WORLD JOURNAL OF PHARMACEUTICAL RESEARCH

SJIF Impact Factor 5.990
Volume 4, Issue 10, 1809-1823. Research Article ISSN 2277- 7105

ROLE OF PECTIN CAPPED SILVER NANOPARTICLES IN
EXPERIMENTALLY INDUCED CARCINOMA IN MICE

Baisakhi Moharana’?, SP Preethal, S. Selvasubramanian?, C. Balachandran?

'Department of Veterinary Pharmacology & Toxicology.
Department of Veterinary Pathology Madras Veterinary College Tamilnadu Veterinary and

Animal Sciences University Chennai — 600 007, India.

) ] ABSTRACT
Avrticle Received on
5 Aug 2015, The search for novel chemopreventive agents to selectively target the
Revised on 25 Aug 2015, tumour cells with negligible toxicity to the host cells constitute an

Accepted on 14 Sep 2015 . .
S urgent priority. Co-chemotherapy using nano-products and natural

products can be fully exploited to the advantage of the cancer patients.
*Correspondence for In the present study, the anti-tumour potential of fractionated pectin

Author powder (FPP) capped silver nanoparticles (Ag NPs) were explored

Baisakhi Moharana . . . . . . .
using Ehrlich ascites carcinoma (EAC) induced mice at two different

Department of Veterinary
Pharmacology & doses. At the end of the experimental period, parameters including cell
Toxicology. viability, haemato-biochemical parameters, antioxidant status, mean
survival time (MST) and percentage increase in life span were
recorded. FPP capped Ag NPs considerably restored the abnormal parameters to near normal
levels with significant increase in cytotoxicity. The positive role of FPP capped Ag NPs in
combating carcinogenesis and increasing the life span of animals suggests that the FPP
capped Ag nanoparticle is a potential anti-cancer candidate and can also serve as an adjunct

to conventional chemotherapy.

KEYWORDS: Fractionated Pectin Powder (FPP), Silver Nanoparticles (Ag NPs),
Fractionated pectin powder capped silver nanoparticles (FPP capped Ag NPs), Ehrlich ascites

carcinoma (EAC), Anti-tumour potential.

1. INTRODUCTION
Cancer is an evolutionary process through which dysregulation in select cellular mechanisms
confers a clonal advantage, leading to tumour growth and eventually metastasis.™ Cancer is

an emerging leading cause of death in economically developed and developing countries.?
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with the annual cancer cases expected to rise from 14 million in 2012 to 22 million in the
next two decades.®®! According to a recent.™ estimate, around 5, 55,000 people died of cancer

in the year 2010 in India.

Several independent studies have demonstrated that citrus pectin, a complex branched
polysaccharide fibre rich in galactoside residues, interacts with galectin-3 and inhibits tumour
growth or cancer metastasis in vivo and in vitro in various types of cancers including prostate,

colon, breast, melanoma and multiple myeloma.[67:8910.11]

Commercially available
fractionated pectin powder (FPP) induced significant apoptosis in androgen responsive and
androgen independent prostate cancer cells when compared to citrus pectin and Modified

Citrus Pectin.*?

Conventional chemotherapy has limitations due to non-specific binding, poor
pharmacokinetic properties and side effects. Nanoparticles are now being designed to assist
therapeutic agents to pass through biologic barriers, to mediate molecular interactions and to
identify molecular changes. They have larger surface area with modifiable optical, electronic,
magnetic and biologic properties compared to macroparticles.™! So nanotechnology can be a
better option for targeted delivery. Due to their small size and design, nanoparticles can cross
physiologic barriers, delivering drugs in normally inaccessible sites with classical means.™
Nanoparticle drug delivery, on the other hand, enhances therapeutic effectiveness and reduces
side effects of the drug payloads by improving their pharmacokinetics.!**!

In this study silver nanoparticles were used with proven antitumour.!*®! antiangiogenic.*”! and
antipermeability effects that acts through inactivation of Src kinase pathway.l'® Silver
nanoparticle complex of a-lipoic acid act as an adjuvant in cancer radiotherapy to protect
normal tissues from radiation damages and also enhanced the anti-tumour activity of gamma
radiation.l’) In an in vitro study using EAC cell line, FPP capped Ag NPs caused a
significant (1.8 fold) reduction in the dose of the nanocomposite in attaining the 1Cso value
showing that the nanocomposite is a better option than the individual counterparts.!*”!

Pectin is considered as “generally recognized as safe — GRAS” as direct human food
ingredients.’?) and Ag NPs is reported to be a therapeutic agent at varied dose rates.™*® with
LDso of colloidal AgNPs greater than 5,000 mg/kg body weight.”? In an earlier.”® study
with pectin, LOAEL of 125 mg/kg and NOAEL of 30 mg/kg in 90-day oral toxicity study in

rats was documented.
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In the present study modified form of pectin (FPP) capped to silver nanoparticles (Ag NPs)

was used against carcinogenesis induced in mice to explore its anti-tumour potential.

2. MATERIALS AND METHODS

2.1 CHEMICALS AND MATERIALS

Fractionated pectin powder (FPP) used in this research was obtained from Thorne Research,
Dover, U.S.A. Silver nitrate, chitosan, ascorbic acid were obtained from Sigma-Aldrich. 5-
flurouracil and trypan blue were obtained from Himedia. All other chemicals and solvents

used were of analytical grade.

2.2 PREPARATION OF NANOPARTICLE AND CHARACTERIZATION OF
NANOPARTICLES

Silver nanoparticle and FPP capped AgNPs were prepared using chitosan and ascorbic acid
and characterized.”®® The size of FPP capped AgNPs varied between 35 and 45 nm, whereas

FPP size ranged from 15 to 20 nm and Ag NPs size ranged from 20 to 25 nm.

3. IN VIVO STUDY

3.1 Experimental animals

Experiments were carried out with Swiss albino mice of either sex procured from the Unit of
Laboratory Animal Medicine, Tamilnadu Veterinary and Animal Sciences University,
Madhavaram, Chennai 600 051. The animals were housed in large spacious cages under
standard conditions of relative humidity (55 + 5 %), temperature (23 + 2°C) and well
ventilated with 12 h light /12 h dark cycle throughout the experimental period. The
experiments were conducted in accordance with the guidelines of Committee for the Purpose
of Control and Supervision of Experiments on Animals (190/CPCSEA).

3.2 Experimental induction of EAC & Tumour development in mice
EAC cells were grown in the peritoneal cavity of six to eight weeks old mice by peritoneal
transplantation of 0.2 ml cell suspension (~2x10°cells/mouse) in sterile phosphate buffer

saline.’”” Before injection, viable EAC cells were counted by trypan blue exclusion test.

3.3 EXPERIMENTAL PROTOCOL
A total number of eighty four mice were randomised into experimental and control groups.

They were divided into seven groups with twelve animals in each group.
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Table No. 1 Experimental Protocol.

Group | Treatment
1. Control
EAC tumour control
EAC + 5-flurouracil @ 20 mg/kg b.w
EAC + FPP @ 40 mg/kg b.w
EAC + AgNPs @ 2.6 mg/kg b.w
EAC + FPP capped AgNPs @ 20 mg/kg b.w
EAC + FPP capped AgNPs @ 40 mg/kg b.w

Njo|o AW

Drug treatments (5-flurouracil, FPP, Ag NPs, FPP capped AgNPs at 2 predetermined doses
were purified with syringe filter and diluted with deionized water) were continued for 14 days

through i/p route (directed to the tumour cells) after inoculation of tumour cells on 0™ day.

3.3.1 Cell viability assay

Trypan blue exclusion test was conducted to determine the number of viable cells and non
viable cells. In brief, EAC cells, harvested from tumour bearing mice from all the groups,
were washed twice with phosphate buffer saline (PBS) and mixed with 0.1% trypan blue
solution in equal proportion. The number of viable and non viable cells were determined
using Neubauers counting chamber. Upon staining, the viable cells did not take the stain

while the non viable cells were stained blue.

3.3.2 Haematological parameters

At the end of experiment, all the animals were sacrificed and blood was collected. RBC,
WBC counts and haemoglobin levels were determined by routine clinical laboratory
techniques. Absolute leukocyte Count was estimated using leishman stained blood smears.

Serum was separated by centrifuging the blood at 7000 rpm for 10 minutes.

3.3.3 Serum biochemistry
At the end of the experiment period, all the animals were sacrificed and blood was collected.

Serum was separated by centrifuging the blood at 7000 rpm for 10 minutes.

3.3.3.1 Enzymic indices of cellular integrity
The markers for cellular integrity (alanine amino transferase (ALT), aspartate amino
transferase (AST), alkaline phosphatase (ALP) and blood urea nitrogen (BUN)) were

estimated in the serum by kinetic method using standard kits (Agappe Diagnostics).
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3.3.4 Estimation of antioxidants

Immediately after sacrificing the animals, the liver was excised was used for the estimation of
lipid peroxidation (LPO).[*! | reduced glutathione (GSH).[?® total protein (TP).1*”) superoxide
dismutase (SOD).?® catalase (CAT).1* and glutathione peroxidase (GPX).1*"!

3.4 MEAN SURVIVAL TIME (MST) AND PERCENTAGE INCREASE IN LIFE
SPAN (% ILS)
The animals were observed for their mortality daily until their death or up to a maximum of 6

weeks period. Mortality was monitored by recording MST and % ILS as per the following

formulae;
> Survival time (days) of each mouse in a group
MST = e e
Total no. of mice
ILS% = < -mmmmmmmmm

3.5 STATISTICAL ANALYSIS

The results were expressed as mean + standard error (S.E). The differences between groups
were assessed by using the Statistical Package for Social Sciences (SPSS) software package
for Windows. The effects of treatments were determined by analyzing the data using one-way
ANOVA followed by Duncan's multiple comparison test. P values < 0.05 or < 0.01 were

considered as statistically significant.

4. RESULTS

41 CARCINOGENIC INDICES

4.1.1 Cell viability assay

There was a significant (P<0.05) decrease in the total cell count in treated groups when
compared to EAC control animals. There was a marked (P<0.01) drop in the live cell count
and a significant (P<0.05) increase in the dead cell count after treatment with FPP, AgNPs
and FPP capped AgNPs in EAC induced animals. FPP capped AgNPs @ 20mg/kg b.w was
most effective in decreasing the live cell count and increasing the dead cell count (Table-2).
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Table-2.
Total cell count* Viable tumour cell Non viable Cell count*

PARAMETERS (X10%)/ml count=*(X10*)/ml (X10%)/ml
EAC 2092.80°+251.84 2067.20°+247.43 32.00%+6.53
EAC+5-FU - - -
EAC+FPP 1240.00°+144.22 1189.33°+145.6 50.67%+9.61
EAC+Ag NPs 1160.00°+112.66 1098.67*+115.13 61.33°£9.61
EAC+ FPP capped 980.00°+105.19 581.33%+197.46 148.00°+58.92
AgNPs (20mg/kgb.w) e T T ' T
EAC+ FPP capped a ab be
AGNPs (40mg/kgb.w) 1136.00%+£96.00 842.67%+177.29 108.80"°+15.51

4.2 HAEMATOLOGICAL PARAMETERS

The haematological parameters of EAC cells bearing mice showed significant changes when
compared to normal mice on the 14™ day (Table 3). The total WBC count was found to
increase with a reduction in the haemoglobin content and total RBC count. Treatments with
FPP, AgNPs and FPP capped AgNPs at two predetermined doses significantly restored the
altered haemoglobin content (P<0.05), RBC (P<0.05) and WBC count ((P<0.01) to near

normal levels.

The absolute count of WBC showed that the neutrophils count increased significantly
(P<0.01) while that of lymphocytes and monocyte count remained unchanged in the EAC
control group when compared to normal mice. FPP capped AgNPs at 20 mg/kg b.w and 40
mg/kg b.w reverted these altered parameters significantly to more or less the normal values.
But treatment with FPP and FPP capped AgNPs at 40 mg /kg b.w, showed increased
neutrophil count. Standard drug 5-flurouracil significantly restored all the haematological

parameters to normal levels.

4.3 COMPROMISED CELLULAR INTEGRITY —-BIOCHEMICAL PARAMETERS

The compromised cellular integrity in the untreated EAC-induced mice is depicted in Table
No. 4. There was a sharp increase in the activities of ALP, AST, ALT, BUN in the serum of
tumour control animals. Significant (P<0.001) restoration in the activities of ALP, AST, ALT
and BUN was observed on treatment with FPP capped AgNPs @ 20 and 40 mg/kg b.w doses.

4.4 CARCINOGENIC - OXIDATIVE ASSAULT

4.4.1 Antioxidant enzymes and non-enzymes

Table No. 5 presents the activities of the antioxidant enzymes in the liver tissues of
experimental animals. Statistically significant inhibition in the activities of antioxidant

WWW.Wjpr.net Vol 4, Issue 10, 2015. 1814




Baisakhi et al. World Journal of Pharmaceutical Research

enzymes (SOD, CAT and GPX) were observed in EAC-induced animals as against the
control animals (Table-5). On treatment with FPP, AgNPs and FPP capped AgNPs at two
predetermined doses, the activities of SOD and CAT had a sharp (P<0.01) increase when
compared to the tumour-induced non treated animals. The status of GPX was significantly
(P<0.05) elevated in the treated groups in comparison to the tumour induced untreated
animals. The level of non-enzymatic antioxidant GSH in liver tissue of control and
experimental animals are depicted in Table 5. In untreated EAC induced animals, the level of
GSH was significantly (P<0.01) decreased as against the control animals. In the treated

groups, the levels of GSH were restored to near normalcy.

4.4.2 Lipid peroxidation (LPO)

There was a steep increase in the extent of LPO in the liver of EAC tumour control group as
against the normal control animals. The administration of FPP capped AgNPs at the two
predetermined doses provided a remarkable counter effect, as observed by the low levels
(P<0.01) of LPO in the EAC tumour induced animals (Table 5).

4.5 MEAN SURVIVAL TIME (MST) AND INCREASE IN LIFE SPAN (ILS)

MST of tumour control and treated mice were evaluated based on direct observation for a
period of 6 weeks, where the day of death of each animal was recorded. The results show that
there is significant (P<0.01) increase in MST among all the treated groups when compared to
EAC control groups. 5-fluorouracil treated groups showed excellent results in increasing the
MST but there were no significant differences between 5- fluorouracil and treatment with
FPP capped AgNPs @ 20 and40 mg/kg b.w doses in increasing the lifespan. Similar results
were obtained in the case of % ILS where all the treated groups outperformed in comparison
to the tumour control groups but there were no significant differences between the treated

groups (Fig. 1).
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Fig.1 Effect of 5-flurouracil, FPP, nAg particles, nAg particles tagged FPP on MST™ (A)
and 1LS% (B). Data represented as mean + SE of six independent experiments.
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Table-3: Effect of drugs on haematological parameters of EAC bearing mice.

6 WBC** Neutrophil** | lymphocyte | Monocyte
PARAMETER Hb*(g%) | RBC*(x10 /ul) 3 3 3 s
(x10 /ul) (x10 /ul) (x10 /ul) (x10 /ul)
CONTROL 140740 61 75440 16 582°+0.96 1.78°+0.27 | 3.92+0.78 | 0.10+0.045
EAC 10_426‘10.58 5_33&110.20 16.74013.47 10.93°+2.01 5.47+1.60 0.18+0.068
EAC+5 FU 13.82°41.12 7424051 692 +130 | 27574056 | 4.03+0.73 | 0.06+0.024
b b
EAC+FPP 11.03ail.07 7.02 +0.59 12.72 012.07 10.02°+2.47 2.32+0.73 0.16+0.081
b b b b
EAC+nAg 11.48a +0.79 6.68 +0.58 12.05 012.11 5.91%°+1.47 5.89+1.00 | 0.13+0.016
E@gg;gcap;ﬁgdA 1208 +071 | 725+033 | 1165 +186 | 6.92°+1.77 | 4.34+1.41 | 0.26+0.099
gNPs mg/kbw
EAC+FPPcappedA | 13 04°+059 | 7.34°+0.59 1264 +133 | 8524138 | 3.92+1.38 | 0.11+0.029
gNPs@40mg/kbw

Table-4 - Effect of drugs on markers of cellular integrity — (ALT, AST, ALP. BUN)**,

GROUPS ALT (1U/L) AST(IU/L) ALP (IU/L) | BUN (mg/dl)
CONTROL 11250 +13.19 | 62.33°+27.33 | 35.00"°+8.19 | 23.99%+2.86
EAC 213.66"+9.73 | 187.66°+17.27 78.00%+1.13 5595 +2.50
EAC+5FU 108.00°+6.70 | 146,50 +16.46 | 50.50"+9.50 | 30.80°+3.59
EAC+FPP 204.00°+29.51 | 137.83°+23.22 | 5333°48.33 | 26.86 +1.02
EAC+nAg 198.50°+10.95 | 154.50+25.71 | 37.83™°45.83 | 20.53°+1.15
EAC+FPPcapped a a a ab
AgNPs(20mg/kbw) 127.00 +25.25 67.66 +4.10 27.50 +1.82 25.65712.26
EAC+FPPcapped a ab ab ab
AgNPs(40mg/kbw) 147.66 +14.03 84.07+22.11 31.507"+5.38 26.217+2.22
Table-5: Effect of drugs on antioxidant enzymes, glutathione content and lipid
peroxidation in the liver of EAC bearing mice.
* GSH** e
SOD** | CAT** GPX (mg of LPO
(UM of GSH (UM of
Groups (U/mg (U/mg - . reduced
. . utilized/min/m MDA/g
protein) protein) . GSH/g of .
g protein) : tissue)
tissue)
6.47°+0.5 ¢ a b a
CONTROL 9 23.17°+0.59 9.83°+1.25 10.31°+2.12 | 143.05°+12.35
EAC 1.85%+0.18 | 10.08°+0.67 4.53°+0.26 5.63°+0.82 | 350.43°+78.88
EAC+5 -FU 3.30°+0.11 | 23.00°+0.38 9.76%°+0.72 11.93°+0.82 | 219.27°+33.52
EAC+FPP 2.38°+0.82 | 16.92°+1.73 6.88°°+0.88 12.46°+0.33 | 118.65°+17.29
6.61°+0.9 be a b a
EAC+nAg 4 20.24™"+1.59 8.96°+0.92 10.52°+0.41 | 200.47°+29.12
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EACHFPPCAD | &by 1
0edAgNPs AL 23224279 | 0.90%4141 | 10372067 | 181.88%427.71
(20mg/kgb.w)

EAC+ b

EizcappEdAg 6'0231“1'6 23.06°42.68 | 0494253 | 10.67°+0.40 | 153.54+23.66
(40mg/kgb.w)

Effect of 5-FU, FPP, Ag NPs, FPP capped AgNPs at two predetermined doses on oxidative
stress and haemato-sero biochemical markers. Data represented as mean + SE of six
independent experiments (**P<0.01, * P<0.05). Mean bearing different superscripts between

the drugs treatments differ significantly.

5. DISCUSSION

5.1 ANTITUMOUR POTENTIALS

5.1.2 Cytotoxicity

In the present study, significant reduction in the viable and non viable cell count, FPP capped

AgNPs showed better results than their individual counterparts.

5.2 HAEMATOLOGICAL PARAMETERS

In the present study, in EAC cells bearing mice all haematological parameters were found to
be significantly altered when compared to the normal mice. This is in accordance with the
previous reports.®2*2 which document that myelosuppression and anaemia have been
frequently observed in ascites carcinoma. Anemia encountered in ascites carcinoma is mainly
due to iron deficiency, either by hemolytic or myelopathic conditions which finally lead to
reduced RBC number.!®®l The altered haematological parameters almost restored towards
normal values when treated with FPP, Ag NPs and FPP capped Ag NPs at both the
predetermined doses. But there was neutrophilia in all treated groups, especially in FPP and
FPP capped Ag NPs (40mg/kg.b.w) groups, although the neutrophil count in treated groups
was lesser than the tumour control group. Neutrophilia observed in the present study in the
treatment groups might be the tumour associated neutrophils (TAN) that infiltrate in the
tumour microenvironment and assume tumour cytotoxic phenotype to destroy the tumour
cells. The results corroborate the reports of Fridlender and Albelda, (2012).24 Neutrophils
are also a source of anti angiogenic mediators, such as elastase, which promotes the
degradation of VEGF-A,bFGF and a-defensins.5 3¢ %]
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53 MARKERS OF CELLULAR INTEGRITY - SERUM BIOCHEMISTRY

The increased levels of serum AST, ALT, ALP and BUN activities in the EAC tumour
induced mice may indicate the leakage of these cytosolic enzymes into the circulatory system
due to hepatocellular damage during EAC propagation.

Treatment with FPP, AgNPs and FPP capped AgNPs at the two predetermined doses
significantly reversed the alterations to near normal levels. This might be due to the
underlying hepato- and nephro-protective mechanisms of FPP, AgNPs and FPP capped
AgNPs at the two predetermined doses. The improvement in the liver and kidney functions
due to nanocomposite administration at the two predetermined doses are in agreement with
El-Batal (2012) 8 who documented that the markers of cellular integrity (ALT AST, serum
creatinine and urea activities) in EAC bearing mice treated with MCP and selenium were

restored significantly.

53 ANTIOXIDANT STATUS

Reactive oxygen species (ROS) can accelerate DNA damage, stimulate pro-carcinogenesis,
initiate LPO, inactivate antioxidant enzyme systems and can modulate the expression of
genes related to tumour promotion.*® * It has been reported that antioxidants can inhibit
proliferation of cancer cells.”*Y) FPP capped Ag NPs at two predetermined doses significantly
reduced the elevated levels of LPO and increased the GSH level. Thus FPP capped AgNPs
might have induced the detoxifying enzymes that would have scavenged the ROS in EAC
bearing mice. On the other hand, it was earlier.*? reported that tumour growth inhibits the
free radical scavenging systems, SOD and CAT. Similar findings were observed in the
present investigation with EAC bearing mice. The administration of FPP capped AgNPs at
two predetermined doses increased the SOD and CAT levels in a dose dependent manner,
which may indicate the antioxidant and free radical scavenging property of FPP capped
AgNPs. The improvement in the liver antioxidant status by FPP capped Ag NPs at two
predetermined doses are in agreement with El-Batal (2012).8! who reported that liver
antioxidant status in EAC bearing mice restored to near normal levels when treated with

MCP in combination with selenium.

5.4 MEAN SURVIVAL TIME (MST) AND INCREASE IN LIFESPAN (ILS)

The reliable criteria for the establishment of efficacy and quality of any anticancer drug are
prolongation of life span of the animals and decrease in WBC.** 1 Andreani et al.,
(1983).1%1 suggested that an increase in the life span in the ascites bearing animals by 25% is
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indicative of significant drug activity. In the present study, treatment with FPP capped Ag
NPs at the two predetermined doses significantly increased MST and % ILS as against the
controls. The prolongation of survival of animals is directly related to the decrease in viable
cell count and ascitic fluid accumulation.®! Treatment with FPP capped AgNPs significantly
increased lifespan of tumour induced animals highlighting the positive potentials of the

nanocomposite in alleviating the tumour burden and enhancing life expectancy.

6. CONCLUSION

The above results signify the antitumour efficacy of the FPP capped AgNPs which can be
attributed to the decrease in the survivability of cancer cells and reduction of oxidative stress.
Hence this study clearly demonstrates that FPP capped AgNPs had anti-tumour effects at
both tested doses indicating the beneficial effects of targeted drug delivery. The two tested
doses of FPP capped AgNPs had equipotent effects indicating that the anticancer effect could
be obtained with the optimal dose (lower dose). Due to restoration of various altered
oxidants, haematological and biochemical variables by the nano formulation, it is obvious
that FPP capped AgNPs maintain better health status, accounting for holistic approach to
cancer. Further rigorous studies are needed to elucidate the concrete mechanisms of
antitumour activities of FPP capped AgNPs on the entire apoptotic pathway underlying

carcinogenesis.

ACKNOWLEDGEMENTS

This work was funded by Tamilnadu Veterinary and Animal Sciences University. Our
sincerely thanks to Dr. S. Vairamuthu, Associate Professor and Head, centralized Clinical
Laboratory, Madras Veterinary College, for his kind help in carrying out the biochemical and

haematological study.

7. REFERENCES

1. Roy DM, Walsh LA, Chan TA. (Driver mutations of cancer epigenomes). Protein Cell,
2014; 5: 265-296.

2. WHO, 2013.cancercontrol@who.int.

3. Globocan, 2012; IARC.

4. Dikshit R, Gupta PC, Ramasundarahettige C. et al. (Cancer Mortality In India: A
Nationally Representative Survey). The Lancet, 2012; 6736: 60358-4.

5. Inohara H and Raz A. (Effects of natural complex carbohydrate (citrus pectin) on murine
melanoma cell properties related to galectin-3 functions). Glycoconj J, 1994; 11: 527-532.

Www.wjpr.net Vol 4, Issue 10, 2015. 1819




Baisakhi et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

14.

15.

16.

17.

Pienta KJ, Naik H, Akhtar A, Yamazaki K, Replogle TS, Lehr J, Donat TL, Tait L,
Hogan V, Raz A. ( Inhibition of spontaneous metastasis in a rat prostate cancer model by
oral administration of modified citrus pectin). J Natl Cancer Inst, 1995; 87: 348-353.
Hsieh, TC and Wu JM. (Changes in cell growth, cyclin/kinase, endogenous
phosphoproteins and 23 nm gene expression in human prostatic JCA-1 cells treated with
modified citrus pectin). Biochem. Mol.Biol. Int, 1995; 37: 833-841.

Hayashi A, Gillen AC and Lott JR. (Effects of Daily Oral Administration of Quercetin
Chalcone and Modified Citrus Pectin on Implanted Colon-25 Tumor Growth in Balb-c
Mice). ALTERN MED REV, 2000; 5: 546- 552.

Glinskii OV, Huxley VH, Glinksy GV, Pienta KJ and Raz A et al.. (Mechanical
entrapment is insufficient and intercellular adhesion is essential for metastatic cell arrest
in distant organs). Neoplasia, 2005; 7: 522-527.

Sathisha UV, Jayaram S, Nayaka MAH and Dharmesh SM. (Inhibition of galectin-3
mediated cellular interactions by pectic polysaccharides from dietary sources). Glycoconj
J., 2007; 24: 497-507.

Glinsky V and Raz A. (Modified Citrus Pectin Anti-Metastatic Properties:One
Bullet,Multiple Targets). Carbohydr Res, 2009; 344: 1788-1791.

Jackson CL, Dreaden TM, Theobald LK, Tran NM, Beal TL, Eid M, Gao MY, Shirley
RB, Stoffel MT, DebraMohnen MVK.(Pectin induces apoptosis in human prostate cancer
cells: correlation of apoptotic function with pectin structure). Glycobiology, 2007; 17:
805-819.

Sutradhar KB, Md. Lutful A. (Nanotechnology in cancer drug delivery and selective
targeting). ISRN, 2014; 2014: article 1D 939378.

Emerich DF and CG Thanos. (The pinpoint promise of nanoparticle-based drug delivery
and molecular diagnosis). Biomol Eng, 2006; 23:171-184.

Hu CJ, Aryal S and Zhang L. (Nanoparticle-assisted combination therapies for effective
cancer treatment) . Ther Deliv, 2010; 1: 323-334.

Sriram M, Manikanth S, Kalishwaralal K, Gurunathan S. (Antitumor activity of silver
nanoparticles in daltons lymphoma ascites model). Int J Nanomedicine, 2010; 5: 753-
762.

Gurunathan S, Lee K, Kalishwaralal K, Sheikpranbabu S, Vaidyanathan R and Eom
S.(Antiangiogenic Properties of Silver Nanoparticles). Biomaterials, 2009; 30: 6341-
6350.

Www.wjpr.net Vol 4, Issue 10, 2015. 1820




Baisakhi et al. World Journal of Pharmaceutical Research

18.

19.

20.

21.
22.

23.

24,

25.

26.

27.

28.

29.
30.

Sheikpranbabu S, Kalishwaralal K, Venkataraman D, Eom SH, Park J and Gurunathan S.
(Silver nanoparticles inhibit VEGF-and IL-1 -induced vascularpermeability via Src
dependent pathway in porcine retinal endothelial cells). J Nanobiotechnology, 2009; doi:
10.1186/1477-3155-7-8.

Ramachandran L and Nair CKK.(Therapeutic Potentials of Silver Nanoparticle Complex
of a-Lipoic Acid). Nanomater. nanotechnol, 2011; 1: 17-24.

Baisakhi M, Preetha SP, Selvasubramanian S, Malathi S, Balasubramanian S. (Synthesis
and characterization of pectin capped silver nanoparticles and exploration of its
anticancer potentials in experimental carcinogenesis in vitro). IAJPR, 2014; 4: 5576-
5583.

FDA. (Code of Federal regulation), 2014; 21: 3.

Maneewattanapinyo P, Banlunara W, Thammacharoen C, Ekgasit S and.
Kaewamatawong T.(An Evaluation of Acute Toxicity of Colloidal Silver Nanoparticles).
J. Vet. Med. Sci, 2011; 73: 1417-1423.

Kim YS, Song MY et al. (Subchronic oral toxicity of silver nanoparticles). Particle and
fibre toxicology, 2010; 7: 20.

Periyasamy G, Gupta M, Mazumder UK, Gebrelibanos M and Sintayehu B. (Antioxidant
and Antitumor Activity of Plumeria acuminata in Ehrlich Ascites Carcinoma Bearing
Swiss Albino Mice). BJPR, 2013; 3: 671-685.

Yagi, K., (Simple fluorimetric assay for lipid peroxides in blood plasma). Biochem. Med.,
1976; 15: 212.

Moron, MS, Depierre JW, Mannervik B. (Levels of glutathione, glutathione reductase and
glutathione-S-transferase activities in rat lung and liver). Biochem Biophys Acta, 1979;
58: 67-68.

Lowry, OH, Rosebrough NJ, Farr AL, Randall RJ (Protein measurement with Folin’s
phenol reagent). J Biol Chem, 1951; 193: 265-275.

Marklund S, Marklund G. (Involvement of superoxide anion radical in the autoxidation of
pyrogallol and a convenient assay for superoxide dismutase). Eur J Biochem, 1974; 47:
469-474.

Claiborne, A. Catalase activity, in: Greenwald RA (Ed.), 1985CRC

Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG, Hoekstra WG.
(Selenium: biochemical role as a component of glutathione peroxidase). Science, 1973;
179: 588-590.

Www.wjpr.net Vol 4, Issue 10, 2015. 1821




Baisakhi et al. World Journal of Pharmaceutical Research

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Price VE and Greenfield RE. (Anemia in cancer. In: Greenstein, J.P., Haddow, A. (Eds.),
Advances in cancer research). Academic Press, New York, 1950; 199-200.

Maseki M, Nishiagaki I, Hagishara M, Tamoda Y and Yagi K. (Lipid peroxidation levels
and lipid content of serum lipoprotein fractions of pregnant subjects with or without pre-
eclampsia). Clin. Chim. Acta, 1981; 41: 424-426.

Fenninger LD and Mider GB, In: Haddow, A., Greenstein, J.P. (Eds.), Advances in
cancer research. Academic Press, 1954; New York.

Fridlende ZG and Albelda SM. (Tumor-associated neutrophils: friend or foe?)
Carcinogenesis, 2012; 33: 949-955.

Ai S, Cheng XW, Inoue A, Nakamura K, Okumura K, Iguchi A, Murohara T, Kuzuya M,.
(Angiogenic activity of bFGF and VEGF suppressed by proteolytic cleavage by
neutrophil elastase). Biochem. Biophys. Res. Commun., 2007; 364: 395-401.

Chavakis T, Cines DB, Rhee JS, Liang OD, Schubert U, Hammes HP, Higazi AA,
Nawroth PP, Preissner KT, Bdeir K. (Regulation of neovascularization by human
neutrophil peptides (alpha-defensins): a link between inflammation and angiogenesis).
FASEBJ, 2004; 18: 1306-1308.

Scapini P, Nesi L, Morini M, Tanghetti E, Belleri M, Noonan D, Presta M, Albini A,
Cassatella MA. (Generation of biologically active angiostatin kringle 1-3 by activated
human neutrophils). J. Immunol, 2002; 168: 5798-5804.

El- Batal, Al, Omayma AR, Eman AZ, Noaman E, Ismail S,. In vivo and invitro
antitumor activity of modified citrus pectin in combination with selenium nanoparticles
against Ehrlich carcinoma cells. International journal of pharmaceutical science and
health care, 2012; 6: 23-47

Sun, Y. (Free radicals, antioxidant enzymes and carcinogenesis). Free Radic Biol Med,
1990; 8: 583-599.

Cerutti P.A. (Oxy-radicals and cancer). Lancet, 1994; 344: 862—-863.

Rebecca CB, Daniel SY, Susan CK, Robert JC, Jason DM. (Antioxidants reduce
cyclooxygenase-2 expression, prostaglandin production and proliferation in colorectal
cells). Cancer Res, 1998; 58: 2323-2327.

Choudhury SM, Roy G, Gupta M and Majumder UK. (The central nervous system
depressant activities of Mycotoxin MT81 and its acetylated and benzoylated analogues).
Al Ameen J. Med. Sci, 2008; 1: 104-114.

Clarkson BD, Burchenal JH. (Preliminary screening of antineoplastic drugs). Prog. Clin.
Cancer. 1965; 1: 625-6209.

Www.wjpr.net Vol 4, Issue 10, 2015. 1822




Baisakhi et al. World Journal of Pharmaceutical Research

44. Oberling C, Guerin M. (The role of viruses in the production of cancer). Adv.Cancer Res,
1954; 2: 323-353.

45. Andeani A, Scapini G, Galatulas I, Bossa R.(Potential antitumor agents IX: synthesis and
antitumor activity of two analogues of ketocaine). J Pharm Sci, 1983; 72: 814-5.

46. Sugiura K. (Effect of Various Compounds on the Ehrlich Ascites Carcinoma).Cancer Res,
1953; 13: 431-441.

Www.wjpr.net Vol 4, Issue 10, 2015. 1823




