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Abstract

Ovarian cancer is one of the 9 most common cancers and one of the 5 leading causes of
cancer death in women. Artemisia aucheri Boiss belongs to the Asteraceae family, and
many studies have reported the effectiveness of its essential oil and extract on inhibiting
the growth of cancer cells. Today, nanocarriers are used to load various plant essential
oils to prevent oxidation of essential oils and their stability, in addition to better
targeting and effectiveness. Solid lipid nanoparticles (SLN) are used in many studies
today as carrier systems for loading vitamins, drugs, and essential oils. Given the
importance of ovarian cancer and the antioxidant potential of Artemisia aucheri, in this
study, the essential oil of Artemisia aucheri was loaded into lipid nanoparticles with the
aim of investigating cellular, molecular, and anti-apoptotic effects on ovarian cancer
cells. First, nanoparticles containing Artemisia essential oil were synthesized using a
homogenizer plus sonication method and subsequently their physicochemical properties
(such as particle size, particle size distribution, zeta potential, percentage of essential oil
loading efficiency, particle shape) were determined. The findings showed that
increasing the concentration of lipid nanoparticles containing Artemisia essential oil led
to a decrease in the viability of ovarian cancer cells (Hella) compared to pure essential
oil. The results of the present study showed that lipid nanoparticles containing Artemisia
extract activated the apoptosis pathway in ovarian cancer cells and consequently
stopped tumor growth.
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Table 1 Physicochemical properties of Nanoparticles containing Artemisia extraction (weight percent/ weight)

Formula Size (nm) PDI ZP (mv) EE%

AR-SLN1 329.73+£21.64 0.291+0.015 -14.96+0.75 45.60+1.52
AR-SLN2 352.8+13.95 0.335+0.061 -9.86+2.034 51.12+0.62
AR-SLN3 156.97+£7.15 0.388+0.004 -27.67+1.89 59.02+0.74
AR-SLN4 176.33+£19.44 0.424+0.009 -24.93+0.55 58.90+0.20
AR-SLNS5 268.2+7.84 0.230£0.009 -19.3£1.04 54.46+3.93
AR-SLN6 392.13+£28.79 0.274+0.06 -3.18+1.11 59.47+0.47
AR-SLN7 198.53+22.55 0.322+0.045 -21.8+£2.43 56.96+2.47
AR-SLN8 303.03+8.25 0.259+0.018 -11.374£5.74 52.69+0.93

AR: Artemisia; Col: cholesterol; BW: bees wax; GMS; glycerol monostearate; SA: stearic acid; PA:
palmitic acid; T 20: tween 20; Sp60: span60; PDI: polydispersity index; ZP: zeta potential; EE:
entrapment efficiency
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Fig. 2. An example of the spectrum obtained from particle size determination and dispersion index in the
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Fig. 3. An example of zeta potential in the AR-SLN3 formulation




6)‘,‘0.;‘9 ‘;.JLL_’J QY= el Slbraw NEE bl;ua.u g()l.@% e)Lq.& «r.hv\ih JL-« «6)"”" wu&;«a_}

ways lul g5l SLN & by, o TEM .S -8 S5
Fig. 4. TEM image of SLN containing spherical Artemisia extraction

Release Profile

y i

% 20 —=—RA-SLN4
E [ —se— RA SLN3
20 —+—RA-FO

[+ ]
012 4 6 24
Time (hour)

PH=V/§ 3l lams ;s RA-SLN3 s RA-SLN4 05 4o b caali (g5laslsT glamslio 55 =0 K2

Fig. 5. Comparative graph of control release, RA-SLN4 and RA-SLN3 formulation in buffer environment
PH=7.4

ARR



5)3&.:5" ‘;.th‘%‘ AY-\e g CJL?EL& AEXX] b\:.w."U ur)Le?’: GJLQJ' Lrhm JLw L‘SJ";\? w\:.ﬁ;.,.\.:j

OLea 5 oy ST andlas 2 2SS LS
a3 ol g Jile o las oS sl 0L (s
O P S VU COPTIN
S (M) Wil e gladsle 5SS S st
L8 GlS Een 5 0L, 58 clie axllles
Rl Cod ey ales el 53 Coew &S
- - PP S PR G PRC PN AR
Lles S SIS aler sbaasls o s s
R Ay Pl i S Sl 5 g
B IPC R B S A [ J S I
S el il Cel Ll 4 el s
YY) 550 00350 sl pde o sn A 550 00
S50 g Sl s Al Gacils )y (YT
CSE ) e e Sl el il S350 el
Col g D3 ol 5 sl & slaes (6l
Shoeslinad a8 el esls Ol Sligss (YE)
L ool LS 55 HLB Lbpod b colisG ) 5
55 5 s il 1 b3 Jely Ls,ds HLB
22 s e s e I (gL e
L Twin 80 ol 55 S 5 andllas opl s
oslize! HLB /¥ L Span 60 5 HLB Hydrophilic
LS ol ools 0L Sllas K3 e 3
3 o3Ikl HLB Sl sen b 3l 5o 20530
Real-Time PCR (sLlse 51 S a0 2058l
A5 JeaS5 PCR Sl oy 45 ol s i s
Sk D356 el sl S 51 Jeols e
Uil S sl Ol Ol Sl w gbadsle
Sl ol Gl il ) S
Sl b b mls s slad sl 358 0 Ly SialS
olwil LT aallae 55 45 (1TAY) OLIKen 5 (5 e
Dslis olas J sy 0> s Cilas o

SSl ml ol Ghls & Wsls Ol aeys

VoY

Cou

" Jely 5 Bess o Sl 4 s L
SLH s Oda b aallas ol caeys SIS
S5 p ol Smplis 5 S (ke
Oess b sadshe 3 b b3t
L el s 3L Lol LS 5 sl s
e Ozl g Ol s el e ls
Wl Lol 5 olSy Lol pm dax
SYsb ($ilee 23 (UL (Db ol Ll e
A3l She aols 3l 3BT 5 sils Sk (ke
Slr ol dse b a s)ls a a8 Coilins Ol )
Pl Sy sk adlas 01 OV) 5l 5L SLN
505Dy -l W sy
S sladsle L3 51 S A 1S o sed
IR N B W Ry VPR Pt
23 5l SlaeksS SIS e 5L
WSLN .(\A) Cewsl sdne Olb 1o 5 HL-60 (slad sk
5> oS Kl e ety b 5l byl L Sl
MR 5 g it delr Oy slod 5 lams (gles
JESEPY KPP CCH P P LRCH S S NE R P
e (18) Sl ploasd oS 5 s s A
Llg e Sipl eslial s A an S
oslizal 5550 dod Sldie doys A B Y gl
Ol Sladllas syl Sl Wy K 0  Saes
3958 SRl LA S s bl &S Llesls
Sl Bl s G bl el e O s 4 )l
Ssdee D3 o3l Al Gl A (gl g
eslized b Sl i 6l yme canllls ol s (Y0)
olS ol plsal ublul oS lde W 4 s Al
£ 9% 5 A g5 9o Sl el b e b ler e
PR R P F: BSOSy
e SLASU p S Jele Ol 4 SIS e

340 @))3 9 CJ‘)J oj‘..l_'»‘ Lole &ufx|)tg. oLl



5)}&.:5" g!.‘“b.’f‘ AY-\e g CJL?EL& AEXX] C)L:....."U ur)Le?’: GJLQJ' Lr&m JL\N ;‘5J‘,3‘>. wﬂu;wd“j

6. Moore RG, Brown AK, Miller MC,
Skates S, Allard WJ, Verch T et al. The use
of multiple novel tumor biomarkers for the
detection of ovarian carcinoma in patients
with a pelvic mass. Gynecol Oncol. 2008;
108:402-408.

7. Bookman MA. First-line chemotherapy
in epithelial ovarian cancer. Clin Obstet
Gynecol. 2012;55:96-113.

8. Ehsanfar P, Teimouri M, Pooladi M.
Investigating characterizations and
antifungal  effects of solid lipid
nanoparticles (SLNs) loaded with essential
oil of Citrus aurantifolia on isolated
Malassezia strains. Arch Adv Biosci.
2020;11:43-55.

9. Siegel RL, Miller KD, Jemal A. Cancer
statistics, 2019. Cancer J Clin. 2019;69:7-
34.

10. Wang CZ, Calway T, Yuan CS. Herbal
medicines as adjuvants for cancer
therapeutics. Am J Chin Med. 2012;40:657-
669.

11. Salimifar M, Fatehi-Hassanabad Z,
Fatehi M. A review on natural products for
controlling type 2 diabetes with an
emphasis on their mechanisms of actions.
Curr Diabetes Rev. 2013;9:402-411.

12. Jafariparizi M, Afsharzadeh S, Akkafi
HR, Abbasi S. Floristic study of Artemisia
aucheri Boiss. rangelands in Isfahan

Province, Iran. Nova Biologica Reperta
2017;4:236-245.

13. Bora KS, Sharma A. The genus
Artemisia: a comprehensive review. Pharm
Biol. 2011;49:101-109.

14. Lai F, Sinico C, De Logu A, Zaru M,
Miiller RH, Fadda AM. SLN as a topical
delivery system for Artemisia arborescens
essential oil: in vitro antiviral activity and
skin permeation study. Int J Nanomed.
2007; 2:419.

15. Miiller RH, Mider K, Gohla S. Solid
lipid nanoparticles (SLN) for controlled
drug delivery—a review of the state of the

Ve

53 eslial Leily 5 Jle ediidS ol 5 o
L aS Lsls 0las wmen &1 ajls 1 0l e Oleys
o) alS el anys ojlas anSas s all
L () ad 55 4 atly Sl e slad s 0L
OLE (YY) OLan 5 Ol 5le o caslin 5
Liy Ll Uls ey Jsile oylae a5 sl
il bls 1y clle @l s o Jse

(YD)

&S dom
Sl oS sl OLaS axdlas CL” (S sk o
B )'};:ZJ:ZT U IO 3 K P WP S
a5 g o35 b Oz S gladshe s

fold
1. Pooladi M, Abad SK, Hashemi
M. Proteomics analysis of human
brain glial cell proteome by2D gel.
Indian J Cancer. 2014;51:159.

2. Teimouri M, Pooladi M. Anti-angiogenic
and anti-proliferative effects of physalis
alkekengi hydroalcholic extract on breast
cancer in mice. J Fasa Univ of Med Sci.
2021;10:3684-3691.

3. Fleet JC, DeSmet M, Johnson R, Li Y.
Vitamin D and cancer: a review of
molecular mechanisms. Biochem J. 2012;
441:61-76.

4. Ebrahimi M, Teimouri M, Pooladi M.
The synergistic anticancer traits of
graphene oxide plus doxorubicin against
BT474 and MCF7 breast cancer stem cells
in vitro. Appl Biochem Biotechnol.
2021;2021:1-6.

5. Teimouri M, Odoumizadeh M.
Cytotoxicity of Artemisia vulgaris essential
oil encapsulated in SLN on breast cancer
cell line (MCF7). Arch Adv Biosci.
2021;12:11-26.



6))&.:5" ‘5?‘&‘%‘ u*r—\'i QW L\i.i ")L'm.:b‘ ur)Lﬁ b)u Lr&m JL«' 5‘5)‘,3[? wl:.&&.—qj

cytotoxic activity of flower, leaf, stem and
root extracts of five Artemisia species. Res
Pharm Sci. 2014; 9:91.

23. Emami SA, Rabe SZ, Ahi A,
Mahmoudi M, Tabasi N. Study the
cytotoxic and pro-apoptotic activity of
Artemisia annua extracts. Pharmacol

Online. 2009; 3:1062-1069.

24. Mahmoudi M, Rabe SZ, Ahi A, Emami
SA. Evaluation of the cytotoxic activity of
different Artemisia khorassanica samples

on cancer cell lines. Pharmacol Online.
2009; 2:778-786

25. Wong ML, Medrano JF. Real-time PCR
for mRNA quantitation. Biotechniques.
2005;39:75-85.

26. Asghari G, Jalali M, Sadoughi E.
Antimicrobial activity and chemical
composition of essential oil from the seeds

of Artemisia aucheri Boiss. Jundishapur J
Nat Pharm Prod. 2012;7:11.

27. Gharehmatrossian S, Popov YU,
Ghorbanli M, Safaeian S. Antioxidant
activities and cytotoxic effects of whole
plant and isolated culture of Artemisia
aucheri Boiss. Asian J Pharm Clin Res.
2012;5:95-98.

Ve

art. Eur J Pharma Biopharm. 2000;50:161-
177.

16. Mukherjee S, Ray S, Thakur RS. Solid
lipid nanoparticles: a modern formulation
approach in drug delivery system. Indian J
Pharm Sci. 2009; 71:349.

17. Teoh DG, Secord AA. Antiangiogenic
therapies in epithelial ovarian cancer.
Cancer Control. 2011; 18:31-43.

18. Raha S, Robinson BH. Mitochondria,
oxygen free radicals, disease and ageing.
Trends Biochem Sci. 2000; 25:502-508.

19. Bobrowski K. Free
chemistry,  biology  and
contribution of radiation
Nukleonika. 2005; 50:67-76.

radicals in
medicine:
chemistry.

20. Lingayat VJ, Zarekar NS, Shendge RS.
Solid lipid nanoparticles: a review. Nanosci
Nanotechnol Res. 2017;2:67-72.

21. Akrout A, Chemli R, Chreif I,
Hammami M. Analysis of the essential oil
of Artemisia campestris L. Flavour Fragr J.
2000;16:337-339.

22. Gordanian B, Behbahani M, Carapetian
J, Fazilatti M. In vitro evaluation of



