kidney and liver damage for acute and subchronic toxicity and his-
topathology studies were assessed. The liver had the highest 
amount of gold (µg) per gram of tissue after 56 days followed by 
the spleen, lungs and kidney. The histopathological evaluation 
showed little hepatotoxicity and nephrotoxicity [30].

Saeed et al. [31] investigated the liver toxicity in mice following 
oral administration of SNPs for 14 days. The results showed that 
the increased levels of liver enzymes such as ALT and aspartate ami-
notransferase. The liver toxicity was further confirmed by the his-
topathological changes in SNPs exposed mice. Magdy et al. [32] 
demonstrated the toxic effects of intraperitoneal administration 
of 8.7 nm SNPs at 1, 2 and 4 mg/kg b.w. doses daily for 28 days in 
female rats. Results displayed various liver histopathological le-

sions, elevated malondialdehyde and glutathione levels that were 
dose dependent. The tissue residues of SNPs were found in liver tis-
sue and related to treated dose. The SNPs also induced variable 
chromosomal aberrations in a dose dependent manner. Our inves-
tigation results were supported by the above studies relating to 
liver and kidney toxicities of GNRs and SNRs in rats.

Histopathology studies of rat liver following instillation of GNRs 
and SNRs at 5 mg/kg b.w. dose displayed that congestion of cen-
tral vein, shrinkage and balloning of hepatocytes and lymphocytic 
infiltration leading to degeneration after 1 week and 1 month post 
instillation periods. No significant changes were found in liver after 
1 day and 3 months post instillation periods. The histopathology 
of rat kidney following instillation of test nanorods at 5 mg/kg b.w. 
dose was showed tubular dilation, degeneration and necrosis with 
10 nm SNRs and 10 nm GNRs after 1 month post instillation period. 
No significant changes were found in the histopathology of rat kid-

a b

c d

e f

▶Fig. 1 Photomicrographs of rat liver tissue following intra tracheal instillation of 1 week post exposure of a Control, b GNR 10, c GNR 25,  
d SNR 10, e SNR 25 and f QTZ.
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neys following exposure of test nanorods at 1 day, 1 week and 3 
months post instillation periods.

One of the latest investigations evaluated the toxic effects of 
23.1 nm SNPs upon oral administration for 28 days in rats. The re-
sults of histopathological findings displayed damage in lung, liver 
and kidney of SNPs exposed rats [33]. Mi et al. [34] examined the 
toxicity of GNPs in human intestinal cells as well as in rats following 
repeated oral administration for 14 days. Biokinetic study displayed 
that GNPs slowly diffused into the blood stream and slightly accu-
mulated in kidney following oral administration in rats. The study 
showed that GNPs cause little toxicity in rats based on histopatho-
logical and serum biochemical analysis.

The 10 nm GNRs and SNRs have shown remarkable changes in 
both serum biochemical analysis and histopathological studies. 
The 10 nm test nanorods were showed greater increased levels of 
serum ALT and serum creatinine compared to 25 nm test nanorods. 
The 10 nm gold and silver nanorods were also showed significant 

histopathological changes over 25 nm test nanorods. These ob-
servations suggest the size dependent translocation and extra pul-
monary toxicity of both GNRs and SNRs. Also, the 10 nm GNRs 
were displayed significant higher levels of serum ALT levels com-
pared to 10 nm SNRs and QTZ, indicating greater liver toxicity of 
GNRs. However, both GNRs and SNRs have shown similar levels of 
serum creatinine, indicating similar toxicity of GNRs and SNRs to-
wards kidney.

Anda et al. [35] investigated the size dependent cytotoxicity  
of SNPs (10, 40 and 75 nm) following exposure of BEAS-2B cells  
by cell viability by lactate dehydrogenase assay, genotoxicity by 
alkaline comet assay. The results showed cytotoxicity only for  
the 10 nm particles. In contrast, all SNPs tested caused a raise in 
overall DNA damage after 1 day assessed by the comet assay. 
 Finally, the investigation showed that small SNPs were cytotoxic 
for human lung cells. Mohamed and Bashir [36] conducted an 
 investigation to assess the particle size effect of GNPs (10, 20 and 

a b

c d

e f

▶Fig. 2 Photomicrographs of rat liver tissue following intra-tracheal instillation of 1 month post exposure of a Control, b GNR 10, c GNR 25,  
d SNR 10, e SNR 25 and (f) QTZ.

610



Lingabathula H, Yellu N. Toxicity of Gold and Silver Nanorods … Drug Res 2017; 67: 606–612

50 nm) on the hepatic tissue in rats for 3 or 7 days. The GNPs 
 exposure were results in liver histopathological changes such as 
cloudy swelling, hydropic degeneration, fatty degeneration,   
portal and lobular infiltrate and congestive dilated central veins. 
These alterations were size dependent with smaller ones induced 
the most effects. Some of the previous investigations on gold and 
silver nanoparticles have shown size dependent toxicity using in 
vitro and in vivo models [37–39] were supported our size depend-
ent toxicities of GNRs and SNRs.

Conclusion
Finally, the 10 nm and 25 nm GNRs and SNRs have shown signifi-
cantly elevated levels of serum biochemical enzymes such as ALT 
and creatinine, representing liver and kidney toxicity respectively. 
The intra tracheal instillation of test nanorods in rats further sug-

gesting the extra pulmonary toxicity of GNRs and SNRs by histo-
pathological changes occurred in rat liver and kidneys. The inves-
tigation was proposing the dose and size dependent translocation 
and extra-pulmonary toxicity of GNRs and SNRs in rats.
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ABSTRACT:
To study the anticancer effects of Kydia calycina using various human cancer cell cultures, in vitro by MTT
assay, ROS generation and caspase-3 activities. Human cervical carcinoma (HeLa) cells, human breast cancer
(MCF-7) cells and human neuroblastoma (IMR-32) cells were maintained in a 5% CO2 incubator at 370C.
Different concentrations of leaf extract of Kydia calycina in serum free culture medium were freshly prepared
and used for cytotoxic activity by MTT assay, ROS generation and apoptotic effect by caspase-3 activity. The
plant extract has revealed that greater percentage inhibition in all types of cancer cells in a dose dependent
manner by MTT assay. The IC50 values of K. calycina extract were found to be 41.17, 46.90 and 39.49 µg/mL
against HeLa, MCF-7 and IMR-32 respectively. The apoptotic activity of Kydia calycina methanolic leaf extract
was evaluated through ROS generation and caspase-3 activity. The results showed that the extract has
significantly increased the ROS production and caspase-3 levels in all the cell cultures in a dose dependent
manner. Further studies are warranted to elucidate the anticancer activity of K. calycina.

KEYWORDS: Kydia calycina; cell viability; ROS; caspase-3; cytotoxicity.

INTRODUCTION:
Plants and their products for treatment of diseases have
been used extensively by humans for many years1,2.
Medicinal plants have gained huge interests from
researchers around the world because of their positive
biological activity. Chemoprevention, a relatively new
and promising strategy to prevent cancer, is defined as
the use of natural dietary compounds and/or synthetic
substances to block, inhibit, reverse, or retard the process
of carcinogenesis. Various cancer chemopreventative
agents can encourage apoptosis in premalignant and
malignant cells in vivo and/or in vitro, which is
conceivably another anticancer mechanism3,4.
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Many of publications showed the effect of many herbal
plants in treatment of wide range of illnesses. Also
several naturally produced herbal formulations are
currently available for cancer patients. As most of
chemotherapeutic agents were cytotoxic to normal cells
and developed drug resistance5,6. Therefore scientific
consideration and test of traditionally used herbs for the
treatment of different malignancies could be also
considered as a very valuable source for new
chemotherapeutic drugs6,7.

Kydia calycina is distributed in Himalayas from the
Indus eastwards to Myanmar and in peninsular India
from Maharastra and Madhya Pradesh, principally in
mixed, moist, deciduous forests. The leaves are applied
to relieve body pains, lumbago and arthritis, a poultice of
the leaves is used to treat skin diseases8. K. calycina leaf
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and stem bark paste applied for ulcers and skin diseases9.
The K. calycina seed oil was reported to contain
cyclopropenoid fatty acid apart from normal fatty acids10

and Hibiscoquinone B, Hibiscone C, 8-formyl-2,7-
dihydroxy-5-isopropyl-1-methoxy-3-methyl naphthalene
were isolated from stem heartwood of Kydia calycina11.
The Kydia calycina methanolic leaf extract was reported
to having Analgesic, Anti-inflammatory and
Hepatoprotective activity12,13. So, the present study
evaluated the cytotoxic effects of methanolic extracts of
K. calycina using various human cancer cell cultures, in
vitro.

MATERIALS AND METHODS:
Plant material:
The leaves of Kydia calycina were collected from
Thirupathi hills, Andhara Pradesh, India. It was
authenticated by Prof. V. Raju, Department of Botany,
Kakatiya University, Warangal, India.

Preparation of extracts:
Kydia calycina leaf is were made free from the adherent
foreign material and air-dried. Then they were coarsely
powdered and macerated with methanol in a round
bottom flask for 7 days separately. The content of the
flask were stirred intermittently to ensure the efficiency
of the extraction. After a week, they were filtered and
concentrated under reduced pressure to yield
corresponding extracts, and the extracts were kept in a
desiccator to remove moisture and stored properly until
used.

Cell culture and treatment:
Human cervical carcinoma (HeLa) cells, human breast
cancer (MCF-7) cells and human neuroblastoma
(IMR-32) cells were procured from NCCS, Pune. The
cells were used between passages 10 and 15. All these
cells were grown in suitable culture media
supplemented with 10% FBS, 1% L-glutamine and 1%
penicillin-streptomycin antibiotic solution. Cells were
seeded at 250,000 cells/flask in a total volume of 10
mL.

When confluent, all the cells were trypsinized as
described above, and seeded in 96 well plates at the
rate of 1.0 x 104 cells/0.1 mL. All the cell cultures
were maintained in a 5% CO2 incubator at 370C.
Different concentrations of extract of Kydia calycina
such as in serum free culture medium were freshly
prepared and used for cytotoxic activity.

MTT assay method:
Measurement of cell viability and proliferation forms the
basis for numerous in vitro assays of a cell population’s
response to external factors. The reduction of tetrazolium
salts is widely believed as a reliable way to study cell
proliferation. The effect of test fractions on the cellular

proliferation and viability was determined by using MTT
assay method14. The yellow tetrazolium salt was reduced
by dehydrogenase enzymes present in metabolically
active cells, to produce reducing equivalents such as
NADH and NADPH. The formazan product has low
aqueous solubility and was present as purple crystals.
The resulting formazan was dissolved by using dimethyl
sulfoxide (DMSO) permitted the convenient
quantification of product development. The intensity of
the product color was measured at 562 nm and was
directly proportional to the number of living cells in the
culture15.

The adherent cells were trypsinized according to
protocol and were re-suspended in fresh medium after
centrifugation. Cell suspension was mixed thoroughly by
pipetting several times to get a uniform single cell
suspension. 10-15 passages were conducted before
performing the experiment to evaluate the cytotoxicity.
Different dilutions of fractions were made in media with
final PBS+1% PEG (solvent control) concentration in
the well to be less than 1%. 100 μL (0.1 mL) of cell
suspension was transferred aseptically to each well of a
96 well plate and to it 100 μL of solvent/fraction (in
triplicate) in media was added. The plate was then
incubated at 370C for 48 h in 5% CO2 incubator. After
48 h of incubation, 20 μL of MTT was added to each
well and the micro titer plate was again incubated for 2
h. 80 μL of lysis buffer was added to each well, the plate
was wrapped in aluminum foil to prevent the oxidation
of the dye. The plate was placed on a rotary shaker for 2
h to solubilize the purple formazan crystals. The
absorbances were recorded on the ELISA reader at 562
nm wavelength. The absorbance of the test was
compared with that of solvent control to get the percent
cytotoxicity16,17.

Measurement of ROS generation:
Generation of ROS was assessed by using a cell-
permeable fluorescent signal H2DCF-DA as an indicator
for ROS18,19. As described previously, H2DCF-DA is
oxidized to a highly green fluorescent 2070-
dichlorofluorescein (DCF) by the generation of ROS.
Cancer cell lines were pretreated with various
concentrations of test extract for 24 h. After 24 h
incubation period, the cells were washed with cold
phosphate buffer solution (PBS) and incubated with 100
mmol/L H2DCF-DA for another 30 min at 370C.

DCF fluorescence intensity was measured using the
fluorescence plate reader (Varioskan Flash Multimode
Reader, Waltham, MA) at excitation/emission of
488/525 nm. The determinations were carried out thrice
in triplicate, ensuring each time that the number of cells
per treatment group were the same to ensure
reproducibility. The values were expressed as % relative
fluorescence compared to the control.
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Caspase-3 assay:
Caspases are members of the aspartate specific cysteinyl
protease family. Caspase-3 exists in cells as an inactive
32 kDa proenzyme, called pro-caspase-3. Pro-caspase-3
is cleaved into active 17 and 12 kDa subunits by
upstream proteases such as caspase-6, caspase-8 and
granzyme B during apoptosis. The over expression of
caspase-3 can result in initiation of apoptosis. Likewise,
the inhibition of caspase-3 can prevent cells from
entering into the apoptotic pathway. The activation of
caspase-3 is used as a biomarker in evaluation of
apoptosis and in understanding mechanisms of apoptosis
induction20.

The assay is based on colorimetric finding of the
chromophore p-nitroaniline (pNA) after cleavage from
the DEVD-pNA, a labeled substrate. The pNA light
emission can be quantified using a microtiter plate reader
at 405 nm. Assessment of the absorbances of pNA from
an apoptotic sample with an uninduced control allows
determination of the fold raise in caspase-3 activity21.

Statistical analysis:
Data were expressed as Mean±SEM. Significance was
calculated using one way ANOVA followed by Dunnet’s
multiple comparison tests compared to control.

RESULTS AND DISCUSSION:
Natural products or their derivatives have been exhibited
to have significant anticancer potentials due to their
ability to inhibit tumor growth, angiogenesis and

metastasis without many side effects22. Recent
publications showed the effect of many herbal plants in
treatment of wide range of illnesses. Also several
naturally produced herbal formulations are currently
available for cancer patients. Most of the
chemotherapeutic agents were cytotoxic to normal cells
and build up drug resistance. Therefore scientific
consideration and test of traditionally used herbs for the
treatment of various malignancies could be also
considered as a very important source for new
chemotherapeutic drugs23.

The in vitro cytotoxicity of methanolic extract of Kydia
calycina were evaluated against three different cancer
cell cultures, such as human cervical carcinoma (HeLa),
human breast cancer (MCF-7) and human neuroblastoma
(IMR-32) cells by using MTT assay, which is based on
the reduction of MTT at different concentrations (10, 20,
40, 80 and 160 μg/ml). After 48 h of treatment, K
calycina methanolic extract exhibited higher inhibitory
effect against all tumor cells, with varying efficiencies
and selectivities while others caused marginal cell
inhibition (Figure 1). The IC50 (concentration of the
fraction causing 50% cell death) values of test fractions
were given in Table 1. Among the methanolic extract
have revealed that greater percentage inhibition in all
types of cancer cells in a dose dependent manner. The
IC50 values of Kydia calycina extract were found to be
41.17, 46.90 and 39.49 µg/mL against HeLa, MCF-7 and
IMR-32 respectively.

Figure 1. Effect of methanolic extract on cytotoxicity of HeLa, MCF-7 and IMR-32 cancer cell lines; Data were Mean±SEM
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Table 1. The IC50 values of different Kydia calcycina extracts using
various cell lines

Extract IC50 Values (µg/mL)
HeLa MCF-7 IMR-32

KM 41.17±1.84** 46.90±2.46* 39.41±3.03**
STD 13.49±1.09*** 12.04±1.10*** 13.69±0.96***

KM-Kydia calcycina Methanolic extract; STD- Cisplatin; Data
were Mean±SEM; *p<0.05, **p<0.01 and ***p<0.001 compared to
control.

Since the cytotoxicity of methanolic were greater, we
further evaluated to reveal the mechanism for its
cytotoxicity. For this purpose, we evaluated the
apoptotic activity through ROS generation and caspase-3
activities of test extract all three cancer cell lines. The
results showed that the both fractions have significantly
increased the ROS production in all the cell cultures
(Figure 2). Excess accumulation of ROS leads to cellular
damage and inflammation of the tissues24. ROS plays a
major role in cellular senescence paving way to cell

death; therefore there is an urgent need for potential
therapeutics that may prevent oxidative stress induced
neurodegeneration. It is highly possible that the pro-
oxidant effect is responsible for the apoptotic activity of
these extracts and ROS are key signaling molecules to
modulate cell death25. Accumulating evidence indicates
that cancer cells produce high levels of ROS that lead to
a state of increased basal oxidative stress. The increased
production of ROS in cancer cells was observed in in
vitro studies26. Ahamad et al. demonstrated that
naringenin leads to cell death in cancer cells via inducing
ROS generation27. We therefore investigated the
effectiveness of test extracts in generation of ROS. We
found that exposure of all three cancer cells with these
extract dramatically enhanced generation of intracellular
ROS at different levels in a dose dependent manner in all
cell lines.

Figure 2. ROS generation effect of methanolic extract on HeLa, MCF-7 and IMR-32 cancer cell lines; Data were Mean±SEM

Intracellular caspase 3 activation is a key stage in the
apoptotic pathway. Hence, we tested the effect of
treatment with our plant fractions on intracellular
caspase 3 enzymatic activity. Different human cancer
cells were treated with the plant fractions and caspase 3
enzymatic activity within the cells was measured (Figure
3). Since caspase 3 activity rises while cells die and cell

numbers drop, it was essential to normalize caspase 3
activity to the number of cells, to obtain more accurate
results. The results here are expressed as the percent
increase in caspase 3 activity in treated cells compared to
cells added with DMSO. Caspase-3 levels were
significantly increased with K calycina extract in HeLa
(p<0.05), MCF-7 (p<0.05) and IMR-32 (p<0.01) cancer
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cells. Realizing the potential of plant derived compounds
to develop as drugs against cancer, information on novel
anti-cancer compounds from Himalayan region were
retrieved from literature. The chemical structures of
fifteen such anti-cancer compounds were modeled and

optimized and their binding patterns were explored
against nine selected molecular targets implicated in cell
proliferation and apoptosis, which provided insights into
their molecular mechanism of inhibition28.

Figure 3. Caspase-3 levels of methanolic extract on HeLa, MCF-7 and IMR-32 cancer cell lines; Data were Mean±SEM

CONCLUSIONS:
In summary, among the four K. calycina leaf extract the
showed increased percentage inhibition of MCF-7, HeLa
and IMR-32 cells by MTT assay. Moreover, the
apoptotic activity revealed that the plant extacts have
displayed significant increased generation of ROS and
caspase-3 activities in all cancer cell lines in a dose
dependent fashion. Further studies are warranted to
elucidate the molecular mechanisms of isolated
compounds of Kydia calycina.
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Abstract

Objective: The objective of the study was to study the cytotoxic effects of effects of different fractions of 
Kydia calycina using various human cancer cell cultures, in vitro by MTT assay, reactive oxygen species (ROS) 
generation and caspase-3 activities.  Materials and Methods: Human cervical carcinoma (HeLa) cells, human 
breast cancer (MCF-7) cells and human neuroblastoma (IMR-32) cells were maintained in a 5% CO2 incubator 
at 37°C. Different concentrations of fractions of K. calycina such as toluene fraction (KT), ethyl acetate fraction 
(KE), butanone fraction (KB), and aqueous fraction (KAq) in serum-free culture medium were freshly prepared 
and used for cytotoxic activity by MTT assay, ROS generation and apoptotic effect by caspase-3 activity.  
Results: Among the four fractions, the KE and KB fractions have revealed that greater percentage inhibition in 
all types of cancer cells in a dose-dependent manner by MTT assay. The IC50 values of KE fraction were found to 
be 38.35, 40.47, and 36.83 µg/mL against HeLa, MCF-7, and IMR-32, respectively. The apoptotic activity was 
evaluated through ROS generation and caspase-3 activities of KE and KB. The results showed that both fractions 
have significantly increased the ROS production and caspase-3 levels in all the cell cultures in a dose-dependent 
manner. Conclusions: The present investigation has shown that the KE and KB fractions of K. calycina displayed 
significant cytotoxic activity against all three cancer cells by decreased cell viability, increased generation of ROS 
and caspase-3 activities.
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INTRODUCTION

Recently, medicinal plants occupy an 
important position for being the major 
sources of drug discovery, irrespective 

of its categorized groups (herb, shrub, or tree). 
Plants have been essential in treating different 
forms of diseases including cancer. According 
to the World Health Organization, 80% of 
the people living in the rural areas depend on 
medicinal plants as primary healthcare system. 
These practices are solely depends on the 
knowledge of the use of traditional medicinal 
plants.[1,2] Cancer chemoprevention is defined as 
the use of materials of natural source, biological 
agents, chemical or synthetic compounds to 
reverse, prevent, or suppress carcinogenic 
progression of invasive cancer.[3] Natural 
products are formulated to generate different 
types of effective drugs to augment anticancer 
activities. Proper understanding of the complex 
synergistic interaction of various constituents of 

anticancer herbs, would help in formulating the design to hit 
the cancerous cells without damaging the normal cells of the 
body.[1,2]

Cancer is a disease characterized by the uncontrolled 
proliferation of the cells. As a cell progresses from normal 
to cancerous, the biological imperative to survive and 
perpetuate forces fundamental alterations in cells behavior. 
The definite cause of the disease in different sections is still 
to be investigated clearly.[4] Cancer is thus, a class of diseases, 
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classified by the type of cell that is primarily affected. To 
combat cancer United States National Cancer Institute has 
undergone 2070 anticancer clinical trials, in which 150 
more drug combinations have been successfully recorded 
against cancer. The search for the cancer drug discovery 
from Natural sources started with the investigations done 
by Hartwell and his coworkers in the late 1960’s with the 
application of a phytochemical, podophyllotoxin, and its 
derivatives from the plant Podophyllum peltatum. Further 
discoveries lead to isolate anticancer compounds from plants 
such as Camptotheca acuminate, Catharanthus roseus, and 
also Taxus brevifolia. Vinblastine, Vincristine, Camptothecin, 
and Taxol are the well-known potential anticancer agents 
derived from these plants which are found to be effective 
against various types of cancer.[5]

Advances in the clinical researchers for agents which treat 
various cancers have been increased over the years and as 
result numbers of agents have been initiated. The organic 
compounds present in various plants could exaggerate to 
reduce the toxicity caused due to chemotherapy. Task of 
modulating the adverse effect is possible only through 
requisite perspective regarding the specificity of these 
molecules with combination therapy.[6]

The cytotoxic and antitumor drugs are generally non-
selective and kill normal proliferating cells. Identification 
of active cancer specific agents remains a needful area in 
drug screening and drug discovery mechanisms. Much more 
emphasis has been put on discovering new agents that target 
tumor cells more efficiently and selectively with negligible 
toxic effects on normal cells.[7,8] Although the molecular 
mechanisms of its antiproliferative and apoptotic effects 
have not been cleared, increasing evidence has supported 
that the increase of reactive oxygen species (ROS) generation 
contributes to the treatment of cancer cells.[9,10]

Kydia calycina is distributed in Himalayas from the Indus 
eastwards to Myanmar and in peninsular India from 
Maharashtra and Madhya Pradesh, principally in mixed, 
moist, deciduous forests. The leaves were alternate, 7.5–
15 cm long and wide, usually 3–7 lobed, apex angled or 
rounded, base cordate, palmate 7-nerved, hoary-tomentose 
beneath, and petioles 2.5–5 cm. The leaves are applied to 
relieve body pains, lumbago and arthritis, a poultice of the 
leaves is used to treat skin diseases.[11] K. calycina leaf and 
stem bark paste applied for ulcers and skin diseases.[12] The 
K. calycina seed oil was reported to contain cyclopropenoid 
fatty acid apart from normal fatty acids,[13] and Hibiscone 
C, Hibiscoquinone B, 8-formyl-2,7-dihydroxy-5-
isopropyl-1-methoxy-3-methyl naphthalene were isolated 
from stem heartwood of K. calycina.[14] The K. calycina 
methanolic leaf extract was reported to having analgesic, 
anti-inflammatory and hepatoprotective activity.[15,16] 
Hence, the present study evaluated the cytotoxic effects of 
different leaf fractions of K. calycina using various human 
cancer cell cultures, in vitro.

MATERIALS AND METHODS

Plant Material

The leaves of K. calycina were collected from Tirupati hills, 
Andhra Pradesh, India. It was authenticated by Prof. V. Raju, 
Department of Botany, Kakatiya University, Warangal, India.

Preparation of Extracts

Leaves of K. calycina were made free from the adherent 
foreign material and air-dried. Then they were coarsely 
powdered and macerated with methanol in a round bottom 
flask for 7 days separately. The content of the flask was stirred 
intermittently to ensure the efficiency of the extraction. After 
a week, they were filtered and concentrated under reduced 
pressure to yield corresponding extracts, and the extracts 
were kept in a desiccator to remove moisture and stored 
properly until used.

The methanolic extracts of K. calycina were dispersed 
in sufficient amount of distilled water separately and 
fractionated with toluene, ethyl acetate and butan-2-one 
in succession. The obtained fractions and the aqueous 
residues were concentrated under reduced pressure to yield 
corresponding extracts.

Cell Culture and Treatment

Human cervical carcinoma (HeLa) cells, human breast cancer 
(MCF-7) cells and human neuroblastoma (IMR-32) cells were 
procured from NCCS, Pune. The cells were used between 
passages 10 and 15. All these cells were grown in suitable 
culture media supplemented with 10% FBS, 1% L-glutamine, 
and 1% penicillin-streptomycin antibiotic solution. Cells 
were seeded at 250,000 cells/flask in a total volume of 
10 mL. When confluent, all the cells were trypsinized as 
described above and seeded in 96 well plates at the rate of 
1.0 × 104 cells/0.1 mL. All the cell cultures were maintained 
in a 5% CO2 incubator at 37°C. Different concentrations of 
fractions of K. calycina such as toluene fraction (KT), ethyl 
acetate fraction (KE), butanone fraction (KB), and aqueous 
residue (KAq) in serum-free culture medium were freshly 
prepared and used for the cytotoxic activity.

MTT Assay Method

Measurement of cell viability and proliferation forms the basis 
for numerous in vitro assays of a cell population’s response 
to external factors. The reduction of tetrazolium salts is 
widely believed as a reliable way to study cell proliferation. 
The effect of test fractions on the cellular proliferation and 
viability was determined using MTT assay method.[17] The 
yellow tetrazolium salt was reduced by dehydrogenase 
enzymes present in metabolically active cells, to produce 
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reducing equivalents such as NADH and NADPH. The 
formazan product has low aqueous solubility and was present 
as purple crystals. The resulting formazan was dissolved by 
using dimethyl sulfoxide (DMSO) permitted the convenient 
quantification of product development. The intensity of the 
product color was measured at 562 nm and was directly 
proportional to the number of living cells in the culture.[18]

The adherent cells were trypsinized according to protocol 
and were re-suspended in fresh medium after centrifugation. 
Cell suspension was mixed thoroughly by pipetting several 
times to get a uniform single cell suspension. 10–15 
passages were conducted before performing the experiment 
to evaluate the cytotoxicity. Different dilutions of fractions 
were made in media with final phosphate buffer solution 
(PBS)+1% PEG (solvent control) concentration in the well to 
be <1%. 100 µL (0.1 mL) of cell suspension was transferred 
aseptically to each well of a 96 well plate and it 100 µL of 
solvent/fraction (in triplicate) in media was added. The plate 
was then incubated at 37°C for 48 h in 5% CO2 incubator. 
After 48 h of incubation, 20 µL of MTT was added to each 
well, and the microtiter plate was again incubated for 2 h. 
80 µL of lysis buffer was added to each well; the plate was 
wrapped in aluminum foil to prevent the oxidation of the dye. 
The plate was placed on a rotary shaker for 2 h to solubilize 
the purple formazan crystals. The absorbances were recorded 
on the ELISA reader at 562 nm wavelength. The absorbance 
of the test was compared with that of solvent control to get 
the percent cytotoxicity.[19,20]

Measurement of ROS Generation

Generation of ROS was assessed using a cell-permeable 
fluorescent signal H2DCF-DA as an indicator for ROS.[21,22] 
As described previously, H2DCF-DA is oxidized to a highly 
green fluorescent 2070-dichlorofluorescein (DCF) by the 
generation of ROS. Cancer cell lines were pretreated with 
various concentrations of KE and KB fractions for 24 h. 
After 24 h incubation period, the cells were washed with cold 
PBS and incubated with 100 mmol/L H2DCF-DA for another 
30 min at 37°C. DCF fluorescence intensity was measured 
using the fluorescence plate reader (Varioskan Flash 
Multimode Reader, Waltham, MA) at excitation/emission 
of 488/525 nm. The determinations were carried out thrice 
in triplicate, ensuring each time that the number of cells per 
treatment group was the same to ensure reproducibility. The 
values were expressed as % relative fluorescence compared 
to the control.

Caspase-3 Assay

Caspases are members of the aspartate-specific cysteinyl 
protease family. Caspase-3 exists in cells as an inactive 
32 kDa proenzyme, called procaspase-3. Procaspase-3 is 
cleaved into active 17 and 12 kDa subunits by upstream 
proteases such as caspase-6, caspase-8, and granzyme B 

during apoptosis. The overexpression of caspase-3 can result 
in the initiation of apoptosis. Likewise, the inhibition of 
caspase-3 can prevent cells from entering into the apoptotic 
pathway. The activation of caspase-3 is used as a biomarker in 
the evaluation of apoptosis and in understanding mechanisms 
of apoptosis induction.[23]

The assay is based on a colorimetric finding of the 
chromophore p-nitroaniline (pNA) after cleavage from the 
DEVD-pNA, a labeled substrate. The pNA light emission 
can be quantified using a microtiter plate reader at 405 nm. 
Assessment of the absorbances of pNA from an apoptotic 
sample with an uninduced control allows determination of 
the fold raise in caspase-3 activity.[24]

Statistical Analysis

Data were expressed as mean±SEM. Significance was 
calculated using one-way ANOVA followed by Dunnett’s 
multiple comparison tests compared to control.

RESULTS AND DISCUSSION

Natural products or their derivatives have been exhibited to 
have significant anticancer potentials due to their ability to 
inhibit tumor growth, angiogenesis and metastasis without 
many side effects.[25] Recent publications showed the effect 
of many herbal plants in the treatment of wide range of 
illnesses. Furthermore, several naturally produced herbal 
formulations are currently available for cancer patients. Most 
of the chemotherapeutic agents were cytotoxic to normal 
cells and build up drug resistance. Therefore, scientific 
consideration and test of traditionally used herbs for the 
treatment of various malignancies could be also considered 
as a very important source for new chemotherapeutic 
drugs.[26]

The in vitro cytotoxicity of four different fractions of 
K. calycina such as toluene fraction (KT), ethyl acetate 
fraction (KE), butanone fraction (KB), and aqueous residue 
(KAq) were evaluated against three different cancer cell 
cultures, such as human cervical carcinoma (HeLa), human 
breast cancer (MCF-7), and human neuroblastoma (IMR-32) 
cells using MTT assay, which is based on the reduction of 
MTT at different concentrations (10, 30, 100, 300, and 
500 µg/ml). After 48 h of treatment, KE and KB fractions 
exhibited higher inhibitory effect against all tumor cells, with 
varying efficiencies and selectivities while others caused 
marginal cell inhibition [Figure 1]. The IC50 (concentration 
of the fraction causing 50% cell death) values of test fractions 
were given in Table 1. Among the four fractions, the KE and 
KB fractions have revealed that greater percentage inhibition 
in all types of cancer cells in a dose-dependent manner. 
Moreover, the KE fraction has shown superior cytotoxicity 
than KB fraction. The IC50 values of KE fraction were found 
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to be 38.35, 40.47, and 36.83 µg/mL against HeLa, MCF-7, 
and IMR-32, respectively.

Since the cytotoxicity of KE and KB was greater, we further 
evaluated to reveal the mechanism for its cytotoxicity. 
For this purpose, we evaluated the apoptotic activity 
through ROS generation and caspase-3 activities of KE 
and KB against all three cancer cell lines. The results 
showed that both fractions have significantly increased the 
ROS production in all the cell cultures [Figure 2]. ROS 
production was significantly elevated with KE fraction 
(P < 0.01) in all cancer cells. Whereas, KB fraction showed 
increased ROS generation (P < 0.05) in all cancer cells. 
Excess accumulation of ROS leads to cellular damage and 
inflammation of the tissues.[27] ROS plays a major role in 
cellular senescence paving way to cell death; therefore, 
there is an urgent need for potential therapeutics that may 

prevent oxidative stress-induced neurodegeneration. It is 
highly possible that the pro-oxidant effect is responsible 
for the apoptotic activity of these extracts and ROS are key 
signaling molecules to modulate cell death.[28] Accumulating 
evidence indicates that cancer cells produce high levels of 
ROS that lead to a state of increased basal oxidative stress. 
The increased production of ROS in cancer cells was 
observed in in vitro studies.[29] Ahamad et al. demonstrated 
that naringenin leads to cell death in cancer cells through 
inducing ROS generation.[30] We, therefore, investigated the 
effectiveness of KE and KB fractions in generation of ROS. 
We found that exposure of all three cancer cells with these 
fractions dramatically enhanced generation of intracellular 
ROS at different levels in a dose-dependent manner in all 
cell lines.

Intracellular caspase-3 activation is a key stage in the 
apoptotic pathway. Hence, we tested the effect of treatment 
with our plant fractions on intracellular caspase-3 
enzymatic activity. Different human cancer cells were 
treated with the plant fractions and caspase-3 enzymatic 
activity within the cells was measured [Figure 3]. Since 
caspase-3 activity rises while cells die and cell numbers 
drop, it was essential to normalize caspase-3 activity 
to the number of cells, to obtain more accurate results. 
The results here are expressed as the percent increase in 
caspase-3 activity in treated cells compared to cells added 
with DMSO. Caspase-3 levels were significantly increased 
with KE fraction in HeLa (P < 0.05), MCF-7 (P < 0.05), 
and IMR-32 (P < 0.01) cancer cells. Whereas, KB fraction 
showed increased caspase-3 levels in HeLa (P < 0.05) and 

Figure 1: Effect of different fractions on cytotoxicity of HeLa, MCF-7, and IMR-32 cancer cell lines; data were mean±SEM

Table 1: The IC50 values of different Kydia calcycina 
fractionss using various cell lines

Extract IC50 values (µg/mL)
HeLa MCF‑7 IMR‑32

KT 108.47±2.72* 114.14±3.16* 76.44±2.16**
KE 38.35±1.34*** 40.47±2.13*** 36.83±1.78***
KB 69.23±2.89*** 80.82±2.45*** 93.4±2.67**
KAq 98.92±3.14* 97.82±3.45* 109.32±3.78*
KT: Kydia calcycina toluene fraction, KE: Kydia calcycina ethyl 
acetate fraction, KB: Kydia calcycina butanone fraction, KAq: Kydia 
calcycina aqueous residue, data were mean±SEM, *P<0.05, **P<0.01, 
***P<0.001 compared to control
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IMR-32 (P < 0.05) cancer cells. Sherine et al. evaluated 
the mechanism of cell death induced by Petunia punctata 
by caspase-3 colorimetric assay, before and after treatment 
with the extract. The results showed that the treatment of 
Panc-1 cells with P. punctata strongly induces increased 

caspase-3 activity. Furthermore, caspase-3 activity in 
P. punctata-treated cells was reduced in the presence of 
a caspase-3 specific apoptosis inhibitor. This suggests 
the involvement of caspase-3 in triggering apoptosis 
in P. punctata-treated Panc-1 cells.[31]

Figure 2: Reactive oxygen species generation effect of different fractions on HeLa, MCF-7, and IMR-32 cancer cell lines, data 
were mean±SEM

Figure 3: Caspase-3 levels of different fractions on HeLa, MCF-7, and IMR-32 cancer cell lines, data were mean±SEM



Bhukya, et al.: Cytotoxic activity of Kydia calycina

International Journal of Green Pharmacy • Oct-Dec 2017 (Suppl) • 11 (4) | S6

CONCLUSIONS

In summary, among the four K. calycina fractions, the 
KE and KB fractions were showed increased percentage 
inhibition of HeLa, MCF-7, and IMR-32 cells by MTT assay. 
Moreover, the apoptotic activity revealed that both KE and 
KB fractions have displayed significant increased generation 
of ROS and caspase-3 activities in all cancer cell lines in a 
dose-dependent fashion. Further studies are warranted to 
elucidate the molecular mechanisms of isolated compounds 
of K. calycina.
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Assessment of oxidative stress induced by gold nanorods following
intra-tracheal instillation in rats

Harikiran Lingabathula and Narsimhareddy Yellu

Department of Pharmacology and Toxicology, University College of Pharmaceutical Sciences, Kakatiya University, Warangal, India

ABSTRACT
Gold nanorods (GNRs) are used for their wide variety of applications in various industries. There is a lit-
tle availability of data related to toxicity and ecological implications of these GNRs. The study evaluated
the oxidative stress induction following intra-tracheal instillation of 1 and 5mg/kg b.w. doses of 10 and
25nm GNRs by estimating various oxidative stress markers including lipid peroxidation (malondialde-
hyde; MDA), glutathione (GSH), superoxide dismutase (SOD), catalase and total antioxidant capacity
(TAC) after 1 day, 1week, 1month, and 3months post exposure periods. The results have shown
increased MDA levels and decreased GSH levels following 1 day and 1week post exposure periods, indi-
cating induction of oxidative stress. Also, the SOD, catalase and TAC levels were significantly decreased
following exposure of both 10 and 25nm GNRs after 1 day and 1week after exposures, indicating the
inhibition of antioxidant defense mechanisms. Moreover, the 10nm GNRs at 5mg/kg dose displayed
greater changes in all the estimated parameters, representing dose and size based induction of
oxidative stress by GNRs. In contrast, a little change was observed during 1month and 3months post
exposure periods, may be due to recovery. Finally, the GNRs induced dose-size-dependent oxidative
stress induction by various oxidative stress markers following intra-tracheal instillation in rats.
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Introduction

Gold nanorods (GNRs) have 20 times or more optical absorp-
tion efficiencies than the gold based nanoparticles (NPs) of
the same volume (Copland et al. 2004). The scattering coeffi-
cients per micron of GNRs are also an order of magnitude
higher when compared to those of gold nanospheres and
nanoshells (Jain et al. 2006). In addition, GNRs have a strong
binding affinity to thiol groups permitting them to be com-
petently conjugated with numerous biomolecules after stabi-
lizing with polyethylene glycol (Liao and Hafner 2005).
Functionalization of the GNRs with antibodies or other bio-
molecules (Huff et al. 2007) allows their specific attachment
to any target cell. GNRs of high aspect ratio offer a higher
fluorescence intensity and this property will encourage the
development of techniques using GNRs in fluorescent probe
micro array assays and optical biosensor applications for DNA
analysis (Li et al. 2005).

GNRs could be used as optical sensors for Raman-based
intracellular biosensing useful for cancer diagnosis and other
diagnostic biomedical applications (Oyelere et al. 2007). There
have also been developments in respect of using GNRs in
refractometric biomolecular sensors (Chen et al. 2007, Yu and
Irudayaraj 2007). GNRs conjugated with photo sensitizers can
kill MRSA by NIR photothermal radiation and photodynamic
antimicrobial chemotherapy (Kuo 2009, Pissuwan et al. 2009).
The study clearly showed that GNRs conjugated with a hydro-
philic photo sensitizer such as toluidine blue O act as dual

function agents in hyperthermia and photodynamic inactiva-
tion against methicillin-resistant Staphylococcus aureus
(Gil 2007, Perni 2009).

NPs induced oxidative stress triggers cell signaling path-
ways resulting in increased expression of pro-inflammatory
and fibrotic cytokines. Some NPs have been shown to acti-
vate inflammatory cells such as macrophages and neutrophils
which can result in the increased production of reactive oxy-
gen species (ROS). The mechanism for ROS generation is dif-
ferent for each NP type and to date the exact underlying
cellular mechanism for ROS generation is incompletely under-
stood and remains to be elucidated. The oxidative stress
induction and generation of ROS may play a major role in
the toxicity of many types of NPs (He et al. 2011).

GNRs are utilized enormously for their potential applica-
tions in different industries, as the occupational exposures for
these GNRs are also increased. The principal exposures for
NPs are through inhalation, ingestion and dermal contact
(Oberdorster et al. 2005). In particular, the inhaled NPs are
likely to reach the alveoli and have shown significant toxicity
effects in deep regions of lung (Mohamed et al. 2011). Till
date, there is a little availability of the toxicity data of rod
shaped gold NPs towards humans. Some of the recent stud-
ies evaluated the in vitro toxicity of GNRs using different
human cell lines and the results displayed that the cytotox-
icity through oxidative stress induction (Tianxun et al. 2014,
Harikiran et al. 2015, Ying et al. 2015). The present study was
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aimed to assess the general mechanisms involved in the tox-
icity of rod shaped, PEG coated, 10 nm and 25 nm GNRs fol-
lowing intra-tracheal instillation in rats, in vivo by using
estimation of enzymatic and non-enzymatic oxidative stress
parameters.

Materials and methods

Chemicals

The 10 nm GNRs (GNR 10) and 25 nm GNRs (GNR 25) were
purchased from Sigma-Aldrich (St. Louis, MO) with Lot num-
bers MKBH3815V and MKBH3819V, respectively. Quartz (QTZ)
particles (58–68 lm) were procured from Berkeley Springs,
WV. a,a-Diphenyl-b-picryl hydrazyl (DPPH), 1,1,3,3-tetraethoxy
propane (TEP) and o-dianisidine were purchased from Sigma-
Aldrich (St. Louis, MO). All the rest of chemicals were
acquired from Himedia (Mumbai, India).

Animals

Male Wistar rats of six weeks old were kept one week in a
quarantine area. Throughout the quarantine and experimental
periods, the rats were housed in polypropylene cages in a
room; water and feed were available freely with controlled
temperature (25 ± 2 �C), humidity (55 ± 5%) and a 12 h light/
dark cycle. The rats weighed approximately 220 g were
selected and used for the present study.

Experimental design

The 10 and 25 nm GNRs and QTZ suspensions were pre-
pared in PBS with 1% PEG by briefly shearing and subse-
quently sonicating (1–2min) the samples. All the test
nanorod samples were re-sonicated on the day of dosing
before the instillation (Reddy et al. 2011). The rats were
divided into different groups (n¼ 6) and instilled with a
single dose of control (PBS þ1% PEG), 1mg/kg 10 nm
GNRs, 5mg/kg 10 nm GNRs, 1mg/kg 25 nm GNRs, 5mg/kg
25 nm GNRs, 1mg/kg QTZ, and 5mg/kg QTZ by intra-tra-
cheal instillation method as described previously (Kiranmai
and Reddy 2013), because this technique of exposure was
a reliable qualitative screen for assessing the toxicity of
inhaled NPs (Yasuo et al. 2016). Briefly, the rats were anes-
thetized with isoflurane and anesthetization was continued
via a small nose cone. A small hole was made in the tra-
chea and a 24 gauge plastic catheter was inserted through
the hole to the distal end of the trachea through a
blunted needle. A syringe already filled with 200 lL of air
and 50 lL of PBS was connected to the free end of silicone
tubing to rapidly propel the GNRs sample from the tubing
and needle into the lungs of rats. The incision was sutured,
swabbed with povidone iodine and anesthetized with lido-
caine. The rats recovered and were active within
10–15min. Here, QTZ exposure was used as positive control
to compare the results of the test nanorods (Reddy et al.
2012). The study was approved by Institutional Animal
Ethics Committee, UCPSc, Kakatiya University (Approval no.:
IAEC/04/UCPSc/KU/2016).

Collection of blood and biochemical analysis

The blood was collected from the control, GNRs and QTZ
exposed rats by means of retro orbital plexus at 1 day,
1week, 1month, and 3months post instillation periods.
The serum was obtained by immediate centrifugation of
blood samples at 3000 rpm for 10min at room temperature.
All samples were stored at �20 �C until analysis. All biochem-
ical assays were performed at 1 day, 1week, 1month, and
3months post instillation periods in rats for the estimation of
different oxidative stress markers and antioxidant capacity
using following parameters.

Lipid peroxidation assay

Thiobarbituric acid reactive substance (TBARS) is a well-
established assay for screening and monitoring lipid
peroxidation. Malondialdehyde (MDA) forms a 1:2 adduct
with thiobarbituric acid (TBA). The MDA–TBA adduct formed
from the reaction of MDA in samples with TBA can be meas-
ured colorimetrically (Reddy et al. 2012). To precipitate the
proteins, 0.5mL of 30% trichloroacetic acid was added to
0.5mL of serum and vortexed for 30 s. The clear supernatant
was taken after centrifuging at 3000 rpm for 10min. To the
supernatant, 500mL of 1% TBA solution and 500 mL of water
were added and this solution was heated for 1 h at 98 �C.
The solutions were cooled to room temperature and kept in
ice for 5min. The pink color was read at 532 nm using spec-
trophotometer against TEP as standard.

Glutathione assay

GSH is a key intracellular tripeptide thiol composed of glu-
tamic acid, cysteine and glycine. Glutathione reductase
reduces oxidized glutathione to reduced glutathione in the
presence of NADPH. Subsequently, the 5,50-dithiobis-2-nitro
benzoic acid (DTNB) reacts with the thiol group of GSH to
produce a colored compound (Beulter et al. 1963,
Mytilineou et al. 2002). To 0.5mL of citrated blood, 0.5mL
of 5% trichloroacetic acid solution was added to precipitate
the proteins and centrifuged at 3000 rpm for 10min. To
0.1mL of supernatant, 0.5mL of DTNB reagent and 1mL of
sodium phosphate buffer were added. Absorbance of the
yellow color developed was measured at 412 nm. The GSH
content was determined from standard graph by using pure
glutathione.

Superoxide dismutase (SOD) assay

This assay can be used to determine whether a compound is
a general, free radical or a scavenger specific for the super
oxide anion. In this assay, free radicals are generated
by photo-oxidation of o-dianisidine sensitized by riboflavin.
A general free radical scavenging compound results in
decrease in the oxidized dianisidine measurable by UV/visible
spectrophotometer. In contrast, any compound which specif-
ically scavenges O��

2 increases the amount of oxidized dianisi-
dine and hence will have an augmentary effect (Zelko et al.
2002, Valentine and Hart 2003).
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Three milliliters of packed blood cells were lysed by the
addition of equal volume of cold deionized water.
Hemoglobin was then precipitated by the addition of chlor-
oform:ethanol (1.5:1). This was diluted with 500 mL of water
and centrifuged for 15minutes at 3000 rpm. The supernatant
containing SOD was taken for the measurement of its activ-
ity. 0.88mL of riboflavin solution was added to 60 mL of
o-dianisidine solution and to this 100mL of clear separated
SOD sample was added and optical density was measured
at 460 nm. The cuvette containing reaction mixture was
transferred to the illuminating box, illuminated for 4min
and optical density was re-measured against blank contain-
ing ethanol in place of enzyme. The change in the optical
density was determined. The SOD content was determined
using pure bovine SOD.

Catalase assay

The rate of disintegration of hydrogen peroxide into water
and oxygen is proportional to the concentration of catalase.
The absorbance of hydrogen peroxide solution can be easily
measured at 240 nm, on decomposition of hydrogen peroxide
by catalase, the absorbance decreases with time. The enzyme
activity could be arrived at from this decrease (Votyakova
and Reynolds 2004).

2.5mL of phosphate buffer was added to 0.1mL of serum
and incubated at 25 �C for 30min. After transferring into a
cuvette, the absorbance was measured at 240 nm, 650 lL of
hydrogen peroxide solution was added to initiate the reac-
tion. The change in absorbance was measured for 3min. The
average change in absorbance per minute for each assay was
calculated and the results were expressed in terms of IU/mL
of serum. The catalase content was determined using pure
catalase. One international unit of catalase is the enzyme that
decomposes one lM of hydrogen peroxide per minute
at 25 �C.

Total antioxidant capacity assay

For the estimation of total antioxidant capacity (TAC), we
used a stable free radical DPPH, at the concentration of
0.2mM in methanol (Aurelia et al. 2009). 0.1mL of serum was
deproteinated by the addition of 1mL of methanol, vortexed
for 30 s and centrifuged at 3000 rpm for 30min to separate
the proteins. 1.5mL of methanol and 0.5mL of DPPH solution
were added to the clear supernatant, mixed thoroughly and
absorbance was read at 517 nm against blank, prepared in an
identical way but without the addition of serum. Ascorbic
acid was used as a reference standard and the TAC was
expressed in terms of nM of ascorbic acid.

Statistical analysis

The data were expressed as mean± SD (n¼ 6). Statistical ana-
lysis was performed for all the assays using one way ANOVA
followed by Dunnett’s test. The statistical significance was
indicated by $p< 0.05, #p< 0.01, �p< 0.001 versus time-
matched control treated rats.

Results

Lipid peroxidation

The MDA levels were increased following intra-tracheal instil-
lation of GNRs and QTZ treated rats at 1 day and 1week post
exposure periods (Table 1), indicating lipid peroxidation. The
10 nm GNRs have shown significant elevated lipid peroxida-
tion following 1 day and 1week post exposure periods at
1mg/kg (p< 0.01) and 5mg/kg (p< 0.001) b.w. doses. The
25 nm GNRs at 5mg/kg b.w. dose significantly increased the
MDA levels following 1 day (p< 0.05) and 1week (p< 0.01)
post exposure periods compared to control. Also, the 10 nm
GNRs increased the MDA levels compared to QTZ exposed
rats.

Estimation of glutathione

Similar to QTZ, the GSH levels were decreased following
intra-tracheal instillation of GNRs treated rats at 1 day, 1week,
and 1month post exposure periods (Table 2). The 10 nm
GNRs have shown significant depleted GSH levels following
1 day (p< 0.001), 1week (p< 0.001), and 1month (p< 0.05)
post exposure periods at 1mg/kg and 5mg/kg b.w.
doses versus control treated rats, whereas the 25 nm GNRs
at 5mg/kg b.w. dose only significantly decreased the GSH
content following 1 day (p< 0.001), 1week (p< 0.001), and
1month (p< 0.01) post exposure periods.

Estimation of superoxide dismutase

The SOD levels in rat blood following exposure of GNRs, QTZ
and control estimated at 1 day, 1week, 1month, and
3months post exposure periods are presented in Table 3.

Table 1. Malondialdehyde levels (nM) following intra-tracheal instillation of
GNRs in rats.

Post instillation period

Treatment 1 Day 1 Week 1 Month 3 Months

Control 6.87 ± 0.74 6.81 ± 0.77 6.05 ± 0.85 5.94 ± 0.68
GNR 10 (1mg/kg) 9.39 ± 0.89# 9.14 ± 0.94# 7.09 ± 0.97 6.24 ± 0.85
GNR 10 (5mg/kg) 10.48 ± 1.25� 11.95 ± 0.98� 7.94 ± 0.68$ 6.51 ± 0.72
GNR 25 (1mg/kg) 7.95 ± 0.93 8.11 ± 0.59 6.47 ± 0.85 6.05 ± 0.69
GNR 25 (5mg/kg) 8.86 ± 1.14$ 9.32 ± 1.12# 6.85 ± 0.94 6.12 ± 0.85
QTZ (1mg/kg) 8.47 ± 0.76 8.23 ± 0.78 6.72 ± 0.68 6.04 ± 0.63
QTZ (5mg/kg) 9.54 ± 1.12# 10.62 ± 1.13� 7.17 ± 0.79 6.17 ± 0.59

Data were expressed as mean ± SD (n¼ 6).
$p< 0.05, #p< 0.01, �p< 0.001 versus control treated rats.

Table 2. Glutathione levels (lM) following intra-tracheal instillation of GNRs
in rats.

Post instillation period

Treatment 1 Day 1 Week 1 Month 3 Months

Control 342.24 ± 28.85 353.85 ± 30.47 361.36 ± 33.47 373.26 ± 32.75
GNR 10 (1mg/kg) 144.58 ± 12.97� 227.93 ± 24.56� 291.87 ± 27.86$ 342.74 ± 28.67
GNR 10 (5mg/kg) 78.47 ± 7.25� 93.14 ± 8.14� 208.54 ± 19.74� 317.29 ± 26.53
GNR 25 (1mg/kg) 162.95 ± 17.36� 241.32 ± 21.45� 314.84 ± 29.46 356.98 ± 31.72
GNR 25 (5mg/kg) 114.96 ± 12.38� 159.69 ± 14.67� 235.12 ± 19.27# 326.36 ± 22.32
QTZ (1mg/kg) 141.25 ± 15.62� 213.94 ± 22.59� 298.58 ± 16.38 356.53 ± 30.69
QTZ (5mg/kg) 97.63 ± 9.41� 148.26 ± 15.57� 243.84 ± 21.23� 324.31 ± 21.79

Data were expressed as mean ± SD (n¼ 6).
$p< 0.05, #p< 0.01, �p< 0.001 versus control treated rats.
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Similar to QTZ, the 10 nm GNRs have displayed significantly
decreased levels of SOD following 1 day and 1week
post exposure periods (p< 0.001) at both doses whereas at
5mg/kg dose has shown significantly decreased SOD levels
following 1month post exposure (p< 0.05). 25 nm GNRs have
shown decreased levels of SOD following 1 day and 1week
post exposure periods at 1mg/kg dose (p< 0.01) and 5mg/
kg dose (p< 0.001).

Estimation of catalase

The 10 nm GNRs have shown significant depleted levels of
catalase following 1 day and 1week post exposure periods
(p< 0.001) at both doses whereas at 5mg/kg dose signifi-
cantly decreased catalase levels were found following
1month post exposure (p< 0.001). 25 nm GNRs have shown
decreased levels of catalase following 1 day and 1week post
exposure periods at both doses (p< 0.01) and at 5mg/kg
dose significantly (p< 0.05) decreased levels were found fol-
lowing 1month post exposure (Table 4). Similar decreased
levels of catalase were found with QTZ exposure, indicating
toxicity of GNRs.

Estimation of total antioxidant capacity

The TAC levels in rat serum upon intra-tracheal instillation of
GNRs, QTZ and control estimated are presented in Table 5.
The 10 nm GNRs have displayed significantly decreased levels
of TAC following 1 day and 1week post exposure periods
(p< 0.001) at both doses whereas at 5mg/kg dose has shown
significantly decreased TAC levels following 1month post
exposure (p< 0.001). 25 nm GNRs have shown decreased lev-
els of TAC following 1 day (p< 0.001), 1week (p< 0.001), and

1month (p< 0.05) post exposure periods at 5mg/kg dose.
25 nm GNRs also decreased the TAC significantly (p< 0.001)
at 1mg/kg dose following 1 day post instillation period.

Discussion

The GNRs are extensively used in various industrial, commer-
cial, and imaging applications. But the related health risks
associated with these GNRs are sparsely known. Some studies
evaluated the toxicity of these GNRs using human cell cul-
tures in vitro (Harikiran et al. 2015, Ying et al. 2015). Some of
the previous studies proposed that the toxicity of different
NPs were primarily due to induction of oxidative stress and
production of ROS (Igor et al. 2011, Alicia et al. 2014,
Abudayyak et al. 2016). So, the present study was to assess
the oxidative stress and TAC of 10 nm and 25 nm GNRs, QTZ
and control (PBS þ1% PEG) at 1 and 5mg/kg b.w. doses fol-
lowing intra-tracheal instillation in rats using estimation of
various oxidative stress parameters after 1 day, 1week,
1month, and 3months post exposure periods.

The results have shown that the intra-tracheal instillation
of 10 and 25 nm GNRs revealed increased levels of serum
MDA levels (lipid peroxidation) and decreased blood GSH lev-
els following 1 day and 1week post exposure periods at
5mg/kg b.w. dose, whereas slight or no change was detected
at 1month and 3months post exposure periods, may be due
to recovery. Induction of oxidative stress can be expressed in
terms of GSH estimation and is an important antioxidant that
is oxidized during oxidative stress (Marquis et al. 2009). ROS
production and subsequent oxidative stress induction was
manifested by increased levels of MDA and reduction in GSH
content. Both GNRs and QTZ might have resulted in ROS gen-
eration and oxidative stress induction via elevated MDA levels
and depleted GSH content following instillation after 1 day
and 1week post exposure periods.

Recently, Jiali et al. (2015) evaluated the intracellular ROS
generation and oxidative stress by GNRs exposure in HCT 116
cells with different concentrations. The results have shown
that dose-dependent ROS activation and oxidative stress
induction in cells lead to autophagy. On the other hand, the
free radical scavenger n-acetylcysteine markedly avoided
GNRs induced ROS generation and oxidative stress induction.
These facts demonstrated that the autophagy induced by the
GNRs is mediated through the generation of intracellular ROS
and oxidative stress induction. The enzymatic oxidative stress
markers in rat blood following intra-tracheal instillation of 10

Table 3. Superoxide dismutase levels (IU/mL) following intra-tracheal instilla-
tion of GNRs in rats.

Post instillation period

Treatment 1 Day 1 Week 1 Month 3 Months

Control 41.47 ± 4.54 41.13 ± 4.73 42.53 ± 4.58 43.24 ± 4.69
GNR 10 (1mg/kg) 26.31 ± 3.96� 25.89 ± 2.97� 39.85 ± 4.25 41.13 ± 4.56
GNR 10 (5mg/kg) 18.47 ± 2.56� 16.36 ± 2.13� 35.54 ± 3.96$ 38.64 ± 3.89
GNR 25 (1mg/kg) 31.46 ± 3.85# 29.34 ± 3.35# 40.42 ± 4.37 42.18 ± 4.79
GNR 25 (5mg/kg) 26.68 ± 2.97� 24.42 ± 2.96� 38.35 ± 4.14 40.86 ± 4.34
QTZ (1mg/kg) 28.25 ± 3.14� 27.87 ± 2.96� 39.96 ± 4.69 42.46 ± 5.34
QTZ (5mg/kg) 24.54 ± 2.87� 22.85 ± 2.79� 38.57 ± 3.69 41.36 ± 4.79

Data were expressed as mean ± SD (n¼ 6).
$p< 0.05, #p< 0.01, �p< 0.001 versus control treated rats.

Table 4. Catalase levels (IU/mL) following intra-tracheal instillation of GNRs in
rats.

Post instillation period

Treatment 1 Day 1 Week 1 Month 3 Months

Control 45.27 ± 5.38 44.23 ± 5.86 45.86 ± 4.68 46.64 ± 5.63
GNR 10 (1mg/kg) 28.85 ± 3.14� 27.36 ± 3.17� 40.62 ± 4.21 43.56 ± 4.65
GNR 10 (5mg/kg) 19.95 ± 2.34� 18.27 ± 2.34� 31.38 ± 3.52� 39.87 ± 3.57
GNR 25 (1mg/kg) 30.64 ± 3.61� 29.85 ± 3.16� 41.57 ± 4.41 44.15 ± 4.87
GNR 25 (5mg/kg) 24.46 ± 2.87� 22.98 ± 2.54� 36.52 ± 3.85$ 42.34 ± 4.47
QTZ (1mg/kg) 29.74 ± 3.12� 28.47 ± 2.68� 40.81 ± 4.57 44.21 ± 4.63
QTZ (5mg/kg) 23.85 ± 2.75� 22.53 ± 2.35� 36.97 ± 3.43$ 41.86 ± 4.15

Data were expressed as mean ± SD (n¼ 6).
$p< 0.05, �p< 0.001 versus control treated rats.

Table 5. Total antioxidant capacity (nM) following intra-tracheal instillation of
GNRs in rats.

Post instillation period

Treatment 1 Day 1 Week 1 Month 3 Months

Control 14.54 ± 1.12 14.91 ± 1.38 15.85 ± 1.37 16.37 ± 1.85
GNR 10 (1mg/kg) 9.52 ± 0.87� 10.87 ± 1.24� 13.14 ± 1.51$ 15.56 ± 1.68
GNR 10 (5mg/kg) 7.34 ± 0.68� 8.58 ± 0.94� 10.42 ± 1.12� 13.78 ± 1.36
GNR 25 (1mg/kg) 10.12 ± 0.98� 11.46 ± 1.32# 13.97 ± 1.32 15.89 ± 1.69
GNR 25 (5mg/kg) 8.79 ± 0.81� 9.36 ± 0.84� 11.68 ± 0.96# 14.21 ± 1.59
QTZ (1mg/kg) 10.61 ± 1.16� 11.85 ± 1.12$ 14.21 ± 1.25 15.46 ± 1.52
QTZ (5mg/kg) 8.89 ± 0.93� 9.43 ± 0.93� 11.87 ± 1.12# 14.85 ± 1.37

Data were expressed as mean ± SD (n¼ 6).
$p< 0.05, #p< 0.01, �p< 0.001 versus control treated rats.
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and 25 nm GNRs at 1mg/kg and 5mg/kg b.w. doses have
shown significantly depleted levels of SOD and catalase after
1 day and 1week post exposure periods. In contrast, there
was no significant depletion in these both SOD and catalase
after 1month and 3months post exposure periods, may be
due to recovery. Similar to QTZ, the SOD and catalase levels
following exposure of GNRs displayed a dose-dependent
decrease. Antioxidant defense enzymes such as SOD and
catalase can prevent the oxidative damage from ROS. SOD
catalyzes the dismutation of the superoxide anion into hydro-
gen peroxide and molecular oxygen. Catalase is one of the
major antioxidant enzymes that destroy hydrogen peroxide
by dismutation (Reddy et al. 2011). Our results suggest that
the inhibition of these antioxidant defense enzymes may
increase the oxidative stress induction by GNRs.

The TAC of 10 and 25 nm GNRs were determined by using
a stable free radical, DPPH. The findings displayed the
decrease in TAC of 10 and 25 nm GNRs, QTZ significantly after
1 day and 1week post exposure periods in rats, indicating the
induction of oxidative stress by GNRs. The results also dis-
played significantly reduced TAC of test nanorods at 5mg/kg
dose after 1month post exposure. The reduced TAC in GNRs
instilled rats suggests the reduction in antioxidant defense
mechanisms. The recent investigations assessed the oxidative
stress induction and antioxidant status following intra-
tracheal instillation of MgO NPs and multi wall carbon nano-
tubes at a dose of 0.2, 1, and 5mg/kg of b.w. in rats and the
blood samples were withdrawn at 1, 7, 30, and 90 days of
post instillation periods. The exposure of both NPs produced
a significant dose-dependent decrease in blood GSH, TAC,
SOD, and catalase levels, and increased lipid peroxidation
(Reddy et al. 2011, Kiranmai and Reddy 2013). The present
study also results in increased levels of MDA and decreased
levels of GSH, SOD, catalase, and TAC activity is strongly
related to lipid peroxidation and induction of oxidative stress
in rats following exposure of GNRs. These findings suggest
the possible occupational health risk upon chronic exposures
of GNRs.

The 10 nm GNRs at lower dose (1mg/kg) also showed sig-
nificantly elevated MDA levels and depleted GSH levels. In
contrast, 25 nm GNRs did not show significant change, corre-
sponding to the size-dependent toxicity. The exposure of
10 nm GNRs in rats has also shown greater depleted levels of
SOD, catalase and TAC activity, indicating the greater induc-
tion of oxidative stress and antioxidant capacity when com-
pared to the 25 nm GNRs, proposing the size-dependent
induction of oxidative stress. The recent study evaluated the
in vitro toxicity following exposure of different sizes of GNRs
in human Hep G2 cell lines. The results revealed the size-
dependent toxicity of GNRs due to oxidative stress induction,
cell membrane damage and release of inflammatory mediator
(Harikiran and Narsimhareddy 2016). Soderstjerna et al. (2014)
investigated 20 and 80 nm gold NPs toxicity using an in vitro
tissue culture model of the mouse retina. Transmission elec-
tron microscopy revealed that the 20 nm gold NPs have
shown cellular and nuclear uptake in all neuronal layers of
the retina and increased number of oxidative stressed cells.
These findings suggest the size based oxidative stress induc-
tion of GNRs.

Conclusions

In summary, the two sizes (10 and 25 nm) of GNRs have
shown increased lipid peroxidation and decreased GSH, SOD,
catalase, and antioxidant capacity leading to induction of
oxidative stress. Moreover, the GNRs induced dose- and size-
based oxidative stress induction by various oxidative stress
markers following intra-tracheal instillation in rats.
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RESEARCH ARTICLE

Nano titanium exposure induces dose- and size-dependent cytotoxicity on
human epithelial lung and colon cells

Durgaiah Gandamalla , Harikiran Lingabathula and Narsimhareddy Yellu

Department of Pharmacology and Toxicology, University College of Pharmaceutical Sciences, Kakatiya University, Warangal, India

ABSTRACT
The productions as well as use of Titanium dioxide nanoparticles (TNPs) were rapidly increasing in the
present nano-world. The TNP becomes an inevitable part our daily life in the form of cosmeceutical,
bio-medical, and nano-pharmaceutical applications. The TNPs are either inhaled or ingested into the
human body through common routes of exposure like the lungs and the oral-gastrointestinal tract
(GIT). Human lung and colon were exposed to test particles, TNP 18nm (TNP 18), TNP 30nm (TNP 30),
and TNP 87nm (TNP 87) with a dose range 0.1–100mg/ml. The effect of exposure was determined using
MTT, LDH, and DCFH-DA methods. The TNP 18, TNP 30, and TNP 87 significantly (p< 0.001) reduced
cell viability in a dose- and a size-dependent manner in 60 and 100mg/ml. The lowest IC50 values 21.80
and 24.83mg/ml were observed in A549 and Caco-2 for the smallest size, TNP 18. Further, for TNP 30,
IC50 values were 23.30 and 28.59mg/ml compared to Nano QTZ 43.82 and 45.86mg/ml. The EC25 values
of LDH leakage were 5.83 and 9.50mg/ml for TNP 18 in lung and colon cells. Besides, ROS levels
increased significantly at doses 60 (p< 0.01) and 100 (p< 0.001) mg/ml in two cells. The smaller size
particle, TNP 18 has produced a significant (p< 0.05) toxic effect at the lowest dose i.e., 10mg/ml.
Therefore, we conclude that TNP 18, TNP 30, and TNP 87 induced a dose- and size-dependent cytotox-
icity via decreased cell viability, increased LDH and ROS levels by in vitro methods.
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Introduction

Built nanoparticles (NP) are monetarily created materials with
not less than one measurement under 100 nm (De Berardis
et al. 2010). NPs are ordered in view of their physicochemical
properties and basically carbon, metal oxides based sort.

The metal oxide NPs that are important for industrial and bio-
medical applications are TiO2, SiO2, ZnO, CeO2, Al2O3, Fe3O4,
and Ag (Mirzaei et al. 2016). Metal oxide NPs are broadly
utilized for an assortment of utilizations including catalysis,
sensors, natural remediation, squander water, medicines,
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propelled tranquilize conveyance frameworks, restorative
diagnostics, propelled laser innovation, nanostructure impur-
ities, frameworks on chip, synthetic sensors and wear-safe
coatings (Ivask et al. 2015, Alvarez et al. 2016, Odzak et al.
2017, Rahman et al. 2017). Physicochemical properties of
nanoparticles, such as crystallinity, size, shape, charge, and
surface zone can affect the toxicity profile on target cell cul-
tures (Tomankova et al. 2015, Uboldi et al. 2016).

Titanium dioxide nanoparticles (TNPs) are among the
largest exposure nanomaterials (NM) utilized for makeup, cov-
ering/cleaning operators, plastics, paints, sunscreens, pharma-
ceuticals, cleansers, inserts, and sustenance (Piccinno et al.
2012, Lu et al. 2015, Simeonidis et al. 2015, Yang et al. 2015).
TNPs are among the major contaminated particles that were
released into the environment over the past decade (Naidu
et al. 2016). The potential impact of TNPs on human health
and the environment has raised safety concerns owing to
their wide application range. Further, the in vitro tests and
experimental protocols could help in better understanding of
the plausible toxicity of TNPs on human health (Kroll
et al. 2011).

TNPs possess different physicochemical properties like size,
shape, and surface chemistry which might affect its bio- and
nano-activity. Because of small size, TNPs easily enters into
the human and animal body and environment as a whole.
This study mainly focuses on the inhalation and oral routes
for TNP entry. Inhaled particles will interact with human lung
cells (Morimoto et al. 2016) and are then translocated to the
liver, kidney, and brain apart from the lungs and gastrointes-
tinal tract (GIT) (Yang et al. 2017). The in vitro study results
will be of significant help in assessing the extent of risk for
TNP associated industry workers and different end product
users (Aschberger et al. 2011).

Ursini et al. (2014) reported a dose-dependent decrease in
the viability of alveolar and bronchial epithelial cells (A549
and BEAS-2B) after 24 h exposure to 1, 5, 10, 20, and 40 mg/
ml of TNP (16–43 nm) using a WST-1 Assay. The cytotoxic
dose was found to be 40 mg/ml of TNP mixture (79% anatase
and 21% rutile) in both cell lines. George et al. (2015) studied
exposure of Calu-3 bronchial epithelial cells to 16–100 nm
SiO2 and reported size dependent translocation and toxicity.
Toxic effect of rutile TNP (50 nm) nano-composite on Hep G2
cell line was studied (Bessa et al. 2017).

Armand et al. (2016) studied cell viability reduction, react-
ive oxygen species (ROS) measurement, and genotoxic impact
of TNP (24 ± 6 nm) on alveolar epithelial cells after exposing
them to 1–50 lg/ml TNP mixture (86% anatase and 14%
rutile) for acute, subacute toxicity. The authors explained how
ROS is playing a key role in oxidative stress-mediated cytotox-
icity using in vitro studies (Manke et al. 2013, Guadagnini et al.
2015, Abdal et al. 2017).

The above studies clearly inferred that cell and size spe-
cific toxicity is gaining much importance in the field of nano-
toxicology. Further, the human risk exposure routes such as
inhalation and ingestion (oral) have been studied to interpret
dose- and size-dependent toxicity in human cell lines (Xia
et al. 2013, Shang et al. 2014, Lopes et al. 2016).

Accordingly, the size- and dose-dependent toxicity of dif-
ferent sized TNP 18, TNP 30, and TNP 87 were particularly

interesting due to high demand of global production, bio-
medical application, and occupational risk exposure. Thus,
this study aims to evaluate the potential toxicity of TNP with
different doses using 3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), lactate dehydrogenase (LDH), and
intracellular ROS levels by DCFH-DA methods.

Materials and methods

Chemicals

The TNP 18, TNP 30, and TNP 87 were purchased from Sigma
Aldrich, Mumbai, India. TNP is a mixture of anatase and rutile
(80% anatase and 20% rutile) nano-powder (99.50% purity).
Nano Quartz (Nano QTZ) particles (<100 nm; 99.94% purity)
were purchased from Berkely Springs, WV. The Dulbecco’s
modified eagles medium (DMEM), Iscove’s Modified
Dulbecco’s Medium (IMDM), 1% L-glutamine, 1% penicillin-
streptomycin antibiotic solution, Trypsin-EDTA, and phos-
phate buffer saline (PBS) were purchased from Himedia,
Mumbai, India. The LDH assay kit was purchased from Sigma
Chemicals Co. Ltd. (St. Louis, MO). In vitro ROS assay kit was
purchased from Cell Biolabs, San Diego, CA.

Characterization of TNP

The TNP 18, TNP 30, and TNP 87 nano-powder were dis-
persed in de-ionized water (DI)/MilliQ (Direct-QVR 3 UV Water
Purification System, Mumbai, India) at a concentration of
400 mg/ml and sonicated for 10min with 10% amplitude
(40W, Ultrasonic Probe Sonicator, Mumbai, India). The TNP
suspension (100 mg metal/ml) stock was prepared in the DI.
Primary size, shape, and agglomeration status of NP were
determined using TEM (EM 208, FEI Company, Mumbai,
India). For the TEM study, 6ml of TNP suspensions was
applied directly on TEM copper grids, coated with a layer of
amorphous carbon.

The zeta potential was measured by zetasizer instrumenta-
tion (Nano ZS90, Malvern Instruments, Malvern, UK) and the
specific surface area was measured through Brunauer,
Emmett, and Teller (BET). Size distributions of the three TNPs
were studied. The hydrodynamic size of TNP was studied
using Dynamic Light Scattering (DLS). The TNP suspension
(100 mg/ml) stock was resonicated for 3min before adding
them to a 96 well plate (De Berardis et al. 2010; Ammendolia
et al. 2017).

Human lung (A549) and Caco-2 cells were purchased from
National Center for Cell Sciences (NCCS), Pune, India. They
have been received with different job numbers. Cell culture
flasks were checked for sterility and were kept free from
microorganisms. The cells were sub-cultured with passage
number 16. Further, the A549 cells were grown in DMEM and
Caco-2 cells were in IMDM with 10% FBS, 1% antibiotic–anti-
mycotic solution, 1% glutamax and 1mM sodium pyruvate.

TNP (10mg/ml) stock was prepared and sonicated for
15min before the experiment. The working stocks were pre-
pared in a complete cell culture medium. Cells were seeded
with a cell density of 370 000 cells/flask in a total volume of
5–8ml and were allowed them to grow in a CO2 incubator.
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Cells were loaded with a cell density of 3.0� 104 cells/0.1ml
after trypsinization. The density of TNP was 1 g/ml at 25 �C.
Different concentrations of TNP and positive control (Nano
QTZ) suspensions were prepared in serum-free culture
medium and were used for cytotoxicity screening.

Cytotoxicity (MTT) assay

The impact of test TNP on the cellular proliferation and viabil-
ity were determined by using MTT assay (Mosmann 1983).
MTT assay was performed to determine the dose-response
curve of different sized TNP 18, TNP 30, and TNP 87. TNP of
different concentrations, i.e., 1–300 mg/ml was used to
explore cytotoxicity. Briefly, A549 and Caco-2 cells were
grown in culture media (DMEM/IDMM) until 80% confluency
was achieved under good cell culture practices (GCCP).
Further, 3� 104 cells/well seeded into a 96 well plate
(Tarsons, Mumbai, India) and which was kept overnight for
incubation. TNP test suspensions of 100 ml volumes were
added in triplicate each well using multi-channel pipette
under aseptic conditions (laminar air flow unit).

The plate was then incubated at 37 �C for 48 h in a CO2

incubator (WTC Binder, Tuttlingen, Germany) and 20 ml MTT
(5mg/ml) solution was added to each well (Harikiran et al.
2015). The plate was again incubated for 2 h, 80 ml DMSO was
added to each well. Then the plate was wrapped in alumi-
num foil to prevent the oxidation of the dye and was placed
on a rotary shaker (Remi Equipments, Mumbai, India) for 2 h.
The absorbance was measured at 540 nm using multi-well
plate ELISA reader (BioTekTM Instruments, Winooski, VT). The
percent of cytotoxicity was calculated by comparing the test
absorbance with that of control (Ammendolia et al. 2017).

Lactate dehydrogenase (LDH) leakage assay

The cellular membrane integrity assay was a non-radioactive
and high-throughput method to detect the leakage of a cyto-
plasmic enzyme, lactate dehydrogenase (LDH) from the dam-
aged cells. Historically, cytotoxic cell death was evaluated by
determining damage to the plasma membrane (Korzeniewski
and Callewaert 1983). The cytotoxicity assay can measure
intracellular LDH leakage through the impaired plasma mem-
brane. LDH is a soluble cytoplasmic enzyme can be released
into extra-cellular space when the plasma membrane is
damaged. The leakage of LDH into cell culture media was
quantified using a tetrazolium salt (Challa and Chan 2010).

LDH produces reduced nicotinamide adenine dinucleotide
(NADH) when it catalyzes the oxidation of lactate to pyruvate.
The tetrazolium salt is converted to a colored formazan prod-
uct using newly synthesized NADH in the presence of an
electron acceptor. The amount of formazan was quantified
colorimetrically and different concentrations of (0.1–300 mg/
ml) TNP were used to expose the two cell lines for 48 h. The
amount of LDH release was the sign of necrotic cell damage
which was measured by multiwellplate reader (BioTekTM

Elx800TM Instruments, Winooski, VT) at absorbance 490 nm
(Chen et al. 2016).

Intracellular ROS generation assessment by DCFH-DA

The intracellular production of ROS was evaluated with the
fluorescence marker DCFH-DA (2,7-dichlorodihydrofluorescein
diacetate). DCFH-DA is a fluorimetric probe, which passively
enters the cell and forms a highly fluorescent compound
dichlorofluorescein (DCF) by reacting with ROS (Wan et al.
1993). Briefly 5� 105 cells were seeded into 12 well plates
and pre-incubated for 48 h. After incubation, different con-
centrations of TNP (0.1–300 mg/ml) were exposed to cells for
a period of 4 h. The cells were then rinsed with PBS and sub-
sequently stained with 1ml of 5 mM DCFH-DA allowed to
incubate for 45min in the dark at 37 �C and 5% CO2.

Excess DCFH-DA was removed and replaced with 200 ml
PBS. Fluorescence was measured using a multiwellplate
reader (BioTekTM FLx800TM Instruments, Winooski, VT) with
excitation and emission at wavelength 450 and 535 nm,
respectively. Cells incubated without TNP were used as a
negative control and Nano QTZ as a positive control. Data
were expressed as relative fluorescence intensity units.
Results were obtained from three independent experiments
performed in triplicate (Abdal et al. 2017).

Statistical analysis

MTT, LDH, and DCFH-DA assays data were expressed as the
mean± SD of at least three independent experiments, unless
stated otherwise. IC30, IC50, EC25, and EC50 values were calcu-
lated by using REGTOX program: macro Excel TM. Statistical
analysis was performed using the GraphPad Prism 6.0 soft-
ware (GraphPad Software, La Jolla, CA). The TNP treated vs.
the untreated controls were analyzed using one-way ANOVA
followed by Bonferroni post-hoc test. Significance was
assigned as �p< 0.05, $p< 0.01, #p< 0.001. Nano QTZ was
used as a positive control.

Results

Characterization of TNP

The TNP 18, TNP 30, and TNP 87 mixture of anatase and
rutile (80% anatase and 20% rutile) were characterized for
physicochemical properties, such as size, zeta potential, sur-
face area, and hydrodynamic size which is summarized in
Table 1. Figure 1 shows representative TEM images of three
different sized TNP which confirmed the size and shape as
described by Sigma-Aldrich. The average particle diameters
of three different sizes TNP were 15: 84 ± 3.59 nm (A),
24.59 ± 5.60 nm (B), and 81.80 ± 4.27 (C). Particle size distribu-
tions were measured by TEM analysis for each particle has
shown in Figure 2. TNP formed different sizes of agglomer-
ates with varying sizes. All the particles were spherical in
shape as shown in Figure 1 (De Berardis et al. 2010; Ivask et al.
2015).

Cytotoxicity by MTT assay

The cytotoxic results of TNP 18, TNP 30, and TNP 87 exposed
to A549 cells were investigated by MTT assay are shown in
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Figure 1. TEM characterization of titanium dioxide nanoparticles. Imaged at 80 k�magnifications. (A) TNP 18 nm, (B) TNP 30 nm, and (C) TNP 87 nm.

Table 1. Physicochemical characteristics of studied titanium dioxide nanoparticles (TNP).

Particle type Average TEM diameter of TNP (nm)a Zeta potential (mV)b in DI Specific surface area (m2/g)c Shapea Hydrodynamic size (nm)d in DI

TNP 18 15.84 ± 6.59 �43.29 48.73 Spherical 124 ± 12
TNP 30 24.59 ± 8.60 �14.25 23.39 Spherical 172 ± 2.9
TNP 85 81.80 ± 5.27 �8.60 11.60 Spherical 486 ± 37

DI: deionized water.
aAverage diameter and shape of TNP by transmission electron microscopy.
bZeta potential by Zetasizer.
cSpecific surface area by Brunauer, Emmett and Teller (BET).
dHydrodynamic size by dynamic light scattering (DLS).

Figure 2. Particles size distributions by TEM analysis.

DRUG AND CHEMICAL TOXICOLOGY 27



Figure 3. In the MTT assay, cells (A549 and Caco-2) were
exposed to increasing concentrations of (0.1–100 lg/ml) for
48 h post exposure. The non-significant cell reduction was
found at lower concentrations (0.1 and 3 lg/ml) in A549 and
Caco-2 cells. The results indicate reduced cell viability with
the doses 30, 60, and 100mg/ml for both the smaller sized
TNP 18 and TNP 30.

TNP 18 significantly reduced cell viability as much as
39.64, 74.60, 85.29, and 94.49% at the doses 10 (p< 0.05), 30
(p< 0.05), 60 (p< 0.01), and 100 (p< 0.01) lg/ml significantly,
compared to control (untreated cells) after 48 h post exposure
in A549 cells. For TNP 30, the reduced the cell viability was
found to be 35.3, 69.39, 83.40, and 91.40% with the increas-
ing doses 30 (p< 0.05), 60 (p< 0.05), and 100 (p< 0.01) lg/
ml, respectively. However, TNP 87, reduced cell viability as
much as 42.60, 62.39, and 88.49% at doses 30 (p< 0.05), 60
(p< 0.01), and 100 (p< 0.001), respectively. The IC50 (the con-
centration at which 50% cells were inhibited) values were cal-
culated for three TNPs. The IC25 and IC50 values of the tested
TNP after being exposed to A549 and Caco-2 cells are shown
in Table 2. The IC50 values were 21.80, 23.30, and 34.90 lg/ml
for TNP 18, TNP 30, and TNP 87, respectively, compared to
Nano QTZ, 43.82 lg/ml.

Cytotoxicity of all the tested TNP histograms after 48 h
post exposure in Cacao-2 cells are presented in Figure 4. The
concentration-dependent cell viability reduction was reported
to be 73.60, 84.89, and 94.00% which were statistically signifi-
cant for increasing concentrations 30 (p< 0.05), 60
(p< 0.001), and 100 (p< 0.001) lg/ml after TNP 18 post
exposure. The TNP 30 also reduced the cell viability such as

58.83, 79.39, and 92.5% with statistically significant against
the test doses 30 (p< 0.01), 60 (p< 0.001), and 100 (p< 0.01)
lg/ml compared to control. Therefore, the TNP 18, TNP 30,
and TNP 87 produced a dose- and size-dependent cytotox-
icity in A549 and Caco-2 cells. The IC50 values were 24.40,
28.59, and 36.70 lg/ml for TNP 18, TNP 30, and TNP 87 com-
pared to Nano QTZ, 45.86 lg/ml in Caco-2 cells which is
shown in Table 2.

Lactate dehydrogenase (LDH) leakage assay

The three different sized TNP 18, TNP 30, and TNP 87 induced
significant membranolytic effect at the higher doses, i.e., 10,
60, and 100 mg/ml after 48 h of exposure in two cell lines, as
shown in Figures 5 and 6. TNP 18 exposure to A549 cells
resulted in 11=2, 21=2, 31=2, and 41=2 fold increments for the
doses 10 (p< 0.05), 30 (p< 0.05), 60 (p< 0.001), and 100
(p< 0.001) mg/ml, respectively, compared to control. TNP 30
and TNP 87 were produced 21=2, 31=2, 4 and 11=2, 31=4, 4 fold

Figure 3. Cytotoxicity assessment by MTT assay on human lung (A549) cells exposure to 18, 30, and 87 nm TNPs concentrations (0.1–100 mg/ml) for 48 h. Data as
mean± standard deviation (SD) n¼ 3. Statistical analysis was performed using one-way ANOVA followed by Bonferroni post-hoc test. �p< 0.05, #p< 0.001, $p< 0.01
vs. control.

Table 2. The IC25 and IC50 values of TNP on a549 and Caco-2 cell lines by
MTT assay method.

S. No Particle Type

A549a Caco-2b

IC30 (mg/ml) IC50 (mg/ml) IC30 (mg/ml) IC50 (mg/ml)

1 TNP 18 06.83 ± 1.39 21.80 ± 2.18 09.85 ± 2.90 24.83 ± 2.16
2 TNP 30 07.59 ± 2.17 23.30 ± 2.10 80.96 ± 2.37 28.59 ± 2.60
3 TNP 87 09.81 ± 3.20 34.90 ± 3.83 10.61 ± 2.84 36.70 ± 3.16
4 Nano QTZ 12.40 ± 2.39 43.82 ± 3.18 13.93 ± 2.41 45.86 ± 3.09

Values are expressed as mean ± SD.
aA549: the human epithelial lung cancer cells.
bCaco-2: the human epithelial colon cancer cells.
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Figure 4. Cytotoxicity assessment by MTT assay on human epithelial colon (Caco-2) cells exposure to 18, 30, and 87 nm TNP concentrations (0.1–100 mg/ml) for
48 h. Data as mean ± standard deviation (SD) n¼ 3. Statistical analysis was performed using one-way ANOVA followed by Bonferroni post-hoc test. �p< 0.05,
#p< 0.001, $p< 0.01 vs. control.

Figure 5. Cytotoxicity assessment by LDH method. LDH release from human lung (A549) cells exposure to 18, 30, and 87 nm TNP concentrations (0.1–100 mg/ml)
for 48 h. Data as mean± standard deviation (SD) n¼ 3. Statistical analysis was performed using one-way ANOVA followed by Bonferroni post-hoc test. �p< 0.05,
#p< 0.001, $p< 0.01 vs. control.
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increments in post exposed A549 cells for 30, 60, and 100 mg/
ml, which is shown in Figure 5. The EC25 and EC50 (the con-
centration at which 50% of the effect was obtained) were cal-
culated for three TNPs and results are shown in Table 3. The
EC50 values were 13.27, 16.90, and 25.41 mg/ml for TNP 18,
TNP 30, and TNP 87, respectively, compared to Nano QTZ,
38.82mg/ml in A549 cells.

Post exposure of Caco-2 cells to TNP 18 resulted in 1, 11=2,
3, and 4 fold increment of LDH levels with 10 (p< 0.05), 30
(p< 0.01), 60 (p< 0.001), and 100 (p< 0.001) mg/ml doses,
which is shown in Figure 6. The LDH leakage was increased
by 1=2, 3=4, 2, 31=2 and 1, 11=2, 31=4 fold increments were found
for the both TNP 30 and TNP 87 for 10, 30, 60, and 100 mg/ml
after 48 h post exposure of Caco-2 cells. Thus, the membrano-
lytic/cell damage assay results clearly indicated that the TNP
18, TNP 30, and TNP 87 produced a dose and size dependent
cytotoxic effect in A549 and Caco-2 cell lines. The EC50 values
were 17.83, 30.59, and 39.70 mg/ml compared to Nano QTZ,
40.86mg/ml for TNP 18, TNP 30, and TNP 87 in Caco-2 cells.

Intracellular reactive oxygen species (ROS) measurement

A549 and Caco-2 cells exposure to TNP 18, TNP 30, and TNP
87 induced 10–18 fold increase of ROS levels at higher doses
60 (p< 0.01) and 100 (p< 0.01) mg/ml compared to control
for 48 h post exposure. As depicted in Figure 7, TNP 18 and
TNP 30 produced a dose-dependent increase in ROS levels
up to an extent 31=2, 7, 131=2, 18 and 11=2, 61=2, 121=2, 16 folds
for the doses 10 30, 60, and 100 mg/ml, respectively in post
exposed A549 cells.

As shown in Figure 8, the Caco-2 cells produced a signifi-
cant increase in ROS levels at a lower dose 10 mg/ml for TNP
18 only compared to Nano QTZ. Further, TNP 18 produced a
significant increase in ROS levels at doses 30 (p< 0.05), 60
(p< 0.001), and 100 (p< 0.001) lg/ml. TNP 30 has shown 71=2
to 15 fold increase in ROS release significantly against the
doses 30 (p< 0.05), 60 (p< 0.01), and 100 (p< 0.001) mg/ml
compared to control. Therefore, results indicated that the
relative release of ROS in A549 and Caco-2 cells was observed
in a dose and a size-dependent manner.

Discussion

TNP 18, TNP 30, and TNP 87 were homogeneous within the
examined vials and all the particles were spherical in shape.
The in vitro tests were performed in order to assess the toxic
potential of the different sized TNPs because of its enormous
production and cosmaceutical, dental, food and consumer
applications. Therefore, their use in production, accumulation
in environmental deposition and release into human habitat

Figure 6. Cytotoxicity assessment by LDH method. LDH release from human colon (Caco-2) cells exposure to 18, 30, and 87 nm TNP concentrations (0.1–100 mg/ml)
for 48 h. Data as mean± standard deviation (SD) n¼ 3. Statistical analysis was performed using one-way ANOVA followed by Bonferroni post-hoc test. �p< 0.05,
#p< 0.001, $p< 0.01 vs. control.

Table 3. The EC25 and EC50 values of the TNP on A549 and Caco-2 cell lines
LDH assay method for 48 h post exposure study.

A549a Caco-2b

S. No Particle type EC25 (mg/ml) EC50 (mg/ml) EC25 (mg/ml) EC50 (mg/ml)

1 TNP 18 05.83 ± 1.83 13.27 ± 3.19 09.50 ± 2.18 17.83 ± 3.59
2 TNP 30 06.89 ± 2.51 16.90 ± 3.70 12.73 ± 2.82 30.59 ± 3.50
3 TNP 87 09.40 ± 3.09 25.41 ± 3.05 14.97 ± 2.70 39.70 ± 3.67
4 Nano QTZ 13.18 ± 2.73 38.82 ± 3.26 16.93 ± 3.81 40.86 ± 3.17

Values are expressed as mean± SD.
aA549: the human epithelial lung cancer cells.
bCaco-2: the human epithelial colon cancer cells.
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Figure 7. Relative ROS intracellular release measured by DCFH-DA assay on human lung (A549) cells exposure to 18, 30, and 87 nm TNP concentrations
(0.1–100 mg/ml) for 48 h. Data as mean± standard deviation (SD) n¼ 3. Statistical analysis was performed using one-way ANOVA followed by Bonferroni post-hoc
test. �p< 0.05, #p< 0.001, $p< 0.01 vs. control.

Figure 8. Relative ROS intracellular release measured by DCFH-DA assay on human colon (Caco-2) cells exposure to 18, 30, and 87 nm TNP concentrations
(0.1–100 mg/ml) for 48 h. Data as mean± standard deviation (SD) n¼ 3. Statistical analysis was performed using one-way ANOVA followed by Bonferroni post-hoc
test. �p< 0.05, #p< 0.001, $p< 0.01 vs. control.
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has become an inevitable yet high-risk prospect (Guadagnini
et al. 2015).

This study evaluated the potential toxicity of varying sizes
of a mixture (80% anatase and 20% rutile) of TNP 18, TNP 30,
and TNP 87 on two cell cultures A549 and Caco-2 upon a sin-
gle exposure under in vitro conditions. This study also
revealed the effects of size and dose on the cell viability,
membrane integrity, and intracellular ROS after 48 h post
exposure using MTT assay.

TNP with size (5–100 nm) were actively up-taken by A549
cells and internalized by endocytosis, which is a fundamental
biological process used by cells and extracellular matrix to
internalize bio-molecules based on their physicochemical
properties (Shang et al. 2014, Grant et al. 2015). A size-
dependent uptake was observed for nano silver, gold, and
titanium oxide particles in different cell lines (Park et al. 2011).
The toxicity of particles could be correlated with their physi-
cochemical properties such as smaller particles have higher
toxicity due to a smaller size, hydrodynamic diameter and
larger surface area (Hussain et al. 2009, Cai et al. 2011, DeLoid
et al. 2017).

Titma et al. (2016) reported toxicity of Co3O4, CuO, Mn3O4,
Sb2O3, ZnO, and TiO2 with different doses, i.e., 3.125–100 mg/
ml of varying sizes on A549 and Caco-2 cells for 0–9 d using
resazurin assay in vitro. The toxicity assessment of testing NP
was done by according to EC25 and EC50 values for acute and
long-term exposure on two cell cultures.

Gamze and Mustafa (2017) studied the origins of the toxic
response of a 140 nm TNP and a 50 nm AuNP using three cell
lines, i.e., A549, vein (HUVEC), and skin (L929). The triglycer-
ides and cholesterol levels were found to increase with alveo-
lar inflammation, oxidative stress, and impaired mitochondrial
dysfunction in A549 cells when post exposed for 24 h using
WST-1 assay. Therefore, the study concluded that the level of
toxicity is the cell line specific (A549 and HUVES) and dose-
dependent for anatase type TNP.

Manosij et al. (2017) reported the effect of three different
crystal phases/forms (anatase, anatase and rutile, and rutile
mixture of TNP (20–26 nm) with regard to internalization of
the TNP, cytotoxic response, oxidative stress, and DNA dam-
age. The cytotoxic response was observed at a concentration
25 lg/ml for the tested particles. Yue et al. (2017) studied the
two different sized TNP 25 nm (nanotube type) and TNP
60 nm (anatase type) and found that they induced size and
concentration (0.1–100 lg/ml) dependent cytotoxicity for 24,
48, or 72 h after being exposed to A549 and 16HBE cells.
They found that TNP 25 and 60 nm were produced a dose-
and size-dependent cytotoxicity in two cell lines due to
reduced cell viability, increased ROS levels, DNA methylations,
and cell death.

Very little is known about the impact of the size and dose
of the TNP mixture (80% anatase and 20% rutile) on human
cell lines, especially with three different sizes TNP 18, TNP 30,
and TNP 87. This study further investigated the influence of
size and concentration on cellular cytotoxicity of exposed cell
cultures. In this study, the toxic potential of commercial
grade TNP of three different sizes and specific surface area
particles was studied to understand possible cell-particle

interactions for cytotoxicity assessment by MTT, LDH, and
ROS levels in A549 and Caco-2 cells.

The cell lines selected for the study reflected the potential
routes of exposure, including inhalation (Brun et al. 2014) and
gastrointestinal system (De-Angelis et al. 2013, Heringa et al.
2016). The cell viability assay results revealed that A549 cells
were more sensitive than Caco-2 cells. The cell viability was
reduced at higher concentrations (100 and 300 mg/ml) in
both cell lines. The significant cell viability reduction was not
observed in both the cell lines at lower concentrations, i.e.,
0.1 and 3 mg/ml upon exposure to three different sized TNPs.
Size- and dose-dependent cytotoxicity was observed on two
tested cell lines according to the dose-response curve
obtained in A549 cells as depicted in Figure 3 and Caco-2
cells as shown in Figure 4 for 48 h post exposure.

Smaller sized TNP 18 has shown moderate adverse effects
in both human epithelial alveolar and colon cells at lower
concentrations compared to TNP 30 and TNP 87 at higher
concentrations. The cell viability reduction of TNP 18, TNP 30,
and TNP 87 histograms is presented in Figures 3 and 4. The
transient size- and dose-dependent decrease in cell number
in both the cell lines upon exposure to three different sized
TNP with increasing concentrations. The IC50 values were
21.80, 23.30, and 34.90 lg/ml for TNP 18, TNP 30, and TNP
87, respectively, compared to Nano QTZ of 43.82lg/ml in
A549 cells. The results of a study correlate with that of
smaller size particles which induced greater cytotoxicity at
lower concentrations due to their higher surface area
and other physicochemical properties (Di Virgilio et al. 2010,
Cai et al. 2011, Lopes et al. 2016).

This study revealed that size and dose play a key role in
the determination of toxicity potential of TNPs. In addition,
this study agrees with an earlier study which reported that
the 25 and 60 nm TNP produces a size-dependent cytotoxicity
for 48 h post exposure in human alveolar epithelial cells
and reported a dose-dependent cytotoxicity of 80 lg/ml
(Yue et al. 2017).

The membrane integrity (LDH leakage assay) levels were
found to be increased at higher concentrations, i.e., 60 and
100 mg/ml in both the cell lines. A549 cells were sensitive to
TNP exposure compared to Caco-2 cells with regard to the
percentage of LDH leakage depending upon the EC25 and
EC50 values extra-cellularly. The TNP 18 exposure to A549
cells resulted in 11=2, 21=2, 31=2, and 4 1=2 fold increment for the
doses 10 lg/ml (p< 0.05), 30 lg/ml (p< 0.05), 60 lg/ml
(p< 0.001), and 100 (p< 0.001) mg/ml compared to control.

In addition, the increment of 11=2 to 4 folds for 60 lg/ml
(p< 0.01) and 100 lg/ml (p< 0.001) in Caco-2 cells for 48 h
post exposure of TNP 18, shown in Figure 6. The EC50 was
calculated for three TNP and the results were shown in Table
3. The EC25 values were 5.83 and 9.50 mg/ml for A549 and
Caco-2 cells, respectively, upon 48 h post exposure to TNP 18
(mixture of anatase and rutile). Therefore, the greater the
LDH leakage severe will be the damage to cells post exposed
to TNPs. Besides, LDH leakage could be a sign of membrane
damage as a result of which cellular contents come out, fol-
lowed inflammatory responses and finally resulting in cell
death (Xiong et al. 2013).
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Thus, the decrease in cell viability and increased in LDH
levels indicates the TNP induced cytotoxicity in the human
epithelial alveolar and colon cells at higher concentrations 60
and 100 mg/ml for 48 h post exposure. Plasma membrane
integrity assay results revealed that the membranolytic effect
by LDH leakage reinforces the cytotoxicity results obtained
with MTT method.

Harikiran and Narsimahareddy (2016) also observed that
smaller size gold nano-rods (GNR 10 nm) caused severe
membrane damage when compared to larger size GNR
25 nm at doses 30 and 50 lg/ml in Hep G2 cells for 24 post
exposure. The results of the study by Yan et al. (2017) are in
agreement with the findings of the present study, which
indicate that LDH levels increased significantly at 0.4mg/ml
significantly upon exposure to smaller size 37 nm TNP com-
pared to larger size i.e., 91.5 nm TNP in adipose-derived stro-
mal cells (ADSCs).

The cytotoxicity assessment of TNP was indicated by
increased ROS levels in both the cell lines. The size- and
dose-dependent increment of ROS was observed in A549
cells as shown in Figure 7. The results were clearly indicating
that the relative ROS release was increased drastically with
concentrations (0.1–100 mg/ml) for 48 h post exposure in
human epithelial lungs and colon cells. In Figures 7 and 8,
ROS levels were found to be 3 to 181=2 and 51=2 to 191=2 folds
more for both the A549 and Caco-2 cells for TNP 18.

The oxidative stress was observed as a result of increased
levels of LDH and ROS in the cells exposed to different sized
30 nm TNP (Allouni et al. 2012, Zhongyuan et al. 2017). The
reported findings were similar to our present study results.
TNPs of different sizes produced a size- and dose-dependent
ROS release both in vitro and in vivo (Meena et al. 2015, Chen
et al. 2016). Akhtar et al. (2016) reported dose-dependent ROS
levels stimulated by copper-oxide NP in A549 cells. The
amount of ROS released was found to be size- and dose-
dependent on exposing cell cultures to different sized NP by
in vitro.

Conclusions

The study results clearly indicate the occurrence of size- and
dose-dependent cytotoxicity in both cell lines upon exposure
to higher concentrations of TNP (80% anatase and 20% rutile)
for 48 h. The LDH and ROS levels, DCFH-DA assay results rein-
forced the cytotoxicity of three different sized mixture of TNP
exposed to two different cell lines. The increased LDH and
ROS levels resulted in development of oxidative stress.
Therefore, the study concludes that smaller sized TNP 18
induced greater toxicity at lower concentrations than the big-
ger sized TNP 30 and TNP 87 owing to their varying physico-
chemical properties. On the basis of the findings of the two
cell lines, the order of TNPs on cytotoxicity was TNP 18> TNP
30> TNP 87. Therefore, size- and dose-dependent cytotoxicity
was induced in TNPs exposed cell cultures. Further, in order
to understand the mechanism of toxicity induced by these
TNPs, further in vivo investigations are required to be car-
ried out.
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Abstract: Background: Heat shock protein 90 is a molecular chaperone required for the stability and 
function of several client proteins that promote cancer cell growth and/or survival. Discovery of Hsp90 
inhibitors has emerged as an attractive target of research in cancer therapeutics. Natural products like 
geldanamycin and radicicol are established Hsp90 inhibitors, but face limitations with toxicity and in-
activity, by in vivo studies respectively. However, they lay the logical starting point for the design of 
novel synthetic or semi-synthetic congeners as Hsp90 inhibitors. 

Objective: In this article, the structure based drug design of substituted 2-aryl/heteroarylidene-6-
hydroxybenzofuran-3(2H)-one analogues to optimize and mimic the pharmacophoric interactions of 
the valid Hsp90 inhibitor radicicolis focused.  

Method: In silico docking study was performed by Surflex dock-Geom (SYBYL- X 1.2 drug discov-
ery suite) and the designed ligands were chemically synthesized by conventional method using resor-
cinol and chlororesorcinol as starting materials. Two dimensional chemical similarity search was car-
ried out to identify the chemical space of ‘SY’ series in comparison with reported Hsp90 inhibitors. 
The in vitro cell proliferation assay (resazurin reduction method) and proteomic investigation 
(DARTS) was carried out on whole cell lysate to evaluate anticancer activity.  

Results: The chemical structures of all the synthesized compounds were confirmed by IR, 1H-NMR and 
Mass spectral analysis. The results of chemical similarity search show that SY series fit it in the chemical 
space defined by existing Hsp90 inhibitors. In vitro cell proliferation assay, against human melanoma and 
breast cancer cell lines, identified ‘SY3’ as the promising anticancer agent amongst the series.  

Conclusion: Docking studies, 2D chemical similarity search, resazurin reduction assay and qualitative 
proteomic analysis identify ‘SY3’as a promising Hsp90 inhibitor amongst the series. 

Keywords: Anticancer activity, benzofurans, DARTS, drug design, docking studies, Hsp90.  

1. INTRODUCTION 

 Heat shock protein 90 (Hsp90), an ATP driven chaperone 
protein is one of the important targets in cancer therapy [1]. 
A multitude of Hsp90 client proteins, such as, Her-2, Bcr-
abl, Akt, C-Raf, BRafV600E, CDK4 and estrogen receptor are 
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Prédio da Expansão, 8° Andar, Sala 814, Manguinhos, 21040-361 Rio de 
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E-mail: nmraghava@yahoo.in 

oncogenic and are considered as the hallmarks of malig-
nancy [2, 3]. These client proteins depend on Hsp90 machin-
ery for their proper conformational stability, protecting 
themselves from degradative ubiquitin-proteasome pathway 
[4-6]. Although Hsp90 is expressed in normal cells, their 
expression is upregulated in cancer cells; this helps the 
Hsp90 inhibitors killing cancer cells selectively compared to 
normal cells [7]. All these facts have made Hsp90 to emerge 
promising target for the development of new antineoplastic 
agents for a variety of human cancers.  
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 Natural products geldanamycin, radicicol and their semi-
synthetic derivatives are explored for Hsp90 inhibitory activ-
ity [8, 9]. Some of them such as DMAG and 17-AAG are 
being investigated in preclinical trials [10-15] and some new 
SAR studies on geldanamycin are gaining importance [16]. 
PU3, the first synthetic purine derivative designed to inhibit 
Hsp90, provided a space for the modifications on the syn-
thetic chemical compound for improved anticancer proper-
ties [12]. PU3, acquires a bent shape (C) conformation simi-
lar to ADP/ATP in the N-terminal ATP binding site of 
Hsp90 and sequentially, a prototype congener PU24FCl, was 
developed which exhibited an IC50 value of 2-7 �M in vari-
ous cancer cell lines [17-19]. Several heterocyclic scaffolds 
(Fig. 1) having Hsp90 inhibitory potency were discovered 
successively, viz. pyrazole (CCT018159, followed by more 
potent 5-amide congener ‘VER-49009’) and isoxazole 
(VER-50589, exhibited 17 fold lesser Kd value in Hsp90�
than VER-49009), many are in clinical trials, and there is a 
high scope for them to enter the market for cancer treatment 
[20, 21]. Recently, onalespib (resorcinol derivative), has 
been proved effective in imatinib sensitive (GIST882, GIST-
T1) and resistant (GIST430, GIST48) cell lines and is being 
pursued for anticancer activity in clinical trials [22]. All 
these efforts and endeavors highlight the need for the explo-
ration of novel chemical entities as Hsp90 inhibitors with 
better anticancer activity. 

 In continuation of our ongoing attempts to discover novel 
scaffolds as Hsp90 inhibitors [23-25], we report the structure 
based drug design (SBDD) of benzofuran-3(2H)-one ana-
logues (SY1-SY10) providing their 2D chemical similarity 
search, chemical synthesis, analytical characterization. In 
addition, in vitro tumor assays against mammalian cancer 
cells and proteomics analysis against Hsp90 are reported in 
this paper. 

2. RESULTS AND DISCUSSION 

2.1. Chemistry 

 The synthesis of substituted 2-aryl/heteroarylidene-6-
hydroxybenzofuran-3(2H)-one (SY1-SY10) (depicted in 

Scheme 1) was done with classical Friedel crafts acylation of 
chloro acetyl chloride of resorcinol (M1)/chloro resorcinol 
(S1) separately, to yield corresponding chloro-acetylated 
derivatives (M2/S2), in the presence of a lewis acid (AlCl3)
in diethyl ether as a solvent. The intermediates (M2/S2) were 
cyclized individually by substitution reaction in the alkaline 
conditions (alc. NaOH solution), to yield benzofuranones 
(M3/S3). To obtain a bent ‘C’ shape conformation for the 
designed ligands in the active site of Hsp90; M3/S3 (inter-
mediates) were subjected to Claisen-Schmidt condensation 
reaction by the treatment with various aromatic aldehydes to 
yield substituted 2-aryl/heteroarylidene-6-hydroxybenzo-
furan-3(2H)-one (SY1-SY10) in 52% - 72% yield. The for-
mation of title compounds under Claisen Schmidt conditions 
is confirmed by appearance of sharp singlet for enone ‘H’ at 
� 6.90-7.1 ppm, and a broad peak for phenolic ‘H’ around �
10- 12 ppm. IR absorption frequency ranging from 1650-
1680 cm-1, for carbonyl (C=O) in a conjugated system  
and C-O (stretch) around 1150 cm-1for (Z)-2-aryl/ 
heteroarylidene-5-chloro-6-hydroxybenzofuran-3(2H)-one 
derivatives also gave evidence of the structural information 
of the title compounds. Mass spectral analysis also con-
firmed the structures of all the compounds. All the title com-
pounds were found to be in the Z-isomer conformation, as it 
is the most stable conformation possible. The Z-isomerism 
of the title 2-benzylidene-benzofuran-3(2H)-one was also 
suggested on the basis of calculation of heat of formations of 
both the Z and E isomers by AM1 (the Austin Model 1) 
method. AM1 method highlights that the Z isomer 2-
benzylidene-benzofuran-3(2H)-one is more stable than the E 
isomer by 1.98 kcal/mole [26-28].  

2.2. Molecular Docking 

 SYBYL-X 1.2 drug discovery suite, comprising Surflex 
dock-Geom program was used to perform molecular docking 
of substituted 2-aryl/heteroarylidene-6-hydroxybenzofuran-
3(2H)-one (SY1-SY10) in the rigid binding site of Hsp90 
(PDB ID: 1YET). Radicicol, owing to its significant Hsp90 
inhibitor potency in vitro was utilized as a structural lead in 
the design of benzofuranone analogues (SY1-SY10). SBDD 
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Fig. (1). Chemical structures of Hsp90 inhibitors. 
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of benzofuran-3(2H)-one analogues (SY1-SY10) mimicking 
resorcinylic moiety (of RD) was carried out with an intention 
that, the proposed analogues (SY1-SY10) align the resorci-
nol scaffold into the ATP binding site of Hsp90 for essential 
interactions. Substituted 2-aryl/heteroarylidene-6-hydroxy-
benzofuran-3(2H)-one (SY1-SY10) presumed a bent ‘C’ 
shaped conformation essential for binding in the active site 
of Hsp90. In silico docking results, identified SY1-SY3 as 
promising molecules based on the total score (expressed as 
calculated –log [Kd]) and a consensus score (generated post 
docking minimization, which depends on multiple scoring 
functions) to evade bias and make docking analysis more 
predictive. Molecular docking results are shown in Table 1.
The benzofuran-3(2H)-one analogues occupied the adenyl 
binding site of the Hsp90, firmly anchoring in the protein by 
a crucial hydrogen bonding between carbonyl at 3-position 
with ‘OH’ of Thr184 (SY1-SY3); an interaction akin to ‘lac-
tone’ group of radicicol with Thr184 (see Fig. 2 A, B, C for 

RD, SY2 and SY3 binding interactions). Another important 
intermolecular H-bonding is observed between ‘O’ of benzo-
furanone scaffold (SY1–SY3) and ‘NH2 (of amide) of Asn51 
(similar to hydrogen bonding between epoxy linkage of radi-
cicol with ‘NH2’ of Asn51. The hydrophobic interactions for 
the compounds (SY1-SY10) and RD were observed with 
amino acids Leu48, Ile49, Ala55, Met98, Ile91, Val92, 
Leu107, Val136, Phe138, Val150 and Val186. 

2.3. Assessment of Chemical Similarity 

 Organic chemical entities occur in several shapes, mo-
lecular dimensions and parameters, usually described and 
categorized by certain “descriptors” such as molecular 
weight, logP value, topology, etc. The assessment of chemi-
cal similarity is a quantitative approach to analyze how best 
the designed molecules fit the chemical space defined by 
existing molecules for certain pharmacological activity. To 

HO OH
HO OH

C
O

C
H2

Cl

OHO

O

HO O

OR
R R

R

R1

ii

iii

Resorcinol (M1) /
Chlororesorcinol (S1)

Reagents and conditions: 
(i) AlCl3, ClCH2COCl, 0 oC for 1 hr, followed by RT stirring for 12h
(ii) NaOH, MeOH, stirring at 30oC-40oC for 4h
(iii) R1CHO, NaOH, RT stirring for 12h

i

Substituted 2-chloro-1-(2,4-
dihydroxyphenyl)ethanone (M2, S2)

Substituted 2-aryl/heteroarylidene-6-
hydroxybenzofuran-3(2H)-one (SY1-SY10)

Substituted 6-hydroxybenzofuran-3(2H)-
one (M3, S3)

Scheme 1. Chemical synthetic scheme for the preparation of substituted 2-aryl/heteroarylidene-6-hydroxybenzofuran-3(2H)-one (SY1-SY10).

Table 1. Surflex Dock-Geom docking results of against Hsp90 protein (PDB ID: 1YET). 

Compound Total Score1 C Score2 Polar3 G Score4 PMF Score5 D Score6 Chem Score7 Crash8

SY1 3.89 4 1.28 -135 -0.72 -592 -28.93 -0.91 

SY2 4.06 3 1.28 -149 22.38 -514 -32.85 -1.08 

SY3 4.18 3 1.25 -151 23.51 -482 -30.57 -0.78 

SY4 3.22 1 2.47 -78 -7.29 -313 -24.60 -0.27 

SY5 3.57 0 2.23 -108 17.73 -188 -23.77 -0.25 

SY6 3.17 0 2.45 -109 22.61 -284 -21.72 -0.90 

SY7 3.20 2 1.28 -106 6.50 -381 -28.64 -0.37 

SY8 4.12 1 2.93 -69 8.30 -309 -19.65 -0.36 

SY9 3.48 2 1.19 -96 1.57 -638 -24.90 -0.66 

SY10 3.31 2 2.43 -111 8.20 -468 -25.37 -0.97 

Radicicol 3.28 3 3.62 -201 -2.38 -637 -35.43 -2.71 
1Total score: It represents the total surflex dock score expressed as (-logKd). 2C score (The consensus score): It evaluates a protein-ligand pair based on multiple scoring functions. 
3Polar: It defines the polar interaction between the ligand and the protein. 4G score: It is based on hydrogen bonding, ligand-protein complex, and internal (ligand-ligand) energies. 
5PMF score: It is the free energies of interactions for protein-ligand atom pairs. 6D score: It is based on van der waals interaction between protein and the ligand. 7Chem score: It 
includes terms for hydrogen bonding, metal-ligand interaction, lipophilic contact and rotational entropy, along with an intercept term. 8Crash: It represents appropriate penetration of 
a ligand into the active site of the protein. 
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assess the chemical similarity of ‘SY series’ in comparison 
with reported Hsp90 inhibitors, the 2D molecular descriptors 
for the designed molecules (SY series) were analyzed by 
Chemaxon’s tools and compared with the existing Hsp90 
inhibitors (PY-IS and PU series). Compounds SY1-SY10,
occupied the similar chemical space defined by Hsp90 in-
hibitors (See Fig. 3 and Table S-1 (supplementary informa-
tion)), with an almost overlapping logP value, which in-
variably signifies good partitioning effect as that of PU, PY-
IS series indicating the promising biological properties. Ro-
tatable bond count with a median value of ‘3’ and aliphatic 
bond count/3, with a median value of ‘4’ in SY series, pro-
vides enough conformational flexibility for proper orienta-
tion and binding interactions in the ATP binding site of the 
Hsp90 protein. ‘SY’ series holding good donor count guides 
crucial binding interactions in the active site of Hsp90 pro-
tein. Important descriptors such as logP, rotatable bond 
count, aliphatic bond count, donor count, etc indicates that 
SY compounds occupy the similar chemical space as that of 
reported PU and PY-IS series as Hsp90 inhibitors. 

2.4. In Vitro Cell Proliferation Assay 

 Resazurin reduction assay was done on human melanoma 
cells (A375 and SKMEL-28) and breast cancer cells 
(MDAMB-468) using 17-AAG as reference compound (re-
sults shown in Table 2). SY3 emerge as the promising com-

pound amongst the series. SY3 exhibited IC50 of 18.5 �M
against A375 melanoma, IC50 of 22.3 �M against MDA-MB-
468 breast cancer and IC50 of 37.4 �M against SK-MEL-28 
melanoma cells. 17-AAG showed IC50 of 5.20, 2.03 and 1.33 
against A375, SK-MEL-28 and MDA-MB-468 cells respec-
tively. Anti-cancer property of SY3 could be attributed to the 
presence of a polar ‘F’ atom (aids in solubility) at 4” position 
of the benzene ring (aids partitioning). In addition as per in
silico screening, the important polar interaction of SY3 with 
Thr184 and Asn51 of Hsp90 might have contributed to the 
promising anti-proliferative activity. Maximum occupancy 
of the receptor site with the ligand was observed with SY3,
which also exhibited least crash (penalty) in the binding site 
supporting the in vitro results. Other compounds were not 
found to have significant anti-proliferative activity. 

2.5. Drug Affinity Responsive Target Stability (DARTS) 
Proteomics Assay 

 Based on the results of in vitro cytotoxic assays, we car-
ried out the study on Hsp90 protein interaction to elucidate 
the mechanistic pathway of anticancer activity. DARTS, 
proteomics approach to investigate small molecule binding 
to targets using protease-based digestion was performed on 
cell lysate of the MDA MB468 cancer cells. The DARTS 
assay demonstrated that compound SY3 protects Hsp90�
from protease thermolysin digestion; its properties were

Fig. (2). A. 2D-diagrams for docking interactions generated by LIGPLOT for Radicicol (PDB ID: 1YET); B. Compound SY2 exhibiting 
common H-bonding interactions with amino acids Asn51 and Thr184 (PDB ID: 1YET) C. Compound SY3 (Thr184 and Asn51) in the active 
site of Hsp90 (PDB ID: 1YET).  
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Table 2. Cell proliferative assay by resazurin reduction method. 

O

O

HO

R

R1

IC50 (�M) ± SEM 
Compd1 R R1

A3751 SK-MEL-282 MDA-MB-4683

SY1 Cl -C6H3-3,4-OCH3 94.3 ± 0.34 87.4 ± 0.42 74.7 ± 0.23 

SY2 Cl -C6H4-4-N(CH3)2 85.0 ± 0.19 61.0 ± 0.08 77.1 ± 0.19 

SY3 Cl -C6H4-4-OCH2C6H4(p)F 18.4 ± 0.06 37.4 ± 0.06 22.3 ± 0.06 

SY4 Cl -2-C4H3O 76.3 ± 0.32 78.4 ± 0.26 84.7 ± 0.45 

SY5 Cl -C6H4-4-Cl 83.2 ± 0.35 77.5 ± 0.22 88.3 ± 0.39 

SY6 Cl -C6H4-4-OH 97.3 ± 0.45 81.0 ± 0.43 89.4 ± 0.32 

SY7 H -C6H4-4-Cl 89.9 ± 0.43 78.9 ± 0.36 88.3 ± 0.56 

SY8 H -C6H3-3,4-OCH3 87.4 ± 0.43 76.5 ± 0.33 78.3 ± 0.34 

SY9 H -C6H2-3,4,5-OCH3 78.3 ± 0.39 79.3 ± 0.29 76.4 ± 0.14 

SY10 H -C6H3-2,5-OCH3 79.4 ± 0.29 70.0 ± 0.24 78.6 ± 0.31 

17-AAG Structure is given in Fig. 1. 5.20 ± 0.18 2.03 ± 0.04 1.33 ± 0.06 
1Data represent the IC50 values for a 3 day exposure to normalized to no drug controls and is the mean of triplicate experiments performed, Concentration for SY1-SY3 compounds 
were 3.12-100 �M, 17-AAG was tested at 0.31-5 �M; 1,2mamalian malignant melanoma; 3mamalian breast cancer. 

Fig. (3). Radar views of three classes of Hsp90 inhibitors: Reported purine family (PU) (IC50 <1 �M); reported pyrazole-isoxazole family 
(PY-IS) (IC50 <10 �M); designed benzofuran family (SY). Median values are represented for each molecular descriptor. 
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Fig. (4). Proteomic analysis of Compound SY3 and RD mediated protection of Hsp90 in MDA-MB-468 lysate (Figure A, SDS page, detec-
tion by silver stain; Figure B, Western blot, detection by fluorescence imaging): Lane (L) 1: Cell lysate (CL); L2: CL + Thermolysin (T), 10 
min; L3: CL + T, 20 min; 4: CL + RD; 5: CL + RD + T, 10 min; 6: CL + RD + T, 20 min; 7: CL + SY3; 8: CL + SY3 + T, 10 min; 9: CL + 
SY3 + T, 20 min. Compound SY3 and RD in 1 mM concentration protect Hsp90 from thermolysin degradation. 

comparable to Hsp90 protective action of radicicol (Fig. 4). 
Identification of Hsp90 protection was done by silver stain-
ing the SDS page gel and by florescence detection of Hsp90 
antibody labeled western blot. Compound SY3 and radicicol 
bind to Hsp90 and provides structural stability against prote-
olytic action of thermolysin. Untreated cancer cell lysates 
were found to have completely degraded Hsp90. Stable 
complex formation of Hsp90 with SY3 and radicicol could 
be attributed to their crucial hydrogen bonding interactions 
with Thr184 and Asn51 of Hsp90. 

3. EXPERIMENTAL 

3.1. Chemistry 
 1H-NMR spectra were recorded on Bruker Avance300 
MHz NMR spectrometer (Bruker BioSpin AG, Fallanden, 
Switzerland); chemical shifts (�) were reported in parts per 
million (ppm) with tetramethylsilane as an internal standard. 
Uncorrected melting points were determined on an electro 
thermal melting point apparatus. Mass fragmentation was 
recorded on an API2000 LC/MS mass spectrometer (Bruker 
Daltonics Inc., Billerica, MA, USA). Column chromatogra-
phy was performed on silica gel (300-400 mesh). Infrared 
spectra were obtained from FT-IR-Affinity-1 Spectrometer 
(Shimadzu, Japan). Unless otherwise noted, all solvents and 
reagents were commercially available and used without fur-
ther purification.

3.1.1. General Procedure for Synthesis Substituted 2-
chloro-1-(2,4-dihydroxyphenyl) Ethanone (M2, S2) 

 Resorcinol (M1) / Chlororesorcinol (S1) (10 mmol) was 
added to a dispersion of anhydrous AlCl3 (10 mmol) in di-
ethyl ether (30 mL) taken in a round bottomed flask with 
stirring at 0ºC. Subsequently, a solution of chloro acetylchlo-
ride (10 mmol) in diethyl ether (10 mL) was added drop wise 
to the pre-stirred mixture (caution: the addition procedure 
discussed so far should be done carefully, slowly and in 
small quantities at 0ºC, as it is an exothermic reaction) and 
extended stirring for 4-5 h at 30ºC. The reaction completion 
was analyzed by TLC examination. Later, the solvent ether 
was distilled and the residue was quenched with dilute HCl 
(20 mL). The resulting mixture was extracted with di-

chloromethane (2 x 50 mL) and the combined organic ex-
tracts were dried over anhydrous Na2SO4, filtered and con-
centrated under reduced pressure. The resulting solid was 
recrystallized from ethanol to give substituted 2-chloro-1-
(2,4-dihydroxyphenyl) ethanone (M2, S2). 

3.1.2. General Procedure for Synthesis of Substituted 6-
hydroxybenzofuran-3(2H)-one (M3, S3) 

 2-Chloro-1-(2,4-dihydroxyphenyl) ethanone (M2) / 2-
chloro-1-(5-chloro-2,4-dihydroxyphenyl) ethanone (S2) (3 
mmol) was dissolved in ethanol (10 mL) with stirring, fol-
lowed by the addition of NaOH solution (3 mmol of NaOH 
dissolved in 5 mL of water) and stirred at 50ºC for 1-2 h. 
After completion of the reaction, ethanol was distilled off 
and the solid residue obtained was washed with copious 
amount of water. The crude product obtained was dried and 
recrystallized from ethanol yielding substituted 6-
hydroxybenzofuran-3(2H)-one (M3, S3). 

3.1.3. General Procedure for Synthesis of Substituted 2-
aryl/heteroarylidene-6-hydroxy benzofuran-3(2H)-one 
(SY1-SY10) 

3.1.3.1. Synthesis of compounds SY8 and SY10 are repor-
ted earlier [29].

 To a solution of substituted 6-hydroxybenzofuran-3(2H)-
one (M3, S3) (3 mmol) and aldehyde derivatives (3 mmol) 
in methanol; NaOH solution (3 mmol in water) was added, 
followed by stirring at 30-40ºC for 3-4 h. The reaction pro-
gress was monitored by TLC examination. After completion 
of the reaction, the contents were quenched with ice cold 
water (20 mL) and the resulting precipitate was filtered, 
dried and subjected to purification by flash chromatography. 

3.1.3.2. (Z)-2-(3,4-dimethoxybenzylidene)-5-chloro-6-
hydroxybenzofuran-3(2H)-one (SY1)

 Yield 65%, mp 187ºC; IR (KBr, cm-1): 3504, 2937, 2843, 
1664, 1589, 1510, 1267, 1161, 1147; 1H-NMR (300 MHz, 
DMSO-d6) �: 3.8 (s, 6H,O-CH3), 6.8 (s, 1H), 6.9 (s, 1H), 7.0 
(d, J=8.4Hz, 1H), 7.5 (d, 1H), 7.6 (s, 1H), 7.7 (s, 1H), 12.04 
(s, 1H); ESI-MS, m/z: 333.2 [M+H] +.
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3.1.3.3. (Z)-2-(4-(dimethylamino)benzylidene)-5-chloro-6-
hydroxybenzofuran-3(2H)-one (SY2)

 Yield 70%, mp 253ºC; IR (KBr, cm-1): 3387, 1680, 1606, 
1284, 1147, 1128; 1H-NMR (300 MHz, DMSO-d6) �: 3.0 (s, 
6H), 6.7 (s, 1H), 6.8 (d, J=8.7Hz, 2H), 7.1 (s, 1H), 7.7 (s, 1H), 7.8 
(d, J=8.7Hz, 2H), 12.2 (s, 1H); ESI-MS, m/z: 316.1 [M+H] +.

3.1.3.4. (Z)-2-(4-(4-fluorobenzyloxy)benzylidene)-5-chloro-
6-hydroxybenzofuran-3(2H)-one (SY3)

 Yield 72%, mp 193ºC; IR (KBr, cm-1): 3057, 1680, 1591, 
1263, 1155; 1H-NMR (300 MHz, DMSO-d6) �: 5.2 (s, 2H), 
6.8 (s, 1H), 6.9 (s, 1H), 7.1 (d, J=8.6Hz, 2H), 7.2 (t, 3JH-F,H-H 
=8.8Hz, 8.7Hz, 2H), 7.5 (dd, 3JH-H=8.2Hz, 4JH-F=5.8, 2H), 
7.7 (s, 1H), 7.9 (d, J=8.6Hz, 2H), 12.1 (s, 1H); ESI-MS, m/z:
397.4 [M+H] +.

3.1.3.5. (Z)-5-chloro-2-((furan-2-yl)methylene)-6-
hydroxybenzofuran-3(2H)-one (SY4)

 Yield 63%, mp 263ºC; IR (KBr, cm-1): 3201, 1670, 1593, 
1276; 1H-NMR (300 MHz, DMSO-d6) �: 6.7 (m, 1H), 6.8 (s, 
1H), 6.9 (s,1H), 7.1 (d, J=3.2Hz, 1H), 7.7 (s, 1H), 7.9 (s, 
1H); ESI-MS, m/z: 263.3 [M+H] +.

3.1.3.6. (Z)-2-(4-chlorobenzylidene)-5-chloro-6-
hydroxybenzofuran-3(2H)-one (SY5)

 Yield 55%, mp 303ºC; IR (KBr, cm-1): 3062, 3032, 1681, 
1589, 1286; 1H-NMR (300 MHz, DMSO-d6) �: 6.8 (s, 1H), 
7.0 (s, 1H), 7.5 (d, J=8.5Hz, 2H), 7.7 (s, 1H), 7.9 (d, 
J=8.4Hz, 2H), 12.2 (s, 1H); ESI-MS, m/z: 307.1[M+H] +.

3.1.3.7. (Z)-2-(4-hydroxybenzylidene)-5-chloro-6-
hydroxybenzofuran-3(2H)-one (SY6)

 Yield 70%, mp 336ºC; IR (KBr, cm-1): 3309, 1654, 1560, 
1271, 1166; 1H-NMR (300 MHz, DMSO-d6) �: 6.7 (s, 1H), 
6.8-6.9 (d, J=8.4Hz, 2H), 7.0 (s, 1H), 7.7 (s,1H), 7.8 (d, 
J=8.5Hz, 2H), 10.2 (s, 1H); ESI-MS, m/z: 289.2 [M+H] +.

3.1.3.8. (Z)-2-(4-chlorobenzylidene)-6-hydroxybenzofuran-
3(2H)-one (SY7)

 Yield 52%, mp 332ºC; IR (KBr, cm-1): 3502, 1678, 1597; 
1H-NMR (300 MHz, DMSO-d6) �: 6.6 (d, J=8.4Hz, 1H), 6.7 
(s, 1H), 6.8 (s, 1H), 7.5 (d, J=8.4Hz, 2H), 7.6 (d, J=8.4Hz, 
1H), 7.9 (d, J=8.4Hz, 2H); ESI-MS, m/z: 273.2 [M+H] +.

3.1.3.9. (Z)-2-(3,4-dimethoxybenzylidene)-6-
hydroxybenzofuran-3(2H)-one (SY8)

 Yield 72%, mp 203ºC; IR (KBr, cm-1): 3154, 1680, 1514, 
1267, 1145, 1130, 1095; 1H-NMR (300 MHz, DMSO-d6) �:
3.8 (s, 6H), 6.6 (d, J=8.4Hz, 1H), 6.7 (s, 1H), 6.8 (s, 1H), 7.0 
(d, J=8.5Hz, 1H), 7.5-7.6 (m, 3H), 11.1 (s, 1H); ESI-MS, 
m/z: 297.2 [M-H] +.

3.1.3.10. (Z)-2-(3,4,5-trimethoxybenzylidene)-6-
hydroxybenzofuran-3(2H)-one (SY9)

 Yield 70%, mp 293ºC; IR (KBr, cm-1): 3161, 1660, 1591, 
1458, 1271, 1132; 1H-NMR (300 MHz, DMSO-d6) �: 3.7-3.8 

(s, 9H); 6.6 (d, J=8.3Hz, 1H), 6.7 (s, 1H), 6.8 (s, 1H), 7.5 (m, 
3H), 11.1 (s, 1H); ESI-MS, m/z: 329.1[M-H] +.

3.1.3.11. (Z)-2-(2,5-dimethoxybenzylidene)-6-hydroxyben-
zofuran-3(2H)-one (SY10)

 Yield 62%, mp 303ºC; IR (KBr, cm-1): 3164, 1660, 1591, 
1458, 1277, 1132; 1H-NMR (300 MHz, DMSO-d6) �: 3.66 
(s, 3H), 3.73 (s, 3H), 6.4 (s, 1H), 6.5 (d, J=8Hz, 1H), 6.7 (d, 
J=8.2Hz, 1H), 6.8 (d, J=8.1Hz, 1H), 6.9 (s, 1H), 7.4 (m, 
2H); ESI-MS, m/z: 299.1 [M+H] +.

3.2. Molecular Docking 

 Molecular docking studies were performed utilizing SY-
BYL-X 1.2 drug discovery suite, comprising Surflex dock-
Geom program; installed on Dell Precision T-1500 worksta-
tion [Intel(R) Core(TM) i7 CPU 860 @ 2.80 GHz, 12.0 GB 
RAM and 1 TB Hard disk]. Crystal structure of Hsp90, PDB 
ID: 1YET (resolution 1.90 Å) was utilized for carrying out 
docking studies [30]. The protein containing chain ‘A’ was 
prepared by removal of water molecules, ligand sub-
structure extraction and analyzed by addition of H-atoms, 
fixing of side chain amides and finally, energy minimized by 
conjugate minimization methodolgy of Powell [31]. A hypo-
thetical ligand based active site in the protein called ‘Proto-
mol’ was generated, defined by default parameters (threshold 
of 0.5 Å and bloat of 0 Å) and an altered bloat value for 
radicicol, to maximize ‘protomol’ size. Chemical structures 
of the lead ‘RD’ and ‘SY series’ were saved as .mol files and 
converted to combined ‘SD’ format, later prepared by ‘Lig-
prep’ tool of Maestro (Schrodinger suite) to generate 20 best 
conformations for each ligand. The prepared ligand struc-
tures were docked at the generated ‘protomol’ active site by 
Surflex dock –Geom program. 

3.3. Assessment of Chemical Similarity of Hsp90 Inhibi-
tors 

 Chem Axon’s tools were utilized for defining and analyz-
ing the 2D descriptors for the designed chemical library of 
molecules. The protocol followed for the assessment of 
chemical similarity was comparing and analyzing the variety 
of physico-chemical 2D descriptors of the lead compounds 
with the data of reported compounds [32]. Twenty-five mo-
lecular descriptors for heterocyclic purine (PU) analogues 
with an IC50 threshold of 1 mM (89 structures derived from 
database) and pyrazole–isoxazole (PY–IS) analogues with an 
IC50 threshold of 10 mM (87 structures derived from data-
base) were defined and a comparative study was done for the 
designed library of SY series [32].  

3.4. Biological Assays 

3.4.1. Cell Proliferative Assay by Resazurin Reduction 
Method [33] 

 Briefly, cancer cells (A375, SKMEL-28, MDA-MB-468)
(1 x 104 cells/ well) were plated into black flat bottomed 96-
well plates and treated with or without Tween 20 (3 %), 
DMSO (0.5 %), SY1-SY3 (3.12-100 �M) and 17-AAG 
(0.031-1 �M) for 72 h. After this period, resazurin salt solu-
tion (10 �G/100 mL) was added per well. Fluorescence was 
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read after 4 h in a microplate reader (SpectraMax M5/M5e -
Molecular Devices) with �exc = 555 nm, �em = 585 nm. 
IC50 values were calculated by one way Anova using Graph-
Pad Prism (Version 5.02, GraphPad software). 

3.4.2. Hsp90-Small Molecule Inhibitor Drug Affinity  
Responsive Target Stability (DARTS) Assay Using Whole 
Cell Lysate [34] 

 A375 cells were lysed with lysis buffer [1mM NaVO3, 50 
mM HEPES (pH 7.4), 100 mM NaCl, 0.5% NP40, 1 mM 
EDTA, 1 mM EGTA, 50 �G/mL RNase, 1% Triton X-100, 
1% deoxycholic acid, 1 �G/1�L leupeptin or Roche protease 
inhibitor mixture and 1x protease mixture] for 15 minutes at 
RT. After centrifugation (14,000 rpm using Eppendorf mi-
cro-centrifuge 5415D, 10 min), protein concentration of the 
lysate was measured using MicroBCA™ protein assay kit. 
25 �G of protein cell lysate was incubated with 1 mM com-
pound, and binding buffer [50 mM Tris HCL pH 8.0, 50 mM 
NaCl, 10 mM CaCl2] to 20 �L final volume for 2 h at 25°C. 
After compound treatment, samples were digested with 200 
nG (5 �L) thermolysin (T) (Roche) at 25°C. The reactions 
were stopped at different time period of 10/20/30 minutes; 
by the addition of 5 �L of 5x SDS loading dye and immedi-
ately boiling samples at 95°C for 5 min. Samples were run in 
4-15% gradient SDS-PAGE gels at 150 V for 60 minutes by 
silver stain or western blot. The proteins were transferred 
from SDS-PAGE gel onto a polyvinylidene difluoride 
(PVDF) membrane in 1x transfer buffer (191 mM glycine, 
25 mM Tris) by electroblotting at 100 V for 30 min on ice 
using a mini Trans-blot electrophoretic transfer cell (Bio-
Rad). The PVDF membrane was incubated with blocking 
solution (PBS, 0.1% Tween 20, and 2% milk) for 1 h at  
25 °C and further incubated with anti-Hsp90 primary anti-
body (mAb, 2D11B9; Enzo life sciences) diluted in PBST 
[1:5000] for 18 h at 4°C. The membrane was washed thrice 
with PBST for 10 min and incubated with secondary anti-
body (anti-mouse IgG-HRP GE Healthcare) in PBST 
[1:5,000] for 1 h at 25°C. Western blot developed was ex-
posed to fluorescence detection at emission 526 Excitation 
488 (Blue) with normal sensitivity using GE Healthcare Ty-
phoon Trio+. 

CONCLUSION 

 The drug design studies identified SY1-SY3 as lead mole-
cules based on binding interactions with N-terminal ATP 
binding site of Hsp90. Compound 2-(4-(4-fluorobenzyloxy)-
benzylidene)-5-chloro-6-hydroxybenzofuran-3(2H)-one (SY3)
emerged as a promising analogue having significant cell pro-
liferation inhibitory activity against human melanoma cells 
A375 (IC50 18.46 �M) and breast cancer cells MDA-MB-
468 (22.3 �M) in comparison with IC50 values of 5.20 �M
and 1.33 �M of 17-AAG against melanoma and breast can-
cer cells respectively. Further, demonstration by DARTS 
proteomic analysis on cancer cell lysate confirms the binding 
interaction with Hsp90 oncoprotein; added to which the de-
signed SY3 compound, occupied the similar chemical space 
defined by existing Hsp90 inhibitors (PU, PY-IS series), 
based on chemical similarity of reported Hsp90 inhibitors. In 
view of all these results, we propose compound SY3 as the 
promising molecule and have scope for further lead optimi-

zation to improve anticancer activity through Hsp90 antago-
nism. 
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ABSTRACT 

A simple, rapid, selective, sensitive, linear, precise and accurate 

NOVALMETHOD FOR CHOMATOGRAPHIC DETERMINATION 

OF SETRALLINE AND DOXOFYLLINE. Tablet dosage form 

separation of drug was achieved on a reversed phase symmetry C18 

column (150mm x 4.6mm) phosphate buffer was pH 3.5 & the mobile 

phase was optimized with consist of Acetonitrile, phosphate buffer 

mixed in the ratio of 30:70% v/v. The solution w3as chromatographed 

at constant flow rate of 1.0 ml / min. The UV detection wavelength 

was 234nm & 10 µm of sample was injected. Te linearity ranges of 

SERTRALINE & DOXOFYLINE were found to be 0.58µm from 

1.77µg/ml of SERTRALINE & DOXOFYLINE 0.27 & 0.82µg/ml. Linear regression 

coefficient was more than 99-100% the value RSD is ranged from 0.37-0.53% indicating 

accuracy & precision of the method. LOD & LOQ were found to be within limit. The was 

validated as per ICH guidelines for its sensitivity, linearity, accuracy & precision. The 

method was successfully employed for routine quality control analysis SERTRALINE & 

DOXOFYLINE in its pharmaceutical formulations. 

 

Keywords: Novalmethod for Chomatographic Determination of Setralline and Doxofylline. 

 

INTRODUCTION 

Pharmaceutical analysis plays a vital role in the Quality Assurance and Quality control of 

bulk drugs.
[1]

 Analytical chemistry involves separating, identifying, and determining the 

relative amounts of components in a sample matrix. Pharmaceutical analysis is a specialized 

branch of analytical chemistry. Pharmaceutical analysis derives its principles from various 

branches of sciences like physics, microbiology, nuclear science and electronics etc. 

World Journal of Pharmaceutical Research 
                                                                                                                                    SJIF Impact Factor 6.805 

 Volume 5, Issue 4, 625-633.               Research Article           ISSN 2277– 7105 

  

 

 

 

*Correspondence for 

Author 

Usha Kondla 

Gynana Jyothi Collage of 

Pharmacy, Uppal Depot. 

 

Article Received on 

04 Feb 2016, 
 

Revised on 26 Feb 2016, 

Accepted on 17 March 2016 
 

DOI: 10.20959/wjpr20164-5165 
 

 

 

 

 

 

 

http://www.wjpr.net/


www.wjpr.net                                  Vol 5, Issue 4, 2016.                                            

            

 

626 

Usha et al.                                                              World Journal of Pharmaceutical Research 

Qualitative analysis reveals the chemical identity of the sample. Quantitative analysis 

establishes the relative amount of one or more of these species or analytes in numerical terms. 

Qualitative analysis is required before a quantitative analysis can be undertaken. A separation 

step is usually a necessary part of both qualitative and quantitative analysis. The results of 

typical quantitative analysis can be computed from two measurements. One is the mass or 

volume of sample to be analyzed and second is the measurement of some quantity that is 

proportional to the amount of analyte in that sample and normally completes the analysis. 

 

CHROMATOGRAPHY 

Chromatography
[3]

 is a separation of mixture into individual components using a stationary 

phase and a mobile phase. This may be regarded as an analytical technique employed for the 

purification and separation of organic and inorganic substances. There are various advanced 

chromatographic techniques, widely used for the estimation of multicomponent drugs in their 

formulations. The various chromatographic techniques are 

o High Performance Liquid Chromatography. 

o High Performance Thin Layer Chromatography. 

o Gas Chromatography. 

 

1.1.1. HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) 

HPLC is a type of liquid chromatography that employs a liquid mobile phase and a very 

finely divided stationary phase. The technique of high performance liquid chromatography is 

so called because of its improved performance when compared to column chromatography. 

Advances in column technology, high-pressure pumping system and sensitive detectors have 

transformed liquid column chromatography into high speed, efficient, accurate and highly 

resolved method of separation. 

 

The HPLC is the method of choice in the field of analytical chemistry, since this method is 

specific, robust, linear, precise and accurate and the limit of detection is low and also it offers 

the following advantages. 

 

 Greater sensitivity (various detectors can be employed). 

 Improved resolution (wide variety of stationary phases). 

 Reusable columns (expensive columns but can be used for many analysis). 

 Ideal for the substances of low viscosity. 

 Easy sample recovery, handling and maintenance. 
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 Instrumentation leads itself to automation and quantification (less time and less labour). 

 Precise and reproducible. 

 Integrator itself does calculations. 

 

Based on Modes of Chromatography 

 Normal phase chromatography. 

 Reverse phase chromatography. 

 

EXPERIMENTAL AND RESULTS AND DISCUSSION 

INSTRUMENTS USED 

Sr. no. Name of Instrument 
Instrument 

Model 

Name of 

manufacturer 

1 
UV-Visible double beam 

spectrophotometer 
UV 1800 Elico India 

2 HPLC 1575 Hitachi LaChrome 

3 Ultra sonicator -------- 
Entrech electronics 

limited 

4 Melting point appraturs --------  

 

CHEMICALS / REAGENTS USED  

S.N. Name 
Specifications 

Manufacturer/Supplier 
Purity Grade 

1. Doubled distilled water ---- ---- Sd fine-Chem ltd; Mumbai 

2. Methanol 99.9% A.R. Loba Chem; Mumbai. 

3. 
Dipotassium hydrogen 

phosphate 
96% L.R. Sd fine-Chem ltd; Mumbai 

4. Acetonitrile 99.9% HPLC Loba Chem; Mumbai. 

5. 
Potassium dihydrogen 

orthophosphate 
99.9 L.R. Sd fine-Chem ltd; Mumbai 

6. orthophosphoric acid 99.9 L.R. Sd fine-Chem ltd; Mumbai 

 

CHARACTERIZATION OF SERTRALINE & DOXOFYLLINE  

Solubility of Sertraline 

The solubility of drug sample was determined according to I.P. 1996.
[38]

 

Two 10 ml and one 250 ml volumetric flasks were taken. 

 

Flask 1: 10 mg of Sertraline was accurately weighed and transferred to 10 ml volumetric 

flask. 0.1 ml of water was added into it. The contents were mixed for one minute. The drug 

was slightly dissolved. Again 0.1 ml of water was added into the volumetric flask. The 

contents were mixed for one minute. The solubility state was noted.  
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Flask 2: 10mg of Sertraline was accurately weighed and transferred to 10 ml volumetric 

flask. 0.1 ml of methanol was added into it. The contents were mixed for one minute. The 

drug was slightly dissolved. Again 0.1 ml of methanol was added into the volumetric flask. 

The contents were mixed for one minute. The solubility state was noted.  

 

Flask 3: Accurately weighed Sertraline (10 mg) was transferred to 250 ml volumetric flask. 

Added 10 ml of acetonitrile to it. Mixed the solution for one minute. The drug could not 

dissolve. Added more 90 ml of acetonitrile to the volumetric flask. Mixed the solution for 

two minutes. The drug could not dissolve. Added more 100 ml of water to the volumetric 

flask. Mixed the solution for two minutes. The solubility state was noted. 

 

Solubility of Doxofylline 

The solubility of drug sample was determined according to I.P. 1996.
[38]

 

Two 10 ml volumetric flasks were taken. 

 

Flask 1: Accurately weighed Doxofylline (10 mg) was transferred to 10 ml volumetric flask. 

Added 0.1 ml of water to it. Mixed the solution for one minute. The drug could not dissolve. 

Added more 0.4 ml of water to the volumetric flask. Mixed the solution for two minutes. The 

solubility state was noted. 

 

Flask 2: Accurately weighed Doxofylline (10 mg) was transferred to 10 ml volumetric flask. 

0.1 ml of methanol was added into it. The contents were mixed for one minute. The drug was 

slightly dissolved. Again 0.1 ml of methanol was added into the volumetric flask. The 

contents were mixed for one minute. The solubility state was noted.  

 

RESULT AND DISCUSSION  

Sertraline was found to be freely soluble in water and soluble in acetonitrile & methanol. 

Doxofylline was found to be soluble in water and soluble in methanol & acetontrile. 

 

METHOD DEVELOPMENT AND ITS VALIDATION FOR SIMULTANEOUS 

ESTIMATION OF SERTRALINE & DOXOFYLLINE BY RP-HPLC IN 

COMBINATION TABLET DOSAGE FORM 

Selection of wavelength 

The λmax of the two ingredients i.e. Sertraline & Doxofylline, were found to be 222 nm and 

273 nm respectively in methanol as solvent system. the isobestic point for the drugs were 

found at 273 nm. 
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4.6.2 Preparation of standard solution of Sertraline  

10 mg of Sertraline was weighed accurately and transferred into 100 ml volumetric flask. 

About 10 ml of HPLC grade methanol was added and sonicated to dissolve. The volume was 

made up to the mark with same solvent. The final solution contained about 100 μg/ml of 

Sertraline.  

 

4.6.3 Preparation of standard solution of Doxofylline 

10 mg of Doxofylline was weighed accurately and transferred into 100 ml volumetric flask. 

About 10 ml of HPLC grade methanol was added and sonicated to dissolve. The volume was 

made up to the mark with same solvent. The final solution contained about 100 μg/ml of 

Doxofylline. 

 

 

Sertraline 

 

 

Doxofylline 

 

Preparation of mix. Standard solution of Sertraline & Doxofylline 

Accurately weighed 100 mg of Sertraline and 100 mg of Doxofylline were transferred to two 

different 100 ml volumetric flask. About 40 ml of mobile phase was added and sonicated to 
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dissolve. The volume was made up to mark with same solvent. Then 0.5, the detection limit 

(LOD) and quantitation limit (LOQ) may be expressed as: 

L.O.D. = 3.3(SD/S).  

L.O.Q. = 10(SD/S) 

Where, SD = Standard deviation of the response 

            S = Slope of the calibration curve 

 

RESULT AND DISCUSSION   

The LOD was found to be 0.32 g/ml and 1.44 g/ml and LOQ was found to be 0.96 g/ml 

and 4.32 g/ml for Sertraline & Doxofylline respectively which represents that sensitivity of  

the method is high. 

 

 

Chromatograms for LOD 

 

 

Chromatograms for LOQ 
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6 System Suitability Parameter 

System suitability testing is an integral part of many analytical procedures. The tests are 

based on the concept that the equipment, electronics, analytical operations and samples to be 

analyzed constitute an integral system that can be evaluated as such. Following system 

suitability test parameters were established. The data are shown in Table 39. 

 

Table 39: Data of System Suitability Parameter. 

S.No. Parameter Limit Result 

1 Resolution Rs  2 3.15 

2 Asymmetry T  2 
Sertraline =0.14 

Doxofylline =0.19 

3 Theoretical plate N  2000 
Sertraline =3971 

Doxofylline=  4861 

 

ASSAY OF SERTRALINE & DOXOFYLLINE IN DOSAGE FORM 

Assay was performed as described in previous chapter. Results obtained are tabulated below:  

 

 Assay of SERTRALINE & DOXOFYLLINE tablets. 

Brand name of 

tablets 

Labeled amount 

of Drug (mg) 

Sertraline & 

Doxofylline 

Mean (SD) amount 

(mg) found by the 

proposed method 

(n=6) 

Mean ( SD) 

Assay (n = 6) 

Doxoder (Wonder 

Healthcare) 
50, 400 

50.04 (0.13) 400.53 

(0.09) 

100.08 (0.39) 

100.1325 (0.42) 

 

The assay of Doxoder tablets containing Sertraline was found to be 100.08% Doxofylline was 

found to be 100.1325%. 

 

RESULT AND DISCUSSION 

To develop a precise, linear, specific RP-HPLC method for analysis of Sertraline & 

Doxofyllinedifferent chromatographic conditions were applied & the results observed are 

presented in the thesis. 

 

Isocratic elution is simple, requires only one pump & flat baseline separation for easy and 

reproducible results. So, it was preferred for the current study over gradient elution.  

 

In case of RP-HPLC various columns are available, but here develop Sil, C-18, V size 

(150mm*4.6mmØ) column was preferred because using this column peak shape, resolution 

and absorbance were good.  
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Mobile phase & diluent for preparation of various samples were finalized after studying the 

solubility of API in different solvents of our disposal (methanol, acetonitrile, 

dichloromethane, water, 0.1N NaOH, 0.1NHCl). Sertraline was found to besoluble in water 

and soluble in acetonitrile & methanol. Doxofyllinewas found to be insoluble in water and 

soluble in methanol & acetontrile. 

 

Detection wavelength was selected after scanning the standard solution of drug over 200 to 

800nm. From the U.V spectrum of Doxofylline & Sertralineit is evident that most of the 

HPLC work can be accomplished in the   wavelength range of 215-290 nm conveniently. 

Further, a flow rate of 1.0 ml/min & an injection volume of 20 µl were found to be the best 

analysis.  

 

The result shows the developed method is yet another suitable method for assay which can 

help in the analysis of Doxofylline & Sertralinein different formulations.  

 

CONCLUSION 

A sensitive & selective stability indicting RP-HPLC method has been developed & validated 

for the analysis of Sertraline & Doxofylline API.  

 

Based on peak purity results, obtained from the analysis of samples using described method, 

it can be concluded that the absence of co-eluting peak along with the main peak of Sertraline 

& Doxofyllineindicated that the developed method is specific for the estimation of Sertraline 

& Doxofylline.  

 

Further the proposed RP-HPLC method has excellent sensitivity, precision and 

reproducibility.  

 

REFERENCE 

1. Beckett H., Stenlake J.B., “Practical Pharmaceutical Chemistry.”, C.B.S. Publications, 4
th

 

edition, 1. 

2. Vijay Malik, “Drugs and Cosmetics Act.”, Eastern Book Company Lucknow, 16
th

 

edition, 5. 

3. Willard H. H., Merit L.L., Dean F.A., and Settle F.A., “Instrumental Methods of 

Analysis.”, C.B. S. Publishers, New Delhi, 7
th

 edition, 2002; 580-613. 

4. Skoog D.A., Holler F.J., Nieman T.A., “ Principles of Instrumental Analysis.”, 5
th

 edition, 

2005; 733-738. 

http://www.wjpr.net/


www.wjpr.net                                  Vol 5, Issue 4, 2016.                                            

            

 

633 

Usha et al.                                                              World Journal of Pharmaceutical Research 

5. Sharma B.K., “Instrumental Methods of Chemical Analysis.”, Goel Publishing House, 

Meerut, 24
th

 edition, 2005; C-210-215. 

6. Michael E., Schartz S., Krull., “Analytical Method Development and Validation.”, 2004; 

25-46. 

7. Lloyd R. Snyder., Joseph J. Kirkland., Joseph L. Glajesh., “Practical HPLC Method 

Development.”, 2
nd

 edition, 1997; 1-14. 

8. CIMS –Current index of medical specialities, 2006; 172 – 174. 

9. Alfred Goodman Gilman, Joel G. Hardaman, Lee E. Limbird, Goodman Gilman’s The 

Pharmacological bases of Therapeutics 10
th

 Edn., 2001; 994 – 995. 

10. Manoj, Shanmugapandiyan. P and Anbazhagans. S, Indian Drugs., 2004; 41: 284 – 289. 

11. T. Radhakrishna, D. Sreenivas Rao
a
 and G. Om Reddyre, Determination of pioglitazone 

hydrochloride in bulk and pharmaceutical formulations by HPLC and MEKC methods, S 

sayad, RP-HPLC method development for determination of pioglitazone hydrochloride 

from tablets. 

12. R.T. Sane, Simultaneous Determination of Pioglitazone and Glimepiride by High-

Performance Liquid Chromatography D. Srinivasulu, Developmeny and validation of 

pioglitazon in dosage form, International journal of chemistry research, 2009; 1(1). 

13. D. Boopathy, B. Praveen kumar reddy, Method development and validation of 

simaltanious determination of pioglitazon and glimepiride by RP-HPLC Ching-Ling 

Cheng. D, Determination of metformin by HPLC with spectrophotometer detection. 

14. Arayne MS, Sultana N, Zuberi MH, Development and validation of RP_HPLC method 

for analysis of metformin, Pak J Pharm Sci., 2006 Jul; 19(3): 231-5. 

15. Parisa Gazerani
1 

et, Determination of metformin in human plasma by HPLC. 

16. Ceren Yardımcı, Method development and validation for the simultaneous determination 

of rosiglitazone and metformin in pharmaceutical preparations by capillary zone 

electrophoresis. 

 

 

 

http://www.wjpr.net/
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGX-45BRXF0-2&_user=10&_coverDate=07%2F20%2F2002&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1430346871&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=5524ccccd794ed06bbe2f31d81d8939e#aff1
http://www.springerlink.com/content/?Author=R.T.+Sane
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arayne%20MS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sultana%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zuberi%20MH%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Pak%20J%20Pharm%20Sci.');
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6X0P-4GPW3M1-2&_user=10&_coverDate=09%2F25%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1430369272&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=0cc5a67dd5c3653410587be354aac835#fn1


 

INTERNATIONAL JOURNAL OF INNOVATION IN ENGINEERING RESEARCH & MANAGEMENT ISSN: 2348-4918 

 

UGC APPROVED JOURNALS No. 48708 

  

   VOLUME :04 Issue 02 Paper id-IJIERM-IV- II, April 2017  

1 

 

MOUTH-DISSOLVING TABLETS: AN INNOVATIVE AND CONVENIENT DOSAGE FORM 

FOR PATIENTS WITH SWALLOWING DIFFICULTIES - AN OVERVIEW 

 

Dr. Kokkula Satyanarayana 

Professor, Department of Pharmacognosy, Princeton College of Pharmacy, Hyderabad, 

Telangana, India 

Sunitha Chintala 

Asso. Professor, Department of Pharmacognosy, Princeton College of Pharmacy, Hyderabad, 

Telangana, India 

 

Abstract- In the design of an oral drug delivery system, which continues to be the preferred 

method of drug delivery despite a number of drawbacks, ease of administration and 

increased patient compliance are important considerations. In the novel drug delivery 

system, "mouth dissolving tablets" (MDTs) can be made that dissolve quickly in the mouth 

without water in a matter of seconds thanks to the action of a superdisintegrant or by 

maximizing the pore structure in the formulation. Tablets that dissolve in the mouth are 

beneficial, especially for children, the elderly, and mentally ill patients who have trouble 

swallowing traditional tablets and capsules. In addition to various excipients, evaluation 

tests, marketed formulation, and drugs utilized in this research area, the review discusses 

the various formulation aspects, superdisintegrants used, and technologies developed for 

MDTs. 

 

1 INTRODUCTION 

Due to its compactness, ease of 

manufacturing, and self-administration 

convenience, the tablet is currently the 

most widely used dosage form. However, 

conventional tablets are difficult to 

swallow for elderly, pediatric, and 

mentally ill patients, resulting in poor 

patient compliance. Mouth 

dissolving/disintegrating tablets (MDTs) 

are a novel drug delivery system 

developed by scientists to address these 

issues. These are novel tablets that 

dissolve, disintegrate, and disperse in 

saliva without water in a matter of 

seconds. As per European pharmacopeia, 

these MDTs ought to break up/deteriorate 

in under three minutes. The formulation 

is more beneficial to bedridden 

individuals and swallowing-impaired 

patients. MDTs are popular as a preferred 

dosage form in the current market due to 

their benefits of improved patient 

compliance, rapid onset of action, 

increased bioavailability, and good 

stability. 

  

 

Orodispersible tablets, fast 

disintegrating tablets, orally 

disintegrating tablets, fast disintegrating 

tablets, rapid disintegrating tablets, 

porous tablets, quick melt tablets, and 

rapid melt tablets are other names for 

mouth dissolving tablets. However, the 

United States Pharmacopoeia (USP) 

recognized these dosage forms as ODTs 

out of all of the aforementioned terms. US 

Food and Medication Organization (FDA) 

characterized ODTs as "A strong dose 

structure containing restorative 

substances or dynamic fixings which 

crumbles quickly inside a couple of 

moments when put up on tongue". 

 First, super disintegrants like 

crosscarmellose sodium, sodium starch 

glycolate, and crosspovidone are used to 

make mouth-dissolving tablets. The 

tablets can also be maximized in terms of 

their pore structure by freeze drying and 

vacuum drying. Some drugs may have a 

greater bioavailability as a result of their 

oral absorption and the pregastric 

absorption of dispersed drugs in saliva 
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before they reach the stomach. 

Additionally, compared to standard 

tablets, the amount of drug subjected to 

first pass metabolism is reduced. 

 

1.1 Requirements of Mouth Dissolving 

Tablets: Ideal MDTs should 8:  

 Dissolve, disperse, and 

disintegrate in the mouth in a 

matter of seconds despite 

requiring no water for oral 

administration. 

 Provide a pleasant mouthfeel 

 Possess sufficient taste-masking 

properties. 

 Be less friable and harder  

 Leave little or no residue in the 

mouth after administration 

 

1.2 Advantages of MDTs  

It is simple to administer to patients who 

are unable to swallow, such as the 

elderly, bedridden, and children, geriatric, 

and mentally retarded patients. 

 The risk of chocking or suffocation 

during oral administration of 

conventional formulation due to 

physical obstruction is avoided, 

thereby providing improved safety  

 This is beneficial for traveling 

patients and busy people, who do 

not have easy access to water.  

 The bioavailability of drug that is 

absorbed through pregastric 

absorption of drugs from mouth, 

pharynx, and esophagus is 

increased  

 Rapid drug therapy intervention  

 Bitter taste can be masked by use 

of flavor and sweetener to produce 

 Increased patient adherence 

 

1.3 Challenges to develop MDTs:  

 Rapid disintegration and sufficient 

mechanical strength of the tablet  

 Avoid increase in tablet size  

 Effective taste masking of bitter 

drugs  

 Minimum or no residue in mouth  

 Good package design and protect 

from moisture  

 Has a pleasant mouth feel  

 Sensitivity to environmental 

condition  

 Formulate with low cost  

 

1.4 Salient Features of MDTs:  

 No need for water to swallow the 

dosage form, which is a highly 

convenient feature for patients 

who are traveling and do not have 

immediate access to water  

 The good mouth feel property of 

MDTs helps to change the basic 

view of medication as a bitter pill, 

particularly for pediatric patients  

 Rapid dissolution of drug and 

absorption, which may produce 

rapid onset of action  

 Some drugs are absorbed from the 

mouth, pharynx, and esophagus 

as the saliva passes down into the 

stomach; The drugs' bioavailability 

is improved in these situations. 

 

2 LIMITATIONS FOR MDTS:  

• It is difficult to formulate 

medications into MDTs, such as 

ciprofloxacin, an antibiotic whose 

adult dose tablet contains 

approximately 500 milligrams. 

• Patients who are taking 

anticholinergic medications at the 

same time might not be a good 

candidate for MDTs, and 

conditions like Sjogren's syndrome 

or dry mouth caused by less saliva 

may not be a good candidate for 

these tablet formulations. 

 

Technologies with no patents: Whether 

to lyophilize or freeze-dry: When 

making MDTs, the freeze-drying process 

makes use of the porous product's 

formation. Lyophilization is a cycle, which 

incorporates the expulsion of dissolvable 

from a frozen suspension or arrangement 

of medication with structure-shaping 
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added substances. The drug and its 

additives are freeze-dried, resulting in a 

highly porous and lightweight product 

with a glossy amorphous structure. When 

swallowed, the resulting tablet quickly 

dissolves and disintegrates, and the 

freeze-dried unit immediately dissolves to 

release the medication. 

 

Molding: In this method, water-soluble 

ingredients are used to prepare molded 

tablets so that they dissolve completely 

and quickly. A hydro-alcoholic solvent is 

used to moisten the powder mixture 

before molding it into tablets under a 

pressure that is lower than that used for 

traditional tablet compression. After that, 

the solvent is removed by air-drying the 

tablets. Molded tablets are significantly 

less compact than compressed ones. 

These have a porous structure that makes 

them break down 25 times faster. 

 

How cotton candy is made: This method 

gets its name from the fact that it makes 

use of a novel spinning mechanism to 

produce crystalline structures that look 

like floss and resemble cotton candy. The 

cotton candy process involves spinning 

and flash melting simultaneously to form 

a matrix of polysaccharides or 

saccharides. In order to increase the 

matrix's compressibility and flow 

properties, it is partially recrystallized. 

After that, the candy floss matrix is 

milled, combined with the active 

ingredients and excipients, and 

compressed into MDTs. 

 

Spraying dry: As the processing solvent 

evaporates during the process 27, this 

technology results in extremely porous 

and fine powders. Hydrolyzed and non-

hydrolyzed gelatin were used as a 

supporting matrix, mannitol was used as 

a bulking agent, and sodium starch 

glycolate or crosscarmellose sodium was 

used as a superdisintegrant in this 

method of making MDTs. The addition of 

acidic substances like citric acid or 

alkaline substances like sodium 

bicarbonate further enhanced 

disintegration and dissolution. This plan 

procedure gives permeable powder and 

deterioration time < 20 sec 

 

Mass expulsion: This method involves 

softening the active blend with a solvent 

consisting of methanol and water-soluble 

polyethylene glycol, and then extruding 

the softened mass through an extruder or 

syringe to form tablets by cutting the 

product into even segments with a heated 

blade. By incorporating a super polystate 

hydrophilic waxy binder such as PEG-6-

stearate, MDTs can be prepared using 

this method. A waxy substance with an 

m. pt. is called super polystate. between 

33 and 37 °C, and a 9 hydrophilic-

lipophilic balance It not only binds tablets 

together and improves their physical 

resistance, but it also aids in their 

disintegration because it dissolves quickly 

in the mouth and leaves no residue. The 

melt granulation method, in which the 

molten form of the material results in the 

formation of granules, was used to 

incorporate super polystate into the 

formulation of MDTs. 

 

Method of phase transition: Kuno et. al. 

32 used erythritol to investigate the 

processes of MDT disintegration by sugar 

alcohol phase transition (m. pt. 122 °C), 

and xylitol (m. pt. trehalose (97°C) and 

mannitol (166°C), respectively. The 

process of compressing a powder that 

contained two sugar alcohols with 

opposing high and low melting points and 

then heating it at a temperature that was 

in between them led to the production of 

tablets. Due to their low compatibility, the 

tablets lack sufficient hardness prior to 

the heating process. The phase transition 

of lower melting point sugar alcohol 

increased the bonding surface area in the 

tablets, resulting in an increase in tablet 

hardness following the heating process. 
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Sublimation: The most important factor 

in MDTs' rapid disintegration is the tablet 

matrix's highly porous structure. Due to 

their low porosity, conventional tablets 

frequently fail to dissolve rapidly despite 

having ingredients that are highly water-

soluble. During the tabletting process, 

volatile substances like camphor can be 

sublimated from the formed tablet 33 to 

increase the porosity. formulated MDTs 

with camphor, a subliming substance 

extracted from compressed tablets 

containing mannitol and camphor. After 

the tablets were made, camphor was 

sublimated for 30 minutes in a vacuum at 

80°C. 

 

Methods of direct compression: Due to 

the small number of processing steps, low 

manufacturing costs, and ability to 

accommodate high doses, this method is 

an easy way to make MDTs. The final 

tablet weight can easily exceed that of 

another production method 34. 

Disintegrant, water-soluble excipients, 

and effervescing agents have a single or 

combined effect on the disintegration and 

dissolution of directly compressed tablets. 

Tablet size and hardness have a 

significant impact on the efficacy of the 

disintegrant. Breaking down properties 

can be improved by medium or low tablet 

size, low hardness and low actual 

obstruction .It is fundamental to pick a 

reasonable and an ideal grouping of 

disintegrant to guarantee quick 

deterioration and high disintegration 

rates.[6,34,35,52] The expansion of water 

dissolvable excipients or bubbly specialist 

can additionally build disintegration or 

crumbling properties. Due to the 

formulation's combination of swelling and 

water absorption, super disintegrants 

break down quickly. 

 

Patient counseling in effective use of 

MDTs: As pharmacists are ideal persons 

to know about the recent technologies, 

thus have opportunity to educate the 

patients for effective treatment. 

 Counseling of patients about this 

dosage form can avoid any confusion and 

misunderstanding in taking MDTs. 

Patient information that needs to be 

provided include: 

Storage of this dosage form as some of 

MDTs developed may not have sufficient 

mechanical strength, which needs to be 

handled carefully.  

 Patients with Siogren’s syndrome or 

dryness of mouth or who take 

anticholinergic drugs may not be 

suitable candidates for 

administering MDTs. Although no 

water is required to allow drug to 

disperse quickly and efficiently but 

decreased volume of saliva may slow 

the rate of disintegration/ 

dissolution and may reduce the 

bioavailability of the product.  

 Patients need to be clearly told 

about the difference between 

effervescent and MDTs. Some of 

technologies use effervescence, 

which experience a pleasing tingling  

Effect on the tongue.  

 Although chewable tablets are 

available in market and patient need 

to be counseled about differences 

between chewable and MDTs 

tablets. These MDTs can be used 

easily in children who have lost their 

primary teeth and in geriatric 

patients who have lost their teeth 

permanently.  

 With the pharmacists counseling, 

intervention and assistance about MDTs, 

all patients receiving this novel dosage 

form could be more properly and 

effectively treated with greater 

convenience. 

 

3 CONCLUSIONS 

The MDTs enjoy expected upper hands 

over traditional measurement structures, 

with their superior patient consistence, 

comfort, bioavailability and fast beginning 
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of activity had drawn the consideration of 

many makes more than 10 years. Some of 

these technologies have produced MDT 

formulations that have sufficient 

mechanical strength and dissolve quickly 

in water. 

 Children who have lost all of their 

primary teeth as well as elderly patients 

who have lost all of their teeth 

permanently can use these MDTs easily. 

They transform into a liquid within a few 

seconds of administration and remain 

solid during storage, enhancing the 

stability of dosage forms. MDTs may soon 

be developed for the majority of drugs 

currently on the market due to their 

significant advantages as both solid and 

liquid dosage forms. 
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Abstract - Today, approximately 70% of medications are taken orally and are found to be 

ineffective. A transdermal drug delivery system was developed to improve these characters. 

In contrast to conventional topical drug delivery, the transdermal drug delivery system 

(TDDS) offers a means of maintaining drug release while simultaneously reducing the 

intensity of action. As a result, it reduces the side effects associated with oral therapy. The 

Transdermal Drug Delivery System is the method by which the drug's active ingredients are 
delivered through the skin. Limiting hepatic first pass metabolism, increasing therapeutic 

efficacy, and maintaining a constant drug level in the plasma are all significant advantages 

of transdermal drug delivery. Transdermal patches of various kinds are used to get the 

active ingredients into the bloodstream through the skin. This review article provides a 

concise overview of the principles of transdermal permeation, the various patch 
components, patch approaches, and transdermal system evaluation, application, and 

limitations. 

Keywords: Microneedle, patch, transdermal delivery, preparation method, and evaluation 

parameter 

 

1 INTRODUCTION  

Transdermal medications come in a 

separate, discrete dosage form. The 

transdermal drug delivery system is one 

in which the drug's active ingredients are 

delivered through the skin. The drug is 

effectively absorbed through the skin 

before entering the circulatory system. It 

is thought that delivering medication to 

the skin's general circulation is a better 

option than taking it orally. By passing 

through the gastrointestinal system, it 

would avoid liver activation at the first 

pass and avoid the frequent GI irritation. 

Additionally, the blood level fluctuations 

caused by oral dosage forms are usually 

preferable to the drug's steady absorption 

over hours or days. 

In 1981, the FDA granted approval 

to the first transdermal patch. 

Nitroglycerine was used to prevent 

coronary artery disease-associated angina 

pectoris and scopolamine was used to 

prevent motion sickness through 

controlled systemic absorption through  

 

these delivery systems. These dosage 

forms have recently undergone 

development and modification in an effort 

to improve the skin's permeability and the 

driving force of drug diffusion. Prodrugs, 

liposomes, supersaturated systems, 

penetration enhancers, and other vesicles 

are among these methods. In the United 

States, the nicotine patch, which releases 

nicotine to assist with tobacco smoking 

cessation, was the transdermal patch that 

sold the most. Over the course of sixteen 

hours, the nicotine patch suppresses the 

smoker's desire for a cigarette. By 

avoiding first-pass metabolism and 

increasing patient compliance, 

transdermal delivery outperforms oral and 

injectable methods. Transdermal delivery 

not only eliminates pulsed entry into 

systemic circulation, which frequently 

results in undesirable side effects, but it 

also permits continuous, controlled 

administration of drugs with short 

biological half-lives. Currently regarded as 
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a mature technology, transdermal drug 

delivery (TDD) relies primarily on 

occlusive patches. Due to poor oral 

bioavailability, side effects associated with 

high peaks, or poor compliance due to the 

requirement for frequent administration, 

this method is capable of delivering drugs, 

but its application would be limited. 

However, skin irritation, relatively high 

manufacturing costs, and a less-than-

ideal cosmetic appearance are among the 

TDDs' drawbacks. 

 

1.1 Advantages  

 Evasion of first pass digestion 

 Evasion of gastro digestive 
contradiction 

 Unsurprising and expanded term of 
action 

 Furnishes use of medications with 
short natural half lives 

 Thin remedial window 

 Working on physiological and 
pharmacological reaction 

 Keeping away from the variance in 
drug levels 

 Entomb and intra patient varieties 

 Keep up with plasma convergence of 
intense medications 

 End of treatment is simple anytime 
of time 

 More prominent patient consistence 
because of disposal of different 

dosing profile 

 Capacity to convey drug all the more 
specifically to a particular site 

 Give appropriateness to self 
organization 

 Improve helpful adequacy 

 

1.2 Disadvantages  

 The drug must have some desirable 

physicochemical properties for 

penetration through stratum 

corneum.  

 The transdermal delivery will be very 

difficult, if the drug dose required is 

more than 10 mg/day for their 

therapeutic application.  

 Only relatively potent drugs are 

suitable candidates for TDDS.  

 The barrier function of the skin 

changes from one site to another on 

the same person, from person to 

person and with age.  

 

2 THE SKIN  

In addition to being the largest organ in 

the human body, the skin (cutis) is an 
excellent biological barrier. The skin is 

102–104 times less permeable than a 

blood capillary wall and contributes 

approximately 4% of a person's body 

weight, despite being typically less than 2 
mm thick. In humans, the epidermis, or 

outer skin layer, is typically 0.02–0.2 mm 

thick. Skin surface PH is also affected by 

gender and body location. Dermis refers 

to the area below the epidermis. Both the 

outer papillary dermis and the inner 
reticular dermis are typically five to 

twenty times thicker than the epidermis 

when taken as a whole. This organ with 

its many layers protects the body from the 

outside world and is an effective barrier 
against exogenous molecules' penetration. 

The stratum corneum (SC), the skin's 

uppermost strata, is where the majority of 

the barrier properties are located. 

Corneocytes, differentiated non-nucleated 

cells that are embedded in the lipid 
domain and filled with keratins, make up 

this highly hydrophobic layer. Its effective 

elastic modulus is between 107 and 108 

Pa, but it decreases as temperature and 

moisture content increase. A typical 
adult's skin absorbs approximately one 

third of the body's blood and has a 

surface area of approximately two square 

meters. Only 0.1 percent of the surface of 

the human skin is occupied by skin 

appendages. Nevertheless, the foreign 
agents may be able to penetrate the skin 

faster than the stratum corneum through 

these skin appendages. A compound's 

extent of skin penetration may be affected 

by its absorption route. There are three 
pathways which can be associated with 

the transdermal saturation of synthetic 

substances: 

(1) Through SC's lipid domains between 

cells; 

(2) Appendages that enter the skin; and  

(3) Through the bundles of keratin in 

SC. 
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3 BASIC COMPONENTS OF 

TRANSDERMAL PATCH:  

3.1 Polymer Matrix/Drug Reservoir:  

A transdermal drug delivery system is 

built on polymers as its foundation. A 

drug reservoir or a drug–polymer matrix is 

sandwiched between two polymeric layers 

in multilayered polymeric laminates used 

for transdermal delivery systems: 

an inner polymeric layer that serves as an 

adhesive and/or rate-controlling 

membrane, and an outer impervious 

backing layer that prevents drug loss 

through the backing surface. 

 

3.2 Drug  

The best drug candidates for passive 

adhesive transdermal patches should 

comply following criteria:  

 Should be Non ionic  

 Should have Low molecular weight 

(less than 500 Daltons)  

 Should have adequate solubility in 

oil and water (log P in the range of 

1-3)  

 Should have low melting point (less 

than 200°C)  

 Should be potent (dose in mg per 

day).  

Drugs like rivastigmine for alzheimer’s 

and Parkinson dementia, rotigotine for 

parkinson, methylphenidate for attention 

deficit hyperactive disorder and selegiline 

for depression are recently approved as 

TDDS. 

 

3.3 Permeation Enhancers  

Enhancers interact with structural 

stratum corneum components, such as 

proteins or lipids, to increase stratum 

corneum permeability for higher 

therapeutic drug levels. Chemical 

enhancers may have partially leached 

epidermal lipids, enhancing the skin's 

conditions for wetting and transepidermal 

and transfollicular penetration, resulting 

in an increase in oil-soluble drug 

absorption. 

 

3.4 Chemical Enhancers  

 Increasing the drug permeability 

through the skin by causing 

reversible damage to the SC.  

 Increasing (and optimizing) 

thermodynamic activity of the drug 

when functioning as co- solvent.  

 Increasing the partition coefficient of 

the drug to promote its release from 

the vehicle into the skin.  

 Conditioning the SC to promote 

drug diffusion.  

 Promoting penetration and establish 

drug reservoir in the SC.  

 

3.5 Pressure Sensitive Adhesives (PSA)  

A PSA keeps the patch in close contact 

with the skin's surface. It should be 

aggressively and permanently tachy, 

adhere with no more than finger pressure, 

and exert a strong holding force. For 

instance polyacrylates, polyisobutylene 

and silicon based glues. PSA should not 

alter drug release and should be 

physicochemically and biologically 

compatible. The public service 

announcement can be situated on the 

essence of the gadget (as in supply 

framework) or toward the rear of the 

gadget and broadening incidentally (as in 

the event of lattice framework). 

 

3.6 Backing Laminate  

While planning a support layer, the 

thought of synthetic opposition of the 

material is generally significant. The 

compatibility of the excipients with the 

backing layer should also be taken into 

consideration because prolonged contact 

between the excipients and the backing 

layer may result in additives leaching out 

of the backing layer or in the diffusion of 

excipients, drugs, or penetration 

enhancers through the layer. However, 

excessive emphasis on chemical 

resistance may result in patches that lift 

and may irritate the skin over time due to 

their high occlusiveness to air and 

moisture. The backing with the lowest 
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modulus—also known as high flexibility—

good oxygen transmission and a high rate 

of moisture vapor transmission will be the 

most comfortable. Vinyl, polyethylene, 

and polyester films are just a few 

examples of backing materials. 

 

4 SYNERGISTIC MIXTURES OF 

CHEMICAL ENHANCER  

The mixture's individual chemicals may 

self-assemble into distinct, intricate 

secondary structures that permeabilize 

the skin. Alternately, the chemicals might 

each affect the structure of the skin on 

their own. 

These systems may increase 

transdermal flux through one or more of 

the following mechanisms: 

Specific interaction with the 

stratum corneum, either by altering the 

various transport pathways (i.e., the polar 

and nonpolar pathways) in the stratum 

corneum or by increasing the drug 

solubility in the stratum corneum (i.e., 

facilitate partitioning of drug from the 

vehicle into the skin).  

(a) Change in the thermodynamic 

activity (e.g., by increasing the degree of 

saturation in the solvent and, 

consequently, increasing the escaping 

tendency). 

 

5 FUTURE TECHNOLOGIES AND 

APPROACHES  

 Thermal poration is the process of 
forming aqueous pathways across 

the stratum corneum using pulsed 

heat. This method has been used to 

deliver conventional drugs and 

extract glucose from human 
intestinal fluid.  

 Jet injectors are getting more 
attention these days, which is 

making it possible to design better 

devices that can inject drug 

solutions controlled and without a 

needle across the skin and into 
deeper tissue. 

 Using a micro infusion pump 
contained within a large patch that 

is affixed to the skin, a small needle 

is inserted a few millimeters into the 
skin, and drug solution is flowed 

through the needle at controlled 

rates. Morphine has been 

administered to humans using this 

method. 

 During the past ten years, a number 

of theories have been proposed 

regarding chemical-iontophoresis 

combinations; electroporation and 

chemicals; synthetics and 

ultrasound; ultrasonography and 

iontophoresis; electroporation and 

iontophoresis; and ultrasound and 

electroporation. 

 

6 CONCLUSION  

The transdermal drug delivery systems 

and the specifics of their evaluation 

process are covered in depth in the TDDS 

review articles, which serve as a handy 

reference for TDDS-related researchers. 

Additionally, it provides important 

information regarding the TDDS 

application of nanoparticles. Utilizing 

various enhancers, it aids in the 

optimization of permeability and includes 

future injector modification 

considerations. The fundamental 

understanding of device design 

parameters and how they influence device 

interaction with skin has also significantly 

improved over the past ten years, as this 

review demonstrates. 
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Abstract - Despite significant advancements in drug delivery, the oral route remains the 

most important method for systemic drug administration. For self-medication, the 

parenteral route is rarely utilized. For centuries, it has been known that drug solute 

administered buccally or sublingually is rapidly absorbed into the reticulated vein beneath 

the oral mucosa. The oral mucosa has rich blood supply and it is moderately porous. The 

buccal mucosa is four to one thousand times more permeable than skin. The buccal route 

has several advantages over the oral route, including QWICK ACTION, avoiding first-pass 

metabolism, the drug not being exposed to stomach acid, and improved patient compliance, 

particularly in pediatric and geriatric patients. The purpose of this article is to discuss 

briefly the structural characteristics of oral mucosal drug delivery, including 

buccoadheshive film and tablet, medicated chew gum, fast dissolving tablet, film, and 

capsule, and others. 

 

1 INTRODUCTION 

To achieve a systemic pharmacological 

effect, a drug can be administered in a 

variety of ways. The oral route, in which 

the drug is swallowed and primarily 

enters the systemic circulation through 

the small intestine membrane, is the most 

common method of drug administration. 

The most crucial method of drug 

administration for systemic effect is oral 

administration. Self-medication is not 

typically administered via parenteral 

route. 

 It is likely that oral administration 

accounts for at least 90% of all drugs 

used to produce systemic effects. After 

being taken orally, drugs may be 

absorbed at a variety of body locations 

between the mouth and the rectum. In 

most cases, it is desirable for a drug to 

have a faster rate of action the higher up 

along the alimentary tract it is absorbed. 

When taken orally, a drug must 

withstand significant pH changes as it 

moves through the gastrointestinal tract, 

as well as the assault of enzymes that  

 

 

break down food and the metabolism of 

the microflora that live there. 

 It is assessed that 25% of the 

populace finds it hard to swallow tablets 

and containers and hence don't accept 

their medicine as recommended by there 

specialist bringing about high frequency 

of resistance and ineffectual treatment. 

Trouble is knowledgeable about specific 

by pediatrics and geriatric patients, yet it 

likewise applies to individuals who are 

sick incapacitated and to those dynamic 

working patient who are occupied or 

voyaging, particularly the people who 

have no admittance to water. In these 

instances, oral mucosal drug delivery is 

the method of choice. 

 It has been known for centuries 

that drug solutes administered 

sublingually and buccally are swiftly 

absorbed into the reticulated vein, which 

is beneath the oral mucosa. They then 

travel through the facial veins, internal 

juglar vein, and braciocephalic vein before 

draining into the systemic circulation. As 

a result, the hepatic first-pass elimination 
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of drugs can be avoided by using the 

buccal and sublingual administration 

routes. The buccal region of the oral 

mucosal cavity provides an appealing 

route of administration for systemic drug 

delivery. The mucosa is relatively 

permeable and has a lot of blood. Patients 

are very happy with the oral cavity 

because the mucosa is relatively 

permeable and has a lot of blood, and the 

oral mucosa is tolerant of potential 

allergens because it doesn't have any 

langerhans cells. 

 

2 ORAL MUCOSA'S STRUCTURAL 

FEATURES INCLUDE: 

The mouth's mucosa is distinct from the 

rest of the gastrointestinal tract and has a 

more skin-like morphology. An outer layer 

of stratified squamous epithelium makes 

up the oral mucosa. Below this is a 

basement membrane called the lamina 

propria, and the sub mucosa is the 

innermost layer. There are three distinct 

types of oral mucosa. I. e. masticatory, 

lining and concentrated mucosa. The 

gingiva and hard palate are covered by 

the masticatory mucosa. It can withstand 

the abrasion and shearing forces of the 

masticatory process because it has a 

keratinized epithelium that is strongly 

attached to the underlying tissues by 

collagenous connective tissue. Other than 

the toung's dorsal surface, the lining 

mucosa covers all other areas. 

 The drug delivery's design and 

location are significantly influenced by the 

permeability characteristics resulting 

from regional differences in morphology. 

In general, the epithelia of the oral 

mucosa are somewhat leaky and lie 

somewhere in between the epidermis and 

the intestinal mucosa. The buccal mucosa 

is thought to be four to four thousand 

times more permeable than the skin. The 

blood course through a tissue is 

significant for accomplishing great 

medication retention. The primary blood 

supply to the oral tissues comes from the 

external carotid artery. It branches into 

the lingual, maxillary, and facial arteries. 

Three principal veins collect blood from 

the capillary beds and feed the internal 

jugular vein. It is believed that blood flow 

through human oral mucosa is 

sufficiently rapid to not limit drug 

absorption even during disease. 

 

3 ADVANTAGE AND LIMITATION:  

The buccal route of drug administration 

has a number of advantages over oral 

administration, including:  

 The drug is not exposed to the 

stomach's harmful acidic 

environment. 

 The drug's therapeutic serum 

concentration can be achieved more 

quickly. 

 The drug does not first pass through 

the liver before entering the general 

circulation. 

 The mucosal permeability and local 

environment can be controlled and 

manipulated to accommodate drug 

permeation with the appropriate 

dosage form design and formulation. 

 If necessary, delivery can also be 

stopped quickly. 

 Presystemic metabolism plays a 

significant barrier role for some 

medications. The buccal mucosa has 

relatively low enzymatic activity, and drug 

inactivation is neither rapid nor extensive. 

However, some drugs, particularly those 

that are peptide or protein-based, may be 

degraded by oral enzymes. The 

administration of bile salts and enzyme 

inhibitors like aprotinin, bestatin, 

puromycin, and bile salts together 

decreases the activity of proteolytic 

enzymes, resulting in a change in the 

peptide drug's conformation or the 

formation of micelles, and/or making the 

drug less susceptible to enzymatic 

degradation. The principal deterrents that 

medications meet when controlled by 

means of the buccal course get from the 

restricted ingestion region and the 
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boundary properties of the mucosa. 

Although the drug's diffusion through 

mucus is not a rate-limiting step unless it 

specifically binds to the mucin or are 

large molecules, the mucin film may serve 

as a barrier. The rapid removal of the 

conventional delivery system, primarily 

through a lot of salivary flow, is another 

obvious obstacle that prevents this route 

from being used effectively. The issue of 

removal can be resolved with bioadhesive 

polymer. 

 

4 ORAL MUCOSAL DOSAGE FORMS 

There are a variety of drug delivery 

systems that use the oral mucosa as a 

drug delivery site, such as chewing gum, 

fast-dissolving tablets, orodissolving films, 

and fast caps. 

 

a) Tablet that Dissolves Quickly (FDT): 

As a new drug delivery method, fast 

dissolving systems have recently begun to 

gain acceptance due to their ease of 

administration and improved patient 

compliance. They can also be used as a 

line extension for already-existing 

commercial products because they 

provide unique product differentiation. 

Direct compression, sublimation, melt 

granulation, molding, volatilization, and 

freeze drying are some of the methods 

that can be used to prepare FDTs. Zydis, 

orasolve, durasolv, flash dose, wowtab, 

flash tab, and others are examples of 

patented technologies. some drugs that 

are hard to dissolve in water and have 

variable bioavailability and 

bioinequivalence because they are hard to 

dissolve in water. Cogranulation with 

beta-cyclodextrin increased the drug's 

solubility in various ways to create a fast-

dissolving tablet similar to the solid 

dispersion technique. 

 Because fast-dissolving systems 

dissolve or disintegrate in the mouth of 

the patient, the active ingredients 

compete with the patient's taste buds, 

making taste masking essential to patient 

compliance. Taste masking can be 

accomplished in a variety of ways, such 

as by adding sweeteners or by mass 

extruding eudragit E100. There have been 

a number of recent comparison studies 

between conventional and fast-dissolving 

formulations. If given the option, 93% of 

allergic patients would choose FDT 

formulations, according to an acceptance 

survey. 

 

(b) Films with a Quick Dissolve: Despite 

their short dissolution/disintegration 

time, certain patient populations continue 

to be afraid of taking solid tablets and run 

the risk of choking. By developing a 

convenient dosage form for 

administration, recent advancements in 

novel drug delivery systems aim to 

enhance the safety and efficacy of drug 

molecules. One such methodology is 

quickly dissolving film. It consists of a 

very thin oral strip that immediately 

releases the active ingredient once it is 

taken up by the mouth. Rapid film 

combines the advantages of liquid dosage 

forms (easy swallowing, rapid 

bioavailability) with those of tablets 

(precise dosage, simple application). 

 The conveyance framework is 

basically put on a patient's tongue or any 

oral mucosal tissue. The film, which is 

immediately soaked in saliva, quickly 

hydrates and dissolves to release the 

medication for oral mucosal absorption. 

Hot melt extrusion, solid dispersion 

extrusion, rolling, semisolid casting, and 

solvent casting are all possible methods. 

Pullulan, a water-soluble film-forming 

agent, was discovered in oral consumable 

films by Spence S.H. et al. A film is 

likewise fostered that might convey 

rotavirus immunization to newborn 

children in ad libbed region. Using PVA as 

a polymer, Mashru R. C. et al. also 

created a salbutamol sulphate film that 

dissolves quickly. Renuka Sharma et al. 

created a taste-masked film. utilizing 

HPMC and Eudragit EPO. Additionally, a 
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number of patents have been assigned to 

oral water-soluble films. 

 

(c) Fast Caps. On the basis of gelatine 

capsules, a brand-new type of fast-

dissolving drug delivery system was 

developed. Fast capsules, in contrast to 

conventional hard capsules, include 

various additives and gelation of low 

bloom strength to enhance the capsule 

shell's mechanical and dissolution 

properties. High drug loading, the 

possibility of solid and liquid filling, the 

absence of compression of coated taste-

masked or extended release drug 

particles/pellets, good mechanical 

properties, simple manufacturing, 

mechanical stability, and the need for 

special packaging are all advantages of 

these rapidly disintegrating capsules. 

 

d) Bucco adheshive Tablets and Film: 

There has been a growing interest in the 

creation of novel muco- adhesive buccal 

dosage forms in recent years. These are 

useful for both local drug targeting to a 

specific part of the body and systemic 

drug delivery. Due to their susceptibility 

to "dose dumping phenomena," water-

soluble drugs are thought to be difficult to 

deliver in the form of sustained or 

controlled release preparations. 

Mucoadhesive polymers have been used 

to try to control their release so that they 

can only be taken once per day.  

 

e) Medicated Chewing Gums: A number 

of advantages make medicated chewing 

gum a desirable alternative for drug 

delivery, including ease of administration, 

individually controlled active substance 

release, and efficient buccal drug 

administration for the treatment of local 

oral disease and systemic action. To 

provide a promising controlled release 

drug delivery system, chewing gum is 

primarily used. 

 Sedated biting gums are presently 

accessible for help with discomfort, 

smoking end, travel sickness and 

renewing of breath. Chewing gum was 

made with a gum that repels water. 

Additionally, a brand-new chewing gum 

device known as 3Tab gum has been 

developed. Chewing gum in vitro release 

studies necessitate specialized 

instruments and equipment. 

 

5 CONCLUSION 

Close to conveyance medication to the 

body, a medication conveyance framework 

with a plan to work on persistent 

consistence and comfort are more 

significant. In order to meet the growing 

demand from patients for more 

convenient dosage forms, significant effort 

is being put into the development of novel 

dosage forms these days. These dosage 

forms are expected to gain popularity 

more quickly. Oral mucosal delivery is a 

convenient way to give medication to 

people who have trouble swallowing and 

to the general population. They also offer 

a chance to expand the product line in 

the market and extend the innovator's 

patent term.  
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Abstract - An abnormally high blood level of fatty substances known as lipids, 

most commonly cholesterol and triglycerides, is called hyperlipidemia. 

Protocatechuic acid's hypolipidemic effects in atherogenic diet-induced 

hyperlipidemia were the goal of this study. The rats treated with Protocatechuic 

acid at doses of 25 and 50 mg/kg showed significant reductions in total 

cholesterol, triglyceride, total protein, and high density lipoprotein cholesterol in an 

atherogenic diet-induced hyperlipidemic model. Therefore, taking into account the 

effects that were observed in this model, it has been hypothesized that 

protocatechuic acid had significant hypolipidemic activity. This could be because it 

increased reverse cholesterol transport or increased cholesterol metabolism by 

activating lipoprotein lipase. 

Keywords: Cholesterol, an atherogenic diet, protocatechuic acid, hyperlipidemia, 

and hypolipidemic activity 

 

1 INTRODUCTION  

Disorders of lipid metabolism, or 

hyperlipidemia, have been identified 

as one of the most significant risk 

factors for the occurrence and severity 

of atherosclerosis, stroke, and 

coronary heart disease1,2. 

Hyperlipidemia is described by raised 

serum all out cholesterol, low 

thickness lipoprotein, extremely low-

thickness lipoprotein (LDL, VLDL) 

cholesterol and diminished high-

thickness lipoprotein (HDL) levels. The 

accumulation of fatty substances 

within the blood vessel lining is 

referred to as atherosclerosis. In the 

arterial wall, lipids undergo 

peroxidative change, eventually 

causing tissue damage. It is 

characterized by hardening and  

 

thickening of the arterial walls and 

vascular areas with mononuclear and 

proliferating smooth muscle cells3. 

One of the main risk factors is 

a high level of cholesterol, especially 

LDL-cholesterol. Atherosclerosis-

related coronary heart disease 

remains a leading cause of death 

worldwide, both in developed and 

developing nations4. Atherosclerosis-

related clinical syndromes include 

myocardial and cerebral infarctions, 

which are the leading causes of death 

worldwide. In the treatment of 

hyperlipidemia, lipid-lowering 

medications like fibrates, statins, and 

bile acid sequestrants can have 

harmful side effects. As a result, a 

less harmful lipid-lowering medication 
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is urgently required. Patients with 

hyperlipidemia and related 

complications are managed with a 

variety of herbal treatments8. 

In Thailand, Hibiscus 

sabdariffa L. (roselle), also known as 

Krachiap daeng, it is widely grown. 

The primary component, which has a 

sour flavor and is utilized as a 

beverage and food colorant, is its red 

persistent calyx9. It is said to be a 

traditional Thai treatment for kidney 

stones. Additionally, it is used as an 

antifungal, antibacterial, 

hypocholesterolemic, diuretic, 

uricosuric, mild laxative, and 

antihypertensive10 

The dried calyx extracts of 

these plants are currently prepared 

for sale as health food products in the 

form of granules and tea. They are 

advertised as being diuretic, 

hypocholesterolemic, and 

antihypertensive. 

Since Hibiscus sabdariffa L. 

has hypocholesterolemic activity, the 

purpose of this study is to assess the 

hypolipidemic activity of its active 

component, protocatechuic acid, in 

rats subjected to hyperlipidemia 

caused by an atherogenic diet. 

 

2 MATERIALS AND METHODS  

Sigma Aldrich in the United States 

provided the protocatechuic acid. All 

other chemicals were locally sourced 

and of analytical grade. The HDL-C 

and cholesterol kits came from 

Biolabs diagnostics MH. The 

Triglycerides Kit was purchased from 

India's Erba Diagnostics MH. 

 

3 ANIMALS  

Adult male Wister albino rats 

weighing 200 to 220 grams were 

selected and kept in polypropylene 

cages in a room with a comfortable 

temperature of 27°C 1°C and 12-hour 

light and dark cycles. 

 The animals were fed a 

standard pellet diet and free access to 

water for seven days to help them 

adjust to their new surroundings. The 

creation of atherogenic diet utilized 

during the review was as given in 

Table-1. Every one of these treatment 

bunches comprised of six creatures 

/bunch. The Institutional Animal 

Ethics Committee (IAEC), which is 

part of the Committee for the Purpose 

of Control and Supervision of 

Experiments on Animals (CPCSEA), 

approved the study's protocol. 

 

4 DOSE SELECTION AND 

ADMINISTRATION 

According to reported activities, 

Protocatechuic acid at the doses of 25 

and 50 mg/kg p.o. /day 11 was 

selected for the study. 

Table 1 Composition of normal and atherogenic diet 

Composition  Normal diet 

(%) 

Atherogenic 

diet (%) 

Protein (Milk powder)  12 10 

Carbohydrates (Wheat flour)  71 61 

Sugar  05 05 

Fat (Butter)  05 16 

Salts  04 04 

Vitamins  01 02 
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Fibers  02 01 

Cholesterol  - 01 

Total Weight  100g 100g 

 

5 EXPERIMENTAL INDUCTION OF 

HYPERLIPIDEMIA 

In order to induce hyperlipidemia, the 

method reported by Bopanna et al.12 

was followed. The animals were 

divided into four groups of six rats 

each and they received the following 

diets with or without treatment for 45 

days orally: 

Group I: Normal diet 

Group II: Atherogenic diet containing 

1% cholesterol. 

Group III: Atherogenic diet + 

Protocatechuic acid (25 mg/kg/day). 

Group IV: Atherogenic diet + 

Protocatechuic acid (50 mg/kg/day). 

At the end of the treatment the rats 

were fasted overnight, blood was 

drawn from retro orbital plexus as per 

CPCSEA guidelines. Serum was 

separated and stored in refrigerator 

until assay. 

 

6 MEASUREMENT OF SERUM LIPID 

PROFILE  

Biochemical estimation kits (Biolabs 

diagnostics MH) were used for the 

photometric estimation of Total 

cholesterol (TC), total triglyceride (TG), 

total protein (TP) and total high 

density lipoprotein (HDL). The 

atherogenic index was calculated by 

using the following formula13.  

Atherogenic index = Total serum 

cholesterol/ Total serum HDL – 

Cholesterol 

 

7 CONCLUSION  

In rats subjected to atherogenic diet-

induced hyperlipidemia, treatment 

with protocatechuic acid resulted in a 

significant decrease in the serum level 

of lipids. Therefore, taking into 

consideration the effects that are 

depicted in this model, the potential 

mechanism of Protocatechuic acid 

may involve an increase in HDL-

cholesterol. This is because the 

Lecithin Cholesterol O-acyltransferase 

(LCAT) enzyme mobilizes cholesterol 

from peripheral cells to the liver15. 

The transesterification of cholesterol, 

HDL maturation, and cholesterol flux 

from cell membranes into HDL are all 

mediated by the LCAT enzyme. 

Therefore, we can conclude from the 

preceding findings that protocatechuic 

acid has hypolipidemic activity. 
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Abstract- Due to issues with the solubility of poorly water-soluble drugs, improving 

oral bioavailability of drugs remains one of the most difficult aspects of formulation 

development. The majority of new chemical entities (NCEs) are poorly soluble in 

water and poorly absorbed when taken orally. Improved solubility and, 

consequently, oral bioavailability of BCS class II drugs can be achieved through 

solid dispersion technologies. Solid dispersion methods have caught on because 

they make it easier to dissolve highly lipophilic drugs and make them more 

bioavailable. This article audits on characterization, different readiness techniques, 

benefits and inconveniences of strong scattering. 

Keywords: Carrier, Poorly water-soluble drug, Biopharmaceutical Classification, 

Solubility Enhancement, and Bioavailability Enhancement. 

 

1 INTRODUCTION 

A drug must be in solution for it to 

enter the systemic circulation and 

have a therapeutic effect, but 

relatively insoluble and poorly water-

soluble drugs cause problems. As a 

result, formulation scientists continue 

to face difficulties in enhancing 

solubility and, consequently, oral 

bioavailability. 

 The most common and most 

effective method of drug 

administration is via oral route. The 

majority of new chemical entities 

(NCEs) that are intended for use as 

solid dosage forms exhibit an effective 

and reproducible in vivo plasma 

concentration upon oral 

administration. This is due to the 

advantages of the oral route, such as 

ease of production, smaller bulk, 

precise dosage, and greater stability.  

 

After being taken orally, the drug first 

dissolves in the fluids of the stomach 

and/or intestines before permeating 

the GI tract's membranes and 

entering the systemic circulation. 

 As a result, a drug with a low 

aqueous solubility and a high 

membrane permeability will exhibit 

limited absorption rates at the 

dissolution rate and permeation rate, 

respectively. In order to increase the 

active pharmaceutical ingredient's 

(API) oral bioavailability, 

pharmaceutical research focuses on 

two aspects: i) boosting the solubility 

and rate of dissolution of drugs that 

are difficult to dissolve in water and ii) 

boosting the permeability of drugs 

that are difficult to penetrate3. BCS 

class II drugs are the focus of the 

majority of the solid dispersion 
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research reported. Drugs that have a 

high membrane permeability and low 

aqueous solubility are categorized as 

Class II drugs in the 

Biopharmaceutical Classification 

System (BCS). It is possible to 

increase their bioavailability and 

lessen side effects5-10 by enhancing 

these medications' drug release 

profiles. The modified Noyes-Whitney 

equation reveals some ways to 

increase the dissolution rate of even 

very poorly soluble compounds to 

lessen the barriers to oral 

bioavailability. 

 
Where, 

dC/dt = the rate of dissolution of 

drug, 

A = the surface area available for 

dissolution, 

D = the diffusion coefficient of the 

compound, 

Cs = the solubility of the compound in 

the dissolution medium, 

C = the concentration of drug in the 

medium at time t, 

h = the thickness of the diffusion 

boundary layer adjacent to the 

surface of the dissolving compound. 

 

2 SOLID SOLUTION 

Similar to liquid solutions, solid 

solutions only have one phase 

regardless of the number of 

components. Medication's molecule 

size has been decreased to its outright 

least viz. the carrier's dissolution rate 

determines both the molecular 

dimensions16 and the dissolution 

rate. Their miscibility (continuous 

versus discontinuous solid solutions) 

or the manner in which the solvate 

molecules are distributed in the 

solvendum (substitutional, interstitial, 

or amorphous) are the criteria for 

their classification. 

 

3 CONTINUOUS SOLID SOLUTIONS 

The fact that the components are 

miscible in all proportions in a 

continuous solid solution indicates 

that the bonding strength between the 

two components is greater than the 

bonding strength between the 

molecules of each component 

individually. The pharmaceutical 

literature has not yet reported any 

continuous solid solutions. 

 

3.1 Spray-Drying 

In this technique the medication and 

transporter is broken down or 

suspended and afterward showering it 

into a surge of hot wind current to 

dissipate the dissolvable. Van Drooge 

and others by spraying a solution of 

povidone and diazepam into liquid 

nitrogen and forming a suspension 

that was then lyophilized, an 

alternative solid dispersion was 

prepared. 

 

3.2 Freeze-Drying 

The freeze-drying procedure involves 

submerging the drug and carrier in a 

common solvent until they are 

completely frozen. After that, more 

lyophilization is done on the frozen 

solution. The drug is subjected to 

minimal thermal stress during the 

formation of the solid dispersion and 

the risk of phase separation is 

minimized when freeze drying, both of 

which are significant advantages. 

 

3.3 Supercritical Fluid Method 

Using this method, CO2 is 

simultaneously introduced into a 
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particle formation vessel through a 

nozzle while the drug and carrier are 

dissolved in a common solvent. The 

solid dispersion particles are 

precipitated as a result of the SCF 

rapidly extracting the solvent during 

spraying. 

 

3.4 Co-Precipitation Method 

In this technique non dissolvable is 

added drop wise to the medication 

and transporter arrangement, under 

consistent blending. So the 

medication and transporter are 

coprecipitated to frame miniature 

particles. The microparticle 

suspension is then dried and filtered. 

 

3.5 Dropping Method 

It is a new procedure in that a solid 

dispersion of a melted drug carrier 

mixture is pipetted and then dropped 

onto a plate, where it solidifies into 

round particles. This method also 

avoids the pulverization, sifting and 

compressibility difficulties. 

 

3.6 Advantages of Solid Dispersions 

Carriers with surface activity, such as 

cholic acid and bile salts, when used, 

can significantly increase the 

wettability properties of drugs. 

 A high surface area is formed, 

resulting in an increased dissolution 

rate and, consequently, improved 

bioavailability. 

 Solid dispersions containing 

linear polymers produce larger and 

more porous particles than those 

containing reticular polymers and, 

therefore, result in a higher 

dissolution rate. 

 Presenting drugs in amorphous 

form increase the solubility of the 

particles. 

3.7 Disadvantages of Solid 

Dispersions 

Problems with solid dispersion's 

commercial application, including (a) 

its method of preparation, (b) the 

reproducibility of its physicochemical 

properties, (c) its formulation into 

dosage forms, (d) the scaling up of 

manufacturing processes, and (e) the 

drug's and vehicle's physical and 

chemical stability. Stage partition, 

precious stone development or 

transformation of an item to more 

steady construction from metastable 

translucent structure during capacity 

are significant impediments as they 

bring about diminished solvency and 

hence disintegration rate. 

 

4 CONCLUSION 

Improve the solubility and oral 

bioavailability of poorly water-soluble 

drugs with solid dispersion. The drug 

is released as fine colloidal particles 

when the solid dispersion is exposed 

to aqueous media, dissolving the 

carrier. Because the carriers can 

either speed up or slow down drug 

release, this technology has a lot of 

potential for controlled release dosage 

forms. 

 

REFERENCES 
1. Ikegami K, “Bioavailability and in vivo 

release behavior of controlled release 

multiple-unit theophylline dosage forms 

in beagle dogs, cynomolgus monkeys, 

and gottingen minipigs”. J. Pharm. Sci., 

2006, 95, 1888–1895. 

2. Charman SA and Charman WN, Oral 

modified-release delivery systems. In 

Modified-Release Drug Delivery 

Technology (Rathbone, M.J. et al. eds), 

Marcel Dekker, 2003, 1–10. 

3. Lewis K, Dhirendra K, Udupan N, Atin 

K, Manipal College of Pharmaceutical 

Sciences, Manipal, Karnataka, India, 

Pak J. Pharm. Sci, 22, 2009, 234-246. 



 

INTERNATIONAL JOURNAL OF INNOVATION IN ENGINEERING RESEARCH & MANAGEMENT ISSN: 2348-4918 

 

UGC APPROVED JOURNALS No. 48708 

  

   VOLUME :04 Issue 02 Paper id-IJIERM-IV- II, April 2017  

4 

 

4. Amidon GL, Lennernas H, Shah VP, 

Crison JR, “Theoretical basis for a 

biopharmaceutical drug classification: 

the correlation of in vitro drug product 

dissolution and in vivo bioavailability”, 

Pharm Res, 1995, 2(3), 413-420. 

5. Van Drooge DJ, “Characterization of the 

molecular distribution of drugs in glassy 

solid dispersions at the nano-meter 

scale, using differential scanning 

calorimetry and gravimetric water 

vapour sorption techniques”, Int. J. 

Pharm., 2006, 310, 220–229. 

6. Streubel A, “Drug delivery to the upper 

small intestine window using 

gastroretentive technologies”, Curr. 

Opin. Pharmacol. 2006, 6, 501–508. 

7. Tanaka N, “Development of novel 

sustained-release system, 

disintegrationcontrolled matrix tablet 

(DCsMT) with solid dispersion granules 

of nilvadipine (II): In vivo evaluation”, J. 

Contr. Release, 112, 51–56. 

8. Leuner C, Dressman J, “Improving drug 

solubility for oral delivery using solid 

dispersions”, Eur. J. Pharm. Biopharm., 

2000, 50, 47–60. 

9. Majerik V, “Bioavailability enhancement 

of an active substance by supercritical 

antisolvent precipitation”, J. Supercrit. 

Fluids, 2007, 40, 101–110. 

10. Prabhu S, “Novel lipid-based 

formulations enhancing the in vitro 

dissolution and permeability 

characteristics of a poorly water-soluble 

model drug, Piroxicam”. Int. J. Pharm., 

2005, 301, 209–216. 

11. Noyes A, Whitney WR, “The rate of 

solution of solid substances in their own 

solutions”, J. Am. Chem. Soc, 1897, 19, 

930-934. 

12. Sekiguchi K, Obi N, “Studies on 

Absorption of Eutectic Mixture. I. A 

comparison of the behaviour of eutectic 

mixture of sulfathiazole and that of 

ordinary sulfathiazole in man’, Chem. 

Pharm. Bull, 9, 1961, 866-872. 

13. Goldberg AH, Gibaldi M, Kanig JL, 

“Increasing dissolution rates and 

gastrointestinal absorption of drugs via 

solid solutions and eutectic mixtures II -

experimental evaluation of a eutectic 

mixture: urea-acetaminophen system’, 

J. Pharm. Sci., 55, 1966, 482-487. 

14. Castellan GW, Physical Chemistry, 

Addison-Wesley, Menlo Park, CA, 1983, 

324-336. 

15. Swarbrick J, Encyclopedia of 

Pharmaceutical Technology, 3, 2006, 

775- 777. 

16. Goldberg AH, Gibaldi M, Kanig JL, 

“Increasing dissolution rates and 

gastrointestinal absorption of drugs via 

solid solutions and eutectic mixtures. I. 

Theoretical considerations and 

discussion of the literature”, J. Pharm. 

Sci, 1965, 54(8), 1145-1148. 

17. Hume-Rotherly W, Raynor GV, The 

Structure of Metals and Alloys, Institute 

of Metals, London, 1954. 

18. Chiou WL, Riegelman S, 

“Pharmaceutical applications of solid 

dispersion systems”, J. Pharm. Sci, 

1971, 60, 1281-1302. 

19. Reed-Hill RE, Physical Metallurgy 

Principles, Van-Nostrand, Princetown, 

NJ, 1964. 

20. Chiou WL, Riegelman S, “Preparation 

and dissolution characteristics of several 

fastrelease solid dispersions of 

griseofulvin”, J. Pharm. Sci. 1969, 58, 

1505-1510. 

21. Kreuter J, Dispersionen F, in: Kreuter J, 

Herzfeldt CD (Eds.), Grundlagen der 

Arzneiformenlehre Galenik, 2, Springer, 

Frankfurt am Main, 1999, 262-274. 

22. Vilhelmsen T, “Effect of a melt 

agglomeration process on agglomerates 

containing solid dispersions”, Int. J. 

Pharm., 303, 2005, 132–142. 

23. Mooter G, “Evaluation of Inutec SP as a 

new carrier in the formulation of solid 

dispersions for poorly soluble drugs”, 

Int. J. Pharm, 2006, 316, 1–6.  

24. Won DH, “Improved physicochemical 

characteristics of felodipine solid 

dispersion particles by supercritical 

antisolvent precipitation process”, Int. J. 

Pharm, 2005, 301, 199–208. 

25. Pokharkar VB, “Development, 

characterization and stabilization of 

amorphous form of a low Tg drug”, 

Powder Technol, 2006, 167, 20–25. 

 



ACCENT JOURNAL OF ECONOMICS ECOLOGY & ENGINEERING   Available Online: www.ajeee.co.in/index.php/AJEEE 
 
Vol. 02, Issue 07, July 2017 ISSN: 2456-1037 (INTERNATIONAL JOURNAL) UGC APPROVED NO. 48767 

1 
 

A REVIEW OF NIOSOMES AS A VIABLE DRUG DELIVERY SYSTEM 

 

Dr. Harikiran Lingabathula 

Asso. Professor, Department of Pharmacology Princeton College of Pharmacy, 

Hyderabad, Telangana, India 

Soorammagari Sunayana 

Asst. Professor, Department of Pharmacology Princeton College of Pharmacy, 

Hyderabad, Telangana, India 

 

Abstract - A novel method for delivering drugs, niosomes contain the medication 

within a vesicle. The term "Niosomes" refers to the bilayer of non-ionic surface 

active agents that make up the vesicle. The niosomes are extremely small, typically 

measured in microns. The nanometric scale describes their size. They have a 

number of advantages over liposomes despite being structurally similar to them. 

Since it has recently been demonstrated that niosomes can be used for both 

targeted drug delivery and transdermal drug delivery, further research into these 

structures may lead to the development of novel drug delivery strategies. 
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1 INTRODUCTION 

Niosomes are vesicles of a non-ionic 

surfactant that are produced when 

synthetic non-ionic surfactants are 

hydrated, either with or without 

cholesterol or other lipids added. They 

look like liposomes. That can serve as 

carriers for drugs that are lipophilic 

and amphiphilic. By limiting the 

drug's action to the target cells, it is 

less toxic and increases its 

therapeutic index. Niosomes are tiny, 

lamellar structures produced by 

combining cholesterol with a non-

ionic surfactant of the alkyl or dialkyl 

polyglycerol ether class and then 

hydrating the mixture in aqueous 

media. 

 The properties of the vesicles 

can be changed by shifting the 

sythesis of the vesicles, size, 

lamellarity, tapped volume, surface 

charge and focus. 

 Within the vesicle, a variety of 

forces operate, such as van der Waals 

forces between surfactant molecules,  

 

repulsive forces resulting from 

electrostatic interactions between 

charged groups of surfactant 

molecules, entropic repulsive forces of 

surfactant head groups, short-acting 

repulsive forces, etc. The vesicular 

structure of niosomes is maintained 

by these forces. In any case, the 

dependability of niosomes are 

impacted by kind of surfactant, 

nature of epitomized drug, capacity 

temperature, cleansers, utilization of 

layer spreading over lipids, the 

interfacial polymerization of 

surfactant monomers in situ, 

consideration of charged atom. 

 Niosomes may release the drug 

in a controlled manner as a depot. By 

preventing the drug from entering the 

biological environment and limiting its 

effects to target cells, delayed 

clearance from the circulation can 

also improve the herapeutic 

performance of the drug molecules. 
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 Niosomes resemble liposomes 

in that they entrap solute. They are 

osmotically active, stable on their 

own, and they also improve the 

entrapped drugs' stability. 

Surfactants do not require any special 

conditions for handling or storage. 

Due to their infrastructure of 

hydrophilic and hydrophobic moieties 

working together, niosomes are able 

to accommodate drug molecules of 

varying solubilities. They can be 

designed to suit the desired situation 

and have structural characteristics 

like composition, fluidity, and size 

that are flexible. Niosomes enhance 

drug penetration through the skin 

and increase the oral bioavailability of 

poorly absorbed drugs8. They can be 

administered orally (niosomes are 

better absorbed than liposomes 

because phospholipids have been 

replaced by nonionic surfactants, 

making niosomes less susceptible to 

the action of bile salts), parenterally9, 

or topically. By incorporating 

hydrophilic groups such as poly 

(ethylene glycol), concanavalin A, and 

polysaccharide into the non-ionic 

surfactant, they function as stealth or 

long-circulating niosomes and make it 

possible for hydrophilic moieties to 

attach to their surface and cause 

changes in vivo. To control the rate of 

drug delivery, niosomal dispersion in 

the aqueous phase can be emulsified 

in the non-aqueous phase and 

administered to normal vesicles in the 

extended non-aqueous phase. 

 

2 NIOSOMES Vs. LIPOSOMES 

Niosomes are vesicles of a non-ionic 

surfactant that are produced when 

synthetic non-ionic surfactants are 

hydrated, either with or without 

cholesterol or other lipids added. They 

look like liposomes. That can serve as 

carriers for drugs that are lipophilic 

and amphiphilic. By limiting the 

drug's action to the target cells, it is 

less toxic and increases its 

therapeutic index. Niosomes are tiny, 

lamellar structures produced by 

combining cholesterol with a non-

ionic surfactant of the alkyl or dialkyl 

polyglycerol ether class and then 

hydrating the mixture in aqueous 

media. 

 The properties of the vesicles 

can be changed by shifting the 

sythesis of the vesicles, size, 

lamellarity, tapped volume, surface 

charge and focus. 

 Within the vesicle, a variety of 

forces operate, such as van der Waals 

forces between surfactant molecules, 

repulsive forces resulting from 

electrostatic interactions between 

charged groups of surfactant 

molecules, entropic repulsive forces of 

surfactant head groups, short-acting 

repulsive forces, etc. The vesicular 

structure of niosomes is maintained 

by these forces. In any case, the 

dependability of niosomes are 

impacted by kind of surfactant, 

nature of epitomized drug, capacity 

temperature, cleansers, utilization of 

layer spreading over lipids, the 

interfacial polymerization of 

surfactant monomers in situ, 

consideration of charged atom. 

 Niosomes may release the drug 

in a controlled manner as a depot. By 

preventing the drug from entering the 

biological environment and limiting its 

effects to target cells, delayed 

clearance from the circulation can 

also improve the herapeutic 

performance of the drug molecules. 

 Niosomes resemble liposomes 

in that they entrap solute. They are 
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osmotically active, stable on their 

own, and they also improve the 

entrapped drugs' stability. 

Surfactants do not require any special 

conditions for handling or storage. 

Due to their infrastructure of 

hydrophilic and hydrophobic moieties 

working together, niosomes are able 

to accommodate drug molecules of 

varying solubilities6. They can be 

designed to suit the desired situation7 

and have structural characteristics 

like composition, fluidity, and size 

that are flexible. Niosomes enhance 

drug penetration through the skin 

and increase the oral bioavailability of 

poorly absorbed drugs. They can be 

administered orally (niosomes are 

better absorbed than liposomes 

because phospholipids have been 

replaced by nonionic surfactants, 

making niosomes less susceptible to 

the action of bile salts), parenterally9, 

or topically. By incorporating 

hydrophilic groups such as poly 

(ethylene glycol), concanavalin A, and 

polysaccharide into the non-ionic 

surfactant, they function as stealth or 

long-circulating niosomes and make it 

possible for hydrophilic moieties to 

attach to their surface and cause 

changes in vivo. To control the rate of 

drug delivery, niosomal dispersion in 

the aqueous phase can be emulsified 

in the non-aqueous phase and 

administered to normal vesicles in the 

extended non-aqueous phase. 

 

3 METHOD OF PREPARATION 

A. The ether injection method This 

technique makes niosomes by slowly 

introducing a surfactant solution 

dissolved in diethyl ether into warm, 

60°C water. A 14-gauge needle is used 

to inject the ether-surfactant mixture 

into an aqueous material solution. 

Vesicles with one layer are formed 

when ether is vaporized. The vesicle's 

diameter can range anywhere from 50 

to 1000 nm depending on the 

conditions that were used. 

 

B. Hand shaking (Thin film 

hydration technique) In a round 

bottom flask, the mixture of vesicle-

forming ingredients like cholesterol 

and surfactant is dissolved in a 

volatile organic solvent like diethyl 

ether, chloroform, or methanol. Using 

a rotary evaporator, the organic 

solvent is evaporated at room 

temperature (20°C), leaving behind a 

thin layer of solid mixture on the 

flask's wall. At temperatures between 

0 and 60 °C, the dried surfactant film 

can be gently rehydrated with 

aqueous phase. The typical 

multilamellar niosome is produced by 

this process. By evaporating the 

organic solvent at 60°C and leaving a 

thin layer of lipid on the wall of the 

rotary flash evaporator, 

thermosensitive niosomes were made. 

The drug-containing aqueous phase 

was slowly added by intermittently 

shaking the flask at room temperature 

and then by sonication. 

 

4 APPLICATIONS 

1) Neoplasia 

Doxorubicin, the anthracyclic 

antibiotic with broad spectrum anti 

tumor activity, shows a dose 

dependant irreversible cardio toxic 

effect. Niosomal delivery of this drug 

to mice bearing S-180 tumor 

increased their life span and 

decreased the rate of proliferation of 

sarcoma. Niosomal entrapment 

increased the half-life of the drug, 

prolonged its circulation and altered 

its metabolism. Intravenous 
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administration of methotrexate 

entrapped in niosomes to S-180 

tumor bearing mice resulted in total 

regression of tumor and also higher 

plasma level and slower elimination. 

 

2) Targeting of bioactive agents  

a) To reticulo-endothelial system 

(RES)  

The cells of RES preferentially take up 

the vesicles. The uptake of niosomes 

by the cells is also by circulating 

serum factors known as opsonins, 

which mark them for clearance. Such 

localized drug accumulation has, 

however, been exploited in treatment 

of animal tumors known to 

metastasize to the liver and spleen 

and in parasitic infestation of liver. 

 

(b) To organs other than RES 

It has been suggested that carrier 

system can be directed to specific 

sites in the body by use of antibodies. 

Immunoglobulins seem to bind quite 

readily to the lipid surface, thus 

offering a convenient means for 

targeting of drug carrier. Many cells 

possess the intrinsic ability to 

recognize and bind particular 

carbohydrate determinants and this 

can be exploited to direct carriers 

system to particular cells. 

 

3) Leishmaniasis 

Niosomes can be used for targeting of 

drug in the treatment of diseases in 

which the infecting organism resides 

in the organ of reticuloendothelial 

system. Leishmaniasis is such a 

disease in which parasite invades 

cells of liver and spleen. The 

commonly prescribed drugs are 

antimonials, which are related to 

arsenic, and at high concentration 

they damage the heart, liver and 

kidney. 

 

5 NIOSOMES AS DRUG CARRIERS 

Muramic acid and triglycerol surfaces 

on doxorubicin niosomes were not 

significantly absorbed by the liver. 

Muramic acid vesicles and triglycerol 

niosomes accumulated in the tumor 

and spleen, respectively. The 

polyoxyethylene-coated vesicles were 

rapidly absorbed by the liver and less 

extensively accumulated in the tumor. 

Methotrexate-loaded niosomes 

were prepared and administered to 

mice via oral and intravenous routes 

by Azmin et al.8. When compared to 

the free drug solution, they observed a 

significant increase in Methotrexate 

uptake in the liver from niosomes and 

a significant prolongation of plasma 

levels. 

By incorporating polyethylene 

alkyl ether into the bilayered 

structure of niosomes, Cable et al.35 

altered the surface of the particles. 

They looked at the delivery example 

and plasma level of Doxorubucin in 

niosomes and Doxorubucin blended 

in with void niosomes and noticed a 

maintained and higher plasma level of 

doxorubicin from niosomes in mice. 

The anti-inflammatory 

properties of niosome-encapsulated 

Diclofenac sodium in arthritic rats 

were documented by Raja Naresh et 

al.19. It was discovered that the 

niosomal formulation made by mixing 

Tween 85 in a 1:1 ratio produced a 

more consistent anti-inflammatory 

effect that lasted for more than 72 

hours after a single dose was taken. 

Namdeo et al announced the 

definition and assessment of 

Indomethacin stacked niosomes and 

showed that helpful adequacy 
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expanded and all the while poisonous 

aftereffect decreased as contrasted 

and free Indomethacin in pawoedema 

bearing rodents. Methotrexate 

niosome formation and 

pharmacokinetic evaluation in tumor-

bearing mice were documented by 

Chandraprakash. 

 

6 CONCLUSION 

The use of liposomes or niosomes 

allows for improved drug targeting at 

the appropriate tissue. Niosomes are a 

magical module for the delivery of 

drugs. Niosomes are thought to be 

better candidates for drug delivery 

than liposomes due to various factors 

such as cost, stability, and so on 

because they have a structure that is 

similar to that of a liposome. As a 

result, they can represent alternative 

vesicular systems in comparison to 

liposomes. Niosomes can be used for 

targeting, ophthalmic, topical, 

parenteral, and other forms of drug 

delivery. Because it is a promising 

targeted drug delivery system, 

research is ongoing to develop a 

suitable technology for large-scale 

production. Niosomes are an 

alternative to liposomes that are 

biodegradable, relatively nontoxic, 

and more stable. 
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Abstract - Before being administered to the body, in situ gel drug delivery systems 

are used in sol form; however, once administered, they undergo gelation in situ to 

form a gel. The changes in temperature, pH, the presence of ions and ultraviolet 

irradiation, electrical sensitivity, and enzyme sensitivity all play a role in the 

formation of the gel, which is where the drug is released in a controlled and 

sustained manner. Hydrogels used in biomedical applications typically have 

aqueous solutions that are typically liquid at room temperature and gel at 

physiological temperature. When compared to conventional drug delivery systems, 

the in situ gel-forming polymeric formulations offer a number of advantages, 

including sustained and prolonged action. From a manufacturing perspective, the 

investment and manufacturing costs are lower because these devices are produced 

with less complexity. The use of natural and synthetic polymers as polymers is the 

focus of this review. 

Keywords: In-situ drug delivery, transformation from sol to gel, natural and 

synthetic polymers. 

 

1 INTRODUCTION 

The development of drug 

administration vehicles that are 

technologically superior is a major 

objective of pharmaceutical 

technology. Imaginative cycles 

permitted an upgrade in the 

organoleptic properties of the 

arrangements and the amplification of 

the solidness and bioavailability. The 

low solubility of approximately fifty 

percent of the approved active 

molecules in the physiological 

aqueous environment, which results 

in limited gastrointestinal absorption 

and poor bioavailability, is still a 

drawback. Although parenteral and 

even topical formulations face 

challenges due to limited solubility, 

oral administration of therapeutic  

 

agents is the method of choice for 

ensuring patient compliance. 

 because higher bioavailability 

typically correlates well with improved 

solubility. To ensure the proper drug 

solubilization, a number of 

nanotechnological strategies are being 

pursued4. Nanoparticle engineering is 

one worth mentioning among them. 

 Hydrogels are polymeric 

organizations that can ingest and hold 

a lot of water and natural liquids and 

swell, actually keeping up with their 

three-layered structure. The hydrogel 

structure is created when these 

polymeric networks' hydrophilic 

domains are hydrated in an aqueous 

environment. The presence of cross-

links that prevent the hydrophilic 
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polymer from dissolving in an 

aqueous medium is referred to as a 

network. Hydrogels outperform other 

drug delivery systems thanks to their 

biocompatibility and superior 

mechanical and optical properties. 

Hydrogel degradation products are 

typically less toxic or nontoxic. Protein 

adsorption and cell adhesion on the 

hydrogel's surface are minimized by a 

lower interfacial tension between the 

hydrogel's surface and the 

physiological fluid. When used as in 

vivo implants, the soft, rubbery 

nature of hydrogels can also reduce 

mechanical irritation. There are 

currently two distinct categories of 

hydrogels: preformed and in situ-

forming gels. Preformed hydro gels are 

straightforward, viscous solutions 

that do not change after being 

administered. Formulations applied 

as solutions, sols, or suspensions that 

undergo gelation following instillation 

due to stomach-specific 

physicochemical changes are known 

as in situ gels. 

 

1.1 In-Situ Gel Delivery Systems 

After the composition or formulation 

has been applied to the application 

site, a process known as in-situ 

gelation occurs. The terms "sites of 

application" and "injection sites," 

"topical application sites," and 

"surgical sites," respectively, all refer 

to locations in human and animal 

medicine where the agents come into 

contact with tissues or bodily fluids. 

As a medication conveyance 

specialist, the in-situ gel enjoys a 

benefit connected with the gel or 

polymer network being shaped in-situ 

giving supported arrival of the 

medication. Simultaneously, it allows 

the medication to be conveyed in a 

fluid structure. The Latin word "in 

situ" means "in the place." 

 U.S. Pat. reveals the 

compositions for in-situ gelation made 

with ionic polysaccharides. No. 

5,958,443, which reveals 

compositions that include a drug, a 

film-forming polymer, and an ionic 

polysaccharide that forms a gel (like 

alginate). These compositions utilized 

two independently applied 

components: a solution of cross-

linking cations is applied to the site, 

and a second liquid component, 

which consists of the drug, a film-

forming polymer, and an ionic 

polysaccharide, reacts with the cross-

linking ions to form a gel. Starches 

and modified celluloses, gellan, 

chitosan, hyaluronic acids, pectins, 

and other similar polymers have also 

been used in drug delivery 

formulations that may or may not 

have formed cross-linked gels. 

 

2 NATURAL POLYMERS AND 

DERIVATIVES 

Many natural polymers have been 

shown to exhibit gelation upon 

temperature change. Researchers 

have used them alone or in 

combination with synthetic polymers 

to fabricate thermally responsive 

hydrogels with desired properties. 

 

3 POLYSACCHARIDES CELLULOSE 

DERIVATIVES 

Natural polymers can be used to 

make thermoreversible gels. When the 

temperature of the majority of natural 

polymer aqueous solutions is 

decreased, a gel phase develops. 

Gelatin and carrageenan are classic 

examples of natural polymers that 

transition from sol to gel. In solution, 

these polymers take on a random coil 
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shape at high temperatures. Partially 

helix formation results in the 

formation of a continuous network 

upon cooling. This gelation 

mechanism is not applicable to all 

cellulose derivatives. Their aqueous 

solutions are liquid at low 

temperatures at low concentrations 

(1–10%wt), but they gel when heated. 

Examples of such polymers include 

hydroxypropyl methylcellulose 

(HPMC) and methylcellulose 

(methylcellulose). HPMC undergoes a 

phase transition between 75 and 90 

oC, whereas methylcellulose solutions 

turn opaque gels between 40 and 50 

oC. These phase transition 

temperatures can be lowered through 

chemical or physical modifications. 

Gelation of methylcellulose or HPMC 

solutions is primarily caused by the 

hydrophobic interaction between 

molecules containing methoxy 

substitution. For instance, NaCl 

lowers the transition temperature of 

methylcellulose solutions to 32–34 oC, 

while reducing the hydroxypropyl 

molar substitution of HPMC lowers its 

transition temperature to 40 oC. The 

macromolecules are hydrated at low 

temperatures, and the only 

interaction between polymers is 

simple entanglement. The polymers 

gradually lose their water of hydration 

as the temperature rises, as evidenced 

by a decrease in relative viscosity.  

 

4 GELLAN GUM 

Gellan gum is a commercially 

available exocellular polysaccharide 

that is linear, anionic, and 

deacetylated. It is produced by the 

microbe Sphingomonas paucimobilis, 

which was formerly known as 

Pseudomonas elodea. It has a 

tetrasaccharide repeating unit that 

consists of one -L-rhamnose, one -D-

glucuronic acid, and two - The 

temperature-dependent and cation-

induced gelation that results in the 

formation of double-helical junction 

zones and the aggregation of the 

double-helical segments into a three-

dimensional network through 

complexation with cations and 

hydrogen bonding with water is its 

distinctive property. Gelrite w or 

Kelcogel w (Kelco division of Merck 

and Co., USA) are the names given to 

the acetylated form. Deacetylated 

gellan gum is approved for use as a 

gelling, stabilizing, and suspending 

agent in food products in both the US 

and the EU. The presence of 

monovalent or divalent ions like Na+ 

and Ca2+ causes the sol-gel 

transition. The temperature of the 

preparation, the polysaccharide 

concentration, and the nature and 

concentration of cations are some 

additional parameters that have an 

impact on the phase transition. 

 When it came to promoting the 

gellation of the polysaccharide, it was 

determined that divalent ions like 

calcium or magnesium performed 

better than monovalent cations did. 

Deacetylated gellan gum has been 

extensively studied for use as an in 

situ gelling agent in ocular 

formulations due to its capacity to 

form strong, clear gels at physiological 

ion concentrations. It has been 

accounted for to give an essentially 

drawn out corneal contact time in 

correlation with customary 

arrangements and is as of now 

promoted in the controlled-discharge 

timolol plan Blocadren Warehouse 

(Timoptic-XEw). Gellan gum has also 

been proposed as a promising polymer 

for nasal formulations. 
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 However, to our knowledge, it 

has only been included in one study 

on this topic, in which it was 

demonstrated to moderately enhance 

the local and serum antibody 

response in mice following viral 

antigen administration via nasal 

route. On the other hand, 

temperature and pH-responsive gels 

and other in situ gelling systems that 

have been shown to increase 

residence time and enhance drug 

absorption have appeared more 

frequently in nasal drug delivery 

studies. This material's use in 

ophthalmic drug delivery has received 

the most attention in the 

pharmaceutical industry; Due to the 

temperature and ionic conditions in 

the tear fluid, aqueous gellan 

solutions dropped into the eye change 

into a gel. However, accidental 

gelation does not occur during storage 

like it does with thermo reversible gels 

because the presence of lachrymal 

fluid is required to elicit gel formation. 

However, the concentration of sodium 

chloride that is sufficient to elicit 

gelation is between 2 and 6 g/l. 

 

5 SODIUM ALGINATE 

Alginic acid is a linear block 

copolymer polysaccharide that is 

linked by a 1,4-glycosidic link 

between the residues -D-mannuronic 

acid (M) and -L-guluronic acid (G). 

The algal source determines how each 

block is distributed and how it is 

arranged along the molecule. When 

di- and trivalent metal ions are added 

to diluted aqueous solutions of 

alginates, a co-operative process 

involving consecutive guluronic 

residues in the G blocks of the 

alginate chain results in firm gels. 

This property has been widely used to 

create vehicles, usually as matrix 

devices, for the long-term delivery of 

bioactive molecules. It comprises 

predominantly of sodium salt of 

Alginic corrosive; Each unit of a 

polyuronic acid has a free - D- 

mannuronic acid carboxyl group, and 

the glycosidic linkage protects the 

aldehyde group. 

 Alginates have only been 

mentioned in a few reports when they 

are used in oral sustained release 

liquid preparations. Zatz and 

Woodford created a sodium alginate-

containing suspension of theophylline 

that gelled upon contact with 

simulated gastric fluid. For the 

purpose of eliminating Helicobacter 

pylori, a liquid sustained release 

formulation containing sodium 

alginate was presented by another 

author. In this formulation, in situ 

gelling was achieved by administering 

a calcium salt solution orally 

immediately following the sodium 

alginate solution. Similar to the 

above-mentioned method for gellan in 

situ gelation, a different approach to 

achieving in situ gelation of sodium 

alginate solutions has been reported. 

Through complexation of the Ca2+ 

ions with sodium citrate, gelation of a 

sodium alginate solution containing 

Ca2+ ions is delayed until the 

preparation reaches the stomach's 

acidic environment. Despite the fact 

that the aforementioned commercial 

preparations contain sodium alginate, 

they do not include a metal ion 

source. Naturally, these commercial 

preparations do not intend for the 

alginate to form a gel matrix in the 

stomach, as in the formulations 

discussed, but rather to form a raft on 

the surface, thereby reducing acid 

regurgitation. 
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6 CONCLUSION 

The decision of a specific hydrogel 

relies upon its natural properties and 

imagined helpful use. When 

ophthalmic applications are taken 

into consideration, for instance, the 

formation of a transparent gel is of 

particular significance. Gels that are 

not biodegradable may be useful for 

administration methods other than 

parenteral. Perhaps the most 

extensively studied systems are 

poloxamer hydrogels. However, 

despite their clinical acceptance as 

solubilizers and thickeners, 

poloxamers have not lived up to initial 

expectations as biomedical implants. 

This is primarily due to the fact that 

these polymers are not biodegradable 

and cannot provide sustained drug 

delivery for more than a few days. In 

most cases, polysaccharides have 

good biocompatibility and/or 

biodegradability, and their solutions, 

even at low polymeric concentrations, 

are thermosensitive. Due to their 

large, water-filled pores, these 

systems may not be suitable for the 

sustained release of hydrophilic, low 

molecular weight drugs. On the other 

hand, they provide sufficient scaffolds 

for tissue repair and cell growth. One 

of the thermoresponsive systems that 

has received the most research is 

poly(N-isopropylacrylamide) and its 

copolymers with other polymers, 

whether they are synthetic or natural. 

The intrinsic shortcomings of 

pNiPAAm, such as its non-

biodegradability and mechanical 

properties, can be mitigated with the 

proper copolymerization. 

For pharmaceutical purposes, 

PEO/PLGA hydrogel systems are 

particularly appealing. They generally 

have a favorable safety profile and are 

biodegradable. After parenteral 

extravascular administration, their 

composition can be tailored to provide 

drug delivery for several weeks or 

months. The use of in-situ gels with a 

thermosensitive sol–gel behavior as 

cell carriers for tissue regeneration 

has recently been reported. 
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Abstract - Gas filled microbubbles are notable as ultrasound contrast specialists for clinical 

ultrasound imaging and for painless conveyance of medications and qualities to various 

tissues. The term "microbubbles" refers to air- or gas-filled microspheres that are 

suspended in a liquid carrier phase after being introduced. Surfactants control the bubble's 

stability and surface properties in the liquid phase. Microbubbles are made from 

biocompatible materials, so they can be infused intravenously. Because their average size is 

less than that of red blood cells (RBCs), microbubbles are able to penetrate even the tiniest 

blood capillaries and release drugs or genes embedded on their surface when ultrasound is 

applied. The radiation that is used in ultrasound is safe. Due to its low cost and speed, the 

majority of doctors today prefer ultrasound imaging with microbubbles to other diagnostic 

methods. The target organs and tissues can be pinpointed by focusing the ultrasonic field; 

As a result, the treatment's selectivity can be enhanced, reducing undesirable side effects. 

Targeting ligands have recently been attached to the surface of microbubbles, and they 

have been widely used in the diagnosis and treatment of cancer, the cardiovascular system, 

and other tumors. The characteristics of microbubbles that give them therapeutic 

properties and some important ultrasound parameters that are known to influence 

microbubble-mediated drug delivery are the primary topics of this review. Additionally, new 

therapeutic applications of microbubbles are the subject of current research. 

Keywords: Ultrasound, a contrast agent, a microbubble, and targeted drug delivery. 

 

1 INTRODUCTION 

The primary objective of using 

microbubbles for drug delivery and 

targeting is to lessen unwanted side 

effects like toxicity in healthy tissues and 

increase drug efficacy in the area where 

disease cells are formed. Various external 

energy fields, such as light (photodynamic 

therapy), neutron beam (boron neutron 

capture therapy), magnetic field (targeted 

accumulation of magnetic drug carrier in 

tissues close to the magnet), or 

mechanical energy, are utilized for the 

drug's action and/or deposition in the 

targeted region. We used mechanical 

energy in the form of ultrasound 

irradiation to enhance drug action. Drug 

delivery into tissue and cells is improved 

by ultrasound. 

For ultrasound (US) diagnostics 

and imaging of the presence of ultrasound 

energy deposition foci in the tissues,  

 

microbubbles are referred to as contrast 

agents. By disrupting cell membranes, 

they make cells more permeabile. 

Recently, it is anticipated that 

microbubbles will find additional  

applications in therapy as effective 

and secure targeted drug and gene 

carriers. The intrinsic compressibility of 

microbubbles is approximately 17,000 

times greater than that of water, and their 

size range is 100 m to 100 m. 

Microbubbles are colloidal particles filled 

with gas. They are also known as 

ultrasound contrast agents because they 

scatter ultrasound very strongly.3 Gas-

filled microbubbles that are injected into 

the bloodstream can act as cavitation 

nuclei. Therefore, they can be used for a 

wide range of ultrasound-mediated drug 

delivery applications4. The primary use of 

ultrasound and microbubbles is for the 
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targeted delivery of drugs and genes to a 

particular area of the disease. These 

targeted microbubbles would carry a drug 

or gene to a specific area of interest when 

exposed to sufficiently high-amplitude 

ultrasound. After that, ultrasound is used 

to burst the microbubbles, resulting in 

site-specific delivery of the bioactive 

material.  

 

1.1 Gas Phase  

a gas core that is encased in a protein 

(albumin), lipid, surfactant, or 

biocompatible polymer shell that is more 

or less pliable. Medical ultrasound 

imaging commonly uses encapsulated gas 

microbubbles as contrast agents. The 

primary goal of encapsulation is to 

increase the material's resistance to gas 

loss, dissolution, and microbubble 

coalescence. By reducing the surface 

tension of the microbubble to values that 

are close to zero, a surfactant layer 

extends the microbubble's half-life. 

In gas phases, a single gas or a 

combination of gases is typically used. By 

generating gas osmotic pressure, 

combination gases are used to stabilize 

the microbubbles by causing a difference 

in partial pressure. 

 

Two kinds of gases are involved in a 

combination: 

1. The primary modifier gas, or first 

gas, is one. Eg. Nitrogen 2, air 

Second gas, also known as gas 

osmotic agent; which is less 

permeable than the modifier gas 

through the surface of the 

microbubble. As long as it has a 

sufficient partial vapour pressure at 

the temperature of use to produce 

the desired osmotic effect, a gas 

osmotic agent can typically be either 

a liquid or a gas at room 

temperature. Eg. Perfluorocarbons 

and sulfur hexafluoride are 

examples of heavy gases. 

2. The gas center is the main piece of 

the ultrasound contrast 

microbubble in light of the fact that 

it decides the echogenicity. In 

contrast-enhanced ultrasound, the 

strong and distinctive sonogram is 

produced by gas bubbles 

compressing, oscillating, and 

reflecting in an ultrasonic frequency 

field. Weighty gases are less water-

dissolvable so they are less inclined 

to spill out from the microbubble to 

weaken echogenicity. As a result, 

microbubbles with dense gas cores 

are more likely to circulate for 

longer. Because they are smaller 

than red blood cells, they are able to 

flow through the tiny blood 

capillaries and release drugs and 

genes when an ultrasound field is 

applied. 

 

2.2 Shell Material  

The composition of the shell and the 

microbubbles' resistance to rupture in the 

ultrasound pressure field determine their 

stiffness. The gas phase is encased by the 

shell material. Its major role in the 

microbubble's mechanical properties and 

gas diffusion out of the bubble. The shell 

material also affects microbubbles' 

elasticity or compressibility. The immune 

system's ability to absorb the microbubble 

depends on the shell material that is 

chosen. Because the shell material is 

more elastic, it needs more acoustic 

energy to withstand before bursting or 

breaking up, which increases the bubbles' 

stay in the body. The body easily absorbs 

shell material that is more hydrophilic, 

which reduces the bubbles' residence time 

in the body. The time available for 

contrast imaging is shortened as a result. 

Eg: carbohydrates like galactose, 

phosholipids like phosphotidylcholine, 

and proteins like albumin, among others  

 

2.3. Aqueous or Liquid Phase  

The outer, persistent fluid stage contains 

a surfactant or frothing specialist. 

Surfactants reasonable for use remember 

any compound or creation that guides for 

the development and support of the 

microbubble film by shaping a layer at the 

http://www.ajeee.co.in/index.php/AJEEE


ACCENT JOURNAL OF ECONOMICS ECOLOGY & ENGINEERING   Available Online: www.ajeee.co.in/index.php/AJEEE 
 
Vol. 02, Issue 07, July 2017 ISSN: 2456-1037 (INTERNATIONAL JOURNAL) UGC APPROVED NO. 48767 

3 
 

interphase. The frothing specialist or 

surfactant might contain a solitary part or 

any mix of mixtures, like on account of 

co-surfactants. 

Eg: Polyoxypropylene, 

polyoxyethylene, sugar esters, fatty 

alcohols, aliphatic amine oxides, 

hyaluronic acid esters and salts, 

dodecylpoly (ethyleneoxy) ethanol, and so 

on are examples of block copolymers. 

Surfactants with no ions: Copolymers of 

polyoxyehylene and polyoxypropylene, like 

Pluronic F-68, polyoxyethylene stearates, 

polyoxyethylene greasy liquor ethers, 

polyoxyethylated sorbitan unsaturated fat 

esters, glycerol polyethylene glycol 

ricinoleate and so on. 

 

2.4. Other Components  

Osmotic agents, stabilizers, chelators, 

buffers, viscosity modulators, air 

solubility modifiers, salts, and sugars can 

all be added to the formulation to fine-

tune the microbubble suspensions for 

maximum shelf life and contrast 

enhancement. 

It is possible for the oxygen- or air-

most microbubbles to remain suspended 

in water for an extended period of time. 

Air filled the first generation of 

microbubbles, like Albunex®. As a result 

of the great solvency of air in blood and a 

slight (10-15 nm) protein shell coat that 

was not a decent obstruction against gas 

dispersion, these microbubbles vanished 

from the circulation system inside the 

space of seconds after organization. 

Second- and third-generation contrast 

agents make use of inert, high-molecular-

weight gases like sulfur hexafluoride or 

perfluorocarbons. The lifespan of 

microbubbles in the circulation is 

extended by their low diffusion coefficient 

and low solubility. 

 

3 CHARACTERISATION OF MICRO-

BUBBLE  

1. Microbubble Diameter & Size 

Distribution: Measure by Laser light 

Scattering, Scanning Electron 

Microscopy and Transmission 

Electron Microscopy.  

2. Shell Thickness: By the coating the 

microbubbles with the fluorescent 

dye using Fluorescent Microscopy 

against a dark background.  

3. Microbubble Concentration: 

Measure by counting the number of 

microbubbles per ml by using the 

Coulter Counter Machine.  

Air Content by densitometry: The 

content of air encapsulated within the 

microbubbles in the suspension samples 

is measured by oscillation U-tube 

densitometry with a DMA-58.  

 

4 METHODS TO PREPARE 

MICROBUBBLES 

The various approaches that can be 

utilized to make these microbubbles, such 

as cross-linking polymerization, emulsion 

solvent evaporation, atomization and 

reconstitution, and sonication. 

1. Cross Linking Polymerization: This 

method involves vigorously stirring a 

polymeric solution (2% PVA in water) to 

produce a fine foam of the polymer that 

serves as a colloidal stabilizer and a 

bubble coating agent. Microbubbles float 

on the surface of the mixture following the 

cross-linking of the polymer. Dialyzed 

microbubbles that are floating are 

extensively separated. The cross-linking 

reaction is stopped by neutralizing the 

mixture when HCl or H2SO4 is added as 

a catalyst, and microbubbles are then 

separated.) 

2. Emulsion Solvent Evaporation This 

method produces two solutions: one is an 

aqueous solution with the right 

surfactant, which could be an amphilic 

biopolymer like gelatine, collagen, 

albumin, or globulins. The emulsion 

system's outer continuous phase is 

created by this. The second is made by 

dissolving a wall-forming polymer in a 

mixture of two organic liquids that are 

insoluble in water. For the polymer, one of 

the organic liquids is a relatively volatile 

solvent, while the other is a relatively 

nonvolatile nonsolvent. To create an 
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emulsion, the polymer solution is 

agitatedly added to the aqueous solution. 

The step of emulsification continues until 

the inner phase droplets reach the desired 

size. The microbubble's size will be 

determined by the size of the droplet. 

3. Atomization and Reconstitution To 

create a spray-dried surfactant solution, a 

surfactant solution is atomized into a 

heated gas, resulting in the formation of 

porous spheres containing the primary 

modifier gas. After that, these spheres 

with holes are put in a vial; The second 

gas or gas osmotic agent is then added to 

the vial's headspace. After being sealed, 

the vial is reconstituted with a sterile 

saline solution when it is used. Upon 

reconstitution the essential modifier gas 

diffuses out and the auxiliary gas diffuses 

in, bringing about size decrease. The 

resulting microbubbles are then given to 

the patient and remain suspended in the 

saline solution. 

Sonication is preferred for the 

formation of microbubbles, either by 

penetrating a septum with an ultrasound 

probe that includes an ultrasonically 

vibrating hypodermic needle or by 

transmitting ultrasound through a 

transmitting septum. There are numerous 

methods for sonication, such as Through 

a thin membrane, a vial with a surfactant 

solution and gas in the headspace can be 

sonicated. An ultrasonic probe or a 

focused ultrasound "beam" can be used to 

contact or even depress the membrane for 

sonication. The microbubble solution can 

be taken out of the vial and given to the 

patient following successful sonication. A 

low-power ultrasonically vibrated 

aspirating assembly on the syringe can 

also be used for sonication inside the 

syringe. 

 

5 APPLICATIONS  

5.1. Imaging Application  

The presence of microbubbles is 

extremely detectable by ultrasound. 

Actually, cavitation imaging and other 

methods can detect a single microbubble. 

At the moment, ultrasonography is the 

diagnostic imaging technique that is used 

the most frequently. It uses portable, real-

time imaging equipment and is non-

invasive and relatively inexpensive. 

Additionally, it keeps out harmful ionizing 

radiation. The interfaces between various 

body tissues or structures partially reflect 

or scatter ultrasound pressure wave 

pulses that are broadcast by an 

ultrasound transducer placed on the skin 

or inside the body. A portion of the 

dissipated sound waves return to the 

transducer. These signals are digitized 

and transformed into electrical pulses by 

the imaging system. The tissue's sound 

speed and the time intervals between 

pulse transmission and reception are 

known. As a result, it is possible to 

generate an image based on scattered 

sound signals. In any case, blood a fluid 

stage material with low compressibility, 

disperses ultrasound ineffectively. 

Contrast agents, which increase the 

scattering and reflection of ultrasonic 

waves, can be used to improve ultrasound 

images of blood. 

 

6 CONCLUSION  

We discussed the most pressing issues in 

contrast agent development in this article. 

To begin, microbubbles' unique acoustic 

and biological properties make them a 

promising vehicle for drug and gene 

delivery. The designated microbubbles 

have an extraordinary use in future. 

Microbubbles can be used for diagnostic 

imaging of thrombo-embolic or 

inflammatory processes because they 

have been shown to bind to leukocyte and 

blood clot receptors. These microbubbles 

can be used as a vehicle for drugs or 

genes, and ultrasound can be used to 

destroy them for local delivery. 

Intravascular microbubbles can further 

develop drug infiltration into tissues when 

joined with centered ultrasound 

treatment, for example, through the 

blood-cerebrum hindrance. Drug 

substances, including plasmid DNA, can 

be connected to or consolidated in the 

microbubble particles for ultrasound-set 
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off discharge in the insonated organs and 

tissues. In general, microbubble contrast 

agents and ultrasound-assisted drug 

delivery will contribute to the treatment of 

debilitating diseases.  
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Abstract - Utilizing osmotic principles for controlled drug release from the 

formulation, this paper examines constructed drug delivery systems. The most 

promising strategy-based systems for controlled drug delivery are osmotic devices, 

which are tablets coated with walls of controlled porosity. These pumps, in contrast 

to standard tablets, provide a constant (zero order) rate of drug release. Low levels 

of a water-soluble additive are leached from the polymeric material, which is the 

semipermeable membrane, when these systems are exposed to water, and the drug 

releases in a controlled manner over a long period of time. The vitally clinical 

advantages of oral osmotic medication conveyance framework are their capacity to 

further develop treatment decency and patient consistence. The ability to deliver 

drugs continuously, regardless of the drug's chemical properties, the patient's 

physiological factors, or subsequent food intake, is primarily responsible for these 

benefits. The theoretical idea of drug delivery, as well as the history, benefits and 

drawbacks of various delivery systems, various oral osmotic drug delivery systems, 

factors affecting the drug delivery system, and products on the market, are 

discussed in this review. 

Keywords: Zero-order release, oral osmotic systems, and osmotic pressure are all 

synonyms for osmosis. 

 

1 INTRODUCTION 

The effective concentration at the 

target site is virtually uncontrollable 

with conventional drug delivery 

systems, which have very little control 

over drug release. Plasma 

concentrations may fluctuate 

frequently and be unpredictably as a 

result of this kind of dosing pattern. 

The controlled or modified release 

drug delivery systems enable 

controlled drug delivery over an 

extended period of time. They include 

injectable and implantable systems as 

well as oral and transdermal dosage 

forms. The oral route continues to be 

the most suitable method of  

 

administration for the majority of 

drugs. Due to restrictions on their 

solubility or permeability, some 

molecules may not be as bioavailable 

when taken orally. The development of 

a dosage form with an extended 

release also necessitates adequate 

absorption throughout the gastro-

intestinal tract (GIT). The most 

suitable method for increasing these 

drugs' bioavailability is the creation of 

an osmotic drug delivery system. 

Osmotic medication conveyance 

frameworks discharge the medication 

with the zero request energy which 
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doesn't rely upon the underlying focus 

and the physiological elements of GIT. 

 

1.1 Osmosis The term "osmosis" 

refers to the movement of solvent 

molecules across a semipermeable 

membrane from a lower concentration 

to a higher concentration. 

 

1.2 Osmotic pressure An osmotic 

property of a solution is one in which 

the magnitude of the solution's 

osmotic pressure is independent of 

the number of distinct solute entities 

present in the solution. The drug's 

delivery from the osmotic device is 

controlled by the osmotic pressure 

that is brought into the dosage form 

by the imbibition of fluid from the 

external environment. The osmotic 

pressure created by the osmogen's 

imbibition of fluids is directly 

proportional to the rate of drug 

delivery from the osmotic pump. 

 

2 HISTORICAL BACKGROUND 

The osmosis principle was first 

applied to the design of drug delivery 

systems approximately 75 years after 

it was discovered6. Osmotic drug 

delivery was initiated by Australian 

scientists Rose and Nelson. In 1955, 

they created a pump that could be 

inserted into the body. It had three 

chambers: a chamber for drugs, a salt 

chamber with too much solid salt in 

it, and a water chamber. A rigid, 

semipermeable membrane separates 

the drug and water chambers. Water 

moves into the salt chamber from the 

water chamber due to the difference 

in osmotic pressure across the 

membrane. This water flow makes the 

salt chamber bigger. It also spreads 

the latex diaphragm that separates 

the drug and salt chambers and 

pumps drugs out of the device. This 

pump's design and mechanism are 

comparable to those of a modern 

push-pull osmotic pump. The water 

chamber, which must be charged 

prior to use, was the primary 

drawback of this pump. The equation 

indicates this push-pull pump's 

pumping rate. 

 
This equation generally applies 

to all other kinds of osmotic systems, 

with or without some modifications. 

Alza Corporation made a number of 

Rose-Nelson pump simplifications in 

the early 1970s. Rose Nelson's 

modified version is the Higuchi-Leeper 

pump. The device is activated by 

water absorbed from the surrounding 

environment and does not contain a 

water chamber. When it is swallowed 

or inserted into the body, the pump 

kicks in. The semipermeable 

membrane is supported by a 

perforated frame in this pump's rigid 

housing. A fluid solution containing 

excess solid salt is contained in its 

salt chamber. The Higuchi-Leeper 

pump was recently modified to allow 

for pulsatile drug delivery. By creating 

a critical pressure at which the 

delivery orifice opens and releases the 

drug, the pulsatile release was 

achieved. Higuchi and Theeuwes 

developed a further simplified version 

of the Rose-Nelson pump. The outer 

semipermeable membrane of this 

pump is rigid and controls the pump's 

rate. It surrounds a solid layer of salt 

that is coated on the inside by an 

elastic diaphragm and on the outside 

by the membrane. When in use, the 

salt chamber draws water osmotically, 

forcing the drug out of the drug 

chamber.  
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2.1 Advantages & Disadvantages of 

Osmotic Controlled Drug Delivery 

Systems Advantages 

 They typically give a zero order 

release profile after an initial lag. 

 Deliveries may be delayed or 

pulsed if desired. 

 Drug release is independent of 

gastric pH and hydrodynamic 

condition. 

 They are well characterized and 

understood.  

 The release mechanisms are not 

dependent on drug. 

 A high degree of in-vitro and in-

vivo correlation (ivivc) is obtained 

in osmotic systems. 

 The rationale for this approach is 

that the presence of water in git is 

relatively constant, at least in 

terms of the amount required for 

activation and controlling 

osmotically base technologies. 

 Higher release rates are possible 

with osmotic systems compared 

with conventional diffusion-

controlled drug delivery systems. 

 The release from osmotic systems 

is minimally affected by the 

presence of food in 

gastrointestinal tract. 

 The release rate of osmotic 

systems is highly predictable and 

can be programmed by 

modulating the release control 

parameters. 

 

3 HYDROPHILIC AND 

HYDROPHOBIC POLYMERS 

These polymers are utilized in the 

plan improvement of osmotic 

frameworks for making drug 

containing grid center. The 

moderately water-soluble compounds 

can be co-entrapped in hydrophilic 

matrices to achieve more controlled 

release, while the highly water-soluble 

compounds can be co-entrapped in 

hydrophobic matrices. In most cases, 

osmotic pumps for water-soluble 

drugs have been made with 

combinations of hydrophilic and 

hydrophobic polymers. The decision is 

made based on the drug's solubility as 

well as the pump's release rate and 

quantity. The polymers can expand or 

contract in any direction. Pumps that 

contain drugs that are moderately 

soluble in water typically make use of 

swellable polymers. Since they 

increment the hydrostatic tension 

inside the siphon because of their 

enlarging nature, the non swellable 

polymers are utilized in the event of 

profoundly water-dissolvable drugs2. 

Due to their osmogenic nature, ionic 

hydrogels like sodium carboxymethyl 

cellulose are preferred. By 

incorporating these polymers into the 

formulations, a more precise 

controlled release of the drug scan 

can be achieved. 

 

3.1 Wicking Agents 

A material that can draw water into 

the porous network of a delivery 

device is known as a wicking agent. 

The wicking agents are those that 

help the drug's contact surface area 

with the incoming water increase. The 

application of the wicking agent 

contributes to an increase in the rate 

of drug release from the drug's orifice. 

There are two types of wicking agents: 

swellable and non-swellable. They are 

distinguished by their capacity for 

physisorption in water. Through Van 

der Waals interactions between the 

surface of the wicking agent and the 

adsorbed molecule, physisorption is a 

type of absorption in which the 

solvent molecules can loosely adhere 
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to the surfaces of the wicking agent. 

The wicking agent's job is to carry 

water to surfaces inside the tablet's 

core, resulting in channels or a 

network with more surface area. PVP, 

colloidal silicon dioxide, and sodium 

lauryl sulfate are examples. 

 

4 CONCLUSION 

In recent years, the development of 

oral osmotic controlled drug delivery 

systems has been very active due to 

the emergence of new products and 

technologies. The oral osmotic 

controlled drug delivery systems S is 

poised to expand their market within 

oral modified-release dosage forms 

due to the expiration of their primary 

patents and the growing demand from 

health authorities for improved 

patient treatment compliance and 

tolerability. 

Oral osmotic controlled drug 

delivery systems were created as a 

platform for delivering drugs 

regardless of their physicochemical 

properties. They are used in early 

clinical phases (including early-stage 

exploration of pharmacokinetics), the 

development of novel dosage forms, 

and product life-cycle management. 

The ability of oral osmotic controlled 

drug delivery systems to deliver a 

drug at a predetermined rate, 

independent of physiological 

parameters like food intake or patient 

age, is primarily responsible for the 

clinical benefits they provide. These 

days, the enormous assortment of 

oral osmotic controlled drug 

conveyance frameworks 

advancements accessible permits an 

intriguing transformation of the 

framework to the medication 

properties and measurements 

strength. The reported clinical 

benefits have opened up new 

perspectives for the development of 

drugs as oral osmotically driven 

systems in spite of the controversy 

surrounding their safety when 

administered. 
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Abstract - The process of collecting and analyzing data to determine an impurity's 

biological safety is known as impurity profiling. Any organic material that, in 

addition to the drug substance or its ingredients, arises from synthesis or contains 

unwanted chemicals that remain in APIs is considered an impurity. The 

pharmaceutical industry faces a pressing problem right now: keeping impurities 

under control. Guidelines for controlling impurities were formulated by the 

International Conference on Harmonization (ICH). The requirements for purity and 

the detection of impurities in Active Pharmaceutical Ingredients (APIs) are being 

emphasized by a number of regulatory agencies, including the ICH, the US Food 

and Drug Administration, and the Canadian Drug and Health Agency. TLC and 

HPLC are the methods used to identify impurities. The development of hyphenated 

techniques has revolutionized impurity profiling by separating and structurally 

elucidating impurities at the same time. For drug impurity profiling, LC-MS-MS, 

LC-NMR, LC-NMRMS, GC-MS, and LC-MS are the most frequently used methods. 

Keywords: Hyphenated Methods, HPLC, impurity profiling, and ICH guidelines. 

 

1 INTRODUCTION 

Impurities are defined by ICH as 

pharmaceutical products; Impurities 

are substances that are present in the 

product but are not the API or the 

excipients that were used to make it. 

Thus, impurities are undesirable 

chemicals that remain in trace 

quantities within the API or 

formulation1. It is impossible to avoid 

the drug substance's trace presence of 

impurities. They can brought down or 

change the pharmacological adequacy 

of dynamic drug fixings (Programming 

interface). Impurities can occasionally 

have teratogenic, mutagenic, or 

carcinogenic effects. As a result, this 

may be harmful to human health in 

fetuses; controlling and monitoring 

impurities in API/pharmaceutical 

products is becoming increasingly 

popular. As a result, API impurity 

profiling is necessary. 

  

The identity and quantity of 

impurities in pharmaceuticals, or 

impurity profiling, are currently 

receiving significant and critical 

attention from regulatory authorities. 

the various pharmacopoeias, 

including BP and USP. The US Food 

and Medication Organization (FDA) 

have embraced the direction arranged 

under the sponsorship of the ICH. The 

debasement profile of drugs is of 

expanding significance as medication 

security gets increasingly more 

consideration from people in general 

and from the media. This topic is 

covered in a number of recent books 

and journal reviews, and US and 

international authorities provide 

guidelines. 

 Unless the potential impurities 

are anticipated to be unusually potent 

or toxic, it is not considered 
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necessary, according to ICH 

guidelines on impurities in new drug 

products, to identify impurities below 

the 0.1% level. Impurities should 

always be classified4. Mass 

spectrometry (MS), nuclear magnetic 

resonance (NMR), high-performance 

liquid chromatography (HPLC), and 

tandem mass spectrometry have all 

been used to isolate and identify 

process-related impurities and 

degradation products in a number of 

articles for pharmaceutical 

substances. As a result, an essential 

component of drug development and 

regulatory evaluation is the 

identification, quantification, and 

control of impurities in the drug 

substance and drug product. 

 The various impurities that can 

be found in APIs, methods for 

identifying them, and potential ways 

to deal with the resulting 

interferences are discussed in this 

article. 

 

1.1 Portrayal Strategies 

Profoundly refined instrumentation, 

for example, MS joined to a GC or 

HPLC, are unavoidable devices in the 

distinguishing proof of minor parts 

(drugs, contaminations, debasement 

items, metabolites) in different grids. 

Different methods are used to 

characterize impurities: which include 

these: 

 

1.2 Nuclear Magnetic Resonance 

(NMR):12 NMR is a powerful 

analytical tool for structural 

elucidation because it can reveal the 

specific bonding structure and 

stereochemistry of pharmaceutically 

relevant molecules. In comparison to 

MS, which only requires a sample of 

less than 1 mg, conventional NMR 

sample requirements are around 10 

mg. 

 

1.3 Mass Spectroscopy (MS) Over 

the past few decades, it has had a 

growing impact on the pharmaceutical 

development process. New 

opportunities for monitoring, 

characterization, and quantification of 

drug-related substances in active 

pharmaceutical ingredients and 

pharmaceutical formulations have 

been provided by advancements in the 

design and efficacy of interfaces that 

directly connect Mass Spectrometers 

with separation techniques. 

 

2 VALIDATION OF ANALYTICAL 

PROCEDURES 

The process of confirming that the 

HPLC procedure used for a particular 

test is appropriate for its intended use 

is known as HPLC method validation. 

Method validation is an important 

part of good analytical practice 

because it can be used to evaluate 

HPLC results' quality, dependability, 

and consistency. Strategy approval 

has gotten extensive consideration in 

writing and from modern boards of 

trustees and administrative 

organizations. 

Specificity: The ability to evaluate 

the analyte without ambiguity in the 

presence of expected components is 

known as specificity. Impurities, 

degradants, matrix, and other topics 

are frequently examined. It is not 

always possible to show that an 

analytical method is unique to a 

specific analyte (complete 

discrimination). 

Precision: The degree to which the 

value that is accepted as either an 

acceptable reference value or a 

conventional true value is in 

agreement with the value that is 

found is what is meant by the 

accuracy of an analytical procedure. 

Accuracy can be evaluated using 

spiked samples containing known 

quantities of impurities, and it should 
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be reported as a percentage of 

recovery (percent recovery is the area 

obtained by spike the impurity in the 

sample). 

Accuracy: The closeness of agreement 

between a series of measurements 

obtained from multiple samplings of 

the same homogeneous sample under 

the specified conditions is how an 

analytical procedure's precision is 

expressed. The variance, standard 

deviation, or coefficient of variation of 

a series of measurements typically 

represent an analytical procedure's 

precision. 

Continuity: intraassay precision also 

describes the precision achieved over 

a brief time period under the same 

operating conditions. 

Advanced precision: demonstrates 

with laboratory variations: various 

days, various analysts, various pieces 

of equipment, etc. 

Compatibility: demonstrates the 

precision between laboratories 

(collaborative studies, typically used 

for methodology standardization). 

The detection limit: The smallest 

amount of analyte in a sample that 

can be detected but not necessarily 

quantified to an exact value is the 

limit of detection for a particular 

analytical method. As far as not 

entirely set in stone by the 

examination of tests with known 

groupings of analyte and by laying out 

the base level at which the analyte 

can be dependably recognized. Based 

on Signal-to-Noise b. Based on 

Response Standard Deviation and 

Slope  

Quantity Limit or Quantity Limit: 

The lowest amount of analyte in a 

sample that can be quantitatively 

determined with sufficient precision 

and accuracy is the limit of 

quantitation for a particular analytical 

method. Linearity: The ability of an 

analytical procedure to yield test 

results that are directly proportional 

to the concentration (quantity) of 

analyte in the sample within a 

specified range is known as its 

linearity. 

Sturdiness: An analytical procedure's 

robustness is a measure of its ability 

to withstand subtle but deliberate 

variations in method parameters and 

indicates its dependability in everyday 

use. 

 

3 APPLICATIONS 

Numerous applications have been 

sought in the areas of drug designing 

and in monitoring quality, stability, 

and safety of pharmaceutical 

compounds, whether produced 

synthetically, extracted from natural 

products or produced by recombinant 

methods. 

 

4 CONCLUSION 

The requirements for purity and the 

detection of impurities in Active 

Pharmaceutical Ingredients (APIs) are 

being emphasized by a number of 

regulatory agencies, including the 

ICH, the USFDA, and the Canadian 

Drug and Health Agency. The process 

of collecting and evaluating data to 

determine an impurity's biological 

safety is known as "qualification of the 

impurities." thus demonstrating the 

significance and necessity of drug 

impurity profiling in pharmaceutical 

research. Chromatographic and 

spectroscopic methods can be used by 

themselves or in conjunction with 

other methods to identify impurities. 

TLC, HPLC, HPTLC, AAS, and other 

techniques can be used to identify 

and characterize impurities in a 

variety of ways. In the field of impurity 

profiling, conventional liquid 

chromatography, particularly HPLC, 

has been extensively utilized; Its 

numerous applications are due to its 

sensitivity, cost-effective separation, 
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and wide range of detectors and 

stationary phases. One of the most 

popular methods for locating residual 

solvents is headspace GC. Impurity 

profiling has been transformed by 

hyphenated techniques, which not 

only separate impurities but also 

identify them structurally. Among all 

joined strategies, the most taken 

advantage of procedures, for 

debasement profiling of medications 

are LC MS, LCNMR, LC-NMR-MS, GC-

MS, and LC-MS. The impurity 

profiling process is made simple by 

the precise method development and 

procedure validation. The concept of 

quality assurance is vast. This idea 

brings us to the subject of IMPURITY 

PROFILING. A substance under 

investigation's impurity profile gives 

as much information as possible 

about its impurities. Manufacturers 

now have quality standards to meet 

thanks to the establishment of 

guidelines for the levels of impurity in 

drugs and products. The qualification 

of the impurity profile of a new 

chemical entity is essential. The 

pharmaceutical analyst must carefully 

consider their analytical technology 

because high dose compounds have a 

qualification threshold of less than 

1%. The development scientists are 

aware of the significance of qualifying 

impurity profiles in order to guarantee 

that the impurities in the batches 

used in safety studies are taken into 

account. This field of impurity 

identification and quantification has 

advanced from limit tests for 

impurities. utilizing more recent 

methods like NMR, GCIR (Gas 

Chromatography- Infrared 

Spectrometry), UV spectroscopy with 

diode array detection, and HPLC. The 

purpose of this article is to try to 

comprehend the concept of an 

impurity profile as well as various 

aspects and methods associated with 

it. 
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