S Ol e S s sy 058y Aazell sla gogislil! gaild sl | el alys

slus)
e 0 dllie aldia 03190
1,2
83 9ol Crus il e dalul a0

il Aoad yalatl e cadallloe SLyS3 Lo

ua.l.éd’.g&‘

oo glsil Bue gl piay Boyme (L¥suSily (utdlyz gyl Sl @ outsy bdd 05Se gag cupdsdlimo,idl
Aagall 4l 48, daibias cuwy dide sl claghadl § delaziwl oo 2ls ang .ol el
9581295 i gaidd sliall LLAUN jusat iy el g, 0¥l dlaze iloguosind 2elio J dulydl s b
G clopud) @z (0 Go¥ s Beizet) Bigall Grues @3 @yl 2SI LI ¢l yus WIS bas iis
oaibias iy @8 Aatus SlpaneS Wsgiall Saey u¥gdlmg,u¥l I lsS Jadsilawsall eud Jlasl @
G elodl 5yt Laaig cdinysd ismid elpesdl s Al addal) Jdxddl pamdl 3:L6S) Adenll digall
S WD Gl g e Lzl 958y 0,591 Azl cilaguosiiall w3l @uds @ U3 ay . kel
LyassSstsald Slaad) st Alelatll nmusSHl o193l cronll golied) sl (Adsdl By9n (ol Lolimie]
oaesll pal dulys oyl @ cclld e 3dle alsdl a¥lg 8l 0,us¥l 45lae Ladiddl Y- sl (15950 #5559
Lalasl) slivzly (Gw p9,Ssiuwy ¥ U1 w2 «owSL) ol ol dalazll buaeld Jlupll 39,1 g 953!
VY AN ¥ee &l die dimll Bapall suams @ i@lidl (Y-0na08-0l 9V 3 pl ol (Y ] o) Sl
V.Y £ YEVY doz il opur die 70 Las 33185 €9 3l Auigum (i (lsS Jailawsd 1au¥dl 0,068 (0
Ayl (33955 ) duysd gzt ol pamdl s 2L Cadall Julmall HLAT % 0¥ £ VY.Y . pya> 8:LiSy fagils
Baall Bapall oy lal bl ap sl 0,8l Alas cilogungiyld 2l 7L ] tdia Las Byt Auiyzgyiun
LoLadl! 3 Goes ap¥sdl 29,080 ezl il gaosiplall cyedal Aelua Y 8508 M5 i) 8]9S Gl |y e
=S oM elondl S0 JaagySiler N e+ €0 Y il Aagd pe oI ) Gl s WIS s gaill sl
A58y 95 L Alasell alagogylall crcud Y8l o 0,5 (G liell o limzad] Balsy iy laly goill (e %0 -

bl LIl Cige Bewd 33059 (6 5aabl Luds¥I/ L saill yobe § Auliedl By90 Cades § Uyl

..,\.55." ()Ua)a-u ; EAJ\.U QM‘ g0 ;Qhﬁu}‘c’.ﬁ ;53|.U| oMEL ;.QYgé‘ ).?-_9)..\."1 :%.‘:-U.él‘ AN ]



STUDY OF THE ANTIPROLIFERATIVE EFFECT OF ANDROGRAPHOLIDE-
LOADED PHYTOSOMES AGAINST LIVER CANCER CELLS

By

HAwAZEN HISHAM BIN MELAIH

Supervised By

Prof. Dr. Osama Abdullah Abuzinadah
Dr. Thikryat Abdullatif Neamatallah

Abstract

Andrographolide (AG), a main active component of Andrographis paniculata, is known to
suppress the proliferation of several types of cancer. However, its use in clinical applications
is constrained by its poor pharmacokinetic properties. This study aimed to formulate AG-
loaded phytosomes (AG-PTMs) to enhance the antiproliferative activity of AG against
hepatocellular carcinoma cell line (HepG2). Methods: The formulation was optimized to
achieve minimal particle size, in which L-a-phosphatidylcholine (PC): AG ratio and
sonication time (ST) were selected as independent variables. The optimized formulation was
characterized by entrapment efficiency, Fourier-transform infrared spectroscopy (FTIR),
and an in vitro drug release pattern. After that, the effect of the optimized AG-PTMs on
HepG2 cells' proliferation, cellular uptake, cell cycle, apoptosis, reactive oxygen species
(ROS), mitochondrial membrane potential (MMP), and active caspase-3 protein
concentration were evaluated in comparison to raw AG. Furthermore, the mMRNA expression
of the apoptotic-related genes (BAX, BCL2, and CYCS) and metastatic-related genes (MMP?7,
MMP9, and CDH2) were also examined. Results: The optimized formula was prepared at
1:2.7 for AG: PC molar ratio and 4.9 min for ST and exhibited a particle size of 243.7 £ 7.3
nm and entrapment efficiency of 72.20 + 4.53%. FTIR indicated new hydrogen bond
formation, indicating the successful formulation of AG-PTMs. Also, the prepared formula
showed a slow release of AG over 24-h period. AG-loaded PTMs exhibited a significant
improvement in antiproliferative activity against HepG2 cells compared to AG, with half
maximal inhibitory concentration (ICso) value of 4.02 £ 0.14 uM and increased cellular
uptake of AG. AG-PTMs also caused G2-M cell cycle phase arrest and increased the
apoptotic cell fraction.
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