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Marine invertebrates produce adhesives that retain adhesion even in harsh conditions of sea water. Mussel adhesive
proteins, polysaccharides and exopolysaccharides are distinct categories of bioadhesives obtained from sea. Of these,
the former two have been extensively explored for developing a variety of drug-delivery systems, including
nanoformulations. Combination of adhesives and development of composite bioadhesives are newer approaches to

overcome issues related to use of solitary adhesive in formulations.

The ability of marine invertebrates to produce adhesives that retain adhesion, in the presence of harsh sea water
conditions, has garnered considerable attention of pharmaceutical researchers. Mussel adhesive proteins,
polysaccharides and exopolysaccharides are distinct groups of bioadhesives obtained from the sea [1]. Many
therapeutic agents can be delivered via the drug-delivery systems containing these bioadhesives, including anti-
inflammatory agents, antihypertensive agents, peptides and low molecular weight proteins, etc. The bioadhesives can
be utilized for local drug delivery (topical) and requirements for successful bioadhesive devices for sustained topical
delivery of active ingredients include: establishing and maintaining intimate contact with the site of application;
ensuring sustained/controlled delivery of the drug in pathological skin conditions; be sufficiently adhesive and

cohesive; be nontoxic and nonirritating; and allowing easy termination of therapy [2].

Marine polysaccharides

Research efforts on algal bioadhesives have led to the isolation of polysaccharides that are promising biomaterials,
especially as adhesives in ophthalmic therapies. For the purpose of drug delivery, many polysaccharides, including
chitin, chitosan, agar, alginate and carrageenans, have been investigated. Chitosan, a biopolymer derived from chitin,
has wide pharmaceutical applications, ranging from capability to form gels, films, micro/nanoparticles and beads, as
wound dressing and as a carrier for drug/gene delivery [3]. It has been utilized for designing mucoadhesive dosage

forms but suffers from its limited mucoadhesive strength and limited water solubility at neutral and basic pH. These
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issues have been tackled by designing chitosan derivatives such as carboxymethyl chitosan, chitosan-EDTA, glycol
chitosan, chitosan-catechol and cyclodextrin-chitosan [4]. The derivatization of chitosan to improve its mucoadhesive
properties has been explained in several publications. Few of them have demonstrated potential in transmucosal

delivery, for example ChiSys® as a platform for nasal vaccination [5] and Lacimera® eye drops [6].

Alginates are linear polysaccharides obtained from seaweeds and marine algae, utilized in drug delivery, tissue
engineering applications and immobilization of cells and enzymes owing to their ability to crosslink through bivalent
cations. Alginates instantaneously form gel-spheres with divalent ions at pH >6 and are widely utilized for the
microencapsulation of drugs. However, high viscosity gels are formed when the alginates are subjected to low pH
values [7]. The ability of alginates to form pH-triggered gels has been widely used to develop ophthalmic drug-delivery
systems. Furthermore, the ability of alginates to form microcapsules on cross-linking has been specifically explored

for the oral delivery of low molecular weight proteins [8].

Alginates can be combined with other bioadhesives to develop novel efficacious drug-delivery systems and the
concept has garnered considerable interest among pharmaceutical formulation researchers. For example, the
chitosan-alginate microbeads for sustained vaginal delivery of chlorhexidine digluconate, jackfruit seed starch-
alginate microspheres of metformin HCI [9], tamarind seed polysachharide-alginate beads for gliclazide oral delivery,
etc. [10]. Alginates have also been utilized for drug-delivery systems based on composite technology. For example,
montmorillonite-alginate nanocomposites have been developed for sustained delivery of vitamin B1 and B6 [11].
Modulated drug release was achievable by incorporating pH-independent hydrocolloids gelling agents or by addition
of chitosan [12].

Large number of mucoadhesive systems based on alginates have been developed, such as a mucoadhesive vaginal

tablet of acriflavine for veterinary purposes. The main drawbacks of alginate formulations are their rapid erosion at
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neutral pH and reduction in mucoadhesion on cross-linking with divalent cations. In order to strengthen the
mucoadhesive property of alginates, these have been chemically derivatized; for example, alginate-polyethyleneglycol
acrylate has gelation ability of alginate combined with mucoadhesive strength of acrylate functionality of polyethylene
glycol [13]. Laurienzo et al. attempted modification of sodium alginate with amines and/or acid moieties that resulted
in optimization of drug delivery properties, namely, the drug release rate, modulation of polysaccharide erosion
pattern and adhesion to the biological substrates [14]. Bernkop et al. demonstrated an improvement of
mucoadhesive properties and the release retardant properties of sodium alginate due to covalent linkage of cysteine [
15]. The sustainment of drug release and improved mucoadhesion is exemplified by matrix tablets based on sodium
alginate-cysteine conjugate containing tramadol hydrochloride as a model drug [16]. Furthermore, the low toxicity of
these new excipients provides immense scope for utilization of thiolated polymers in mucoadhesive drug-delivery

systems.
Adhesive proteins

Mussel adhesive proteins are recognized as powerful adhesives, which are stronger compared with the polymer-
based adhesives. Most importantly, mussel adhesive proteins retain adhesive capacity in wet environments, which is
not demonstrated by polymer-based adhesives. To date no polymer-based adhesives have been produced that can
retain adhesion in an underwater environment. The strong adhesion of marine mussels under the sea inspired the
development of several water-resistant adhesives. The catechol groups are present in large quantities in mussel
adhesive proteins, which contribute to the outstanding adhesion of mussels on many different surfaces [17].
Catechols interact with biological surfaces, including mucus. These findings inspired researchers to examine catechol-
chitosan mucoadhesive systems for drug delivery via oral, buccal and rectal routes. Catechol-modified chitosan

hydrogel crosslinked by genipin is a promising mucoadhesive and biocompatible hydrogel system for buccal drug
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delivery [18]. Chitosan-catechol mucoadhesive gel allowed sulfasalazine delivery by rectal route more effectively and

safely compared with oral administration [19].

It may become imperative for the researchers to amalgamate several adhesive proteins to develop improvised
bioadhesive materials for novel applications including drug, protein and gene delivery. Novel drug delivery
formulations consisting of polyphenolic proteins from mussels and marine origin polysaccharides are promising,

especially as adhesive in ophthalmic therapies.

Marine exopolysacchrides

Exopolysaccharides are obtained from marine bacteria. However, most of these are poorly understood and only a few
have been fully characterized. Of the various pharmaceutical roles of microbial exopolysaccharides, assistance in
attachment to sea surfaces is of particular interest. Exopolymers of marine Vibrio MH3 are involved in reversible
attachment. The cross-linking of adjacent polysaccharide chains aids in permanent adhesion [20]. Exopolysaccharides
are yet to be explored for drug delivery. Interest is being directed toward extreme marine environments, which could

represent a large source of unidentified bacteria.

Dedicated research by marine scientists has afforded discovery and production of many marine bioadhesives of
pharmaceutical interest. The possibility of chemical modification, addition of biodegradable additives and production
of hybrid bioadhesives permits modulation of properties of bioadhesives and new possibilities, particularly in the

pharmaceutical area.
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Abstract

Objective

To investigate effect of cisplatin on biochemical parameter and histology of pancreas and testis in Wistar rats.

Material and methods

Single dose cisplatin (10 mg/kg) was injected by intraperitoneal route in Wistar rats. Blood was withdrawn on 7t day from
cisplatin treated rats by retro-orbital sinus for biochemical estimation. Further rats were scarified and dissected out their
pancreases and testes for estimation of antioxidant enzymes and histopathological study.

Results

The cisplatin-treated group showed a significantly (P < 0.01) increased blood glucose level, Glycosylated hemoglobin in blood

on the 7™ day as compared to the control group. Whereas cisplatin-treated group showed significantly (p < 0.001) increased
lipid peroxidation and decreased reduced glutathione, superoxide dismutase, catalase in pancreatic and testicular tissue as

compared to the control group. Histopathological sections of the pancreatic tissue showed marked vasoconstriction and

micro infiltration were observed however testicular tissue showed degeneration in some somniferous tubules and also
greatly depleted of germ cells in cisplatin treated group.

Conclusion

These findings demonstrated that the cisplatin could be induced diabetes and testicular toxicity due to their free radical
mediated oxidative stress.
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1. Introduction

Cisplatin is a prominent and most potent anticancer drugs and it used to treat metastatic testicular and ovarian cancer [1]. It

is also used for treatment on various type cancer like lung, urine bladder, head, neck, esophageal, stomach, skin prostate,

lymphoma and neuroblastoma, sarcoma, cervical, myeloma, mesothelima and osteosarcoma. In spite of its significant

anticancer activity, cisplatin is often dose limited undesirable side effects such as nephrotoxicity [2]. Recent studies has been
reported that nephrotoxicity and hepatotoxicity are cisplatin induced is reported that cisplatin and others around the world

suggested hepatotoxicity is also a major dose-limiting side effect in cisplatin-based chemotherapy [3, 4, 5, 6]. Cisplatin can

induce heptotoxicity after administered at high doses [7, 8]. Metallothionein protects against liver injury induced by high

doses of cisplatin in mice [9]. Selenium and high dose of vitamin E administration protect against cisplatin-induced oxidative
damage to liver [10]. Komdeur et al (2007) has been reported that Cisplatin-induced hyperglycemic hyperosmolar coma [11].

Amin et al (2007) has well documented that effect of Roselle and Ginger on cisplatin-induced reproductive toxicity in rats
[12].

With this background, the present study has designed to investigate whether have any effect of cisplatin on pancreas and
testes in Wistar rats.

2. Materials and methods

2.1. Drug and reagents

5,5-dithiobis 2-nitrobenzoic acid (Merck pvt. Ltd., India). Thiobarbuturic acid (Loba chemicals pvt.ltd. India). Superoxide
Dismutase (sigma Aldrich chemicals pvt. Ltd. India).

2.2. Animals
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The Wistar rats were allowed to have an access to water and food ad libitum, and maintained under constant (25 + 1 °C),
humidity (65 + 10 %) and a 12 h light/dark cycle. The experiment was carried out in accordance to the guidelines mentioned
in the CPCSEA, and institution animal ethical committee of Sumandeep Vidyapeeth University was approved the experiment
protocols. The experiment was conducted in accordance with accepted standard guidelines for the care and use of animals in
scientific research.

2.3. Cisplatin-induced toxicity

Two groups of rats (n = 6) used, in which 15t group administered 5 ml/kg normal saline throughout the experiment for 7
days; 2" group (cisplatin treated) with single dose of cisplatin (10 mg/kg i.p.) on 15t day and keep animals up to 7 days. On
the 7t day all animals were anaesthetized with diethyl ether. Blood sample (1-1.5 ml) was collected at once from the retro
orbital plexus of rats under light diethyl ether anaesthesia, for biochemical parameter estimation. Pancreas and testes were
subjected to histopathological study.

2.4. Biochemical analysis

2.4.1. Determination blood glucose level

The Blood glucose was determined by the method of O-toluidine using the modified reagent [13] and Glycosylated
hemoglobin (gly Hb) was determined by the method of Sudhakar and Pattabiraman [14].

2.4.2. Determination reduced glutathione (GSH)

GSH Levels in pancreas and testis were estimated by the method (Beutler etal. 1963). 10% (w/v) homogenate prepared by

added 5% trichloroacetic acid solution. It was centrifuged at 3500 rpm for 10 min, 50 pL supernatant was mixed with 0.32
mol/L disodium hydrogen phosphate and 0.04% 5,5-dithiobis 2-nitrobenzoic acid (DTNB) solution. The yellow-colored

substance formed by the reaction of GSH and DTNB was measured at 412 nm. The results were expressed as GSH mg/g tissue
weight [15].

2.4.3. Determination of malondialdehyde (MDA)
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MDA levels were estimated by the method of (Satoh 1978). 10% (weight/volume) homogenate of pancreas and testis was
prepared by added 0.1 mol/L phosphate buffer. It was centrifuged at 4 °C, 3500 rpm for 10 min. 0.2 mL supernatant was
mixed with 0.67% 2-thiobarbuturic acid (TBA) and 20% trichloroacetic acid solution, and heated in a boiling water bath for 30
min. The pink-coloured chromogen formed by the reaction of TBA with MDA was measured at 532 nm. The results were

expressed as MDA nmol/mg protein [16].

2.4.4. Determination of superoxide dismutase (SOD)

Superoxide dismutase (SOD) activity in pancreas and testis homogenate was determined according to the method (Minami
and Yoshikawa 1979). The homogenate was centrifuged at 2500 rpm for 15 minutes at 4 °C. The 0.25 ml of supernatant was
mixed with 0.5 ml of tris cacodylic buffer, and 0.1 ml of 16% triton x- 100 and 0.25 ml NBT. The reaction was started by the
addition of 0.01 ml diluted pyrogallol. It was kept on Incubation for 5 minutes at 37 °C. The reaction was stopped by the
addition of 0.3 ml of 2 M formic acid. The formazan colour developed was determined spectrophotometrically (Spectronic

501, Shimadzu). Enzymatic activity (SOD) was expressed as U/g of tissue [17].

2.5. Histopathological examination

The Wistar rats were sacrificed on the day of blood withdrawal. Pancreas and testis were isolated, processed, and embedded
in paraffin wax. The sections were stained in haematoxylin and eosin and permanently mount for viewing and reporting
[18].

2.6. Statistical analysis

Result were expressed as mean +SEM, Statistical Analysis were performed with unpaired t test. P value less than<0.05 was

considered.

3. Results

3.1. Changes of body weight of rats
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Cisplatin treated group showed significantly (p < 0.001) decreased body wt of rats as compared control group (Fig.1).
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Fig. 1. Effect of Cisplatin after 6th day on body weight (gm) of rats. Each group represents mean * SD of six animals as
compared to control treated group. **p < 0.01 as compared to the control control.

3.2. Alteration of biochemical parameters

The cisplatin-treated group showed significantly (p < 0.001) increased glucoses, gly Hb in blood on the 7" day as compared
to the control group (Table1).

Table1. Effect of cisplatin on biochemical parameters in serum.

Parameters Control groups Cisplatin treated group

Glucose 83.83 +3.71 194.64 £ 2.36 ***
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Parameters Control groups Cisplatin treated group
Gly Hb 596 0.5 8.65+0.60 *
Total protein 8.56 + 1.35 5.24 + 0.86**

***P <0.01, **P < 0.01 and *P < 0.05 as compared to the Control.

In term of tissue homogenate biochemical estimation, it was found that the cisplatin-treated group showed significantly (p <
0.001) increased lipid peroxidation (Table2), whereas significantly (p < 0.001) decreased GSH, SOD, CAT in pancreatic and
testicular tissue (Tables2 and 3) as compared to the control group.

Table2. Levels of GSH, SOD, CAT and MDH in pancreatic tissues of control and cisplatin treated group of rats.

Parameters Control group Cisplatin treated group
GSH(umol/g) 1145+ 135 7.57 £1.35™
MDH(nmol/g) 24.+ .85 74.84 + 1.42**

SOD(U/g) 15.46 £ 1.66 7.63 + 1.33**

CAT(umol H202/g) 298 + 1.84 185 + 3.45**

**P < 0.01 as compared to the Control.

Table3. Levels of GSH, SOD, CAT and MDH in testicle tissue of control and cisplatin treated group of rats.

Parameters Control group Cisplatin treated group
GSH(umol/g) 55 +2.45 4248 +2.68**
MDH(nmol/g) 44. +1 .64 65.38 + 2.24**
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Parameters Control group Cisplatin treated group
SOD(U/g) 28.46 £2.25 15.25 +2.24**
CAT(umol H202/g) 225+2.54 105 +2.34**

**P < 0.01 as compared to the Control.

3.3. Histopathological examination

Histopathological sections of the pancreatic tissue showed marked vasoconstriction and micro infiltration were observed

cisplatin treated group II [Fig.2 Plates 1(B)] as compared to control group [Fig.2 Plates 1(A)].
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Fig.2. Plate 1(A) Photograph of Pancreas in control group rat, Plate 1(B) Photograph of pancreas Cisplatin treated rat. Plate
1(C) Photograph of testis in control group rat. Plate 1 (D) Photograph of testes in cisplatin treated rat.

Histopathological sections of testicular tissue showed degeneration in some somniferous tubules and were also greatly
depleted of germ cells in cisplatin treated group II [Fig.2 Plates 1(D)] as compared to control group [Fig.2 Plates 1(C)].

4. Discussion

The present study to investigate the effect of cisplatin on body wt of rats, biochemical parameters and histology of pancreas
and testes.

After single dose of 10 mg/kg the cisplatin-treated showed a significant decreased body wt of rats as compared control
group. The loss body wt of rats due to cisplatin induced gastrointestinal toxicity. Shahid et al (2018) has been reported that

cisplatin induced gastrointestinal dysfunction due to concurrently utilized cisplatin with plant-derived agents [19].

After single dose of 10 mg/kg the cisplatin-treated showed a significant increase glucoses and gly Hb in serum me be due
their emetogenic, glucocorticoids effect. The glucocorticod induces diabetes via impaired glucose metabolism.

In the present study, Cisplatin treated groups showed significantly increased lipid peroxidation and GSH, SOD, CAT were

significantly decreased in pancreatic and testicular tissue as compared control group. The instantaneously significant
decrease of antioxidants enzyme in cisplatin-induced tissues could potentiate elucidates the upregulation of lipid
peroxidation [20]. It has been also well documented about a relationship between cisplatin-induced complications and lipid

peroxidation [21]. Actually, cisplatin reacts with water and generated free radical. It's free radical oxidative stress induced
toxicity pancreatic and testicular tissue (Fig.3).
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Fig.3. Mechanism of cisplatin induces pancreatic and testicle toxicity.

There are many previous studies have been well documented that cisplatin induces toxicity in liver [22] kidney [23, 24], due
their free radical oxidative stress by interacting with DNA [25].

In vitro and in vivo Previous studies reported that cisplatin induces apoptotic cell death at lJow dose and it produces both
necrosis and apoptosis at higher dose [26, 27]. There are numerous apoptotic pathways which are mediated by TNF receptors

https://www.sciencedirect.com/science/article/pii/S2405844019359079 13/23


https://ars.els-cdn.com/content/image/1-s2.0-S2405844019359079-gr3_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S2405844019359079-gr3.jpg
https://www.sciencedirect.com/topics/chemistry/free-radical
https://www.sciencedirect.com/topics/psychology/oxidative-stress
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/dna
https://www.sciencedirect.com/topics/medicine-and-dentistry/programmed-cell-death
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/low-drug-dose
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/tumor-necrosis-factor

12/06/2024, 20:21 Effect of cisplatin on pancreas and testes in Wistar rats: biochemical parameters and histology - ScienceDirect

as an extrinsic pathway and the mitochondrial and endothelium stress as an intrinsic pathway [28].

Histopathological sections of the pancreatic tissue showed marked vasoconstriction and micro infiltration which was

indicates cisplatin could be indicated diabetes. It was also suggested by Goldstein et al [29], Nan et al (2003) and Komdeur et
al [30].

Histopathological sections of testicular tissue showed degeneration in some somniferous tubules and were also greatly
depleted of germ cells in cisplatin treated could be showed testicular toxicity. The present study is supported by Amr et al
(2006) which are reported as effects of Roselle and Ginger on cisplatin-induced reproductive toxicity in rats [31].

Hence, cisplatin-induced pancreas and testicular damage due to their free radical mediated oxidative necrosis of tissue.

5. Conclusion

Finally on the basis of these investigations, it is concluded that cisplatin could be induced diabetes and testicular toxicity due
to their cytotoxic and sever free radical oxidative stress effect. Actually, Cisplatin induces toxicity due their free radical

oxidative stress by interacting with DNA. Further more studies needed for next generation.
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Abstract

Rhizomes of the plant Curcuma longa has been traditionally used in medicine and culinary practices in India. It
possesses various pharmacological effect, namely, antioxidant, hepatoprotective, anti-inflammatory, anti-thrombosis,

and anti-apoptotic. The study was undertaken to assess the effect of curcumin and curcumin loaded mesoporous
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silica nanoparticles (MSNs) against doxorubicin (DOX)-induced myocardial toxicity in rats. Furthermore, the study also
included the bioavailability estimation of curcumin delivered alone and delivered via mesoporous technology.
Cardiotoxicity was produced by cumulative administration of DOX (2.5 mg/kg for two weeks). Curcumin and curcumin
loaded mesoporous nanoparticles (MSNs) each 200 mg/kg, po was administered as pretreatment for two weeks and
then for two alternate weeks with DOX. The repeated administration of DOX induced cardiomyopathy associated with
an antioxidant deficit and increased level of cardiotoxic biomarkers. Pretreatment with curcumin (alone and via MSNs)
significantly protected myocardium from the toxic effects of DOX by significantly decreased the elevated level of
malondialdehyde and increased the reduced level of reduced glutathione (GSH), superoxide dismutase (SOD) and
catalase (CAT) in cardiac tissue. MSNs based delivery was found superior compared to curcumin delivered alone.
Moreover, the results of bioavailability assessment in rats clearly indicated higher Cy2x and AUC values in rats when
curcumin was administered via MSNs indicating superior bioavailability. The bioavailability of curcumin loaded MSNs,
biochemical and histopathology reports support the good cardioprotective effect of curcumin which could be

attributed to its increased bioavaibility lead to good antioxidant and anti-inflammatory activity.
Q Keywords:
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Abstract

Among heterocyclic compounds, quinoline scaffold has become an important construction motif for the development of new
drugs. Quinoline and its derivatives possess many types of biological activities and have been reported to show significant
anticancer activity. Quinoline compounds play an important role in anticancer drug development as they have shown

excellent results through different mechanism of action such as growth inhibitors by cell cycle arrest, apoptosis, inhibition of

angiogenesis, disruption of cell migration and modulation. A number of quinoline derivatives have been reported till date for
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their anticancer activity. The present review, summarizes various mono-, di-, tri-, tetra- and heterocyclic substituent
quinoline derivatives with potential anticancer activity. Their mechanism of action and possible structure activity

relationship has also been discussed.

( Previous Next )

Abbreviations

CNS, central nervous system; DNA, deoxy ribonucleic acid; EZH, Enhancer of Zeste Homologue; FU, Fluorouracil; HDACISs,
histone deacetylases inhibiters; IR, Infrared; JNK, Jun N-terminal kinase; GJIC, gap junction inter-cellular communication;
MRP, multidrug resistance-related protein; Pgp, P-glycoprotein; ROS, reactive oxygen species; SAR, structure-activity
relationship; THF, tetrahydro furan

Keywords

Anticancer; Quinoline; Quinoline derivatives; Structure-activity relationship

1. Introduction

Quinoline is a heterocyclic aromatic organic compound having molecular formula CgH7N, characterized by a double-ring

structure that contains a benzene ring fused to pyridine at two adjacent carbon atoms. Quinoline is also known as,
benzopyridine, benzo[b]pyridine, 1-benzazine and benzazine. It is a hygroscopic, yellowish oily liquid, slightly soluble in

water, soluble in alcohol, ether and many other organic solvents. Isoquinoline is a congener of quinoline and differs from
quinoline in nitrogen position (at 2nd position) (Ferlin et al., 2005).

Quinoline and isoquinoline alkaloids obtained from natural sources show remarkable biological activities and relatively

simple structures have attracted great interest in the scientific community, especially researchers involved in the chemistry

https://www.sciencedirect.com/science/article/pii/S1878535216301897 2/77
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of natural products. Quinoline and its congeners have also attracted the interest of synthetic organic chemists due to the

need to obtain increased amounts aimed at additional biological research. Quinoline alkaloids derived from flowering plants,

animals and microorganisms possessed numerous biological activity. Some source of the quinoline or its derivatives and

their biological activities are summarized in Table 1.

Table 1. Natural quinoline and its congener possess antitumor/anticancer activity.

Com. Reference Structure Quinoline Source Use
No. derivative/user name
1 Ortiz et al. Berberine Family of Berberidaceae Colon cancer
(2014)
2 Wall et al. Camptothecin Camptotheca acuminate, Topoisomerase inhibitor
(1966) Notihapodytes Foetida (anticancer agent)
=0 N . .
3 Haseeb et al. d Chelidonine Celandine Lung and pancreatic cancer
(2007)
0
o~/
4 Haseeb et al. T Hsc‘ﬁ_ oct, Chelerythrine Celandine Lung and pancreatic cancer
O
(2007) OCHS;

https://www.sciencedirect.com/science/article/pii/S1878535216301897
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Com. Reference Structure Quinoline Source Use
No. derivative/user name
5 Abdel et al. Dictamine Dictaminus albus Cytotoxicity to HepG2 cells
(2014)
6 Cai et al. (2010) Lavendamycin Streptomyces levendulae Antitumor antibiotic
7 Djerassi et al. Hzﬂﬂm Lophocereine Lophocereus schotti Antitumor antibiotic
(1958) HO N~ “CH;
n‘;’\(c"s
CH;
8 Tan et al. (1991) G 0) Nitidine Zanthoxylum nitidum Topoisomerase inhibitor
3 o
N (anticancer agent)
H;C0 CH,4
9 Zhihu et al. P Sanguinarine Sanguinaria Lung and pancreatic cancer
(2014) {)
0
10 Rao et al. H,CO Streptonigrin Streptomyces flocculus Antitumor antibiotic
(1963) HoN

Various quinoline derivatives have been synthesized and reported for different activities. Quinoline derivatives are widely
used as “parental” compounds to synthesize molecules with medical benefits, especially with anti-malarial and anti-

https://www.sciencedirect.com/science/article/pii/S1878535216301897 a/77
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microbial activities. A number of quinoline and its derivatives are known to possess antimicrobial, antitumor, antifungal,

hypotensive, anti HIV, analgesics and anti-inflammatory activities. Quinoline and its analogues have recently been examined
for their modes of function in the inhibition of tyrosine kinases, proteasome, tubulin polymerization, topoisomerase and
DNA repair. Substitution of the group in a suitable position of a bioactive molecule is found to exert a profound
pharmacological effect (Gasparotto et al., 2006). The quinoline nucleus has naturally stirred in many alkaloids with swaying

antitumor activity, for example, camptothecin (Wall et al., 1966). Srivastava et al. (2005) obtained a patent for an isolation

procedure of camptothecin a quinoline analogous from Nothapodytes Foetida.

Applications of quinoline derivatives are fast spreading from anticancer drugs to almost every branch of medicinal

chemistry. Quinoline derivatives represent a large number of antiproliferative agents exhibiting cytotoxicity through DNA
intercalation, causing interference in the replication process (Ryckebusch et al., 2008). Actinomycin D, doxorubicin,

mitoxantrone and streptonigrin are quinoline analogues possessing antibacterial or anti-cancer activity through DNA

intercalation. Most of these drugs are currently used in the treatment of human malignancies target topoisomerase (types II)

enzymes. Topoisomerase inhibitors designated as “poisons” interact with DNA to form cleavable complexes, causing
permanent DNA damage that triggers a series of cellular events finally inducing apoptosis or other types of cell death.
Topoisomerases are nuclear enzymes that regulate topological and conformational changes in DNA, critical to cellular
processes such as replication, transcription, chromosome segregation and mitosis. There are two classes of DNA
topoisomerase: (i) type I enzyme breaks one DNA strand for the passage of a second strand, and (i) type Il enzyme breaks
both strands of one DNA duplex for the passage of a second DNA double strand. DNA topoisomerases (types II) are the
primary target for a number of quinoline derivatives, including doxorubicin and mitoxantrone etc. Most of the anticancer
drugs currently used in the treatment of human malignancies, as well as several new series of drugs under development, are
targeted at topoisomerase Il enzymes. Most of the quinoline based anticancer drugs currently used in the treatment of
human malignancies, as well as several new series of drugs under development, are targeted at topoisomerase enzymes
(Schmidt et al., 2008).

Among the many possible strategies for improving the therapeutic effectiveness of anticancer drugs, one of the most
important is the synthesis of new derivatives with modified structure. In the search for new derivatives with advantageous
biological properties many structural modifications have already been attempted. Such modifications appear to be a
promising way for improvement of biological properties in comparison with those of the parent anticancer compounds,

https://www.sciencedirect.com/science/article/pii/S1878535216301897 5177


https://www.sciencedirect.com/topics/chemistry/antitumor
https://www.sciencedirect.com/topics/chemistry/antifungal
https://www.sciencedirect.com/topics/chemistry/pharmacological-effect
https://www.sciencedirect.com/topics/chemistry/camptothecin
https://www.sciencedirect.com/topics/chemistry/antineoplastic-agent
https://www.sciencedirect.com/topics/chemistry/actinomycin-d
https://www.sciencedirect.com/topics/chemistry/doxorubicin
https://www.sciencedirect.com/topics/chemistry/mitoxantrone
https://www.sciencedirect.com/topics/chemistry/streptonigrin
https://www.sciencedirect.com/topics/chemistry/topoisomerase-inhibitor

12/06/2024, 20:25 Comprehensive review on current developments of quinoline-based anticancer agents - ScienceDirect
because such modifications exhibited lower toxicity and were found to be highly cytotoxic to several neoplastic cell lines
with multidrug resistance.

In the present review, we have summarized our knowledge on quinoline derivatives with respect to their anticancer
activities, mechanisms of action, structure-activity relationship (SAR), and selective and specific activity against various
cancer drug targets. In particular, we focus our review on in vitro and in vivo anticancer activities of quinoline derivatives in
the context of cancer drug development and refinement.

2. Monosubstituted quinoline derivatives

2.1. 3-Quinoline derivatives

Several quinoline derivatives, isolated from natural sources or prepared synthetically, are important for medicinal chemistry

and biomedical use. The quinoline derivatives that intercalate DNA are of growing interest in the field of anticancer drugs. A
number of research programs directed toward developing new approaches to a variety of heterocyclic ring systems for
anticancer activity, especially those containing 3-quinoline derivatives have been widely reported.

Ghorab et al. (2015) reported a series of 3-quinoline derivatives. Compounds were synthesized via reaction of 3-
aminoquinoline with ethyl cyanoacetate followed by reaction with substituted aldehydes. The structures of the newly
synthesized compounds were confirmed by elemental analyses, and spectroscopic techniques. All the newly synthesized
compounds were evaluated for their cytotoxic activity against a human tumor breast cancer cell line (MCF7). It was found
that the compounds 2-Cyano-3-(4-hydroxy-3-methoxyphenyl)-N-(quinolin-3-yl) acrylamide (11), 3-Oxo-N-(quinolin-3-
yl)-3H-benzol[f]chromene-2-carboxamide (12), 2-Cyano-3- (4-fluorophenyl-N-(quinolin-3-yl) acrylamide (13) and 2-Cyano-
5-(4-(dimethylamino) phenyl)- N-(quinolin-3-yl) penta-2,4-dienamide (14) exhibited higher activity with ICsq values of 29.8,
39.0, 40.0, 40.4umolL"!, respectively. These compounds showed remarkable cytotoxic activity compared to doxorubicin as a
positive control (Fig. 1).

https://www.sciencedirect.com/science/article/pii/S1878535216301897 6/77
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Figure 1. Structures of 3-quinoline derivatives (11-14) show cytotoxic activity against breast cancer cell line (MCF7).

2.2.4-Quinoline derivatives

Reyes et al. (2010) synthesized a series of 4-quinoline substituted aminopyrimidine and 2-methylimidazo[1,2-a]pyridine
derivatives. The synthesized compounds were evaluated for their cytotoxic activity against U251 (glioma), PC-3 (prostate),
K562 (leukemia), HCT-15 (colon), MCF7 (breast) and SK-LU-1 (lung) cancer cell lines. Results showed that quinolin-4-yl-
substituted compound (15), persists cytotoxic activity and is the most effective and selective against CDK1/CycA than against
CDK2/CycB, while quinolin-3-yl-substituted compound is devoid of any cytotoxic activity (Fig. 2). This result constituted a
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new lead of quinolin-4-yl-substituted compounds for their cytotoxic and CDK inhibitory activity from which more
compelling and selective inhibitors can be designed.
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Figure 2. Structure of compound 4-(Quinolin-4-yl)-N-p-tolylpyrimidin-2-amine (15), possessing cytotoxic and CDK
inhibitory activity.
3. Disubstituted quinoline derivatives

3.1. N-alkylated, 2-oxoquinoline derivatives

N-alkylated quinoline derivatives exhibited a wide spectrum of pharmacological activities, such as antiplasmodial, cytotoxic,

antibacterial, antiproliferative, antimalarial, and anticancer activity. The incorporation of oxygen at second position in
quinoline (i.e. 2-Oxoquinoline) may alter the biological response of quinoline (Ryckebusch et al., 2003). Sagheer et al. (2013)
reported N-alkylated, 2-oxoquinoline derivatives as cytotoxic agents. The quinoline was N-alkylated by the bromoacetic acid

and then oxidized with an alkaline potassium ferricyanide solution to get N-alkylated quinolone. Six new quinoline

derivatives (16-21) with high purity were synthesized and tested for their cytotoxic activity on the HEp-2 cell line (tumor of
the larynx) with inhibitory concentration percent of (IC%) range (Fig. 3). The results of cytotoxic studies showed that all the
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synthesized compounds have ICsq (%) value in the range of 49.01-77.67%. The result of cytotoxicity confirms the anticancer
activity of N-alkylated, 2-oxoquinoline derivatives.

16-17 18-21
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Figure 3. Structure of compounds N-alkylated, 2-oxoquinoline derivatives (16-21) shows good cytotoxic activity on the HEp-
2 cell line (tumor of larynx).

3.2. 2,3-Disubstituted quinoline derivatives

Recently, photodynamic therapy is an emerging method of non-invasive treatment of cancer in which drugs such as
Photofrin show localized toxicity on photoactivation at the tumor cells leaving the healthy cells unaffected. There has been
increased interest in the discovery and investigation of compounds that damage DNA upon irradiation, also known as
photonucleases, exhibited a large potential for therapeutic applications chiefly in cancer disease (Armitage et al., 1998).
Importantly, the type and the efficiency of the photo cleavage reaction will depend on the binding affinity and the binding
site that the photonuclease occupies. A number of 2,3-disubstituted quinoline oxime derivatives have been reported for their

anticancer activity by means of DNA cleavage activity in cancerous cells.
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Bindu et al. (2012) reported the simple, convenient and high yielding synthesis of 2-chloro-3-formyl quinoline oxime esters
derivatives. The electrophoretic data showed concentration and substitution dependent nucleolytic activities of 2-chloro-3-
formyl quinoline oxime esters. The DNA photo cleavage studies were performed by neutral agarose gel electrophoresis at

different concentrations (40uM and 80uM) which indicated that few of quinoline oxime esters (22-27) converted into
supercoiled pUC19 plasmid DNA to its nicked or linear form (Fig. 4). The structure activity studies concluded that the
electron donating groups are highly reactive radical and thus possessed remarkable anticancer activity, while the molecules
having halogen and nitro groups were less active. These electrons donating groups abstracts hydrogen atoms efficiently at C-
40 of 2-deoxyribose in B-DNA.
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Figure 4. Structure of compounds 2-chloro-3-formyl quinoline oxime esters derivatives having good anticancer properties.

In the continuous search of new 2,3-disubstituted quinoline derivatives for anticancer activity, Broch et al. (2010) designed
and synthesized new quinoline derivatives. The synthesized compounds were evaluated for their in vitro antiproliferative
activity toward a human fibroblast primary culture and two human solid cancer cell lines (MCF-7 breast and PA 1, ovarian
carcinoma). Results showed that the dimeric analogous (2,2’ Dimethoxy-3,7’-biquinoline 28 and 2,2’-Diethoxy-3,7’-
biquinoline 29) were slightly active toward PA1 and MCF-7 cell lines with ICsq values in the range of 36-54uM, and
possessed better cytotoxicity toward these two human solid cancer cell lines as compared to trimeric compound (2,2",2"'-
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triethoxy-3,7’-3’,7"’-terquinoline 30). The trimeric analogue (30) showed mild activity against the PA1 cell line with an ICsg
value of 50uM. The proposed reason for better activity of dimeric analogues is due to its enhanced solubility over trimeric
analogues, and thus better cellular penetration (Fig. 5). The SAR studies showed that the introduction of various substituents
on the heteroaromatic nucleus improved the solubility of compounds and results better biological profile.
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Figure 5. Structures of dimeric (28, 29) and trimeric (30) analogues of 2,3-disubstituted quinoline derivatives having
improved cytotoxicity against PA1/MCF-7 and PA1 cell line respectively.

3.3. 2,4-Disubstituted quinoline derivatives

Quinoline ring having 2,4-disubstitution plays an important role in the search of new anti-cancer agents as these derivatives
have shown excellent results through different mechanism of action such as growth inhibitors by cell cycle arrest, apoptosis,

inhibition of angiogenesis, disruption of cell migration, and modulation of nuclear receptor responsiveness (Lu et al., 2008).

Kouznetsov et al. (2012) reported a series of 2,4-disubstituted quinoline compounds, for their cytotoxic activity. The studies
were further extended by the same research group Ilango et al. (2015). Various 2,4-disubstituted quinolines derivatives were

synthesized from the reaction of aniline with benzaldehyde and pyruvic acid to formed 2-phenylquinolin-4-carboxylic acid,
which converted to 2-phenylquinolin-4-carbonyl chloride, and on the subsequent reaction with substituted amines gave 2-
phenylquinoline-4-substituted phenylcarboxamide. The syntheses of compounds were confirmed by spectroscopic
techniques. The results of spectroscopy confirmed the synthesis of desired compounds with adequate purity.

The newly synthesized compounds were screened for cytotoxic activity by Trypan blue dye exclusion technique using
Neubauer Hemocytometer. The Ara-c in a concentration of 10ug/ml was used as standards. Among the synthesized
compounds, nine compounds showed % mortality above 50. However, three compounds were found to have a 70% mortality
when compared with Ara-c against the tumor cells. In spite of cytotoxic activity, all the newly synthesized compounds also
showed good antibacterial and antifungal activities. Among newly synthesized derivatives, compounds N-2-diphenyl

quinolin-4-carboxamide (31) and N-p-tolylquinolin-4-carboxamide (32) were found to possess maximum cytotoxicity (Fig.
6). The proposed reason for the superior cytotoxicity of these two compounds was the presence of bulky aryl groups at 2 and
4 positions which enhanced the activity of synthesized quinoline derivatives. The research group also proposed that the
incorporation of the amido group in quinoline derivatives enhanced their cytotoxic and antimicrobial activities, but the
presence of electron donating and electron withdrawing groups on the two aryl rings did not make any significant difference
in their activity.
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Figure 6. Structure of compounds N-2-diphenyl quinolin-4-carboxamide (31) and N-p-tolylquinolin-4-carboxamide (32)
shows best cytotoxicity among 2, 4-disubstituted quinoline compounds.

3.4. 3,5-Disubstituted quinoline derivatives

3,5-Disubstituted quinolines have been reported as potent c-Jun N-terminal kinase (JNKs) inhibitors and lead to produced
anticancer activity. Three distinct genes encoding JNKs have been identified (jnk1, jnk2, and jnk3). JNK3 has been shown to
mediate neuronal apoptosis and make inhibiting this isoform a promising therapeutic target for neurodegenerative diseases
such as Parkinson'’s disease, Alzheimer’s disease, and other CNS disorders. Currently J]NK3 becomes primary target for
number of therapeutics for anticancer activity (Zhang and Zhang, 2005, Kuan et al., 2003). Jiang et al. (2007) reported the
synthesis of a novel series as potent c-Jun N-terminal kinase (JNK) inhibitors with selectivity against p38. The structures of
3,5-disubstituted quinolines were derived from 4-(2,7-phenanthrolin-9-yl)phenol. The X-ray crystal structure of inverse
sulfonamide t-butyl analogue (33) in JNK3 revealed an unexpected binding mode for this new scaffold with protein and
possessed a remarkable inhibition (0.15uM ICs) against JNK3 and devoid of inhibition against p38 (Fig. 7).
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Figure 7. Structure of inverse sulfonamide t-butyl analogue (33) showing unexpected JNK3 binding capability with
remarkable inhibitory activity (0.15uM ICsq) against p38 cell line.

3.5. 3,8-Disubstituted quinoline derivatives

Scolopendra subspinipes has been traditionally used for treating febrile seizure, malignant tumor, neuralgia or diphtheria in
oriental countries. The inventors have extracted a novel quinoline compound from scolopendra subspinipes termed as jineol,
and found that the extracted quinoline compound has cytotoxicity to a cancerous cell. This quinoline alkaloid has an oxygen
atom at 3-carbon position and is rare in the nature. Nowadays jineol a new 3-hydroxy quinolinic compound has been
discovered. It is known that the cyclic peptide structure of 3-hydroxy quinoline has an anticancer activity and its derivative

3-hydroxy quinoline-2-carboxylic acid, which can be obtained from a microorganism also showed anticancer activity
(Matson et al., 1993). The amount of jineol (34) extracted from scolopendra subspinipes is very limited for commercial use
(Fig. 8). Thus Cho et al. (2008), developed methods for synthesis of jineol and its derivatives thereof which showed
anticancer activity. Jineol and its derivatives were synthesized by the reduction of starting material 2-amino-3-
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methoxybenzoic followed by acetylation then selective deacetylation. The reaction was further proceed by the oxidation and

Friedlander condensation and hydrogenation yielded jineol 8-methyl ether or jineol 3-benzyl ether.
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Figure 8. Structure of jineol having anticancer activity.

The researchers patented a number of jineol derivatives having structure at 3,8-dihydroxy-quinoline derivatives (35) (Fig. 9).
Jineol was extracted from scolopendra subspinipes with an organic solvent, and purifying an anticancerous activating portion
by chromatography. Jineol showed cytotoxic activity of the cells, such as A-549 non-small cell lung cancer, SKOV-3 ovarian
cancer, SK-Mel-2 melanoma, XP-498 central nervous system cancer and HCT-15 colon cancer. This jineol was utilized to
derive its derivatives. The synthesized compounds were characterized by spectroscopic techniques. The cytotoxic activity of
jineol derivatives was performed by SRB assay against A-549, SKOV-3, SK-Mel-2, XP-498 and HCT-15 cancer cell lines. Results
showed enhanced cytotoxic activity of jineol and its derivatives as compared to carboplatin, cisplatin and adriamycin.
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Figure 9. Structure of 3,8-dihydroxy-jineol derivatives (35) shows remarkable cytotoxic activity using SRB assay.

3.6. 4,7-Disubstituted quinolines derivatives

Bispo et al. (2015) reported a new and potent class of 7-chloro-4-quinolinylhydrazone derivatives (36) as anticancer agents
(Fig. 10). The synthesized compounds were screened against cancer cell lines using the MTT assay. The results of anticancer
activity showed that compounds exhibited good cytotoxic activity against at least three cancer cell lines (SF-295, central
nervous system; HTC-8 colon and HL-60, leukemia), with ICsq values between 0.314 and 4.65pg/cm?>. Results showed that the
compounds having 2,6-dichloro hydrazone derivative were more active as compared to monochlo, while di or trimethoxy
hydrazone derivatives were more active than monomethoxy. Results also showed that 3rd position substituted hydrazone
showed best cytotoxic activity while N-methylation increased biological activity of quinoline. However, 7-chloro substitution
on the quinoline ring decreased cytotoxic activity.
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Figure 10. Structure of 7-chloro-4-quinolinylhydrazone derivatives (36) shows improved cytotoxic activity using MTT assay.

A plethora of the researcher’s findings suggests that 4-amino, 7-substituted-quinoline derivatives bear numerous biological
activities. These include anticancer, antioxidant, anti-proliferative, and anti-inflammatory properties. Mcchesney et al. (1962)
employed structure activity relationship of 4-aminoquinoline derivatives for antimalarial activity. Consideration has been
given to the potential role of metabolic transformations in the in vivo activation of 8-aminoquinoline.

Ghorab et al. (2014) designed and synthesized nineteen compounds based on a 4-aminoquinoline scaffold. The synthesized
compounds bear N-substituted at the 4-position by aryl or heteroaryl, quinolin- 3-yl, 2-methylquinolin-3-yl, thiazol-2-y],
dapsone moieties and bis-compounds. The synthesized compounds were assayed for in vitro using sulforhodamine B stain
(SRB) method of the antiproliferative activity against the MCF-7 breast cancer cell line. Out of nineteen, seventeen
compounds showed moderate activity than the reference drug doxorubicin, while compounds 7-(trifluoromethyl)-N-(3,4,5-
trimethoxyphenyl)quinolin-4-amine (37), N-(7-(trifluoromethyl)quinolin-4-yl)quinolin-3-amine (38), 2-methyl-N-(7-
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trifluoromethyl)quinolin-4-yl) quinolin-3-amine (39) and N-(4-(4-aminophenylsulfonyl) phenyl)-7-chloroquinolin-4-amine
(40) were reported almost twice to thrice as potent as doxorubicin (Fig. 11). The result of in vitro studies strongly
recommended that the 4-amino, 7-substituted-quinoline derivatives possess antiproliferative activity.
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Figure 11. Structure of 4-amino, 7-substituted-quinoline derivatives (37-40) showing improve antiproliferative activity
against the MCF-7 breast cancer cell line using sulforhodamine B stain (SRB) method, with respect to doxorubicin.
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Recently the combination of quinolines with chloroquine has been reported as the most apoptosis-inducing agent used
against MCF-7 human breast cancer cells (Martirosyan et al., 2004). All differentiation-inducing quinolines caused growth
suppression in MCF-7 and MCF10A cells by strong suppression of E2F1 which results cell cycle arrest.

Ferrer et al. (2009) reported a series of new [(7-Chloroquinolin-4-yl)amino]chalcone derivatives and were tested in vitro
antiproliferative activity against human prostate LNCaP tumor cells. Compounds (2E)-3-(4-Chlorophenyl)-1-{3-[(7-
chloroquinolin-4-yl)amino|phenyl}prop 2-en-1-one (4-chloro-3’-[(7-chloroquinolin-4-yl)amino]chalcone (41), (2E)-1-{3-
[(7-Chloroquinolin-4-yl)amino|phenyl}-3-(3-fluorophenyl)prop-2-en-1-one (3’-[(7-chloroquinolin-4-yl)amino]-3-
fluorochalcone (42) and (2E)-1-{3-[(7-Chloroquinolin-4-yl)Jamino|phenyl}-3-phenylprop-2-en-1-one (3’-[(7-chloroquinolin-
4-yl)amino]chalcone, (43) exhibited potential inhibitors of human prostate cancer cell proliferation with ICs values of
7.93+2.05, 7.11+£2.06 and 6.95+1.62 ug/mL respectively (Fig. 12). Results showed that the presence of hydrogen or a halogen
on position 3rd or 4th in the aromatic ring improved the antiproliferative activity of the reported compounds.

0

7 AN
| —Rr
HN &

N
o

Cl N
41: R=4-Cl; 42: R=3-F: 43:R=H
41: 1C5,=7.93 + 2.05; 42: ICsy=7.11 = 2.06; 43:1C5,=6.95 + 1.62

Download : Download high-res image (144KB)

Download : Download full-size image

https://www.sciencedirect.com/science/article/pii/S1878535216301897 19/77


https://www.sciencedirect.com/topics/chemistry/chloroquine
https://www.sciencedirect.com/topics/chemistry/aromatic-structure
https://ars.els-cdn.com/content/image/1-s2.0-S1878535216301897-gr12_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S1878535216301897-gr12.jpg

12/06/2024, 20:25 Comprehensive review on current developments of quinoline-based anticancer agents - ScienceDirect
Figure 12. Structure of compounds [(7-Chloroquinolin-4-yl)amino]chalcone (41-43) exhibits potential antiproliferative
activity against prostate LNCaP tumor cells.

3.7. 6,8-Disubstituted quinoline derivatives

The quinoline and 6,8-disubstituted quinoline skeletons are often used in the designs of many synthetic compounds with
diverse pharmacological properties. Okten et al. (2013) described an easy route for synthesis of 6,8-disubstituted quinoline
derivatives since 6,8-dibromoquinolines. The reaction starts with synthesis of 6,8-dibromoquinolines followed by metal

bromine exchange leading to produce various 6,8-disubstituted quinoline derivatives. The synthesized compounds were
characterized by spectroscopic techniques. The synthesized compounds were screened for antiproliferative activity against
several tumor cell lines. The results showed that compound 6,8-dibromo-1,2,3,4-tetrahydroquinoline (44) showed
comparable antiproliferative activity against HeLa (cervical epithelioid carcinoma cells), HT-29 (colon cells) and C6 (brain
tumor cells) in a concentration of 10ug/mL, 30ug/mL and 30pug/mL respectively with respect to 5-FU. Compound 6,8-
dimethoxidequinoline (45) also showed significant activity against HT-29 cells in the concentration of 70 ug/mL with respect
to 5-FU. The proposed reaction procedure avoids shortcoming of numerous conventional methods (i.e. Skraup, Friedlander,
Doebner-von Miller, Pfitzinger, Conrad-Limpach, and Combes) including limited homogeny and substitution on the quinoline
ring system (Fig. 13).
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Figure 13. Structure of compounds 6,8-dibromo-1,2,3,4-tetrahydroquinoline (44) and 6,8-dimethoxidequinoline (45)
showing comparable antiproliferative activity against HeLa/HT-29/C6 and HT-29 cancer cell lines respectively.

4. Trisubstituted quinoline derivatives

4.1. 2,4,5-Trisubstituted quinoline derivatives

Enhancer of Zeste Homologue 2 (EZH2) is a member of the histone-lysine N-methyltransferase (HKMT) family, which
methylates K9 and K27 of histone H3, leading to transcriptional repression of the affected target genes. EZH2 has been found
to be over-activated or over-expressed in many cancer types including colon, prostate, breast, and lung cancer (Kleer et al.,
2003). Recently EZH2 has become a choice of target for a number of researchers for the treatment of cancer. EZH2 inhibitors
had been discovered by many pharmaceutical companies and academic institutes exposed in the treatment of cancer. To
date, a number of EZH2 inhibitors (Fig. 14) have been reported (Nasveschuk et al., 2014, Bradley et al., 2014). Unfortunately,
the known EZH2 inhibitors have very limited scaffold structures.
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Figure 14. Structure of typical EZH2 inhibitors.

In the search of new potent EZH2 inhibitors Xiang et al. (2015) discovered a new class of 5-methoxyquinoline derivatives a
congener of BIX-01294 (2-(hexahydro-4-methyl-1H-1,4-diazepin-1-yl)-6,7-dimethoxy-N-[ 1-(phenylmethyl)- 4-
piperidinyl]-4-quinazolinamine, (Fig. 15). BIX-01294 is a well-known histone methyltransferase G9a/GLP inhibitor containing
a 1-benzylpiperidin-4-ylamino group (Kubicek et al., 2007).
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Figure 15. Structure of compound 2-(hexahydro-4-methyl-1H-1,4-diazepin-1-yl)-6,7-dimethoxy-N-[ 1-(phenylmethyl)- 4-
piperidinyl]-4-quinazolinamine (BIX-01294), a potent EZH2 inhibitors.

5-Methoxyquinoline derivatives were prepared by cyclization of 2-bromo-5-methoxyaniline and malonic acid, using POCl;

as catalyst and solvent. The intermediate 8-bromo-2,4-dichloro-5-methoxyquinoline was prepared which on subsequent
reactions with n-BuLi in THF and CH30H followed on reaction with a variety of primary or secondary amines at the 4-

position of the quinoline moiety and finally on nucleophilic substitution reaction with amines at the 2-position of the
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quinoline moiety in i-PrOH under microwave conditions, using TFA as an acid catalyst gave the desired series of compounds.
The quinoline derivatives were assayed for their anticancer activity which was based on both enzymatic and cellular assays,

in which the enzymatic activities were determined by the AlphaLISA (EZH2) method, and the cell growth inhibition
potencies were evaluated on the HCT-15 (colon) and MD-MBA-231 (breast) cell lines by the MTT method. The results of these
studies showed that compound 5-methoxy-2-(4-methyl-1,4-diazepan-1-yl)-N-(1- methylpiperidin-4-yl)quinolin-4-amine
(46), displayed an ICsq value of 1.2uM against EZH2, decreased global H3K27me3 level in cells and also showed good anti-
viability activities against both HCT15 and MD-MBA-231 tumor cell lines (Fig. 16). Studies also indicated that methoxy
groups at the 5-position might be more important for the potency of the compounds, and single or double substitutions at
other positions would not contribute to the potency. Selectivity studies of compound (46) were also done on different
proteins, including SMYD3, G9a, SUV39H1, SETDB1, PRMT1 and SETDS8. Results of selectivity showed that the compound (46)
is highly selective for EZH2. Researchers concluded that the compound (46) could be a lead compound deserving further
structural optimization due to the fact that it represents a new scaffold and possesses low molecular weight.
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Figure 16. Structure of compound 5-methoxy-2-(4-methyl-1,4-diazepan-1-yl)-N-(1- methylpiperidin-4-yl)quinolin-4-amine
(46) showing good anti-viability activities against both HCT15 and MD-MB-231 tumor cell lines.

4.2. 2,4,6-Trisubstituted quinolines

DNA alkylating agents have been widely used in chemotherapy. Recently, the investigation of new alkylating agents for

cancer chemotherapy via the designing of DNA-directed alkylating agents or prodrug becomes a key area to overcome the
general drawbacks of alkylating agents. DNA-directed alkylating agents are generally synthesized by linking alkylating
pharmacophores (such as N-mustard residue) to DNA-affinic molecules (such as DNA intercalating agents or DNA minor
groove binder) (Gourdie et al., 1990). These agents showed higher cytotoxicity and better therapeutic efficacy than the
corresponding untargeted alkylating agents. Studies on the structure-activity relationships of these conjugates suggest that
the selection of the DNA-affinic molecule (carrier), N-mustard residue (alkyl or phenyl N-mustard) and the spacer (type and
length) greatly affect their antitumor activity. For example, Tallimustine a proposed anticancer drug candidate for this new
class of cytotoxic compounds. It was evaluated in Phases I and II clinical trials and expressed a promising anticancer activity
both in vivo and in vitro (Pezzoni et al., 1991).

Till date a number of DNA-directed alkylating agents, having N-mustard residue have been reported. In the search of new N-
mustard alkylating agents Kakadiya et al. (2010) reported a series of phenyl N-mustard quinoline conjugates as potent DNA-
directed alkylating agents. In his study quinolines were chosen as a DNA-affinic molecule, as they are DNA minor groove
binders. New N-mustard-quinoline conjugates were synthesized, using urea or hydrazinecarboxamide as stabilizing spacers.
The new targets derivatives were subjected to antitumor evaluation against a variety of human tumor cell growth in vitro,
therapeutic efficacy in vivo, and their capability of DNA interstrand cross-linking. Results showed that compounds having
hydrazinecarboxamide as a linker showed increased cytotoxic activity in comparison with the corresponding compounds
bearing a urea spacer. The therapeutic efficacy against human tumor xenografts in animal model study clearly exposed the
complete tumor remission in nude mice bearing human breast carcinoma MX-1 xenograft by N-{4-[Bis(2-
chloroethyl)amino]phenyl}-NO-(2-methyl-4-quinolinyl)urea (47); N-{4-[Bis(2-chloroethyl)amino]phenyl}-NO-[6-methoxy-
2-(3-methoxy-phenyl) -4-quinolinylurea (48); N-{4-[Bis(2-chloroethyl)amino]phenyl}-2-(6-methyl[1,3]- dioxolo[4,5-
g]quinolin-8-yl)-hydrazinecarboxamide (49) and N-{4-[Bis(2-chloroethyl)Jamino]phenyl}-2-[6-(dimethylamino)- 2-methyl-
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4-quinolinyl|-hydrazinecarboxamide (50). The study concluded that the both linkers were able to lower the chemically
reactive N-mustard pharmacophore and thus the newly synthesized conjugates possessed a long half-life in rat plasma (Fig.

17).
N(CH,CH,Cl),
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7 N
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Figure 17. Structure of N-mustard-quinoline conjugates (47-50) showing improvement of anticancer activity against human
breast carcinoma MX-1 xenograft.

4.3. 2,4,8-Trisubstituted quinoline derivatives

It is known that diverse polyfunctionalized quinoline molecules are used as potential anticancer agents. As a part of a
medicinal chemistry program devoted to the search of new anticancer compounds, 2,4,8-trisubstituted quinoline derivatives
could serve as models for the development of new antitumor drugs. It was reported that chemical modulation at the C-2
position of quinoline would alter the biological activity of the new quinoline compounds. The introduction of a hetaryl
moiety in the C-2 position of the quinoline ring would possibly enhance the lipophilicity and DNA-quinoline binding
properties of the prepared compounds and thus may augment the anticancer activity. Kouznetsov et al. (2012) accounted C-2

https://www.sciencedirect.com/science/article/pii/S1878535216301897 26/77


https://ars.els-cdn.com/content/image/1-s2.0-S1878535216301897-gr17_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S1878535216301897-gr17.jpg
https://www.sciencedirect.com/topics/chemistry/lipophilicity

12/06/2024, 20:25 Comprehensive review on current developments of quinoline-based anticancer agents - ScienceDirect
quinoline derivatives that possessed good cytotoxic activity. They identified structural similarities between sixteen C-2-
substituted quinolines compounds and reported structures as anticancer. The synthesized compounds were tested in specific
human cancer cell lines (MCF-7, H-460 and SF-268) and against nonspecific Vero cell lines and THP-1 monocyte
macrophages, which indicated that 2-a-furyl- and 2-y-pyridinyl quinoline derivatives 6-Methoxy-2-(thiophen-2-yl)quinoline
(51); 8-Ethyl-4-methyl-2-(pyridin-4-yl)quinoline (52) and 8-Propyl-4-methyl-2-(pyridin-4-yl)quinoline (53) are active
against the three specific cancer cell lines (MCF-7, H-460 and SF-268) and, at the same time, were devoid of cytotoxic effect
on nonspecific Vero cell lines and THP-1 monocyte macrophages when compared to adriamycin and camptothecin as

standard drugs (Fig. 18). Biological activity and SAR results were compared with different molecular descriptors determined
in silico using online available software, in an attempt to show a relationship with the possible mode of action of these
quinoline derivatives.
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Figure 18. Structures of compounds 6-Methoxy-2-(thiophen-2-yl)quinoline (51); 8-Ethyl-4-methyl-2-(pyridin-4-yl)quinoline
(52) and 8-Propyl-4-methyl-2-(pyridin-4-yl)quinoline (53) show excellent cytotoxicity against the specific human cancer cell
lines (MCF-7, H-460 and SF-268).

4.4, 2-Substituted-4-amino-6-halogenquinoline derivatives

Gefitinib and pelitinib the 4-aminoquinazoline and 4-aminoquinoline skeletons respectively, are considered to be the
promising nucleus for antitumor drug development. As a result, a great number of novel 4-aminoquinazoline and 4-
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aminoquinoline derivatives have been developed in succession. Two series of novel 2-substituted-4-amino-6-
halogenquinolines were designed, synthesized and evaluated by Jiang et al. (2012) for their antiproliferative activity against
H-460 (lung), HT-29 (colon), HepG2 (liver) and SGC-7901 (stomach) cancer cell lines in vitro. The pharmacological results
indicated that most compounds with 2-arylvinyl substituents exhibited good to excellent antiproliferative activity. Among
them, the compound (E)-N!-(6-Chloro-2-(4-methoxystyryl)quinolin-4-yl)-N2 N2-dimethylethane-1,2-diamine (54) (with a 4-
methoxystyryl group at the C-2 position and a dimethylaminoalkylamino substituent at the C-4 position) was considered
promising lead for further structural modifications with ICsq values of 0.03uM, 0.55uM, 0.33uM and 1.24uM, against H-460,
HT-29, HepG2 and SGC-7901 cancer cell lines respectively which was 2.5- to 186-fold more active than gefitinib (Fig. 19). The
prelude SARs showed that the improved activity depended strongly on the introduction of an ethylene linkage between the
nucleus and aryl moiety.
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Figure 19. Structure of compound (E)-N'-(6-Chloro-2-(4-methoxystyryl)quinolin-4-yl)-N? N2-dimethylethane-1,2-diamine
(54) shows improve antiproliferative activity over H-460, HT-29, HepG2 and SGC-7901 cancer cell lines.

4.5. 2,8-Bis(trifluoromethyl)-4-substituted quinoline derivatives
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Meshram et al. (2012) synthesized various 2,8-bis(trifluoromethyl)-4-substituted quinoline derivatives since 4-substituted
iodoquinoline on reaction with boronic acids in the presence of a palladium catalyst under basic conditions or by the use of

Triton B as a base. Synthesized compounds were characterized by spectroscopic techniques. Cell proliferation or viability of
the synthesized compounds were assayed via MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrasolium bromide] assay
against the HL-60 (myeloid leukemia) and U937 (leukemia monocyte lymphoma) cell lines using etoposide as a reference
drug. Results of cytotoxicity studies showed that synthesized quinoline derivatives were toxic to human HL-60 and U937 cell
lines in the concentration of 100-200ug/ml. Compound (55) [4-(3,5-dimethyl-1H-pyrazol-4-yl)-2,8-bis (trifluoromethyl)
quinoline] was found to be a most potent antiproliferative agent (Fig. 20). This compound possessed ICsq value
19.88+3.35ug/ml and 43.95+3.53 ug/ml in HL-60 and U937 cell lines respectively.
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Figure 20. Structure of compound 4-(3,5-dimethyl-1H-pyrazol-4-yl)-2,8-bis (trifluoromethyl) quinoline (55) shows highest
anticancer activity against HL-60 and U937 cell lines.

4.6. 4-Anilino-8-hydroxy-2-phenylquinoline derivatives
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Chen et al. (2006) reported the synthesis and antiproliferative evaluation of certain 4-anilino-8-methoxy-2-phenylquinoline
and 4-anilino-8-hydroxy-2-phenylquinoline derivatives. The results showed that the antiproliferative activity of 4’-COMe-
substituted derivatives decreased in an order of 6-OMe (3.89uM)>8-OMe (10.47 uM)>8-0OH (14.45uM), signifying that the
position of substitution at the quinoline ring was crucial. For 3’-COMe derivatives, the antiproliferative activity of 8-OH (4-
(3-Acetylanilino)-8-hydroxy-2-phenylquinoline) (56, 1.20uM) was found to be more potent than its 8-OMe counterpart
(8.91uM), indicating that a H-bond donating substituent was more favorable than that of a H-bonding accepting group.
Similarly, for 8-OH derivatives, the antiproliferative effect of -COMe (56) was more potent than its oxime derivative
(2.88uM), which in turn was more potent than the methyloxime counterpart (5.50 IM) (Fig. 21). In continuation, the studies
showed that the compound (56) was principally active against the growth of certain solid cancer cells, such as HCT-116
(colon cancer), MCF7 and MDA-MB-435 (breast cancer) with GI50 values of 0.07, <0.01 and <0.01uM, respectively.
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Figure 21. Structure of compound 4-(3-Acetylanilino)-8-hydroxy-2-phenylquinoline (56) shows significant antiproliferative
activity against HCT-116, MCF7 and MDA-MB-435 cancer cell lines.
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4.7. 8-Hydroxy-2-methyl-7- substituted quinoline derivatives

Nowadays, researchers are focusing on biologically active quinoline analogues and fluorescent compounds capable of

staining cancer cells. Researchers are trying to increase the lipophilicity of quinoline derivatives to enhance the permeability
of the derivatives through the cell membranes, while their antiproliferative activities render them interesting as leading
structures for anticancer agents or (in case of non-active compounds) as dying agents (Li et al., 2007). Spaczynska et al.
(2014) reported a series of 8-hydroxy-2-methyl-quinolone derivatives with benzylamide substitution and characterized by
spectroscopic techniques. Compounds were investigated for fluorescent properties. Compounds 8-Hydroxy-2-
methylquinoline-7-carboxylic acid (3- phenylbutyl)-amide (57) and 8-Hydroxy-2-methylquinoline-7-carboxylic acid
phenethylamide (58) showed highest fluorescence, while remaining compounds also possessed remarkable fluorescence.
The results of fluorescence studied showed that compounds having an unsubstituted aryl system or substituted —CH3 or —
F showed the best fluorescence intensity while substitution with —OCH3 or —OH in the aryl ring decreased fluorescence.

Synthesized compounds were also utilized for biological assays and were tested by the MTS assay against the wild type of
human colon adenocarcinoma cell line (HCT116) and mutants with disabled TP53 gene (HCT116 p53). The synthesized
compounds were also screened for their cytotoxicity against murine melanoma cell line (B16-F10) and normal human
dermal fibroblasts. The compound 2-Hydroxybenzoic acid N’-(8-hydroxy-2-methylquinoline-7-carbonyl)-hydrazide (59) was
found to possess highest cytotoxic activity and was active in inhibiting the proliferation of all tumor cell lines and possessed
highest cytotoxic activity but very poor fluorescence, too weak for observations (Fig. 22).
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Figure 22. Structure of 8-hydroxy-2-methyl-quinolone derivatives (57-59) possesses highest cytotoxicity against B16-F10,
NHDF cell lines but with very poor fluorescence.

4.8. Thiosemicarbazones based on quinoline scaffold

Thiosemicarbazones exhibit potent anticancer activity through the blocking of ribonucleotide reductase or by specific redox

activity. Serda et al. (2010) showed that reduction of complex of Fe3*-thiosemicarbazone lead to generation of reactive
oxygen species (ROS) which may also be responsible for inhibition of ribonucleotide reductase as they are able to quench the

tyrosyl radical of the R2 subunit of ribonucleotide reductase. Quinoline and its derivatives were also reported as a potent
antiproliferative scaffold. Number of thiosemicarbazones based on quinoline compounds has been synthesized using
microwave assisted techniques.

Microwave assisted chemistry carried most of the steps in efficient manner and green technique and also provide good
(above 80%) yields of the main product. The proposed technique is time and cost efficient and allows obtaining a relatively
wide group of compounds for biological tests. Structures of all new compounds were confirmed with spectroscopic
techniques. The antiproliferative activity of thiosemicarbazones based quinoline compounds (60 and 61) was assessed by the
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MTT assay against the HCT116 (human colon carcinoma) cell line (Fig. 23). Tested compounds exhibited improved
antiproliferative activities against HCT116 cancer cells.
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Figure 23. Structure of thiosemicarbazones based quinoline compounds (60, 61) shows good antiproliferative activity against
the HCT116 cell line by MTT assay.

5. Tetrasubstituted quinoline derivatives

5.1. 2,3-Disubstituted-6,7-dimethoxy (dihydroxy) quinoline derivatives

RAF (rapidly-growing fibrosarcoma) kinases are serine/threonine kinases, and they are part of the mitogen activated protein
kinase signal transduction cascade. This cascade is vital for numerous cellular fates, including cell growth, differentiation,
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proliferation and survival (Weber et al., 2000). Imatinib a diarylamides derivative was used in the treatment of
gastrointestinal stromal tumors, thyroid cancer, breast cancer, meningioma, ovarian cancer, and nonsmall cell lung cancer in
combination with other drugs (Wellbrock et al., 2004). Gamal et al. (2014) synthesized a new series of diarylamide
derivatives possessing dimethoxy(dihydroxy)quinoline nucleus. The synthesized compounds were tested for in vitro
antiproliferative activities over NCI-58 cancer cell line panel of nine different cancer types. Compounds 3,4-dichloro-N-(4-
(6,7-dimethoxy-2- methylquinolin-3-yloxy)phenyl)benzamide (62); N-(4-(6,7-dimethoxy-2-methylquinolin-3-
yloxy)phenyl)-2,3- dihydrobenzo[b][1,4]dioxine-5-carboxamide (63); 3-(Trifluoromethyl)-N-(4-(6,7-dimethoxy-2-
methylquinolin-3-yloxy) phenyl)benzamide (64); 4-Chloro-3-(trifluoromethyl)-N-(4-(6,7-dimethoxy-2- methylquinolin-3-
yloxy)phenyl)benzamide (65); N-(4-(6,7-dimethoxy-2-methylquinolin-3-yloxy)phenyl)-3,5- bis(trifluoromethyl)benzamide
(66) showed the most promising results among all the synthesized compounds at a single-dose concentration of 10mM over
58 cell line panel. These compounds (62-66) were further tested in 5-dose testing mode in order to determine their ICsg
values, and the results were compared with those of imatinib and gefitinib which showed that the five compounds were

more potent than imatinib against all the cell lines of nine different cancer types (Table 2). Compound 66 showed the highest
inhibited activity and was further tested against C-RAF kinase inhibition. Results of C-RAF kinase inhibition showed 76.65%
inhibition at 10mM. So it can be concluded that C-RAF kinase inhibition is a possible mechanism of the antiproliferative
activity of this compound. The structure activity relationship (SAR) studies of synthesized compounds indicated that 6,7-
dimethoxyquinoline scaffold was more favorable for activity than 6,7-dihydroxyquinoline. The O linker was optimal for the
activity too. Taken together, they can give information about the pharmacophore of this series of compounds.

Table 2. Structures of the 2,3-disubstituted-6,7-dimethoxy (dihydroxy) quinoline derlvatlves 60-64) with their ICsq values

(uM) over the most sensitive cell line of each subpanel R” m :O/ T

Com.No. R X Ar Cancer cell lines

RPMI-8226° HOP-92° HCT-116° SF-2959 SK-MEL-5¢ OVCAR-4f A498%¢ PC-3"' BT-549i

62 CH; O 4@7(21 3.70 16.10 426 1.59 4.99 5.26 2060 477 391

cl
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Com.No. R Ar Cancer cell lines
RPMI-8226° HOP-92° HCT-116° SF-2959 SK-MEL-5¢ OVCAR-4' A498% PC-3" BT-549i
63 CH3 {;' *D 2.98 3.93 3.42 2.91 2.92 3.32 206 249 171
64 CH3 @ 3.67 3.08 322 2.73 2.45 3.68 178 285 331
CFJ
65 CH3 Qa 5.43 13.60 418 2.28 10.60 5.58 242 430 8.86
l.'_'}-':L
66 CH3 :?F 1.57 1.82 1.56 1.64 2b.76 453 113 1.66  3.02
CFJ
Imatinib 6.31 12.59 12.59 19.95 12.59 19.95 19.95 1995 15.85
Gefitinib 6.31 0.32 3.16 10.00 3.16 6.31 0.63 501 3.16
d

Leukemia cell line.

Non-small cell lung cancer cell line.

Colon cancer cell line.

CNS cancer cell line.
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e

Melanoma cell line.

Ovarian cancer cell line.

Renal cancer cell line.

Prostate cancer cell line.

Breast cancer cell line.

5.2. 6,7-Substituted-5,8-quinolinequinone derivatives

5,8-Quinolinequinones derivatives reported to possess a wide spectrum of biological properties that include anti-tumor,
anti-inflammatory and anti-bacterial activities (Cheng et al., 2008, Castellano et al., 2008). Streptonigrin, isolated from the
bacterium Streptomyces flocculus showed antitumor activity, having 5,8-quinolinequinones nub, which was one of the first
compounds to be systematically modified in an attempt to correlate specific structural features with anti-cancer properties
(Fig. 24) (Rao et al., 1963). Earlier structure-activity studies (SARs) concluded that the 7-aminoquinolinequinone-moiety of
streptonigrin was crucial for anti-tumor activity; however, further studies showed that the addition of electron-withdrawing
groups at the 6- and/or 7-positions of the quinolinequinone results enhanced rates of DNA degradation (Rao, 1974, Lown and
Sim, 1976, Shaikh et al., 1986). Unfortunately, the high toxicity of streptonigrin has limited its therapeutic value (Davis et al.,
1978, Bolzan and Bianchi, 2001).
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Figure 24. Structure of streptonigrin, having antitumor activity, with 5,8-quinolinequinones nub.

Mulchin et al. (2010) reported a series of 6,7-substituted 5,8-quinolinequinones derivatives and identified their anti-cancer,
anti-inflammatory or tuberculostatic activity. The starting material of synthesis was 8-hydroxyquinoline or 8-hydroxy-2-

methyl-quinoline, which on the subsequent reaction with sodium chlorate gave oxidative product dichloro-quinones. These
dichloro-quinones were then treated with a variety of amine nucleophiles to give the 6 and/or 7-substituted 5,8-
quinolinequinolines products in good (65-96%) yield. The anti-cancer activity of the synthesized compounds was measured
against HL60 cells (IC5p) and human T-cells (IC5g) from healthy volunteers using the MTT assay. These quinolinequinones
showed promise as anti-cancer activity. Results showed that the introduction of a sulfur group at the 7-position of the
quinolinequinone (6-methylamino-7-methylsulfanyl-5,8-quinolinequinone (67) and 6-amino-7- methylsulfonyl-5,8-
quinolinequinone (68)) led to the discovery of a number of biologically active compounds that exhibited selectivity for
leukemic cells over T-cells, a highly desirable property for an anti-cancer drug, while a di-chloro or di-thiol-substituted
quinolinequinone gave better anti-inflammatory activity (Fig. 25).
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Figure 25. Structure of 6,7-substituted 5,8-quinolinequinones derivatives (67, 68) shows significant anticancer activity
against HL60 cells and human T-cells.

6. Heterocyclic fused quinoline derivatives

6.1. 1,2-Quinoline-platinum complex

The compound belonging to a series of platinum(Il) complexes bearing piperidine (pip) as a ligand, exhibited notable
antitumor activity (Da et al., 2001, Solin et al., 1982). Thanh et al. (2014) reported a [PtCl,(pip)(quinoline)] complex, in which
the quinoline ligand is replaced by an N,0O-bidentate quinaldate ligand and quinoline-piperidine ligands are arranged in cis
positions. The researchers also reported a new chlorido(piperidine-kN)- (quinoline-2-carboxylato-x2N,0)platinum(II)
compound (69) in which the quinoline ring of the quinaldate ligand occupies a transposition with respect to the piperidine
ring (Fig. 26). The compound was synthesized in two steps. In a first step the quinaldic acid in its ionic form coordinates with
Ptll via the O atom of the carboxylate group first and in a cis position with respect to piperidine based on the trans effect,
while in a second step, the quinaldic acid coordinates with PtII also via its N atom, resulting in the cyclic complex.
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Figure 26. Structure of compound chlorido(piperidine-kN)- (quinoline-2-carboxylato-k%N,0)platinum(II) (69), shows
significant cytotoxicity against human cancer cells of HepG2, RD, MCF7 and FI.

The cytotoxic activity of the synthesized compound (69) was tested and recorded for four human cancer cells of HepG2, RD,
MCF7 and Fl. The IC5q values of the reported compound were found to be 4.46, 2.59, >10 and 5.60ugml™! respectively.

6.2. Pyrroloquinolines derivatives

Lee et al. (2004) identified a novel series of substituted pyrroloquinolines that selectively inhibited the function of P-
glycoprotein (Pgp) without modulating multidrug resistance-related protein 1 (MRP 1). The synthesized compounds were
screened for their toxicity toward drug-sensitive tumor cells (i.e. MCF-7, T24) and for their ability to antagonize Pgp
mediated drug-resistant cells (i.e. NCI/ADR) and MRP 1 mediated resistant cells (i.e. MCF-7/VP). The results showed that the
dihydropyrroloquinolines inhibited Pgp to varying degrees, without any significant inhibition of MRP 1. The compound Pgp-
4008 (70) was found to be most potent in inhibition of Pgp in vitro (Fig. 27).
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Figure 27. Structure of compound Pgp-4008 (70), most potent in inhibition of Pgp in vitro.

6.3. Indolo[2,3-b]quinoline derivatives

5,11-Dimethyl-5H-indolo[2,3-b]quinoline (DiMIQ, 71), the synthetic analogue of indolo[2,3-b]quinoline, reported high
cytotoxic activity and inhibits the proliferation of mouth carcinoma KB cells (at a concentration of 1mM) (Czoch et al.,1994)
(Fig. 28). Moreover, its activity is similar to the cytotoxic activity of doxorubicin (0.8 mM against KB cells) a marketed
anticancer drug (Kaczmarek et al., 1999). Unfortunately, DiMIQ (71) has limited practical applicability in the treatment of
cancer, possibly due to its high toxicity, lack of selectivity and very low solubility in aqueous solutions, especially at neutral
pH. The high toxicity and low bioavailability of DiMIQ (71), prompted researchers to look for new analogues which would
conform to the high requirements necessary for anticancer drugs: potent and selective activity and low side effects.
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Figure 28. Structure of compound 5,11-dimethyl-5H-indolo[2,3-b]quinoline (DiMIQ, 71), a indolo derivative shows high
cytotoxic activity and inhibits the proliferation of mouth carcinoma KB cells.

In the search of new DiMIQ congeners, Sidoryk et al. (2015) reported new indolo[2,3-b]quinoline derivatives containing
guanidine, amino acid or guanylamino acid substituents. Results revealed that the attachment of the guanidine, or
guanylamino acid chain directly to the DiMIQ or 6H-indolo[2,3-b]quinoline moiety significantly perked up its selective
cytotoxicity against almost all cancer cell lines, while decreasing this activity against the normal cell line. Compounds N-
guanyl-N-(5,11-dimethyl-5H-indolo[2,3-b]quinolin-9-yl)- amine dihydrochloride (72) and N-guanyl-N-[6-(2-
dimethylaminoethyl)-11-methyl-6Hindolo[ 2,3-b]quinolin-9-yl]-amine tetrahydrochloride (73) showed highest in vitro
cytotoxicity and possessed selectivity between normal and cancer cell lines (Fig. 29). The cytotoxicity of compound (72) was
found to be about 600-fold lower against normal fibroblasts than against A549 and MCF-7 cancer cell lines. The mechanism
of action of synthesized compounds was also studied for guanidine derivatives, which showed that compounds (72 and 73)
were very effective inducers of apoptosis. The results of mechanism of action studies proved that the compounds (72 and 73)
produced antiproliferative activity through DNA interactions probably lead to the inhibition of DNA synthesis and
consequent arrest the cells in S cell cycle phase. Compound (72), interacted more strongly with DNA than that of compound
(73), and was also more efficient in the induction of apoptosis. The studies concluded that the conjugates containing the
guanidine group directly linked to the core structure confirmed highly potent and selective anticancer activity.
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Figure 29. Structure of indolo[2,3-b]quinoline derivatives (72, 73) shows remarkable cytotoxicity against A549 and MCF-7
cancer cell lines.

6.4. Anilinofuro[2,3-b]quinoline derivatives

Chen et al. (2005) synthesized 4-anilinofuro[2,3-b]quinoline and angular 4-anilinofuro|3,2-c]quinoline derivatives and
evaluated in vitro against the full panel of NCI's 60 cancer cell lines. Compound 1-(4-(furo[2,3-b]quinolin-4-
ylamino)phenyl)ethanone (74) was found to be the most cytotoxic with a mean GI50 value of 0.025uM (Fig. 30). The results
showed that substitution at either furo[2,3-b]quinoline ring (2a, 2b, and 5b) or 4-anilino moiety (3-7) decreased cytotoxicity.
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Figure 30. Structure of compound 1-(4-(furo[2,3-b]quinolin-4- ylamino)phenyl) ethanone (74) shows most cytotoxicity
against NCI's 60 cancer cell lines.

6.5. Indolo-, pyrrolo-, benzofuro and 6-anilinoindolo quinoline derivative

Chen et al. (2002) synthesized certain indolo-, pyrrolo-, and benzofuro-quinolin-2(1H)-ones and 6-anilinoindoloquinoline
derivatives and evaluated in vitro against a three-cell line panel consisting of MCF7 (Breast), NCI-H460 (Lung), and SF-268
(CNS). The results have shown that cytotoxicity decreased in the order of 6-anilinoindoloquinolines>indoloquinolin-2(1H)-
ones>pyrroloquinolin-2(1H)-ones>benzofuroquinolin-2(1H)-ones. Among them, 1-(3-(11H-indolo(3,2-c)quinolin-
6ylamino)phenyl) ethanone oxime hydrochloride (75) and its 2-chloro derivative (76) were most active, with a mean Gls
values of 1.70 and 1.35mM, respectively (Fig. 31). Both compounds (75, 76) were also found to inhibit the growth of SNB-75
(CNS cancer cell) with a Glsq value of less than 0.01 mM.
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Figure 31. Structure of compounds 1-(3-(11H-indolo(3,2-c)quinolin-6ylamino)phenyl) ethanone oxime hydrochloride (75)
and its 2-chloro derivative (76) shows cytotoxicity against MCF7, NCI-H460, SNB-75 and SF-268 cancer cell lines.

Atwell et al. (1972) synthesized acridine derivatives having an amino group at position 9 of acridine, and found that some of
them had the effect of inhibiting leukemia. Cain et al. (1974) reported the interrelation between the anticancer effect of the
acridine derivatives and the specific kind of alkylamino group at position 9 of acridine, and found that the most effective
derivative is N-(4-(9-acridinylamino)-3-methoxyphenyl)-methanesulfonamide (amsacrine). Yamato et al. (1988) obtained a
patent for compounds having indenoquinoline, benzofuroquinoline or benzothienoquinoline in lieu of the acridine skeletal
structure of amsacrine, the process for the preparation thereof. In the present structure X was O, S or CH, (77) (Fig. 32).
These compounds showed intensive antiproliferative activity. The antiproliferative activity was determined by measuring the
50% growth inhibition (ED5q) of KB-cells. The numbers of surviving cells were counted by a Kohlter’s counter, and the
counted number was compared to that of the control to find the concentration of the drug for inhibiting the growth by 50%,
thus found concentration being estimated as the EDsq value. In vivo activity showed the prolonging life of P-388 murine
leukemia cell line with cancer and these synthesized compounds were found to be devoid of any acute toxicity.
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Figure 32. Structure of compounds indenoquinoline, benzofuroquinoline or benzothienoquinoline derivatives (77) showing
intensive antiproliferative activity against KB-cancer cells and prolonging the life of P-388 murine leukemia cell line with
cancer.

6.6. Indeno [1,2-c]quinoline derivatives

Although the quinoline ring is found in a wide variety of biologically active compounds and is frequently condensed with

various heterocycles leads to produce remarkable active multifaceted. Synthesis and biological evaluation of the indeno [1,2-
c] quinoline skeleton attracts limited attention. NSC 314622 (78) an indenoquinoline analogue, was first identified as a novel
Topoisomerase I inhibitor with better pharmacokinetic features than camptothecin (Fig. 33) (Antony et al., 2003). Since then,

a number of indenoisoquinolines analogues especially indeno [1,2-c]isoquinoline derivatives have been synthesized and
proved to possess DNA Top I inhibitory activity. These compounds bind to a transient Top I DNA covalent complex and
inhibited the resealing of a single-strand nick that the enzyme creates to relieve superhelical tension in duplex DNA (Hsiang
et al., 1985, Hertzberg et al., 1989).
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Figure 33. Structure of indenoquinoline analogue (NSC 314622, 78) shows Topoisomerase I inhibitory activity.

In the search of new, potent indeno[1,2-c]quinoline derivatives, Tseng et al. (2008) synthesized some new indeno[1,2-
c]quinoline derivatives and reported their antiproliferative evaluation against the growth of six cancer cell lines including
human cervical epithelioid carcinoma (HeLa), oral squamous cell carcinoma (SAS), hepatocellular carcinoma (SKHep), human
stomach adenocarcinoma (AGS), prostate cancer (PC-3), and non-small cell lung cancer (A549). All indeno[1,2-c]quinoline
derivatives were derived from isatin. The antiproliferative activity was measured by determining the concentration of
substances that inhibited the growth of 50% of cells (Glsg). The results illustrated that the compound 9-Methoxy-6-
(piperazin-1-yl)-11H-indeno[ 1,2-c]- quinolin-11-one O-3-aminopropyl oxime (79) was the most potent with GI50 values of
0.52,0.74, 6.76, and 0.64uM against the growth of HeLa, SKHep, AGS, and A549 cells, respectively. The study also showed
that the potency of synthesized compounds was decreased in an order of
aminoalkoxyimino>hydroxyimino>alkoxyimino>carbonyl. Flowcytometric analysis indicated that the compound 9-
Methoxy-6-(piperazin-1-yl)-11H-indeno|[1,2-c]- quinolin-11-one O-3-(dimethylamino)propyl oxime (80) can induce cell
cycle arrest in S phase, and DNA polyploidy (>4n) followed by apoptosis (Fig. 34).
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Figure 34. Structure of indeno[1,2-c]quinoline derivatives (79-80) shows significant antiproliferative activity against HelLa,
SKHep, AGS, and A549 cancerous cells.

6.7. 6,8-Diarylthieno[3,2-c]quinoline-2-carboxylate scaffold

The 6,8-diarylthieno[3,2-c]quinoline-based compounds continue to attract a great deal of attention in the research because
of their rich biological activities including antibacterial (Castrillo et al., 2001), anticancer (Jarak et al., 2005) and anti-
inflammatory agents (Cesare et al., 1999). Recently a number of thieno[3,2-c]quinoline derivatives were found to inhibit
protein kinases in cancer cells (Beydoun and Doucet, 2012, Pierre et al., 2011). Avetisyan et al. (2007) reported a series of
substituted 2,4-dimethyl-thieno[3,2-c]quinolones derivatives, which were prepared via intramolecular cyclization and
subsequent aromatization of 3-(2-chloroprop-2-en-1-yl)- and 3-(2-oxopropyl)-2-methylquinolin-4-thiols. Mphahlele et al.
(2014) produced [(6,8-diarylthieno[3,2-c]quinoline)]-2-carboxylates derivatives via direct one-pot base-promoted conjugate
addition-elimination of 6,8-dibromo-4-chloroquinoline-3-carbaldehyde with methyl mercaptoacetate and subsequent
cyclization afforded methyl [(6,8-dibromothieno|3,2-c]quinoline)]-2-carboxylate followed by Suzuki-Miyaura cross-coupling
with arylboronic acids to yield desired compounds. These synthesized compounds were screened for their cytotoxicity
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against the human breast cancer cell line MCF-7 using the MTT assay. Cytotoxicity of the synthesized compounds was also
evaluated by measuring cell kinetics using the xCELLigence Real Time Cell Analysis (RTCA) system. Compounds Methyl [(6,8-
Dibromothieno|3,2-c]quinoline)]-2-carboxylate (81); Methyl 6,8-bis(4-methoxyphenyl)thieno|3,2-c]quinoline-2-carboxylate
(82) and Ethyl 6,8-bis(4-methoxyphenyl)thieno[3,2-c]quinoline-2-carboxylate (83) showed remarkable cytotoxic activity
against human breast adenocarcinoma cell line (MCF-7 cells) either by using MTT assay or in Real Time Cell Analysis (Fig.
35). The compounds inhibited cancer cell growth in a dose- and time-dependent manner and their LC50 values, were
accountable to compare to nocodazole, a well-established cytotoxic drug. The structure-activity relationship analysis

suggested that the cytotoxicity of the synthesized compounds seems to be dependent on the electronic effects and
lipophilicity of the substituent on the para position of the 6- and 8-phenyl rings. The structure-activity relationship analysis
provided a guideline for the readers to design new derivatives with increased activity.
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Figure 35. Structure of [(6,8-diarylthieno[3,2-c]quinoline)]-2-carboxylates derivatives (81-83) showing remarkable
cytotoxicity against MCF-7 cell line either by using MTT assay or in Real Time Cell Analysis.

6.8. Thieno (2,3)-quinolone derivatives
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Koruznjak et al. (2002) reported the novel synthesis scheme of thieno (39,29:4,5)thieno(2,3)-quinolone derivatives and
performed their cytostatic activities against malignant cell lines: pancreatic (MiaPaCa2), breast (MCF7), cervical (HeLa),
laryngeal (Hep2), colon (CaCo-2), melanoma (HBL), and human fibroblast cell lines (WI-38). All tested compounds exhibited
strong inhibitory activities against all cell lines tested. The results showed that the compound (84), which bears the 3-
dimethylaminopropyl substituent on quinolone nitrogen and methoxycarbonyl substituent on position 9, exhibited marked
antitumor activity. On the contrary, compound (85), which also bears the 3-dimethylaminopropyl substituent on the
quinolone nitrogen, but anilido substituent on position 9, exhibited less antitumor activity than the others (Fig. 36).
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Figure 36. Structure of compounds thieno (39,29:4,5)thieno(2,3)-quinolone derivatives (84 and 85). Compound (84) shows
best anticancer activity while compound (85) shows least anticancer activity against MiaPaCa2, MCF7, HeLa, Hep2, CaCo-2,
HBL and WI-38 cell lines.

6.9. 6H-indolo [2,3-b]quinoline derivatives

9-Anilinoacridine derivatives have been extensively studied as potential chemotherapeutic agents due to their capability of
intercalating DNA, leading to the inhibition of topoisomerase II. Su et al. (1995) stated that further structural modification
lead to the discovery of an improved broad spectrum antitumor agent, 3-(9-acridinylamino)-5-(hydroxymethyl)aniline
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(AHMA, 86), is capable of inhibiting the growth of certain solid tumors such as mammary adenocarcinoma, melanoma and
lung carcinoma in mice (Fig. 37).
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Figure 37. Structure of compound 3-(9-acridinylamino)-5-(hydroxymethyl)aniline (AHMA, 86), capable of inhibiting the
growth of certain solid tumors.

These results promoted to synthesize and evaluate 4-anilinofuro[2,3-b]quinoline derivatives, which were structurally related
to 9-Anilinoacridine derivatives.

Chen et al. (2004) synthesized and reported the anticancer evaluation of certain 11-substituted 6H-indolo[2,3-b]quinolines
and their methylated derivatives. These 6H-indolo[2,3-b]quinoline derivatives were prepared from the commercially

available 1,4-dihydroxyquinoline through alkylation, chlorination, nucleophilic reaction, and ring cyclization. The in vitro
anticancer assay indicated that 5-methylated derivatives were more cytotoxic than their respective 6-methylated
counterparts. Among them, 11-(4-methoxyanilino)-6-methyl-6H-indolo[2,3- b]quinoline (87) was the most cytotoxic with a
mean Glsg value of 0.78 uM and also exhibited selective cytotoxicities for HL-60 (TB), K-562, MOLT-4, RPMI-8226 and SR with
Gls5q values of 0.11, 0.42, 0.09, 0.14, and 0.191uM, respectively (Fig. 38).
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Figure 38. Structure of compound 11-(4-methoxyanilino)-6-methyl-6H-indolo[2,3- b]quinoline (87) shows selective
cytotoxicities for HL-60 (TB), K-562, MOLT-4, RPMI-8226 and SR cancer cells.

The studies were further extended by Long et al. (2005) who had synthesized various 4-anilinofuro[2,3-b]quinoline and 4-
anilinofuro (3,2-c) quinoline derivatives and evaluated their cytotoxic activity against various cancerous cell lines.

6.10. Tetrahydroquinoline and tetrahydropyrimidoquinoline derivatives

Studies clearly revealed that the quinoline and pyrimidine nucleuses are an important pharmacophore in various antitumor
agents (Karthikeyan et al., 2015). Nowadays pyrimidine based potent anticancer drugs are available in the market, for
example, gefitinib (IressaTM) (Wakeling et al., 2002) and erlotinib (TarcevaTM) (Moyer et al., 1997), and thus, it is considered
as an attractive target for the design of new anticancer agents. Recently, several tetrahydroquinolines and their pyrimidine
derivatives were synthesized and evaluated for their anticancer activity, and a number of tetrahydropyrimidoquinolines
derivatives were reported for their anticancer activity (Faidallah and Rostomb, 2013, Algasoumi et al., 2010).
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Taking into consideration the above findings, and in an effort to identify novel potent anticancer leads through the
combination of the two active anticancer moieties, Gedawy et al. (2015) prepared and reported several tetrahydroquinolines
with different groups at C-2 and C-4 positions. Several tetrahydropyrimidoquinolin-4-amines and
tetrahydropyrimidoquinoline-2,4-diamines with different aryl groups at position number 5 to substantiate were also
reported and also marked their anticancer activity against both human colon carcinoma (HCT116) and human breast
adenocarcinoma (MCF7) cell lines.

The results of in vitro anticancer activity showed that seven compounds 2-0xo0-4-(pyridin-2-yl)-1,2,5,6,7,8-
hexahydroquinoline-3-carbonitrile (88); 2-Amino-4-(4-chlorophenyl)-8-isopropyl-5-methyl-5,6,7,8- tetrahydro-quinoline-3-
carbonitrile (89); 2-Amino-4-(4-fluorophenyl)-8-isopropyl-5-methyl-5,6,7,8- tetrahydro-quinoline-3-carbonitrile (90); 5-(4-
Chlorophenyl)-9-isopropyl-6-methyl-6,7,8,9-tetrahydropyrimido-[4,5-b]quinolin-4-amine (91); 5-(4-Fluorophenyl)-9-
isopropyl-6-methyl-6,7,8,9-tetrahydropyrimido-[4,5-b]quinolin-4-amine (92); 5-(4-Chlorophenyl)-9-isopropyl-6-methyl-
6,7,8,9-tetrahydropyrimido-[4,5-b]quinoline-2,4-diamine (93) and 5-(4-Fluorophenyl)-9-isopropyl-6-methyl-6,7,8,9-
tetrahydropyrimido-[4,5-b]quinoline-2,4-diamine (94) possessed potent anticancer activity against both HCT-116 (colon)
and MCF7 (breast) cell lines with IC5y between 16.33 and 34.28 uM (Fig. 39). All these compounds were also reported more
potent than imatinib (IC59=34.40 IM) and tamoxifen (IC5p=34.30 IM). Out of these seven compounds, compound (94) was
the most active against HCT-116 cell line with 2.1-fold more potent antitumor activity than imatinib, while compounds (88,
90 and 91) exhibited the highest anticancer activity against the MCF7 cell line, having 2-1.79-fold more potent anticancer
activity than tamoxifen.
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Figure 39. Structure of novel tetrahydroquinoline (88-90), and tetrahydropyrimidoquinoline derivatives (91-94) possesses
potent anticancer activity against both HCT116 and MCF7 cancer cell lines.

On the basis of in vitro outcomes the researchers conclude that the anticancer activity of the synthesized quinoline and
pyrimidoquinoline compounds appeared to be related to the cycloalkyl moiety fused to the pyridine ring, since the best
activity was obtained by compounds bearing the branched cyclohexyl moiety (Compounds 91, 92, 93 and 94).

It was clear that the substituents in quinoline derivatives, at position 2 had a marked effect on the anticancer activity, since
the compounds with carbonyl or amino groups possessed potent anticancer activity, while those with the chloro group at C-
2 position were inactive. Thus, it was concluded that the tetrahydroquinolines and their fused pyrimidine derivatives
represented a novel and promising class of anticancer agents, so researcher proposed further studies to explore the
mechanism of action and to optimize the anticancer activity of these derivatives.
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6.11. 1,3,4-Thiadiazol, tetrazole and quinoline derivatives

1,3,4-Thiadiazol, tetrazole and quinoline derivatives have been reported as promising candidates for anticancer activity.
Number of articles have been published for thiadiazol, tetrazole and quinoline containing compounds possessed anticancer
activity. Understanding these facts Sheetal et al. (2012) reported N-[4-acetyl-5-(6, 7, 8-substituted-2-chloroquinolin-3-yl)-
4,5-dihydro-1,3,4-thiadiazol-2-yl]-acetamides compound possessed anticancer and anti-tubercular activity. The researchers
extended their study and introduced a new heterocyclic compound had tetrazole moiety with quinoline derivatized with
1,3,4- thiadiazolidine ring. The synthesized N- (4-acetyl-4,5-dihydro - 5- (7,8,9- substituted - tetrazolo [1,5-a] - quinolin-4-yl)
- 1,3,4-thiadiazol -2- yl) acetamides compounds were screened for their in vitro cytotoxic activity against two cell lines viz.,

human breast cancer cell line MCF7 and human cervix cancer cell line HeLa. The GI5, LC59 and TGI values were evaluated.
The DNA cleavage study was also reported. Compounds (95 and 96) with halogen substituent at 7th position of the target
molecules showed potent cytotoxicity against human cervix cancer cell line HeLa (Fig. 40). DNA cleavage studies revealed
that most of these compounds showed partial cleavage and few of them showed complete cleavage of DNA.

H3CDC‘N N H3CDC\N "?i
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Figure 40. Structure of N- (4-acetyl-4,5-dihydro - 5- (7,8,9- substituted - tetrazolo [1,5-a] - quinolin-4-yl) - 1,3,4-thiadiazol
-2-yl) acetamide derivatives (95 and 96) with halogen substituent at 7th position showing potent cytotoxicity against HeLa
cancer cell line.
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6.12. Pyrimidoquinoline derivatives

Al-Said et al. (2011) reported in their study synthesis and investigation of the antiproliferative activity of new quinoline and
pyrimidoquinoline derivatives containing a free sulfonamide moiety. Several compounds had been synthesized which
exhibited significant anticancer activity. Quinoline compounds (97) having substituted benzamide, free amino group,
butanamide, showed remarkable anticancer activity against Ehrlich Ascites Carcinoma (EAC) cells (Fig. 41). Docking of these
synthesized compounds in the carbonic anhydrase active site suggested that the synthesized compounds may act as
carbonic anhydrase inhibitors and this may contribute in part to their anticancer activity.
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Figure 41. Structure of pyrimidoquinoline derivatives (97) showing remarkable anticancer activity against Ehrlich Ascites
Carcinoma (EAC) cells.

6.13. Quinoline sulfonamide derivative

Quinoline and sulfonamide derivatives are important biologically active compounds that possess potent antitumor activity
(Kouznetsov et al., 2006). Acetylation of histones in chromatin involved in the regulation of gene transcription and is tightly

controlled by the balance of acetyltransferase (HATs) and deacetylase (HDAC) activities. HDACs mediate changes in
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nucleosome conformation are important in the regulation of gene expression and also are involved in cell cycle progression
and differentiation. Alterations of HDACs were identified in tumor cells and contributed to the massive perturbations of gene
expression in numerous tumors. HDAC inhibition leads to differentiation, cell cycle arrest and apoptosis in tumor cells (Hsi et
al., 2004). Recently new set of sulfonamide derivatives have been reported as potent histone deacetylases inhibitors (HDACISs)
(Finn et al., 2005, Ghorab et al., 2007).

6.14. 6-Methoxy- 8- [(2-furanylmethyl)amino]- 4-methyl -5- (3 trifluoro-methylphenyloxy)
quinoline derivatives

Cancer cells have a tendency to reduce capacity of gap junction inter-cellular communication (GJIC). The enhancement of
GJIC induced apoptosis, decreased cell viability, and attenuated tumor growth.

Heiniger et al. (2010) reported a second generation of PQ analogues [PQ7 i.e. 6- methoxy- 8- [(2-furanylmethyl)amino]- 4-
methyl -5- (3 trifluoro-methylphenyloxy) quinoline, 99] and examined its activates GJIC activity mediated tumor growth
inhibitory activity in xenograft T47D mice (Fig. 42). Scrape load/dye transfer and colony growth assays were performed to
measure GJIC and tumor formation of T47D breast cancer cells. Results showed that PQ7 (98) at 500 nM induced a 16-fold
increased in the GJIC in T47D cells, and 50% decreased of colony growth with 100 nM concentration. PQ7-treated nu/nu mice
showed a 100% regression of xenograft tumor growth of T47D cells. The authors concluded that the second-generation PQ7
(98) had a promising role in exerting anti-tumor activity in human breast cancer cells.
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Figure 42. Structure of compound PQ7 (6- methoxy- 8- [(2-furanylmethyl)amino]- 4-methyl -5- (3 trifluoro-
methylphenyloxy) quinoline, 98) having promising anticancer activity against T47D breast cancer cells.

6.15. N-2[4 Dimethylamino)ethyl]|acridine-4-carboxamide derivatives

Acridine-4-carboxamides have been reported as a new generation of intercalators which are active against solid tumors and
leukemia. A number of studies have been reported for their capacity to bind to DNA, for their DNA-damaging activity in
whole cells and isolated nuclei, and for their inhibitory effect on RNA synthesis in a cell-free system (Atwell et al., 1987,
Denny et al., 1987). A model of the acridine-4-carboxamide-DNA complexes were proposed by Wakelin and Denny (1990),
suggesting intercalation of acridine ring between base pairs with the 4-carboxamide moiety located in the minor groove. The
proposed structure of the substituent at position 4 seems to be the important factor in the stabilization of the drug-DNA
complex as well as in the GC specificity of these acridines (Bailly et al., 1992). An antitumor drug N-[2-
(dimethylamino)ethyl]acridine-4-carboxamide (DACA, 99) a acridine-4-carboxamide congener and its three close structural
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analogues N-[2-(hydroxyethylamino)ethyl|acridine-4-carboxamide (DACAH, 100), N-[2-(dimethylamino) ethyl]-9-
aminoacridine-4-carboxamide (amino-DACA, 101), and N-[2-(hydroxyethylamino)ethyl]-9-aminoacridine- 4-carboxamide
(amino-DACAH, 102) were further studied by the same research group to determine their ability to inhibit RNA synthesis in
vitro and to form topoisomerase II-mediated DNA lesions in relation to cell-killing activity (Fig. 43). Results showed that the
stabilization of the cleavable complex of topoisomerase Il with DNA by acridine-4-carboxamides is not as important for the
cytotoxic action of these compounds, but the compounds which can penetrate cell membrane easily and are able to form a
strong intercalative complex with DNA, for example amino-DACA, may enhance DNA cleavage by topoisomerase II. The
enhancement of DNA cleavage occurs only when used at low doses while at higher concentrations they act as catalytic
inhibitors. The results also suggested that the compound having 4-carboxamide chain attached with N-2-
(dimethylamino)ethyl moiety resulted in more efficient transport through cell membranes, higher cytotoxicity, and DNA-
damaging activity. Thus compound amino-DACA, which easily penetrates the cell membrane, fully inhibited DNA break
formation, whereas other analogues exhibited a lower degree of protection when used at high concentration.
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Figure 43. Structure of N-2[4 Dimethylamino)ethyl]acridine-4-carboxamide derivatives (99-102) having DNA cleavage
property.

7. Future prospects of quinoline derivatives

Nowadays quinoline nucleus has gained popularity in the development of new anticancer drugs. Numbers of quinoline
congeners have been synthesized daily and some of them showed excellent results on various types of cancer cells, through
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different mechanisms of action. Recently, three protein kinase inhibitors (Bosutinib, Lenvatinib, and Cabozantinib) (103-105)
and an inhibitor of farnesyltransferase (Tipifarnib) (106), considered as potential anticancer agents, entered into phase of
clinical trials (Afzal et al., 2014) (Fig. 44).
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Figure 44. Structure of compounds bosutinib (103), lenvatinib (104), cabozantinib (105) and tipifarnib (106) quinoline
nucleus under clinical trial.
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8. Conclusion

Quinoline or 1-aza-naphthalene is a weak tertiary base, composed of benzene and pyridine ring fused at two adjacent

carbon atoms obtained by condensation of a benzene ring with pyridine. The quinoline ring plays an important role in
biological and pharmacological activities. In recent years, large numbers of quinoline derivatives, including mono-, di-, tri-,
tetra- and heterocyclic substituents have been synthesized and their cytotoxic activity reported. These quinoline and their
derivatives possessed remarkable anticancer activity due to their structure diversity, which are responsible for their
anticancer activities. Till date a large number of quinoline derivatives have been marketed for their cytotoxic activity and
now scientist is also focusing to introduce new quinoline molecules in market to encompass anticancer activity.
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Background: Zizyphus xylopyrus (Retz.) Willd. (Rhamnaceae) is a straggling
shrub or a small tree, armed with spines, found throughout north-
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western India, Pakistan and China.

Methods: The aerial and root barks, leaves and fruits of Zizyphus species
are used in medicine for the treatment of various diseases such as
weakness, liver complaints, obesity, diabetes, skin infections, fever,
diarrhea, insomnia and digestive disorders. Ethanolic extract of leaves of
Zizyphus xylopyrus (Retz) Willd was prepared by solvent extraction and
subjected to study the protective effect against Indomethacin and HCl-
EtOH induced ulcer using Ranitidine (100 mg/kg) and Omeprazole (8
mg/kg) as standard respectively.

Results: Histopathological lesions with marked disorientation of the
gastric epithelium was observed in negative control, while extract treated
rats showed a better protected mucosa with intact epithelium in
comparison to standard treated rats. Ulcer index and percentage ulcer
protection also represent protecting effects of the extract.

Conclusion: Ethanolic extract of Z. xylopyrus (Retz) Willd leaves extract
was found to be significantly protective against gastric ulcers.

Keywords: Gastric ulcer; HCI-EtOH; Zizyphus xylopyrus (Retz); diabetes;
indomethacin; willd leaf

Document Type: Research Article
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Enhancement of Permeability and Dissolution Profile
of Poorly Permeable Drug by Using Controlled Crystallization
Bottom Up Technique
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! Noida Institute of Engineering and Technology (Pharmacy Institute), Greater Noida, 201306, India
2 Pharmacy College Saifai, U.P. University of Medical Sciencies Saifai, Etawah, 206130, India

SUMMARY . The aim of the present study was to increase the permeability and dissolution profile of a low
permeable drug (atenolol) by converting the drug into nanocrystals formulation which ranges in nano size.
The method of preparation of nanocrystals used was bottom-up technique (high speed homogenization)
using SLS and HPMC. 32 factorial designs was applied and the effect of variation in concentration of SLS
and HPMC on particle size, % yield, permeability and dissolution was evaluated. The prepared nanocrys-
tals were further aimed to characterize in solid state by particle size, % yield, SEM, zeta potential, X-Ray
Diffraction (XRD) patterns, permeabilily, ir vitro dissolution and stability studies. Result showed size of
particles were found in nano-size and SEM and XRD revealed the crystalline nature of the nanocrystals.
Nanocrystals were having good dissolution profile and good permeability. The stability result showed the
prepared nanocrystals were stable. Permeability and dissolution profile of atenolol can be increase by
nanocrystallization technology.

RESUMEN. El objetivo del presente estudio fue aumentar el perfil de permeabilidad y disolucién de un farmaco
de baja permeabilidad (atenolol) convirtiendo el firmaco en una formulacién de nanocristales que varia en tama-
flo nano. El método de preparacién de nanocristales utilizado fue la técnica de abajo hacia arriba (homogeneiza-
cién de alta velocidad) utilizando SLS y HPMC. Se aplicaron 32 disefios factoriales y se evalud el efecto de la
variacion en la concentracion de SLS y HPMC sobre el tamafio de particula, el porcentaje de rendimiento, la per-
meabilidad y la disolucién. Los nanocristales preparados tenian el objetivo adicional de caracterizarse en estado
s6lido por tamaiio de particula,% de rendimiento, SEM, potencial zeta, patrones de difraccion de rayos X (XRD),
permeabilidad, disolucién in vitro y estudios de estabilidad. El resultado mostré que el tamafio de las particulas
se encontrd en nano-tamaio y SEM y XRD revelaron la naturaleza cristalina de los nanocristales. Los nanocris-
tales tenfan buen perfil de disolucion y buena permeabilidad. El resultado de estabilidad mostré que los nanocris-
tales preparados eran estables. El perfil de permeabilidad y disolucién de atenolol puede aumentarse mediante la
tecnologia de nanocristalizacion.

KEY WORDS: bioavailability, dissolution studies, nanocrystals, permeability, solubility.
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2014 Vol 1
In present work, the role of various formulation excipients for dissolution enhancement of a BCS Class Il drug, meloxicam was studied
by formulating multicomponent aqueous coground mixtures using lactose, microcrystalline cellulose and three solubilizers; Iss 1 Pg_1-39 Iss 2 Pg 40-103

polyethylene glycol 400, propylene glycol and polyvinyl pyrrolidone. A 33 full factorial design was employed using solubilizersa€™
concentrations as independent variables whereas angle of repose and in vitro drug dissolution as dependent variables in order to
optimize the amounts of solubilizers. The results revealed more than fivefold increase in drug dissolution in some experimental
batches compared to that of pure drug powder. Full and reduced models were evolved for the dependent variables and the reduced

models were further validated using extra design check points. The studies suggested that the incorporation of optimized amounts of @ Indexing metadata
solubilizers could be successfully employed for achieving desired flow properties and enhanced drug dissolution of poorly water
soluble meloxicam. The method emerged as a simple, cost-effective, and organic solvent-free green approach toward formulation & How to cite item
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development of meloxicam and may also be applied to other limited water-soluble drugs.
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Investigating Gastroprotective Potential of Liquisolid
Curcumin against the Role of Endogenous Aggressive

Factors and Oxidative Stress Markers

Vijay Sharma,' Kamla Pathak?’

'Department of Pharmaceutics, SGT College of Pharmacy, Shree Guru Gobind Singh Tricentenary University-Gurugram,Badli Road,

Gurugram, Haryana, INDIA.

2College of Pharmacy Saifai, Uttar Pradesh University of Medical Sciences, Saifai, Etawah, Uttar Pradesh, INDIA.

ABSTRACT

Background: The study investigated the efficacy of Liquisolid Curcumin (LSC) over
curcumin for gastroprotective action against ethanol induced acute gastric ulcers and
the modulation of endogenous oxidative stress markers, in Wistar rats (p.o). Materials
and Methods: The experimental design comprised of six groups namely control (Treated
with 0.1% w/v CMC), disease control (Treated with absolute ethanol), positive control
(Treated with omeprazole; 40 mg/Kg), Test-1 (Treated with curcumin; 50 mg/Kg); and
Test- 2 and 3 groups treated with LSC equivalent to 25 and 50 mg/Kg, respectively.
Gastroprotection was assessed by ulcer index, total acid and gastric mucus. The
oxidative stress markers estimated were malondialdehyde (MDA), tissue Glutathione
(GSH), Catalase (CAT) and Superoxide Dismustase (SOD). Results: Oral administration of
LSC caused significant (P<0.01) reduction in gastric lesions in dose dependent manner.
The total acidity lowering effect and protective effect on mucus layer was more than
curcumin and comparable to omeprazole under the test conditions. Additionally, the
LSC significantly increased the activity/levels of GSH, CAT and SOD and suppressed
the MDA level in gastric mucosa (P<0.05). Histological studies demonstrated superior
morphological integrity of gastric mucosa via LSC. Conclusion: LSC demonstrated
superior gastroprotection via suppression of gastric acid, restoration of free radical
scavenging enzymes and reduction in the lipid peroxidase production in comparison to
curcumin.

Key words: Curcumin, Liquisolid curcumin, Liquisolid compacts, Gastroprotection,
Oxidative stress markers.

INTRODUCTION

Gastric ulcer is the result of an imbalance
between aggressive factors and safeguarding
of mucosal integrity through the endogenous
protective mechanism.! The severity of disease
may lead to upper gastrointestinal hemorrhage
and perforation leading to high mortality and
morbidity rates.” Several endogenous factors
including high acid secretion and imperfect
mucosal barrier contribute towards initiation
and progression of the underlined disease.’
The etiology of gastric ulcers is also associated
with H. pylori infection that imbalances pepsin
secretion, reflux of bile component, formation
of free radicals, mucus-bicarbonate bartier,

surface active phospholipids, mucosal
blood flow, cell renewal and migration,
enzymatic and non-enzymatic antioxi-
dants and some growth factors.** Other
factors include induction of proinflam-
matory TNF-a expression, Reactive
Oxygen Species (ROS), neutrophil infil-
tration, increased lipid peroxidation and
decreased glutathione activity.’

The treatment is primarily focused on
limiting the hazardous effects of acid
secretion, generation of ROS, as well
as to regulate various oxidative stress
markers and enzymatic activities. The
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long-term therapeutics based on proton pump inhibi-
tors, prostaglandins, cytoprotective agents and hista-
mine antagonists cause adverse drug reactions and the
long-term use may result in changes in the biochemi-
cal architecture. Thus, the gastroprotective research has
shifted its paradigm to molecules of natural origin, cur-
cumin being one of them.” Curcumin a phytoconstitu-
ent of Curcuma longa is a potent polyphenolic antioxidant
recommended for the effective protection of gastric
lesions and treatment of gastric ulcers.” Presence of
both phenolic OH and CH, group of B-diketone
moiety remarkably contribute to its antioxidant
property. Curcumin inhibits generation of H,O,, in
macrophages and directly lowers "OH.”!"” Despite the
fact that curcumin is therapeutically acclaimed it suffers
from poor solubility (0.6 pg/mL) and dissolution'' and
hence limited clinical efficacy. Pharmaceutical research
has adopted various techniques to optimize the solubil-
ity of curcumin in order to improve its therapeutic effi-
cacy.!>13

Liquisolid technique is a promising method that has
been utilized to enhance the dissolution rate and bio-
availability of various pootly water-soluble drugs. Our
research on curcumin reported improved dissolution
and bioavailability of curcumin using the potentials
of liquisolid technology. The optimized liquisolid tab-
lets exhibited higher cumulative drug release than the
directly compressed tablets of curcumin. Furthermore,
ex vivo permeation of curcumin through goat gastroin-
testinal mucosa was recorded to be significantly (P<0.05)
enhanced and its oral bioavailability was increased by
18.6-fold in New Zealand rabbits. Iz vitro cytotoxicity
against NCL 87 cancer cells substantiated its antican-
cer efficacy.’® In continuaton with the encouraging
results, the present study was undertaken to compara-
tively investigate the antiulcer effect of optimized Liqu-
isolid Curcumin (LSC) formulation against curcumin in
ethanol induced gastric damage model. Additionally, the
ulceroprotective activity was also assessed biochemically
by monitoring various oxidative stress markers in Wistar
rats.

MATERIALS AND METHODS

Drugs and Chemicals

Curcumin (Lot # PC/CL/10LOT/09) was kindly sup-
plied by Natural Remedies Private Limited (Bengaluru,
India). Omeprazole was purchased from Biological E
Ltd., India. Trichloroacetic acid and carboxy methyl cel-
lulose were purchased from S. D. Fine Chemical Ltd.
(Mumbai, India). Tris buffer solution was procured
from Mivon Chemicals, Mumbai. Ethanol, Masson’s

Trichrome Stain and 5, 5-dithiobis-2-nitro benzoic acid
(DTNB) were purchased from Sigma Aldrich Ltd.,
US.A.

Formulation of Liquisolid Curcumin

A total of 12 liquisolid compositions using one non-
volatile solvent per group |Group —1 (PEG 200); Group
—II (PEG 400) and Group III (tween 80)] using MCC
PH102 as a carrier material and Aerosil® as a coating
material were formulated. The Ratio (R) of carrier and
coating material used was 20:1, for all the systems. The
@ values calculated for carrier and coating material were
utilized to determine the liquid Load Factor @) and
with the help of liquid load factor and amount of liquid
medication (W), the appropriate amount of carrier and
coating material was calculated as reported in Table 1.
For preparation, MCC PH102 was mixed with the drug
liquid solution (Liquid medication). Blending was car-
ried out for 2 min in a glass pestle mortar for even dis-
tribution of liquid medication in MCC PH102, during
primary stage. In the secondary stage liquid-powder
admixture was evenly spread as a uniform layer on the
surface of the mortar and left for 5 min to allow suf-
ficient adsorption of drug solution on to the surface of
carrier particles. The damp, liquid-powder mixture was
converted into the dry and freely flowing powder by the
gradual addition of Aerosil® (coating material) with the
continuous blending. Obtained product was termed as
Liquisolid Curcumin (LSC). All the LSC were subjected
to pre and post compression studies'® and the optimized
liquisolid formulation was selected to be screened for its
gastroprotective potential.

Experimental Protocol

The experimental protocol was approved by Institu-
tional Animal Ethical committee vide letter no: IAEC/
RAP/03966. All the animal experiments were conducted
in full compliance with the institutional ethical and regu-
latory principles and as per the spirit of Association for
Assessment and Accreditation of Laboratory Animal
Care and International’s expectations for animal care
and use/ethics committees. Wistar rats wetre randomly
divided into six experimental groups (Group I, 11, III,
1V, V and VI), each containing six animals. Group I was
designated as control, Group 1I (disease control), while
Group 111 termed as positive control (Standard). Other
groups were Group IV (Test-1), while Group V and VI
were Test-2 and 3, respectively. All the rats were fasted
for 24 h and deprived of water for 2 h before starting
the treatment protocol. Initially, rats in each group were
administered with 0.1% w/v CMC (10 mL/Kg, p.0.).
After 1 hr Group II was treated with absolute ethanol
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(5mL/Kg BW, p.0.) and sacrificed by cervical disloca-
tion under deep ether anesthesia, after 1 h of ethanol
administration. Post one hour the rats of Group III
were administered omeprazole (40mg/Kg, p.0.), Group
IV was treated with curcumin (50mg/Kg, p.0.), while
Group V and VI was administered LSC equivalent to 25
and 50 mg of curcumin/Kg p.a., tespectively to observe
dose dependency. After 4 h of each treatment, the ani-
mals of Group III, IV, V and VI were administered
absolute ethanol (5mL/Kg, p..) followed by euthaniza-
tion by deep anesthesia using diethyl ether and sacri-
ficed by cervical dislocation method. The stomach was
immediately removed and the complete gastric content
was collected by gently pressing the stomach. The stom-
ach was opened along with greater curvature and rinsed
with normal saline to wash out blood clots and adhered
material to assess the extent of gastric damage.

Ulcer Index

The extent of gastric mucosal damage was observed
and rated according to the ulcer score scale described
by Dekanski e /' Ulcer Index (UI) was measured by
following equation.

Ul=U,+U+U,x710"... M

where, U = Average number of ulcers/animal; U, =
Average number of severity score; U, = Percentage of
animals with ulcers. The Ulcer inhibition was calculated

using eq, 2.
0/0 U/[er I”beZfZOM = [ ﬂJI Non treated UI 'l'realed) / UI Non fn‘ate(!/
x100.......... @)

Gastric Content

The collected gastric content was centrifuged at 3000
rpm for 10 min, the supernatant was collected and the
volume of supernatant was measured. The supernatant
samples were titrated (back titration) against 0.01 mol/L
sodium hydroxide (NaOH) using phenolphthalein as
indicator."® The total acidity was expressed as milliequiv-
alents using Eq. 3.

mL of NaOH
liter juice

Total acidity (mTEq = X50..........(3)

Gastric Mucus

The stomach tissues were soaked for 2 h in 0.1% alcian
blue. Uncomplexed dye was removed by two succes-
sive washes of 0.25 M sucrose at 15- and 45-min. Dye
complexed with mucus was diluted by immersion in 10
ml aliquots of 0.5 M magnesium chloride for 2 h. The
resulting blue solution was stirred with diethyl ether and
the absorbance of the aqueous phase was measured at
580 nm. The quantity of mucus was calculated by stan-
dard curves of alcian blue and the result expressed in
mg of alcian blue/g tissue."”

Assessment of Oxidative Stress in Tissues

The levels of MDA (Malondialdehyde), GSH (Tissue
glutathione), CAT (Catalase) and SOD (Super Oxide
Dismutase) were measured to estimate the potential dif-
ference between LSC over curcumin on oxidative stress
in ethanol induced gastric ulcer model.” The stomach
was weighed and homogenized in potassium phosphate
buffer, pH 7.4 and centrifuged (845.32 x @) for 15 min.
The supernatant was used for MDA and enzymatic
assays.

Estimation of Lipid Peroxide

Lipid peroxide content in gastric mucosal tissue was
determined by thiobarbituric acid reaction.”’ The absot-
bance of the supernatant was read at 540 nm at room
temperature against blank. The amount of MDA (nmol
MDA/mg protein) sample was calculated according to
the eq. 4.

Absorbance at 540nm X final valume of test solution
0.156

nmol of MDA =

Estimation of tissue glutathione

Five hundred milligrams of tissue was homogenized in
10 ml of 200 mM potassium phosphate buffer, pH 6.5
and 50% v/v trichloroacetic acid was added to the ali-
quot. Homogenized, vortex for 10 min and then centri-
fuged (3381.3 x g). 0.4 M Tris buffer and 0.01M, DTNB
was added to supernatant” and absorbance was mea-
sured at 415 nm. The amount of GSH (ug/mg of pro-
tein) was calculated by the following equation 5,

_ Absorbance at 412 nm X 50x X 3.5xX225xX 1

GSH
02237 X 2Xmg of protein

Blank determination was carried out without tissue
homogenate.

Estimation of catalase activity

Fifty milliliters of the supernatant was added to the
cuvette containing 2.95 ml of 19 mM/L solution of
H,O, prepared in potassium phosphate buffer, pH6.4.
The change in absorbance was monitored at 240 nm
at 1 min interval for 3 min.* Catalase activity (nmol of
H,O, consumed/ min/ mg protein) was calculated by

equation 6.
Decrease in absorbance per min X volume of assay

Catalase activity =
y 0.081 X volume of homgenate X mg of protein

Estimation of superoxide dismutase activity

Supernatant was assayed for SOD activity by following
the inhibition of pyrogallol autoxidation.?* SOD activity

(SOD units per mg of protein) was calculated according

Lo _ (AXB)X100
SOD unit per ml of sample = —xa

where, A is the absorbance difference in control in 1
min and B is the absorbance difference in test sample.
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Histology

The specimens of tissues were collected from the pre-
served stomachs of rats. Tissue fragments were stained
with hematoxylin and eosin and Masson’s trichome. The
studies were carried out by light microscopy (40 X) for
the assessment of histological changes.

Statistical Analysis

The obtained data was subjected to one-way Analysis of
Variance (ANOVA) followed by Dunnett’s Test using
the GraphPad Prism V5.0 (GraphPad Software, Inc.,
San Diego, California, USA). The P values of < 0.01
were considered as highly significant, while P values <
0.05 were considered as statistically significant.

RESULTS
Effect of LSC on Gastric Lesions

Macroscopic analysis revealed absence of lesions in
control group I (Figure 1A). The animals of Group 11
showed macroscopic damage that was evidenced by the
presence of ulcerative hemorrhage (Figure 1B) with the
clear appearance of erosive and ulcerative linear gastric
lesions. Disruption of the surface epithelium with bleed-
ing, deep necrotic lesions into the mucosa and edema of
the sub-mucosal layer with redness was cleatly observed.
On the other hand the gastric mucosa of the rats treated
with standard drug omeprazole (Group I11) was appat-
ently normal in appearance (Figure 1C). The animals
of Group IV (Test Group-1) were able to reverse the
damage, up to some extent as assessed by the change
in colour of stomach from red to dark pink with less
hemorrhagic streaks and substantial damage of mucosa
(Figure 1D). On the other hand, Group V (Test-2), did
not evidence macroscopic toxicity as the morphological
integrity of the gastric mucosa with retained and the
necrosis of the mucosal surface was absent (Figure 1E).
On comparing the results of Group IV and V, treated
with two different forms of curcumin i.e. curcumin (50
mg/Kg) and LSC (25 mg/Kg) respectively, better gas-
tric protection was evidenced in Group V. Furthermore,
Group VI (Test-3) treated with double dose of LSC
(50 mg/Kg) completely reversed the lesions with the
score of 1.5 (Figure 1 F), a perfect pink to red colored
stomach and no sign of damage was recorded as with
standard control group (Figure 1C), indicating dose
dependent effect of LSC on gastroprotection.

Additionally, the gastric lesions were judged by mea-
suring the ulcer index and the data is given in Table 2.
The ulcer control group displayed highest value of ulcer
index 27.4 £ 4.6 that was followed by Group 1V (treated
with curcumin). The ulcer index of curcumin treated

group was almost 1.5 times lower than ulcer control
group suggesting effective gastroprotection by cur-
cumin. However, it was not as effective as omeprazole.
On the other hand Group V and VI, treated with LCS
showed a significant decrease (P<0.01)%, in ulcer index
as compared to Ulcer control group. Correspondingly,
oral administration of omeprazole, LSC at 25 and 50
mg/Kg showed 88.32, 84.67 and 86.86% ulcer inhibi-
tion, respectively that was = 2.5 times more than cur-
cumin (32.84%).

Gastric Content

In the ulcer control group, administration of ethanol
caused a significant increase (P<0.01)* in the gastric
secretion volume to the tune of 2.844+0.10 mL as com-
pared to Group I (1.68%0.08 mL). However, administra-
tion of omeprazole significantly reduced (P<0.01)* the
gastric secretions (Table 2), which was not observed in
Group 1V treated with curcumin. Paradoxically the gas-
tric secretion volume (2.16£0.12 mL) was almost com-
parable to that of group II. In contrast, LSC showed
remarkable reduction in the gastric secretion volume
with significant reduction (P<0.01) in both the doses of
25 mg/Kg (1.64+0.04 mL) and 50mg/Kg (1.42%0.08
ml). Remarkably the volumes were similar for both the
doses.

Another parameter that was evaluated was gastric acid-
ity that was approximately two-fold higher (8.84£0.64
mEq/L) in Group II (Ulcer control), in compatison to
the control Group I (4.8210.11 mEq/L). On omepra-
zole treatment the value got significantly decreased
(P<0.01)* to 4.231+0.12 mEq/L. Treatment with cut-
cumin reduction in the acidity level up to some extent
(P>0.05) (Table 2), while administration of LSC (25
and 50 mg/Kg ) showed significant (P<0.01) reduction
in gastric acidity (4.85+0.13 and 3.96+0.09 mEq/L,
respectively).

On comparative analysis of mucus content, oral admin-
istration of ethanol had a detrimental effect on gastric
mucus wall and caused a significant depletion (P<0.01)
in the mucus content (118.9+14.92 mg/g) as compared
to control (209.5+12.62 mg/g) and Group III (omepra-
zole treated; 198.0£15.07 mg/g). While LSC showed
protective effect on mucus layer especially in Group VI,
with the total mucus content of 196.4+15.03 mg/g of
stomach, similar to omeprazole treatment. However,
curcumin treatment (Group 1V) did not offer protect to
the extent LCS could do.

Oxidative Stress Markers

In reference to the control, administration of ethanol
significantly increased the levels of MDA (P<0.01), by
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Table 1: Formulation Details of Liquisolid Curcumin (LSC1 — LSC12).

GROUP Formulation Drug R=Q/q Nonvolatile solvent Liquid load Carrier Coating
No. Code (Yow/w) (W) factor material material
(mg) (Lf) (&)} (a)
Group — | LSC-1 40 20:1 150.00 0.27 538.50 26.92
LSC-2 50 20:1 100.00 0.27 359.06 17.95
LSC-3 60 20:1 67.75 0.27 239.49 11.97
LSC-4 70 20:1 42.85 0.27 153.86 7.69
Group - Il LSC-5 40 20:1 150.00 0.28 535.71 26.78
LSC-6 50 20:1 100.00 0.28 357.14 17.85
LSC-7 60 20:1 67.75 0.28 238.21 11.91
LSC-8 70 20:1 42.85 0.28 153.03 7.65
Group - Il LSC-9 40 20:1 150.00 0.35 425.53 26.78
LSC-10 50 20:1 100.00 0.35 283.68 17.85
LSC-11 60 20:1 67.75 0.35 189.21 11.91
LSC-12 70 20:1 42.85 0.35 121.56 7.65

Non-volatile solvent used: PEG 200 (Group —I; LSC1— LSC4); PEG 400 (Group —II; LSC5—LSC8);

Tween 8o (Group —ll; LSCg - LSC12).

Table 2: Comparative Data for the Gastroprotective Effect of Liquisolid Curcumin over Curcumin, Administered

Orally in Wistar rats.

Group Treatment Ulcer Ulcer Gastric juice Total gastric Mucus
(n=6) index Inhibition (%) volume acidity (mg/g stomach)
score (mL) (mEg/L)
Group | 0.1%w/v CMC (10 mL/Kg) 0.00 1.68+0.08 4.82+0.11 209.5+12.62
(Control)
Group Il Absolute ethanol (5mL/ 27.4 2.84+0.10* 8.84+0.64* 118.9+14.92*
(Ulcer control) Kg) 4.6*
Group I Omeprazole (40 mg/Kg) 2.8+ 88.32 1.12+0.06* 4.23+0.12% 198.0+£15.07#
(Standard 0. 8*
Control)
Group IV Curcumin (50 mg/Kg) 184 + 32.84 2.16+0.12* 6.98+0.19" 146.7+12.64*
(Test Group-1) 2.4*#
Group V LSC equivalent to 25 mg/ | 4.2 + 0.6* 84.67 1.64+0.04* 4.85+0.13* 179.3+16.23*
(Test Group -2) Kg of curcumin
Group VI LSC equivalent to 50 mg/ | 2.9 + 0.4* 86.86 1.42+0.08"* 3.96+0.097 196.4+15.03"
(Test Group-3) Kg of curcumin

All the values are expressed as mean + SD. Levels of statistical significance were determined by One — Way ANOVA followed by Dunnett’s significant difference. * indicates

Significant in comparison to Group I, # indicates Significant, as compared to Group Il, ns indicates Non-significant.

almost three-fold (Table 3). Treatment with omeprazole
showed a reduction in MDA level (0.614£0.036 nmol/
mg protein) to approximately half of the value, exhib-
ited by ethanol treatment II (1.232£0.312 nmol/mg
protein). Curcumin treatment demonstrated a decrease
in MDA levels but to a lesser extent than omeprazole
treatment. In contrast the levels of MDA in test Group
V and VI treated with LSC, were significantly attenuated
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(P<0.01) as compared to ulcer control Group II. The
attenuation was dose dependent.

In reference to control, the level of GSH and mark-
ers of free radical scavenging enzymes CAT and SOD
decreased significantly (P<0.01) in group 1I. Treatment
with Omeprazole elicited reversal of the markers com-
parable to the levels of control group. Furthermore,

treatment with curcumin (Group IV) displayed resto-
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Table 3: Comparative Data Showing Effect of Liquisolid Curcumin on Oxidative Stress Factors in Ethanol In-

duced Gastric Ulcer in Wistar Rats.

Treatment group MDA GSH CAT SoD
(n=6) (nmol MDA/mg protein) (ng/mg of protein) (nmol of H,0, consumed/ (SOD units per mg of
min/mg protein) protein)
Group | 0.427+0.024 18.76+1.042 0.163+0.008 0.582+0.023
(Control)
Group Il 1.232+0.312* 4.864+1.446* 0.050+0.014* 0.262+0.036*
(Ulcer Control)
Group Il 0.614+0.036% 15.96+1.622% 0.145+0.043" 0.514+0.060*
(Standard Control)
Group IV 0.997+0.012* 9.04+1.893* 0.084+0.048* 0.386+0.089*
(Test Group — 1)
Group V 0.698+0.028* 12.961+1.022* 0.138+0.054* 0.491+0.047#
(Test Group — 2)
Group VI 0.592+0.022% 15.48+1.226% 0.151+0.062% 0.522+0.026%
(Test Group — 3)

All the values are expressed as mean + SD. * indicates Statistically significant difference in comparison to Group |, # indicates Statistically significant difference, as compared

to Group Il.

. 8
Figure 1: Gross Macroscopic Evaluation of Gastric Lesions:
(A) Group | (Normal Control); (B) Group Il (Ulcer Control) ad-
ministered with ethanol (5mL/Kg BW p.o.); (C) Group lll (Stand-
ard Control) administered with omeprazole (40mg/Kg BW p.o.);
(D) Group IV (Test Group 1) administered with pure curcumin
(50 mg/Kg BW p.o.); (E) Group V (Test Group 2) administered
with LSC (equivalent to 25mg of curcumin/Kg BW p.o.); (F)
Group VI (Test Group 3) administered with LSC (equivalent to
50mg of curcumin /Kg BW p.o.).

ration of the depleted level of GSH, CAT and SOD
(Table 3) when compared to Group II, but less sig-
nificantly (P<0.05) in comparison to Group V and VI.
The restoration particularly for CAT and SOD levels
in Group V and VI was less as compared to standard
treatment of omeprazole in Group III. As recorded,
Group 111 significantly (P<0.01) restored the levels of
GSH and SOD, but the restoration in the depleted level
of CAT was less significant (P<0.05) as compared to
Group V and VL

Histology

The control Group I showed the presence of normal
gastric mucosa that contained crypts of overlying gas-
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Figure 2: Histological Evaluation of Gastric Lesions Under
Microscope at 40X: (A) Group | (Normal Control); (B) Group I
(Ulcer Control) administered with ethanol (5mL/Kg BW p.o.);

(C) Group lll (Standard Control) administered with omepra-
zole (40mg/Kg BW p.o.); (D) Group IV (Test Group 1) admin-
istered with pure curcumin (50 mg/Kg BW p.o.); (E) Group V
(Test Group 2) administered with LSC (equivalent to 25mg of
curcumin/Kg BW p.o.); (F) Group VI (Test Group 3) adminis-
tered with LSC (equivalent to 50mg of curcumin/Kg BW p.o.).

tric glands lined by mucus secreting cells with rounded
nuclei. The lamina propria was intact, infiltrated by scat-
tered lymphocytes, blood vessels and fibrous tissue (Fig-
ure 2A). Group 1I exhibited severe injuries on mucosal
layer and produced the characteristic zone of necro-
tizing mucosal lesions with severe microscopic gastric
mucosal damage. Necrosis hemorrhage and focal ulcer-
ation in superficial mucosal epithelium with inflamma-
tory cell infiltration and congestion of blood vessels
in sub-mucosa is apparent in Group II (Figure 2B).
In comparison to Group II, Group III recovered the
ulcer base with restored surface epithelium (Figure 2C),
validated by decreased ulcer score (Table 2). In Group
1V, the surface mucus cells more or less restored (Fig-
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ure 2D), while Group V and VI successfully reverted
the mucosal damage, endorsed by absence of chronic
inflammatory cells and recovery of surface mucosal
cells (Figure 2E and F).

DISCUSSION

The gastroprotective effectiveness of LSC over cur-
cumin was evaluated in ethanol induced inflammatory
model in Wistar rats. The model selection was based on
the fact that ethanol promotes oxidative stress, both by
increasing the formation of ROS and depleting the oxi-
dative defense mechanism in the cell.* Additionally, it
also induces TNF-a expression for neutrophil mediated
ROS generation as well as for apoptosis. ROS mediated
induction of lipid peroxidation and protein oxidation
are primarily involved in the pathogenesis of ethanol
induced ulcers in the gastric mucosa and free radical
scavenging is one of the mechanism implicated in the
healing of gastric ulcers.*® Preventive antioxidants such
as SOD and GSH act as the first line of defense that
prevents the destructive action of oxidative damage.
The superoxide radical reacts with the cellular lipids,
leading to the formation of lipid peroxide which gets
metabolized to MDA.”” Ethanol induced damage to gas-
tric mucosa is coupled with significant depletion in the
levels of sulphydryl compounds, especially GSH.* This
decrease in the level of GSH results in enhanced lipid
peroxidation which causes increased GSH consump-
tion. In contrast, an increase in gastric non-protein sul-
phydryl content limits the production of oxygen derived
free radicals and could be related to gastric protection
in ethanol induced ulcer model. Malondialdehyde being
a degradation product of unsaturated fatty acids and a
biomarker of oxidative stress, measurement of gastric
MDA level can be utilized for indirect estimation of
lipid peroxidation.”’

Curcumin, a highly potent polyphenolic antioxidant
decreases ethanol induced increased gastric acid levels,
which is beneficial to prevent acid-induced aggravation
of ulcers.’” As shown in Table 2, significant reduction
in ulcer index, gastric juice volume as well as total gas-
tric acidity and enhancement in ulcer inhibition along
with increased mucus secretion by the mucosal cells of
the stomach was observed in the groups treated with
omeprazole/LSC (Group III, V and VI), in reference
Group II (Ulcer control). Curcumin, on the other hand
demonstrated lesser activity which may be attributed
to its poor solubility. LSC with higher solubility than
curcumin affected higher dissolution of the active and
hence superior therapeutic efficacy.'
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The mucoprotective potential of LSC over is an indica-
tive of amelioration. Curcumin also accelerates the ulcer
healing phenomenon by inhibiting gastric acid secre-
tion and anti-inflammatory activity preventing induc-
ible TNF-a production at post-transcriptional level and
affecting oxidative stress along with total antioxidant
capacity, as well as by inhibiting I1L.-6 secretion and pre-
venting apoptosis.”’ LSC exhibited significant (P<0.01)
protective and ulcer inhibition efficacy in a dose depen-
dent manner (25 and 50 mg/Kg), which was non-signif-
icant (P>0.05) in case of pure curcumin even at similar
highest concentration (50 mg/Kg), which could be due
to its poor solubility/ absorption that resulted as failure
in strengthening of defensive mechanism.

In particular, generation of oxygen free radicals and
lipid peroxidation plays a key role in ethanol induced
development of gastric lesions. The oxidative stress in
gastric tissue causes damage to key biomolecules (Lip-
ids) which is apparent from the stimulated lipid oxida-
tion leading to increased accumulation of MDA (Table
3) and these increased levels of MDA are thought to
reflect free radical mediated cell membrane damage.”
Glutathione is tripeptide and important non-enzymatic
cytosolic antioxidant, acts as a reductant and cofactor
for some antioxidant enzymes.”” GSH and other anti-
oxidants plays crucial role in free radical degradation,
which would otherwise outcome of lipid peroxida-
tion.” The endogenous antioxidant enzymes, CAT and
SOD in the gastric mucus are the key component of
cellular defense system against ROS. However, SOD
destroys the highly reactive radical superoxide by con-
verting it into the less reactive peroxide, H,O, which
can be destroyed by CAT reaction.”” CAT is a highly
reactive enzyme that reacts with H,O, to form water
and molecular oxygen. Decreased activity of GST, CAT
and SOD (Table 3) after ethanol administration may be
due to enhancement of MDA, which inhibit protein
synthesis and activities of certain enzymes. Vice-versa
decreased intrinsic oxidative stress in gastric mucosa by
increased GSH availability results in lowering of perox-
ide production and hence reduces the level of MDA.*
This decrease might be due to elevated level of TNF-«
in gastric tissue of ethanol treated rats.”
Administration of LSC significantly enhanced the activ-
ity of GSH, CAT and SOD in a dose dependent man-
ner, probably due to prevention of accumulation of
excessive free radicals thereby protecting stomach from
damage, suggesting superior gastro-protective activity
in comparison to curcumin that exhibited poorly sig-
nificant enhancement (P>0.05) in enzyme levels. The
marked effect of LSC could be attributed to its high
radical scavenging activity’® which is probably due to
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contribution of large number of molecules available
in the system (Gastric media), due to enhanced dis-
solution. Curcumin attenuated the increased lipid pet-
oxidase damage and prevented the depletion of GSH,
CAT and SOD made by ethanol up to an extent with a
highly significant difference (P<0.01), when compared
to omeprazole. In contrast, LSC increased the levels of
these circulating factors close to control (Group I) and
Group III non-significantly (P>0.05), supporting the
hypothesis of improved solubility of curcumin via LSC.
Being a poly phenolic aromatic compound, curcumin
bears ability of scavenging the reactive free radicals
either from phenolic -OH group or -CH, group of
the B-diketone moiety.” Since, reactive free radicals
can undergo electron transfer or abstract H-atom from
cither of these two sites. Some studies reported that
antioxidant activity of curcumin is due to phenolic -OH
group.” However, some studies suggest that hydro-
gen abstraction from the -CH, group is responsible
for its antioxidant activity.* The said mechanism can
be proposed for LSC, whereby high concentration of
curcumin molecules from LSC afforded higher antioxi-
dant activity than pure curcumin as evident in Table 3.
Another research claims effective blockage of ethanol
induced overproduction of “OH to prevent ROS medi-
ated gastric lesions. In addition to H,0, "OH is also
formed from peroxynitrite generated from O, and NO.
LSC thus offers further defense against oxidative dam-
age by scavenging "OH generated from other sources.
"OH, being most reactive can interact with almost any
compound in the cell including lipid, protein, DNA,
carbohydrate, thiols and other low molecular weight
antioxidants.” This is how "OH is scavenged with ulti-
mate oxidation of macromolecules and antioxidants,
lead to pathogenesis. The chemical structure of cur-
cumin is suitable for interaction with free radicals and
it's "OH-scavenging effect has been demonstrated.”
However, direct scavenging of "OH can be considered
an important pleiotropic effect of curcumin for gastro-
protection, which enhances its potential for possible use
as an antiulcer compound.

Histological evidences further substantiate the superior-
ity of LSC for gastroprotection over curcumin. Upon
ethanol administration, the back-diffusion of gastric
acid into the mucosal wall could directly lead to vascular
leakage and aggressive damaging effect in the basement
membrane of both epithelial and mucosal cells in the
gastric wall.* Furthermore, brief cessation of mucosal
blood flow results in increased acidity, which in turn,
results in the formation of hemorrhagic erosions after
ethanol treatment.* Omeprazole treatment recovered
the ulcer base with restored surface epithelium that was

validated by decreased ulcer score (Table 2). Curcumin
treatment was also effective in restoration however, .SC
treatment successfully reverted the mucosal damage,
endorsed by absence of chronic inflammatory cells and
recovery of surface mucosal cells. This confirms supe-
rior therapeutic efficacy of LSC over curcumin.

CONCLUSION

Liquisolid curcumin demonstrated significant gas-
troprotection in comparison to pure curcumin. The
improved gastroprotective action may be due to high
solubility of the former that resulted in strengthening
of gastric mucosa, restoring the free radical scavenging
enzymes and reducing the lipid peroxide production,
efficiently. The results revealed that treatment with liqu-
isolid curcumin resulted in maintaining the integrity of
gastric mucosa by attenuating the histological changes
comparable to the effects exhibited by omeprazole. The
present research proves that liquisolid technology is a
simple, cost effective and commercially viable technique
which may be attractive to industrialists due to its prom-
ising outcomes.
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SUMMARY

Liquisolid curcumin demonstrated superior gas-
troprotection via suppression of gastric acid, res-
toration of free radical scavenging enzymes and
reduction in the lipid peroxidase production in
comparison to curcumin in Wistar rats.
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Abstract

The research was aimed to develop a liquisolid formulation of paclitaxel using novel, highly porous liquisolid carriers
(modified polysaccharides) to enhance bioavailability of orally administered paclitaxel. Modified polysaccharides namely co-
grinded treated guar gum (C-TGG), co-grinded treated tamarind kernel powder (C-TTKP) and co-grinded treated locust bean
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gum (C-TLBG) were developed by sequentially subjecting the corresponding polysaccharides to wetting, drying and co-

grinding with mannitol (1:1). A total of 12 liquisolid systems of paclitaxel (LSP-1 to LSP-12) were formulated using non-
volatile solvent (polysorbate 80/Solutol HS 15®), carrier material (C-TGG/C-TTKP/C-TLBG), and Aerosil® 200 as coating
material, and evaluated for pre-compression parameters. The liquisolid systems were directly compressed to produce
liquisolid tablets (LTP-1 to LTP-12) and assessed for post compression parameters, cytotoxic/cellular analysis and
pharmacokinetics. The modified polysaccharides exhibited narrow symmetrical particle size distribution, high liquid

absorption potential, diminutive swelling index, favorable in vitro biodegradability and compression amenability. Among the
directly compressed liquisolid tabs, LTP-10 exhibited highest CDR of 98.70+2.68% and permeability of 61.59%. The ICsg of
<20 mmol/L indicated remarkable cytotoxic potential on human gastro-enteric tumor cancerous cell lines (NCI-N87).
Additionally, LTP-10 exhibited significantly high values for cell death 37.92 and 54.17% (P<0.01) in early and late apoptosis
and mitochondrial membrane potential regain (33%) in comparison to paclitaxel (P<0.05) and 5-fluorouracil (P<0.01).
Pharmacokinetics revealed C;,,x of 536.48 £4.63 ug/L at 1.64+0.44 h for LTP-10 indicating enhancement in bioavailability
(5.43 fold) of paclitaxel on oral administration.

Introduction

Low drug solubility often manifests itself as poor performance characteristics of the dosage form and disappointing in vivo
consequences like incomplete drug release, reduced bioavailability and higher inter-patient variability. Traditional solubility
enhancement approaches are based either on chemical or mechanical modification of the environment surrounding the drug
particle/molecule, or physically altering the macromolecular characteristics of aggregated drug particles [1,2]. The popular
formulation tools employed for solubility/dissolution enhancement are salt formation, cosolvency, complexation,
micronization, melt sonocrystallization [3], lyophilization, steam-aided granulation [4], solubilization by surfactants, solid
solution, and inclusion of drug solution in soft gelatin capsule [5]. Other approaches to improve the bioavailability of drugs
include, use of adjuvants [6]; formulation of liposomes, nanoparticles, use of drug phospholipid complex [7], and fabrication
of structural analogues of the drug [8].

Liquisolid technology utilizes the concept of converting the liquid medication/poorly water soluble solid drug dissolved in a
suitable non-volatile solvent, into a dry looking, non-adherent, free flowing and compactable powder by its simple

https://www.sciencedirect.com/science/article/abs/pii/S0141813019308414 2/9


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/polysaccharide
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mannitol
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/pharmacokinetics
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/biodegradability
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mitochondrial-membrane-potential

12/06/2024, 20:41 Liquisolid system of paclitaxel using modified polysaccharides: In vitro cytotoxicity, apoptosis study, cell cycle analysis, in vitro mitochondrial membrane potential assessment, and p...
admixture with selected carrier and coating material. The literature extensively cites findings on the effect of water soluble
carriers on dissolution and bioavailability of poorly water soluble drugs using liquisolid technique. The principle of liquisolid
technology is based on adsorption/absorption of liquid medication by carrier system, which requires excipients with high
porosity, large specific surface area and sufficiently high liquid absorption capacity [9].

Paclitaxel (PCT), a poorly water soluble anticancer drug is commercialized as intravenous infusion (Taxol®) wherein the drug
is solubilized using cremophore. The latter is reported to cause hypersensitivity reactions [10]. The drug presents poor oral
bioavailability (7%) and enhancement of its solubility using cremophore is reported to cause gastric irritation [6,11]. Although
continual research to produce cremophore free formulation is underway, a non-invasive delivery system of PCT with
improved bioavailability is still elusive. Natural polysaccharides are relatively complex carbohydrates and provide adequate
mechanical properties for pharmaceutical applications as fibers, films, adhesives, rheology modifiers, hydrogels, emulsifiers,
and drug delivery agents [12]. For instance, natural polysaccharides have proven to enhance the contact between drug and
human mucosa due to their high mucoadhesive properties [13]. Natural polysaccharides, such as gaur gum [14], tamarind
kernel powder [15] and locust bean gum [16], have been evaluated in various drug delivery systems due to high viscosity,
broad pH tolerance and adhesivity [17]. This has led to their application as stabilizer, thickener, gelling agent, and binder in
food and pharmaceutical industries. Other important properties of polysaccharides that justify their use as pharmaceutical
excipients include non-carcinogenicity [18], biocompatibility [19], high drug holding capacity [20] and high thermal stability
[21].

Guar gum (GG) a polysaccharide obtained from the endosperm of the seed of the guar plant, Cyanaposis tetragonolobus,
family Leguminosae. Chemically, it consists of a high-molecular-weight polysaccharide, namely galactomannan, which is
based on a mannan (M) backbone with galactose (G) side groups [22]. The molecular structure reveals that guar gum is a
straight chain galactomannan with galactose on every other mannose unit. p 1-4 glycosidic linkages couple the mannose
units and the galactose side chains are linked through a 1-6. The mannose to galactose ratio has been estimated at 1.8:1 to
2:1[23,24]. GG is considered safe for administration as there are no evidences of mutagenicity, teratogenicity, sensitization,
negative reproductive effects and non-carcinogenic [25]. Tamarind kernel powder (TKP), a product obtained from the plant
Tamarindus indica, family Fabaceae and is chemically composed of natural branched polysaccharide (65%) with a molecular
weight of 700-880kDa [26], gum, protein (15.4 to 22.7%), oil (3.0 to 7.4%), crude fiber (7 to 8.2%), non-fiber carbohydrates (61
to 72.2%), ash (2.45 to 3.3%) [27]. TKP also contains various phenolic antioxidants and is composed of a (1N4) 3-D-glucan
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backbone substituted with side chains of a-D-xylopyranose and -D-galactopyranosyl linked (1N2)-a-D-xylo-pyranose
linked (1N6) to glucose residues [28]. The major carbohydrates present in TKP are glucose, xylose and galactose in a ratio of
2.80:2.25:1.00 [29]. TKP meets the criteria for a polymer to be considered low risk under 40 CFR 723.250 [30] and no
mammalian toxicity is anticipated from dietary, inhalation, or dermal even at high dose exposure to TKP [31]. Locust bean
gum (LBG), a polysaccharide, is obtained from the seeds of fruit pod from carob tree (Ceratonia siliqua) family Leguminosae
[32]. LBG a non-ionic galactomannan is based on D-mannose units joined by 1, 4-linkages to form long straight chains.
Galactose units are attached to mannose units by 1, 6-glycosidic linkages. LBG has an average ratio of 1:4 galactose to
mannose units, with the galactose units attached in blocks known as substituted regions [33]. The segments of the chain is
composed of unsubstituted b-D-mannopyranosyl units, alternating with other chain segments in which a-D-
galactopyranosyl side branches are linked to each of the main chain units [34]. LBG is not associated with any adverse toxic
or nutritional effects even at the highest doses, there is no concern with respect to the genotoxicity and no carcinogenic
effects are reported [35].

Therefore, the aim of the present research was to develop liquisolid formulation of PCT using a carrier system prepared by
modifying the physicochemical properties of natural polysaccharides (GG, TKP and LBG). To the best of our knowledge the
use of the listed polysaccharides in their modified form has not been reported as carrier for liquisolid system. Likewise use of
Solutol HS15®as non-volatile solvent for developing liquisolid compacts is a novel approach. Thus the objective is to
optimize liquisolid system of PCT using modified polysaccharides and to assess the formulation in vitro cytotoxicity,
apoptosis, cell cycle analysis, in vitro mitochondrial membrane potential and pharmacokinetic parameters. The research
undertaken may offer a commercially viable option for non-invasive drug delivery system of PCT with enhanced
bioavailability.

Section snippets

Materials and methods

Paclitaxel was kind gift from Fresenus Kabi, Kolkata, India. Propylene glycol, Solutol HS 15®, acetonitrile HPLC grade,
Masson's trichrome stain, PEG200 and 400 were purchased from Sigma Aldrich Ltd., St. Louis, MO, USA; Aerosil® 200,
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mannitol, methanol and ethanol from S. D. Fine Chem. Limited, Mumbai, India. Guar gum, locust bean gum and tamarind
kernel powder were procured from Altrafine Gums, Ahmedabad, Gujarat, India, Water HPLC grade was purchased from
Qualigens Fine Chemicals, GSK,...

Equilibrium solubility

PCT is practically insoluble in water and the experimental solubility values of 0.003+0.002 and 0.007 £0.001 mg/mL in
hydrochloric acid buffer, pH 1.2 and double distilled water respectively were quite close to those reported in literature [45].
The present research proposes enhancement in drug solubility through liquisolid technique, using non-volatile solvent(s).
Correspondingly, PEG 200, PEG 400, polysorbate 80 and Solutol HS 15® were selected to estimate the saturation solubility of
PCT. ...

Conclusion

Modified polysaccharides were developed as novel liquisolid tablet excipient that exhibited large specific surface area, high
liquid load factor, remarkably good powder properties, compression amenability and favorable in vitro biodegradability. The
LiquiSol Tabs of paclitaxel developed using modified polysaccharides enhanced the dissolution and hence the oral
bioavailability of the drug. In vitro cytotoxicity, apoptosis and cell cycle analysis proved the cytotoxic potential of the dosage
form...
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