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ABSTRACT

Cancer is a major global health issue with approximately 20 million diagnosed cases in year
2020. As per WHO reports, cancer caused approximately 10 million deaths this year which is
continuously rising with an estimation to exceed around 12.4 million cancer death per year by
the end of 2030. Chemotherapy is one of the widely used approach for cancer treatment and
provided to the patient either alone or in combination with other therapeutic strategies in
adjuvant or neoadjuvant setups. However, development of drug resistance, metastasis and
cancer relapse are some of the serious limitations associated with chemotherapy in almost all
cancer types. Clinical advancement has revealed that the existence of cancer stem cells (CSCs)
within the tumor is the major reason for these constrains and cause treatment failures in the
cancer patients. Therefore, eradication of CSCs along with the whole bulk tumor is a
compulsive task to achieve highest therapeutic efficacy of the treatment. Salinomycin (SAL),
a small molecule based ionophore antibiotic, has potential to specifically target and kill CSCs
of various cancer types through blocking their multiple pathways simultaneously. However,
direct administration of SAL in the body is not approved for the human uses due to their high
off targeted toxicity & poor pharmaceutical properties. Therefore, the present work is mainly
focused on the development of a novel biodegradable polymeric nanoparticles (NPs) as an
efficient drug delivery vehicle for systemic delivery of SAL with an aim to overcome all
limitations associated with the conventional approaches of chemotherapy and improve
therapeutic efficacy of the cancer treatment.

Herein, we have developed a biodegradable polylactic acid (PLA) based block copolymer
consisting of an appropriate mixture of mMPEG-PLA & PLA-Pluronic L61-PLA and optimize
it as a drug delivery nano-platform for the cancer therapy. PLA based block copolymeric

platform was synthesized by ring opening polymerization of L-lactide using mPEG & Pluronic



L-61 as the macroinitiators for the reaction. Synthesized block copolymer was then
characterised for their physiochemical properties through GPC, NMR, ATR-FTIR, DSC &
XRD and used to prepare SAL encapsulated PLA based block copolymeric NPs employing
emulsion solvent evaporation technique. Prepared SAL loaded NPs showed hydrodynamic size
of around 92 nm with a narrow polydispersity index. Also, developed PLA based nanoplatform
showed high encapsulation efficiency (>70 %) and sustained release profile (~ 35 % in 15 days
in PBS, pH 7.4) for SAL. Furthermore, in-vitro cytotoxicity evaluation of SAL NPs was carried
out against various cancer types and result of the analysis suggested that SAL NPs exhibits its
cytotoxicity in a dose dependent manner against all treated cancer cell lines. ICso values of
SAL NPs were found to be same as free SAL which confirmed that encapsulation of SAL in
PLA based block copolymeric NPs have no negative effect on its anti-cancer activity and
therapeutic efficacy. Additionally, prepared SAL loaded NPs were also found to be highly
effective against chemo-resistant cancer cells as well as CSCs derived from the cancer patient.
Most importantly, the cytotoxic effect of SAL NPs against chemo-resistant cancer cells and
CSCs was significantly higher as compared to the free SAL indicating the chemo-sensitising
ability of the Pluronic L-61 present in the developed block copolymeric platform.
Encapsulation of SAL in PLA based block copolymeric NPs also improved its in-vivo
pharmacokinetics & biodistribution profile and SAL NPs showed prolonged circulatory shelf-
life, reduced non-specific biodistribution and higher tumor accumulation as compared to free
SAL. Consequently, undesired toxicity of SAL was significantly reduced after its
encapsulation in the NPs, which in-turn increased the dose tolerability in healthy BALB/c mice
as compared to free SAL. However, treatment of EAC tumor bearing BALB/c mice with single
SAL loaded NPs resulted in moderate tumor regression and provided no survival benefits to
the treated mice. The most possible reason for this result may be that SAL is a specific inhibitor

of CSCs and have moderate cytotoxicity against non-CSCs of the tumor. CSCs represents very
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small fraction and usually resides inside the core of whole bulk tumor surrounded by
heterogenous daughter cells. Therefore, debulking the tumor mass is a necessity to expose the
core of the tumor to access & kill the CSCs. Since SAL was found to be non-efficient to debulk
the tumor, a primary chemotherapeutic drug having potent anti-tumor efficacy was also
analysed in a combination therapy with SAL for the cancer treatment. This thesis explores
various Taxane (Paclitaxel) and Anthracycline (Pirarubicin & Doxorubicin) based small
molecules as primary chemotherapeutic drugs and evaluated them for their tumor debulking
potential for the cancer therapy. Since direct administration of all these chemo drugs in the
body have been reported to cause significant off targeted toxicity, primary chemo drugs were
also encapsulated in prepared PLA based block copolymeric NPs with an aim to reduce their
undesired toxic effects and simultaneously improve their therapeutic efficacy for the treatment.
Among all, Pirarubicin (PIRA) was found to be the most promising candidate with superior
anti-cancer potential and hence selected as the best primary chemo drug for further studies.
Pirarubicin (PIRA) is a semi-synthetic derivative of anthracycline that is reported to have lesser
toxicity and better clinical outcomes as compared to its parental form doxorubicin (DOX).
Prepared PIRA NPs showed hydrodynamic size of ~130 nm with uniform particle size
distribution, high encapsulation efficiency (~ 95 %) and sustained drug release profile (~ 20 %
in 15 days) at physiological conditions. In-vitro cytotoxicity evaluation against triple negative
breast cancer (TNBC) cell lines and three dimensionally grown SUM-149 mammospheres
showed that PIRA NPs exhibits a superior anti-cancer activity over DOX NPs. Additionally,
primary chemo drugs loaded NPs showed several folds higher dose tolerability in BALB/c
mice which confirmed that, off targeted toxicity of free chemo drugs was significantly reduced
after their encapsulation in prepared PLA based block copolymeric NPs. Moreover, treatment
of EAC tumor harbouring mice with PIRA NPs resulted in highest tumor regression as

compared to the groups treated with free PIRA, free DOX or DOX NPs. Altogether, the results
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conclude that prepared PIRA NPs exhibits an excellent anti-cancer efficacy and has a strong
potential for the cancer therapy. However, group treated with free as well as NPs loaded
primary chemo drugs including PIRA NPs showed significant tumor regrowth after a
temporary pause in all the treated mice. These results conclude that treatment of EAC tumor
with primary chemo drug alone is not sufficient to prevent cancer relapse may be due to the
escape of CSCs from the treatment and hence primary chemo drug loaded NPs were required
to be combined with CSCs inhibitor to achieve highest therapeutic efficacy of the treatment.
Considering high potential for tumor debulking, both primary chemo drugs PIRA & DOX were
selected for combination therapy and their different weight ratios were co-encapsulated with
CSCs inhibitor SAL in PLA based block copolymeric NPs. Prepared dual drug loaded NPs
(PIRA:SAL NPs & DOX:SAL NPs) showed hydrodynamic size in the range of 90-100 nm,
excellent encapsulation efficiency of around 85-95 % and sustained release profile for both the
drugs. Additionally, dual drug loaded NPs showed synergistically improved cytotoxic effect
against various cancer cell lines and CSCs rich mammospheres of triple negative breast cancer
(TNBC) origin. Consequently, dual drug loaded NPs showed lower ICso values and higher
cytotoxicity as compared to their respective single drug loaded NPs in both monolayered as
well as three dimensionally grown cancer cells respectively. The combination of PIRA:SAL
1:1 & DOX:SAL 3:1 were found to be the most synergistic ratios of dual drug loaded NPs and
hence selected as the best combination ratio of primary chemo drug & CSCs inhibitor for the
cancer therapy. Most importantly, concomitant delivery of PIRA:SAL 1:1 using PLA based
block copolymeric NPs resulted in complete tumor regression without showing any sign of
cancer relapse till the end of surveillance period. Altogether, the present studies conclude that
developed primary chemo drug PIRA & CSCs inhibitor SAL co-loaded NPs exhibits excellent
anti-tumor efficacy and hence have strong potential to be used as combination therapy for the

cancer treatment.

viii



amT

FH TF @ A e aaer @ e av 2020 7 @ 20 ffere Fem wmer §) Ssequast i uidded % ST,

% FR0T 39 ¥ arv 10 ffere A g8, St 2030 % i qe Wi o e 12.4 fuform e i Hid & A &

T AR 51 T 31 It Fer & IU9R & oIe S1ush &9 & 3UFT fohT ST aTet gfeshior § & U © 3T Tt 1 3Tkt

T I e A1 A9-Ggrh Trfuq fafercedar wrHifaat & e gasH § Yo it SITdY 21 gietifes, gar Sfadrer, Shew 1 Sar
3R el T aedt S geRRi H et & ST e T HHTd € et s & o = © foh < o s e v

Hifepral (HTTed!) T STRace 37 aTErel 1 W@ FR0 2 S o FEX U] § TR hedrsil 1 HR0 a=dT 8| 38l

T <fieh TR o ATy ECHH! T I ITAR Ioaad Fafohcdd ™ SHIashTiar ST & o fofg, ueh ameennt sl 31 dfemmsfie
(TomE), T BT AT AT AFHGR G &, S R &9 & ol et YwRi o duad! Hi Th 81 316 %3
HIT i 3TaEE, Fleh TAeTd L HIT AR ShT &HAT W@ 8| BTeAteh, YT H THUTA o et ST i 36k Tl 3T @l
a1 TUT o HROT WA 3TN o o srifed e foram mm 21 safor, adu e e w9 & et & aridfens g &
T wft Wl 1 g F 3R e TR i Fafrcei sreeE T # guR 5 % 3R ¥ THued & WoneTa foawr &
foTT we Fperet ga foawor ared % w9 § U T o 9 § T8 8 aret difemies Ao (Tdt) % forem w s 2

FEl, T Tk Sifeeh &9 ¥ T8 B a1l dfelieifaesh e (Fueru) sArenia seifeh sidief e o @ fomd wadigs-
ey, 3R diuae-weifes T 61-diuere o1 3ue e e @ oft 38 Few Rt & fog zan fomor Jr-v= % =0 |
ST foram T 21 feery Senfd seiteh Hiarea e F= Ht THiEsh 3t e uer -6 %1 ST ik TA-TaeTEe &

for enafaT qeftmrEsye g @e3fa fFm T 1 S3fta scteh Siaielim s ad S, TSR, TeTR-ThIATETR,

Siead! R TSRS o HISH ¥ 39 Hifdsh TEEe o % g Mg fFar T € i see 3w seee foemesh

TSRO Theh T ST ook THUUS & W T HIURT, SATeTRe Seifeh shiateiifeh Tt qom 3 3 fore foram mam 1w
THUUA T F U HehIvT Sguehiviar ok Ao e 92 i BT STSg IeTa T SRR fear ek ST, faetad fuee
AT Fciew T T % o sew wehgeE e (>70%) i fie fofisr s (fefee & 15 i § ~
35%, e 7.4) fewmn g6k AT, THUeA Tt 1 §7-Tagt iRt qeais it e s & Racrs formm mn

R forsgor o wfor 3 St foF weuue Tt et e S i o Racrs gues fi ale @ st iRt weRkia



AT B TEUUS Tt % 3Tt 50 et i A7 THUTA o A 9w T, v g i o dueg stenfia st st
T T THUUS o TARTHCRM 1 38eh! et forrelt Tifafafer afit faferceier svmerhiiaT o &1s Fehmienes TTe T&f g 2
36 NN, THUTA TAIee TdY shT huT-Sfaiielt SFew ifverrett ot Shaw Tt & v eeeeht & faes «f stefue g
ITIT 7| T8 HEea Ul ST, sh - STt e hifRmehrat S Eeee o Raciis wauue Tt &1 Hifehiias] ST 1 Tauee

6T T H FHThT AT o, S R Seiteh I HIGh Wiewhid § HISE Wik U -6 T SFHi-Haieor &aT s asiar

2| ey ruTia scifeh Ui TTd § THUEA % TR J $6 $7-faa] BrTshieEiead i arifeeisae™
w7 oft g o 3 caune et 3 Se g qe o e stad, TR-fafie S faawr § #56 oi g weeea
1 T 7 Ioel IR Hort fomama| Feftore, Tt & $9eh TR % 18 THUUA i STaifed forhdr Fht FH 2 S 3R
T THUTS T e Ty sfuuerslt / € <6t § g weeitaar § gty off feelt | s, vwa waue ot & wry $udt

TR AT Suuerslt / € <Rl o TR § e g STovHA gAT S STSl foRT 71T <81 1 i3 S T STH el g1 | 360

ANOITH T HeE EHTI HROT I8 &1 Hehdll © o THUU Eiueet 1 Uk faiRre steies § 1K Qg & T-Hiead! & faems

HEAH SHITRTERT TRl AT o HICHH! S5d Bie 337 T ST HdT 8 3T AR T e siiRmets € fol 9t i 2w
% T[T oh I TGl 2l FATI, HewElt 7ok TEe 31 I W o FIT T ST BT R S 3T I % e T ISR

T SATETIHAT BT 2| <Al THUTS i T I GH A o [T FFIA TRIT 7T, SHIAT §H 8L o TR 6 [IT THUEA

o W1 HAISH fofehedt o SRl ZIAR s, TTaehTiaT aTelt Teh STeifies himreidt o o1 off forsawor formam a1 =i wefer

e i (Afrertaier) i dorensirert (Frrfofir i Srivifafer) s 12 STvpeit 1 srfirs e et

% & H A T ST IThT e Faforcar i et 1 geaiehT w8l = I A 3T it A qarst & e SR §
ToroeeaT Breft &, Smerfirer T gaTett i i FAR fIUeT AT Seiteh SuTCTa e T § STCT T, ATl Ik STaifod o
TTET B FH SR A & wrer IwER o forg Sehr fafereet ekt § gew foRm s aft & o, frsfafe
(Fr=TrgeTRT) st SEar e foreft STaT o TTer TeE TS IFHIGER 9T TAT 3TR SHieTT 377 o o729 & fore wdas
Tk AT 9T o &9 H oA T Rl (deseny) dremsies w1 i ed-whm o § e 3Ee 39w ®9
Sraarifefe (Sreieae) it qorm § F farehar 3 SEat JaTien TR & fo ST ST 21 G fergsmmy Tt 4 wis

TReorfert o FH 01 ATHR foreor, 3= wshgere gt (~ 959%) iR fiaw ga feeftsr ww@r (~ 15 feai @ ~ 20%) +



a1y ~ 130 Ty 1 eEgierATH AR fa@man fouet Anfea @ shex gt et 3R faswfia SUM-149 faedier &

gt $-fagt wifrrfondt qeaterd & war =rer & o fergsmy ot et wadt i gamr § sgaw SHew-forredt wfafafer

EIRIA LT 8| 38 Afieh, i S qarstt & sl et sfuuerslt / @ =@ § 3 T Al U geRiiend G,
e gfE 1 foh, T ey STenfid Tt 3 Sk THRTgRIT o S1G Heh AT GaTadl sh  FoITehdT ST % g5 | $8eh ST,
ARG THHT 5 STHT T o TR | Heh HIHATSHRY, Tk AT AT SIS0 THHT § $ATS (T 7T | ol Jot

IaaH ZFAL ST T | et TR, T e fehterd @ fof G dATS3TRY THHT U Schs Sha forielt JTarshiar

TEfid T 8 SR e faferear % fq, St & TEdT 31 STetifn, T o |re-8re Tt § e g i HAr qansdt 1
aeft geTTt fopu T el # et forr o sre e H 49 gfg fowrs) g aitert s e @ foh svehet wrafives s ga g
SUHT A AT ITEAR HH . g b1 Vbl o6 70 vty el 2, e Sw=m & wfiowet syl @ wed! @ 3TR safaie 3uw=m
1 oaran Fafsrcear FvTashTieT ITe e & fore smerfireh ShuT qar- Tt ot et sTaiiee o | SieT ST STTEvE ¢ |
IaqH T AR &TAT 1 eI § T g, e fafheat § G smufien AT et s R Sreiuwd i g
TR I 37 fofi=t a1 ST Rl e ARG setteh hiietaie Tt 7§ S sTerivs THued & a1 qg-aagm
T R SRl g dee Tt (feTETT; wHuTe Tt iR Eheiam: taund ) ¥ 90-100 wHun wReerEis
AR, T 85-95%0 ITHE THHHRM S&dT I T qarel & o1 it fiefis s fewmm see i, dred aan

W Tt 7 i et et Al SR Ruet Terrers T e (SeeiE) o o Hiewdt g AR & Raersd st

TEfHATCH &Y § et HIfehTerst ST fe@ran Ftsia, Sedl g wiies Tt shweT: hat hif¥reht S a1y & dehi
H 370 HefYdq Tohet daT AlsS Tt ohl ot H A 1sEt 50 7 3R 3= siRmenio feamg) dremsem; waeea 10 1 sk
S Taeed 3: 1 w1 @IS el Fa ArSe THUT 1 He HefshaTcHsh ST TR T 3 3ferg, ke ferferea & forg
Tt AT 3AT SR HTHET eI & T HASH ST & T H AT T GG e ard, ey sramia st
FHTAIAH I T T ST e TATSHRT. Touue 10 1 o wea! oraeer o aRomearey qot 2 Sfamee 3T iR et
AT o 3Iq qh hEL R BT IS Hoha Tl Tl et e, adu stemet o e @ o foefira srerfies et qa

ISR ST Hiowd! STt Taute He-Ies Tl Ieohy Ui-gqAt STEshTINGT JERIA idT & 7R $EfeTT e o T

& foru s farfercan % &9 § SwIRT foh ST Al Hefel &rwar W 2

Xi






TABLE OF CONTENTS

CERTIFICATE [
ACKNOWLEDGEMENTS I
ABSTRACT \"
TABLE OF CONTENTS Xii
LIST OF FIGURES XXIV
LIST OF TABLES XXXII
GLOSSARY OF SYMBOLS AND ABBREVIATIONS XXXIV
Chapter 1: Introduction and literature survey
1.1 Introduction 2
1.2 Cancer and its hallmarks 4
1.2.1 Self-sufficient cell proliferation 5
1.2.2 Insensitivity to growth suppressive signals 5
1.2.3 Resisting apoptosis 5
1.2.4 Replicative immortality 5
1.2.,5 Angiogenesis 6
1.2.6 Metastasis and tissue invasion 6

1.2.7 Genomic instability 6

xii



1.2.8 Pro-tumorigenesis inflammation

1.2.9 Reprogrammed energy metabolism

1.2.10 Evading immune destruction

1.3 Strategies for cancer treatment

1.3.1 Surgery

1.3.2 Radiation therapy

1.3.3 Hormone therapy

1.3.4 Immunotherapy

1.3.5 Chemotherapy

1.4 Overview of chemotherapy

1.4.1 Types of chemotherapeutic drugs

1.4.2 Limitations with chemotherapy

1.4.2.1 Poor pharmaceutical properties

1.4.2.2 High off targeted toxicity

1.4.2.3 Multi-drug resistance

1.4.2.4 Insensitivity towards cancer stem cells

1.5 Overview of cancer stem cells

1.5.1 Role of CSCs in cancer

1.5.2 Anti-CSCs based cancer therapy

xlil

10

10

10

11

15

15

16

16

17

17

19

22



1.6 Salinomycin as the inhibitor of CSCs 26

1.6.1 Mechanism of action of Salinomycin 27
1.6.2 Limitations of Salinomycin as an anti-cancer agent 29
1.7 Nanotechnology for drug delivery system 30
1.7.1 Nanoparticles as drug delivery system 32
1.7.1.1 Inorganic NPs 33
1.7.1.2 Organic NPs 33
1.7.2 Mechanism of drug delivery for cancer therapy using NPs 37
1.8 Polylactic acid as a platform for DDS 40
1.9 Strategy for designing PLA based biodegradable NPs for cancer therapy 42
1.10 Rational and objective of the research work 44

Chapter 2: Development and characterization of PLA based block copolymeric

nanoparticles for delivery of SAL as cancer stem cell inhibitor

2.1 Introduction 79
2.2 Materials 81
2.3 Methods 81
2.3.1 Synthesis of PLA based hybrid block copolymer 81
2.3.2 Characterization of PLA based hybrid block copolymer 83
(1)  Gel permeation chromatography (GPC) 83

Xiv



(i)

(iii)

(iv)

(v)

2.3.3

234

(i)

(i)

(iii)

(iv)

v)

2.3.5

2.3.6

2.3.7

2.3.8

2.3.9

2.3.10

2.3.11

2.3.12

'H nuclear magnetic resonance (*H NMR)

Attenuated total reflectance-fourier transform infrared (ATR-FTIR)
Spectroscopy
X-ray diffraction (XRD)

Differential scanning calorimetry (DSC)
Preparation of PLA based hybrid block copolymeric nanoparticles
Characterization of PLA based hybrid block copolymeric nanoparticles

Hydrodynamic size, PDI and zeta potential of SAL NPs

Stability studies of SAL NPs

Optimization for storage stability of SAL NPs

HR-TEM and FESEM analysis of SAL NPs

In-vitro release study of SAL from PLA based hybrid block copolymeric NPs
Cell culture and mammaosphere generation
Cellular internalization studies of PLA based hybrid block copolymeric NPs
Safety evaluation of PLA based hybrid block copolymeric NPs
In-vitro cell proliferation inhibition studies of free SAL and SAL loaded NPs
Chemotherapy resistant cancer cell inhibition studies of free SAL and SAL NPs
Cancer stem cell identification and quantification
Cancer stem cell inhibition studies of free SAL and SAL loaded NPs

Animal maintenance and tumor model establishment

XV

83

83

84

84

84

86

86

87

87

87

88

88

89

90

90

91

92

92

94



2.3.13 In-vivo toxicity assessment of free SAL and SAL loaded NPs
2.3.14 Pharmacokinetics and biodistribution studies of free SAL and SAL loaded NPs
2.3.15 In-vivo tumor regression studies of free SAL and SAL loaded NPs
2.3.16 Statistical analysis
2.4 Results
2.4.1 Synthesis of PLA based hybrid block copolymer
2.4.2 Characterization of PLA based hybrid block co-polymer
(i)  Gel permeation chromatography (GPC)
(i) 'H nuclear magnetic resonance

(iii)  Attenuated total reflectance-fourier transform infrared (ATR-FTIR)
Spectroscopy

(iv) X-ray diffraction (XRD)

(v) Differential scanning calorimetry (DSC)
2.4.3 Preparation of PLA based hybrid block copolymeric nanoparticles
2.4.4 Characterization of PLA based hybrid block copolymeric nanoparticles

(i)  Hydrodynamic size, PDI and zeta potential

(i)  Stability study of SAL NPs

(iii) Optimization of storage stability of SAL NPs

(iv) HR-TEM and FESEM analysis of SAL NPs

(v) In-vitro release study of SAL from PLA based hybrid block copolymeric NPs

XVi

94

94

96

96

97

97

97

97

97

99

99

100

101

102

102

103

104

105

105



245

2.4.6

24.7

248

24.9

2.4.10

2411

2412

Cellular internalization studies of PLA based hybrid block copolymeric NPs

Safety evaluation of PLA based hybrid block copolymeric NPs

In-vitro cell proliferation inhibition studies of free SAL and SAL loaded NPs

Chemotherapy resistant cancer cell inhibition studies of free SAL and SAL NPs

Cancer stem cell inhibition studies of free SAL and SAL loaded NPs

In-vivo toxicity assessment of free SAL and SAL loaded NPs

Pharmacokinetics and biodistribution studies of free SAL and SAL loaded NPs

In-vivo tumor regression studies of free SAL and SAL loaded NPs

2.5 Discussion

2.6 Conclusion

107

107

109

111

113

114

117

122

123

130

Chapter 3: Development and characterization of PLA based block copolymeric

nanoparticles for delivery of primary chemotherapeutic drugs

3.1 Introduction

PART A:

Synthesis and Characterization of PLA Based Block Copolymers

3.2 Materials

3.3 Methods

331

Synthesis of PLA based block copolymers

3.3.2 Characterization of PLA based block copolymers

xXvii

138

143

143

143

144



(i)  'H nuclear magnetic resonance (‘H NMR)
(i)  Attenuated total reflectance-fourier transform infrared spectroscopy
(iii)  Gel permeation chromatography (GPC)
(iv) Differential scanning calorimetry (DSC)
(v) X-ray diffraction (XRD)
3.3.3 Preparation and characterization of PLA based blend block copolymeric NPs
3.3.4 Safety evaluation of PLA based blend block copolymeric NPs
3.3.5 Cellular uptake study of PLA based blend block copolymeric NPs
3.4 Results
3.4.1 Synthesis of PLA based block copolymers
3.4.2 Characterization of PLA based block copolymers
(i)  *H nuclear magnetic resonance (*H NMR)
(i)  Attenuated total reflectance-fourier transform infrared spectroscopy
(iii)  Gel permeation chromatography (GPC)
(iv) Differential scanning calorimetry (DSC)
(v) X-ray diffraction (XRD)
3.4.3 Preparation and characterization of PLA based blend block copolymeric NPs
3.4.4 Safety evaluation of PLA based blend block copolymeric NPs

3.4.5 Cellular uptake study of PLA based blend block copolymeric NPs

Xviii

144

145

145

145

145

146

146

147

148

148

148

148

150

151

152

152

152

155

157



3.5 Discussion

157

PART B (l): Preparation, Characterization & Evaluation of Taxane (Paclitaxel) Loaded NPs

for Cancer Therapy

3.6 Materials

3.7 Methods

3.7.1 Preparation of taxane (PTX) loaded PLA based blend block copolymeric NPs

3.7.2 Characterisation of the STP loaded PLA based blend block copolymeric NPs

(1)  Hydrodynamic size, PDI and zeta potential

(i) HR-TEM analysis of the STP loaded NPs

(iii) In-vitro release studies of the drugs from PLA based blend block copolymeric
NPs

3.7.3 Cytotoxicity evaluation of STP loaded PLA based blend block copolymeric NPs

3.7.4 In-vivo tumor regression study of STP loaded PLA based blend block
copolymeric NPs

3.7.5 Statistical analysis

3.8 Results

3.8.1 Preparation of taxane (PTX) loaded PLA based blend block copolymeric NPs

3.8.2 Characterisation of STP loaded PLA based blend block copolymeric NPs

(i)  Hydrodynamic size, PDI and zeta potential

(i) HR-TEM analysis of STP loaded PLA based blend block copolymeric NPs

Xix

160

160

160

161

162

162

163

163

163

164

164

164

164

165

165



(iii) In-vitro release studies of drugs from the PLA based blend block copolymeric 166
NPs

3.8.3 Cytotoxicity evaluation of STP loaded PLA based blend block copolymeric NPs 166

3.8.4 In-vivo tumor regression study of STP loaded PLA based blend block 167

copolymeric NPs

3.9 Discussion 168

PART B (ll): Preparation, Characterization & Evaluation of Anthracycline (PIRA/DOX)
Loaded NPs for Cancer Therapy

3.10 Materials 169

170
3.11 Methods

3.11.1 Preparation of PIRA/DOX loaded PLA based blend block copolymeric NPs 170

3.11.2 Characterization of PIRA/DOX loaded PLA based blend block copolymeric NPs 171

(1)  Hydrodynamic size, PDI and zeta potential 171

(i) HR-TEM analysis of PIRA/DOX loaded NPs 172

(iii) In-vitro release of PIRA/DOX from PIRA/DOX loaded PLA based blend block 172

copolymeric NPs

3.11.3 In-vitro cell proliferation inhibition studies of PIRA/DOX encapsulated PLA 172
based blend block copolymeric NPs

3.11.4 In-vitro inhibition of mammospheres by PIRA/DOX encapsulated PLA based 173
blend block copolymeric NPs

3.11.5 In-vivo toxicity evaluation of PIRA/DOX encapsulated PLA based blend block 173

copolymeric NPs

XX



3.11.6 In-vivo tumor regression studies of PIRA/DOX encapsulated PLA based blend

block copolymeric NPs

3.11.7 Chemo sensitising effect of penta-block copolymer

3.11.8 Statistical analysis

3.12 Results

3.12.1 Preparation of PIRA/DOX loaded PLA based blend block copolymeric NPs

3.12.2 Characterization of PIRA/DOX loaded PLA based blend block copolymeric NPs

(i)  Hydrodynamic size, PDI and zeta potential

(i) HR-TEM analysis of PIRA/DOX loaded NPs

(iii) In-vitro release of PIRA/DOX from PLA based blend block copolymeric NPs

3.12.3 In-vitro cell proliferation inhibition studies of PIRA/DOX encapsulated PLA
based blend block copolymeric NPs

3.12.4 In-vitro inhibition of mammospheres by PIRA/DOX encapsulated PLA based
blend block copolymeric NPs

3.12.5 In-vivo toxicity evaluation of PIRA/DOX encapsulated PLA based blend block

copolymeric NPs

3.12.6 In-vivo tumor regression studies of PIRA/DOX encapsulated PLA based blend
block copolymeric NPs

3.12.7 Chemo sensitising effect of penta-block copolymer

3.13 Discussion

3.14 Conclusion

Xxi

174

175

175

176

176

176

176

177

179

180

182

183

186

189

191

195



Chapter 4: Development and characterization of PLA based block copolymeric

nanoparticles for Concomitant delivery of PIRA/DOX with SAL

4.1 Introduction

4.2 Materials

4.3 Methods

4.3.1 Preparation of drug loaded PLA based blend block copolymeric NPs

4.3.2 Characterization of drug loaded PLA based blend block copolymeric NPs

()  Hydrodynamic size, PDI and zeta potential of drug loaded NPs

(i) HR-TEM analysis of drug loaded NPs

(iii) In-vitro release studies of the drugs from PLA based blend block copolymeric
NPs

4.3.3 In-vitro cell proliferation inhibition assay of drug loaded PLA based blend block

copolymeric NPs

4.3.4 Cancer stem cells inhibition assay of drug loaded PLA based blend block

copolymeric NPs

4.3.5 In-vivo tumor regression study of drug loaded PLA based blend block
copolymeric NPs

4.3.6 Statistical analysis

4.4 Results

4.4.1 Preparation of drug loaded PLA based blend block copolymeric NPs

4.4.2 Characterization of drug loaded PLA based blend block copolymeric NPs

(1)  Hydrodynamic size, PDI and zeta potential of drug loaded NPs

Xxii

205

206

206

206

208

208

209

209

209

210

210

212

212

212

213

213



(i) HR-TEM analysis of drug loaded NPs\

(iii) In-vitro release studies of the drugs from PLA based blend block copolymeric
NPs

4.4.3 In-vitro cell proliferation inhibition assay of drug loaded PLA based blend block
copolymeric NPs

4.4.4 Cancer stem cells inhibition assay of drug loaded PLA based blend block

copolymeric NPs

4.4.5 In-vivo tumor regression study of drug loaded PLA based blend block

copolymeric NPs

4.5 Discussion

4.6 Conclusion

Chapter 5: Summary and future scope of the research work

5.1 Summary and conclusion

5.2 Future scope of the research work

Answers to the examiner’s comments

List of Publication & Patents

Curriculum Vitae

xxiii

213

218

218

226

227

230

238

245

255

256

258

260



Figure 1.1:

Figurel.2:

Figurel.3:

Figurel.4:

Figure 1.5:

Figure 1.6:

Figure 1.7:

Figure 1.8:

Chapter 2: Development and characterization of PLA based block copolymeric

LIST OF FIGURES

Chapter 1: Introduction and literature survey

Hallmarks of the cancer

Different classes of chemotherapeutic drugs and their targeted phases of cell

cycle

Cancer stem cells and their asymmetric division to generate heterogeneity in

the bulk tumor.

Structural representation of cancer stem cell inhibitor Salinomycin

Mechanism of action of Salinomycin as a cancer stem cell inhibitor

Types of nanoparticles use as drug delivery systems

Structural representation of L-& D-lactic acid

Schematic representation of the research work. mPEG-PLA: Methoxy
polyethylene glycol-Polylactic acid; PLA-Pluronic L61-PLA: Polylactic acid-
Pluronic L61-Polylactic acid; CSCs: Cancer stem cells; SAL: Salinomycin;

PIRA: Pirarubicin; DOX: Doxorubicin; Primary chemo drugs — Paclitaxel,

Pirarubicin & Doxorubicin.

Figure 2.1:

nanoparticles for delivery of SAL as cancer stem cell inhibitor

Schematic representation of ring opening polymerization of L-lactide using

mixture of polymerizing initiators mPEG and Pluronic L-61.

XXV

14

23

26

31

37

42

48

82



Figure 2.2:

Figure 2.3:

Figure 2.4:

Figure 2.5:

Figure 2.6:

Figure 2.7:

Figure 2.8:

Figure 2.9:

Figure 2.10:

Figure 2.11:

Figure 2.12:

Figure 2.13:

Derivatization of SAL using vanillin assay to facilitate its detection by

UV-Vis spectrophotometer.

GPC chromatogram of (a) THF solvent and (b) PLA based hybrid block

copolymer

'H NMR spectra of PLA based hybrid block copolymer

ATR-FTIR spectra of PLA based hybrid block copolymer

XRD pattern of PLA based hybrid block copolymer

DSC thermogram of PLA based hybrid block copolymer.

Characterization of SAL loaded PLA based hybrid block copolymeric NPs.

(A) Hydrodynamic size (nm), (B) Zeta potential (mV).

Stability study of SAL NPs. (A) Change in hydrodynamic size &, (B) zeta
potential of SAL loaded NPs over a period of time at various temperatures
(4°C, room temperature & 37°C).

Characterization of SAL loaded PLA based hybrid block copolymeric NPs.
(A) HR-TEM image of SAL NPs, (B) FE-SEM image of SAL NPs

In-vitro release studies of SAL from their NPs at 37°C in PBS (pH 7.4). (A)
Per day release of SAL till 15 days. (B) Cumulative release of SAL till 15
days.

Cellular uptake study of PLA based hybrid block copolymeric NPs. (A)
CLSM image of C6 and Rh-B NPs internalized MDA-MB 231 cells, (B)
CLSM image of C6 NPs internalized SUM-149 mammosphere, (C) flow
cytometry histogram of C6 and Rh-B NPs internalized MDA-MB 231 cells.

Safety evaluation of PLA based hybrid block copolymeric NPs by
cytocompatibility assay of blank NPs against HEK 293 and NIH 3T3 cells

XXV

86

98

98

99

100

101

102

103

106

106

108

109



Figure 2.14:

Figure 2.15:

Figure 2.16:

Figure 2.17:

Figure 2.18:

Figure 2.19:

Figure 2.20:

Figure 2.21:

Figure 2.22:

Figure 2.23:

Figure 2.24:

Safety evaluation of PLA based hybrid block copolymeric NPs by

hemocompatibility analysis of blank NPs.

Dose dependent non-linear regression curve and 1Cs, values of tumor spheroid
(generated from chemotherapy resistant SCLC NCI-H69AR cells) after
treatment with free SAL and SAL loaded NPs

Image of tumor spheroids (generated from chemotherapy resistant SCLC
NCI-HB9AR cells) after treatment with free SAL and SAL loaded NPs.

Dose dependent non-linear regression curve of mammospheres generated
from TNBC cell MDA-MB 231 after treatment with free SAL and SAL
loaded NPs

Images of the mammospheres (generated from TNBC patient’s tumor
samples) before and after the treatment with free SAL and SAL loaded NPs.

Scale bar representing 200 pm.

Quantification of CSCs of mammaospheres (generated from TNBC patient’s

tumor samples) after treatment with free SAL and SAL loaded NPs.

Maximum tolerated dose of free SAL and SAL loaded NPs on healthy
syngeneic BALB/c mice. Doses were given once a week for three weeks
using L.V. and L.P. routes of administration. Drop in the graph shows day of

the deaths of mice.
Chromatogram of SAL obtained from LC-MS-MS

Pharmacokinetic curve free SAL and SAL loaded NPs denoting time vs

concentration of SAL in the blood plasma

Biodistribution profile of free SAL and SAL loaded NPs in vital organs
(Liver, Kidney, Heart, Lung, and Spleen) and tumor.

In-vivo EAC tumor regression curve after treatment with free SAL and SAL
loaded NPs. Relative tumor volume = tumor volume on measured day (V)/

tumor volume on first day of dosing (Vo). ****p<0.0001.

XXVi

109

111

112

113

115

116

118

119

120

121

124



Figure 2.25:

Figure 2.26:

Figure 2.27:

Change in body weight of the mice after treatment with free SAL and SAL
loaded NPs.

Histopathology analysis of vital organ of mice after treatment with free SAL
(2.5 mg/kg) and SAL loaded NPs (7.5 mg/kg) once a week for three weeks.

Scale bar represents 100 pm.

Kaplan meier curve showing survival/death of the mice after treatment with
free SAL and SAL loaded NPs

124

125

126

Chapter 3: Development and characterization of PLA based block copolymeric

Figure 3.1:

Figure 3.2:

Figure 3.3:

Figure 3.4:

Figure 3.5:

Figure 3.6:

Figure 3.7:

nanoparticles for delivery of primary chemotherapeutic drugs

Structural differences in Doxorubicin and Pirarubicin

Schematic representation of ring opening polymerization of L-lactide using

polymerizing initiators mMPEG and Pluronic L-61.

'H NMR spectra of PLA based di-block (MPEG-PLA) and penta-block (PLA-
Pluronic L61-PLA) copolymers

ATR-FTIR spectra of PLA based (a) di-block (mPEG-PLA) and (b) penta-
block (PLA-Pluronic L61-PLA) copolymers

GPC chromatogram of (a) THF solvent (b) di-block (MPEG-PLA) and (c)
penta-block (PLA-Pluronic L61-PLA) copolymers.

DSC thermogram of PLA based di-block (MPEG-PLA) and penta-block
(PLA-Pluronic L61-PLA) copolymers

XRD pattern of PLA based di-block (mPEG-PLA) and penta-block (PLA-
Pluronic L61-PLA) copolymers

XXvii

142

144

149

150

151

153

154



Figure 3.8:

Figure 3.9:

Figure 3.10:

Figure 3.11:

Figure 3.12:

Figure 3.13:

Figure 3.14:

Figure 3.15:

Figure 3.16:

Figure 3.17:

Figure 3.18:

HR-TEM image of blank PLA based blend (80% mPEG-PLA+20% PLA-
Pluronic L61-PLA) block copolymeric NPs. Scale bar representing 200 nm.

Cytocompatibility analysis of blank PLA based blend block copolymeric NPs
on HEK 293 and NIH 3T3 cells.

Hemocompatibility analysis of blank PLA based blend block copolymeric
NPs

Cellular uptake of PLA based blend block copolymeric nanoparticles. (A)
CLSM images of C6 NPs internalized monolayer cultured SUM-149 cells at
40X and 60X magnifications. (B) Bright field and C6 internalized fluorescent
images of SUM-149 generated mammosphere. (C) Flow cytometry histogram
of C6 NPs internalized SUM-149 cells.

Modification of PTX into a pro-drug molecule by conjugating it with stearic

acid
HR-TEM image of STP loaded NPs. Scale bar representing 100 nm.

In-vitro release study of STP from STP loaded PLA based blend block
copolymeric NPs in physiological pH 7.4 and 37°C

In-vitro cell proliferation inhibition assay of STP loaded PLA based blend
block copolymeric NPs against TNBC cell lines

In-vivo tumor regression studies of free PTX and STP loaded PLA based
blend block copolymeric NPs. Relative tumor volume = tumor volume on the

measured day (V)/ tumor volume on first day of dosing (Vo). **p<0.01.

Characterization of PIRA/DOX loaded PLA based blend block copolymeric
NPs. (A) Hydrodynamic size of PIRA/DOX loaded NPs acquired by DLS. (B)
Zeta potential of PIRA/DOX loaded NPs acquired by DLS.

HR-TEM images of PIRA/DOX loaded PLA based blend block copolymeric

NPs. Scale bar represents 200 nm.

XXVviii

155

156

156

158

162

165

166

167

168

177

178



Figure 3.19:

Figure 3.20:

Figure 3.21:

Figure 3.22:

Figure 3.23:

Figure 3.24:

Figure 3.25:

Figure 3.26:

In-vitro release profile of PIRA/DOX from PLA based blend block
copolymeric NPs at pH 7.4 and pH 5 and 37°C.

In-vitro cell proliferation inhibition studies of PIRA/DOX encapsulated PLA
based blend block copolymeric NPs.(A) Dose dependent non-linear regression
curve of human TNBC (a-c) and mouse EAC (d) cells. (B) ICso values on
cancer cells showing superior anti-cancer activity of PIRA NPs over DOX
NPs. *p <0.05, **p < 0.01, ***p < 0.001

In-vitro inhibition studies of mammospheres by PIRA/DOX and their PLA
based blend block copolymeric NPs. **p < 0.01, ***p < 0.001, ****p <
0.0001

In-vivo toxicity evaluation of free and PLA based blend block copolymeric
NPs encapsulated PIRA/DOX. (A) Change in body weight of mice after
treatment with (a) 3 mg/kg, (b) 5 mg/kg and (c) 7.5 mg/kg dose of free and
NPs loaded drugs. (B) Kaplan meier curve showing survival/death of the mice

throughout the treatment period.

In-vivo tumor regression studies of free PIRA/DOX and their NPs. Graph
representing change in tumor volume each day after treatment. Relative tumor
volume = tumor volume on the measured day (V)/ tumor volume on first day
of dosing (Vo). *p <0.05.

Histopathological images of cardiac tissue of all treated/untreated mice. Scale
bar represents 100 pm.

Change in tumor volume after 20 days of incubation period. **p < 0.01, ***p
<0.001.

Effect of PLA-Pluronic L61-PLA block copolymer on survival of TNBC cells
treated with PIRA/DOX encapsulated PLA based blend block copolymeric
NPs. **p <0.01

XXiX

180

181

184

185

187

188

188

190



Figure 3.27:

Effect of PLA-Pluronic L61-PLA block copolymer on growth of EAC tumor
treated with PIRA/DOX encapsulated PLA based blend block copolymeric

NPs. p<0.05 represents that differences are significant

190

Chapter 4: Development and characterization of PLA based block copolymeric

nanoparticles for Concomitant delivery of PIRA/DOX with SAL

Figure 4.1:

Figure 4.2:

Figure 4.3:

Figure 4.4:

Figure 4.5:

Figure 4.6:

Figure 4.7:

Hydrodynamic size of single (PIRA/DOX/SAL) and dual drug
(PIRA:SAL/DOX:SAL) loaded PLA based blend block copolymeric NPs.

p < 0.05 representing that difference is significant.

HR-TEM image of PIRA:SAL (1:1) co-loaded PLA based blend block

copolymeric NPs

HR-TEM image of DOX:SAL (3:1) co-loaded PLA based blend block

copolymeric NPs

In-vitro release behaviour of PIRA & SAL from single and dual drug loaded
PLA based blend block copolymeric NPs at 37°C in PBS (pH 7.4)

In-vitro release behaviour of DOX & SAL from single and dual drug loaded
PLA based blend block copolymeric NPs at 37°C in PBS (pH 7.4)

In-vitro cell proliferation inhibition assay of single (PIRA/SAL) and dual drug
(PIRA:SAL) loaded NPs. (A) Non-linear regression curve of cancer cells
treated with drug loaded NPs. (B) Combination index vs fraction affected

graph of cancer cells treated with PIRA:SAL co-loaded NPs.

In-vitro cell proliferation inhibition assay of single (DOX/SAL) and dual drug
(DOX:SAL) loaded NPs. (A) Non-linear regression curve of cancer cells
treated with drug loaded NPs. (B) Combination index vs fraction affected
graph of cancer cells treated with DOX:SAL co-loaded NPs.

XXX

216

217

217

219

220

224

225



Figure 4.8:

Figure 4.9:

Figure 4.10:

Figure 4.11:

Figure 4.12:

In-vitro mammosphere’s inhibition assay using singe (PIRA/DOX/SAL) and
dual drug (PIRA:SAL/DOX:SAL) loaded PLA based blend block
copolymeric NPs

In-vivo tumor regression studies of drug loaded PLA based blend block
copolymeric NPs. (A) EAC tumor regression curve after treatment with PIRA
NPs (2 mg/kg), SAL NPs (2 mg/kg) and PIRA:SAL (2+2 mg/kg) NPs. (B)
EAC tumor regression curve after treatment with DOX NPs (3 mg/kg), SAL
NPs (1 mg/kg) and DOX:SAL (3+1 mg/kg) NPs. Relative tumor volume =
tumor volume on measurement day (V)/tumor volume on the day of first dose
(Vo). ¥**p<0.001, ****p<0.0001, ns: non-significant

Changes in the body weight of mice after treatment with drug loaded PLA
based blend block copolymeric NPs. (A) PIRA NPs (2 mg/kg), SAL NPs (2
mg/kg) and PIRA:SAL (2+2 mg/kg) co-loaded NPs. (B) DOX NPs (3 mg/kg),
SAL NPs (1 mg/kg) and DOX:SAL (3+1 mg/kg) co-loaded NPs.

Histopathology analysis of heart tissue after treatment with drug loaded NPs.
Sections of heart tissue was stained with Hematoxylin and Eosin. Images were
captured at magnification of 40X. SAL NPs of upper row & lower row

depicting 2 mg/kg & 1 mg/kg doses respectively. Scale bar representing 100
pm.

Kaplan meier curve showing survival probability of mice after treatment with
(A) PIRA NPs (2mg/kg), SAL NPs (2mg/kg) and PIRA:SAL (2+2 mg/kg)
NPs and (B) DOX NPs (3mg/kg), SAL NPs (1mg/kg) and DOX:SAL (3+1
mg/kg) NPs.

XxXXi

228

231

232

233

234



Table 1.1:

Table 1.2:

Table 1.3:

LIST OF TABLES

Chapter 1: Introduction and literature survey

Cell surface phenotype of cancer stem cells.

Cancer stem cell signalling pathways and their inhibitors.

Nanocarrier based drug delivery systems in market or under clinical trials for

cancer therapy.

18

24

39

Chapter 2: Development and characterization of PLA based block copolymeric

Table 2.1:

Table 2.2:

Table 2.3:

Table 2.4:

Table 2.5:

nanoparticles for delivery of SAL as cancer stem cell inhibitor

Physiochemical properties of the PLA based hybrid block copolymeric NPs

Selection of cryoprotectant to stabilize the SAL NPs in freeze dried form.

Optimization of minimum required concentration of glucose to stabilize SAL
NPs

ICso values on cancer cell lines treated with SAL NPs and free SAL

Pharmacokinetics studies of free SAL and SAL loaded NPs

103

104

105

110

122

Chapter 3: Development and characterization of PLA based block copolymeric

Table 3.1:

nanoparticles for delivery of primary chemotherapeutic drugs

'H NMR characterisation of PLA based block copolymers

xXxxii

150



Table 3.2: Molecular weight analysis of PLA based block copolymers using GPC 151

Table 3.3: Optimization of weight ratio of di-block and penta-block copolymer for 154
preparation of blank PLA based blend block copolymeric NPs

Table 3.4: Characterization of the nanoparticles 178

Table 3.5: In-vitro cell proliferation inhibition studies on monolayer cultured cancer cell 182

Chapter 4: Development and characterization of PLA based block copolymeric
nanoparticles for Concomitant delivery of PIRA/DOX with SAL

Table 4.1: Characterisation of PIRA, SAL & PIRA:SAL loaded PLA based blend block 214

copolymeric NPs

Table 4.2: Characterisation of DOX, SAL & DOX:SAL loaded PLA based blend block 215

copolymeric NPs

Table 4.3: In-vitro cell proliferation inhibition study of PIRA and SAL single and dual 221

NPs on monolayer cell culture

Table 4.4: In-vitro cell proliferation inhibition study of DOX and SAL single and dual 222

NPs on monolayer cell culture

Table 4.5: Combination index of PIRA:SAL co-loaded NPs evaluated against cancer cells 223

Table 4.6: Combination index of DOX:SAL co-loaded NPs evaluated against cancer cells 223

xxxiii



GLOSSARY OF SYMBOLS AND
ABBREVIATIONS

% percent
wiv weight/volume
v/iv volume/volume
m/z mass/charge
A angstrom
V1 micron
pm micrometre
Mg microgram
pL microlitre
pJd microjoule
UM micromole
mM millimole
ng nanogram
mg milligram
°C degree centigrade
mm millimeter

XXXiV



cm centimeter

mm cubic millimeter
g gram

h hour

Hz hertz

L litre

M molar

N normal

P probability
\ volt

W watt

dL decilitre

kV kilovolt

eV electron volts
kDa kilodalton
kHz kilohertz

mA milliamphere
mmol millimole
mol mole

XXXV



min

mL

nm

rpm

Rf

NP

U/L

SEM

TEM

HR

MWCO

PXRD

e.g.

ANOVA

ATR-FTIR

CLSM

CSC

minute

milliliter

nanometer

rate per minute

retention factor

international unit

nanoparticle

unit/litre

scanning electron microscopy

transmission electron microscopy

high resolution

molecular weight cut off

powder x-ray diffraction

for example

that is

analysis of variance

attenuated total reflection-fourier transform infrared

spectroscopy

confocal laser scanning microscope

cancer stem cell

XXXVIi



C6

DC

DDS

DLS

DMEM

DMSO

DNA

DOX

EAT

EDTA

EPR

FBS

FDA

FITC

GPC

H&E

1Cso

coumarin 6

dendritic cell

drug delivery system

dynamic light scattering

dulbecco’s modified eagle medium

dimethyl sulfoxide

deoxyribonucleic acid

doxorubicin

ehrlich ascites tumor

ethylene diamine tetra-acetic acid

enhanced permeability retention

fetal bovine serum

food and drug administration

fluorescein isothiocyanate

gel permeation chromatography

hematoxylin and eosin

inhibition concentration

intraperitoneal

intrarumoral

XXXVii



v

MDR

mPEG

MPEG-PLA

NMR

NPs

NS

PBS

PD

PDI

PEG

PEG-PPG-PEG

pH

PIRA

PK

PLA

PLA-PEG-PPG-PEG-

PLA

PTX

intravenous

multidrug resistance

methoxy polyethylene glycol

methoxy polyethylene glycol-polylactic acid

nuclear magnetic resonance

nanoparticles

normal saline

phosphate buffer saline

pharmacodynamics

polydispersity index

polyethylene glycol

polyethylene glycol-polypropylene glycol-polyethylene glycol

potential of hydrogen

pirarubicin

pharmacokinetics

polylactic acid

polylactic acid-polyethylene glycol-polypropylene glycol-

polyethylene glycol-polylactic acid

paclitaxel

XXxXVviii



RBC red blood corpuscle

Rh-B rhodamine b

RME receptor mediated endocytosis
ROP ring opening polymerization
RT room temperature

SAL salinomycin

THP tetrahydropyranyl

TNBC triple negative breast cancer
WBC white blood corpuscle

XXXiX



