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Abstract

Objective

Breast cancer is still the most common cancer among women all over the world. Considering the
medicinal and therapeutic properties of F. vulgare, in this research, first, the morphological and
structural characteristics of metal nanoparticles biosynthesized from the aqueous extract of F.
vulgare and then the antioxidant and anticancer properties of essential oil, aqueous extract and
the biosynthesized nanoparticles were investigated.

Materials and methods

In this research, after the biosynthesis of iron, copper, zinc, and silver nanoparticles from the
aqueous extract of fennel plant (F. vulgare) and their properties in terms of size with XRD and
confirmation of the structure by FTIR, the amount of secondary metabolites, the amount of
antioxidant and anticancer activity of the essential oil And the aqueous extract of fennel plant (F.
vulgare) and iron, copper, zinc and silver nanoparticles biosynthesized from it were evaluated on
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the Sum-159 and the Hs-578T cell lines. The experiment was conducted in a completely

randomized design with three replications. Graphpad and FlowJ software were used to study cell

viability and flow cytometry results, respectively.

Results

According to the results obtained from DLS of biosynthesized metal nanoparticles, the sizes of

iron, copper, zinc, and silver nanoparticles were 35, 32, 33, and 34 nm, respectively. The results

of FTIR also confirmed the existence of the synthesized metal nanoparticles. Also, according to
the results of HPLC and spectrophotometry, the presence of biochemical compounds such as
flavonoid and anthocyanin and metabolites such as rutin, quercetin, and kaempferol in the
aqueous extract of fennel plant was confirmed. In terms of antioxidant activity, a significant
difference was observed between different treatments, it was also observed that with the increase
in the concentration of the treatments, the amount of their antioxidant activity also increased, and
the highest amount of antioxidant activity of each treatment was related to the highest
concentration of each treatment. The highest amount of antioxidant activity (87.41%) was related
to copper nanoparticles at a concentration of 500 mg/ml. In terms of the IC50 value of the
mentioned treatments, it was also found that the Sum-159 cell line had higher resistance compared
to the Hs-578T cell line against equal concentrations of different treatments. The results of
anticancer properties demonstrated that in Sum-159 cell line, the highest pre-apoptotic and post-
apoptotic rates were 4.31% and 17.56%, respectively, related to silver nanoparticle treatment.

While, in the case of Hs-578 cell line, the highest rate of pre-apoptotic and post-apoptotic are

respectively 4.5% and 18.7% related to silver treatment.

Conclusions

According to the obtained results, the amount of anticancer properties of essential oil and water

extract of fennel plant and iron, copper, zinc, and silver nanoparticles biosynthesized from it

showed that the percentage of necrotic cells, the percentage of cells in the pre-apoptotic and post-
apoptotic stages significantly influenced with the type of treatment used, the type of cell line and
their interaction.
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A edlal (Sigma-Aldrich) Jg,e.s 5 (Sigma-Aldrich) e 558 (NAWAH,HIKA2001,Egypt)

S b (Hasan et al. 2022) i, 5| ol @il jiwn cas 1ol @1,3650 - 1538 1,365 jw gu
3,15 (11) o] i 51 5,5 V0 5 (FECla. 6H20) 15,18 (H1) ppal Ko j1 8 YINY e il 3 0 odlis ol &l pois
alad o 4 b a8lsl o @ ogses O i e Voo g 4oy oy e YO &las 4w b S5 4 (FeClo. 4H20)
CiSe S5l oaliiwl b Byl clgizee g I odped BB)L 14950 4 cnwolio JLid b 55,50 55,500 dilad 1 g ziwles
4 4kl oS ol o)las Syl oo VO 4iB> Ve Gloj o3l )3 e b 03 YU s 42)0 Av bled g o0 030m
oo 55, st Jl am 5 03 8131 ] 4 Yo Sy NAOH oo 5+ oliee (g 15 4811 sl 4 0,8 a5 &0
) g s 3y90 5 (Syglaen piis S lodds e Sldgl (g98 (cbyeal jleslite 1L g ools JWsl piks 4 b Sbgime
Celiw V¥ 5l g 835 (5pglgen (ool slaelg) ) aids ) 593 Ve v e 33 Sud 0w Sl oy Jmols (sladiges .S
o Bdo dy g (558 elSie > (90 Jo b (sladiged (9,0 39250 Ol Bl g aganris 4250 A Sl )3 it |
L S celw

Lol yelate oy A plool @lyuss oS L (AKbari et al. 2020) (j5g) 4 (e ©l)35l st g 1 gm0 €3153456 -Y
s 3 5 sl YF Gto 4y Lol sl yupes 205 4Ll 61, obS T olas 32 o Vo 4y o Sligus Yigo o V-
g 5boliz 5ok lo bgs hols 39 Toles i e 4 )3 y93 5+ y9 50 S olied Lawgi gransluns 43,3 0-
axyd =M led g Jby jo edlat | lej B (glyn5u,8 ol 5 baw o8 i St s g Olaw 8,80 o o5 gubh s b 3l e
B15 S gl

o 4] 035900 O yid oo Voo 0,85 Ol Vg e G Il )85 Sl )dgil fiw g e 1085 <1 y3gil Y
Yo il s alsl gl e alS ojlas i e Vo s 85 58 Sid ol d (g9 361 slod el ¥ Ce 4 g
A oo dow 430 YO (glod 5 48> > jgd Ve vr 3 a3 dy00 Jolore L 2 Sy pusd a5 0yg0 Jolore adds ¥ I
Fom 5 sinsd Slad 8L b o apo dw (gl Jlad 3)90 g ) 29y Jslone B>l g A syl 4883 10 e
Singh etal. ) us o)ha55 Jogmmnbw 43,0 = Ae slod )3 (gam Slivlej] cas Freeze-dry olKiws bwg s Kais

(2021
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O & mabline By oy5em olKiwd slod l38l L (Bhuyan et al. 2015) pbise plw jas gl .cdl aobl o3j0m
3)90 Jolore e Cawl (59) )39l s STl 4 398 (0 ol Jole )3 (pdg) (5pd S5y 41 (D ogmidn 2>
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XRD ool oolat ol b )36k UL 5 gl sl S a0 15 58 O,3930 Olmogmiad () 2
FTIR s b bow 5 coife &ly3gil LSi 5 uinen A5 w2 (DISCOVER, Bruker D8, Germany )
.5 4l (Thermo Scientific, USA)

59 9 0585 ey ¢ oyo] Wi1,345L (F. vulgare) obs o o las ¢ yuiluw!  glomnS 5T Cullad yioxiw
2) Sl obS ol (so,lmias g il 31 jlain ol (sl 2yl Ja ySo Sy gy S 4 ol I ol
Soad s o) g 59y e 0] Sl g (oo 2l o S 50 g )Seo Bev g Fee Fee Fer ek e lacbile
e JapSe Jitded il oo o (Ulie il oo S350 259,50 0 e 9 Fov e Fee N ee e (glacile o)
aidy FO JIYe e il L adiges Sl ST 5T cullad lime G o 48l | s 0> LigigSue S5 4> (DPPH)
1 5 (55,1 BIORAD, Smartspec™ plus) jogisg xS | oS > baw g5 (ogunsdu 430 Y0 (slod ¢ (So,b Loyl
e o0 p S e Vo g Ve @ /D AIVD) laclalé )5 5l SopsSinl 1 sind (6ol el OV 5o Jobo
iy byl Loy .(Wong et al. 2006) ais sl (DPPH) Ly lud S, Jeiisd 4 5,18kl olgis 4y (sl
15 dpslxs (V) Jgoyd S5 4 (RSA) K0,

VJses RSA (%) = [1—27] x 100

€y Jike + (cute S5 plyis a) o)las digai i 30 SB DPPH + o)la s diges Gl e 1S daily il 5
ol (DPPH + Jgle) (bio J S Gl g

3 eleil gl )3 o3l 350 (alS wlio 3 Sy b Cudlad lowiaw S (22lgp @Il 1 (6 8 il |

Lg)ﬂ@? Jud )l (Sbps pole o8 iily ((g5luwg )by 0aSisly ug)ly LS Cliass aeyie jo adl ad)y abjly (&LS dges
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osliw! Detector ylgie 4 WST-1 51 1Cs0 )l coles 13 9 Jobo (Sloodsj oylsme (owyp g S50 Jiiie o gumnsonws
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Table 1. The amount of flavonoid, anthocyanin, rutin, quercetin and kaempferol in aqueous
extract of (F. vulgare)

5] (gladiges s59592 oyl 59 O 55 J9saseS
Selected sample Flavonoid  Anthocyanin Routine Quercetin  Kaempferol
(mg.g%)  (umool.g!) (mg.g%)  (mg.g")  (mg.g?)
Aqueous extract of 0.73 8. 60 12. 00 9.45 7.69

the plant

~~~~~~~

.......

uuuuuu

5 o sS(D (oig,(a (ailjl, ol S o sylac HPLC ;1 Job bt Silods poad ) JSub

Ja oS (C

Figure 1. Schematic image of the HPLC results of the aqueous extract of fennel plant leaves;

a) rutin, b) quercetin and c¢) kaempferol
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(s Lol b oue 9 Anethole .L-Fenchone alpha. -Phellandrene beta-pinene Sabinene sskea

A 2ol b pers 5 cobdns (SlunsT ol (oL xShas
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Figure 2. Results of GC-Mass of (F. vulgare)
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Table 2. The results of gas chromatography-mass spectrometry (GC-Mass) analysis of

fennel essential oil (F. vulgare)

ol e = : Colled ol I35 )
OS5 FN90 Jgo 8 Se ol Egoxo s &b
. Recorded
Molecular Retention .
Compounds formula Time Total (%) phalr;r::??\t/)i[[g/glca References
(IR)-(*)-a- CuoHae 6. 233 2. 631 ] ]
4-Carene CioH1s 6. 678 0. 617 - -

beta. -

Phellandren CioH1s 7.490 0. 369 - -
: anti- ;

Sabinene C1oH1s 7.544 0. 884 inflammatory (Lima et al. 2016)
beta-pinene CioHis 8. 077 1. 038 antibacterial (Lima et al. 2016)
Phgllgr:%r;ane CioHa6 8. 460 0.512 antibacterial ~ (Boevé et al. 2023)

antibacterial,
D-Limonene CioH1s6 9. 403 12.291  antifungal and (Bai et al. 2016)
antitumor
antibacterial,
3-Carene CioHis 9. 565 0.583  antioxidantand  (Shu et al. 2020)
anticancer
1,4-
Cyclohexadiene, C7/Huwo 10. 170 0. 380 - -
1-methyl-
anti-
inflammatory,
antioxidant,
antidiarrheal,
L-Fenchone C10H160 11. 216 12. 234 antifungal, (Kang et al. 2019)
antinociceptive,
and
bronchodilator
Bicyclo[2. 2.
1]heptane anticancerous,
containing N,N'- CioH1s 11. 979 0. 136 antiviraland  (Kang et al. 2019)
diarylsquaramid antibacterial
e
2,6-Dimethyl-
2 4 6-octatriene CioH16 12. 216 1. 377 - -
Bicyclo[2. 2.
1]heptan-2-one, C1oH160 12. 602 1. 020 - -
1,7,7-trimethyl-
3-Cyclohexen-
Fob B Cukieo 13.506  0.136 . .
methylethyl)-
antimicrobial,
Estragole CioH1:0 14.107 10778 UOXIGANL oy e gl 2018)
and macrophage
Yéd
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Bicyclo[2. 2.
1]heptan-2-ol,
2-ethyl-1,3,3-
trimethyl-
2-Cyclohexen-
1-one, 2-methyl-
5-(1-
methylethyl)-

Anethole

Copaene

2-Propanone, 1-
(4-
methoxyphenyl)

1H-
Cyclopenta[1,3]
cyclopropa[1,2]
benzene
Bicyclo[4. 4.
O]dec-1-ene, 2-
isopropyl-5-
methyl-9-
methylene-

Tricyclo[3. 3. 1.
137]decane,tricy
clo[3. 3. 1.
137]decylidene-

Tricyclo[3. 3. 1.
137]decane,tricy
clo[3. 3. 1.
137]decylidene-
Naphthalene,
1,2,3,5,6,8a-
hexahydro-4,7-
dimethyl-1-(1-
methylethyl)-

Apiol

C12H120

C1oH160

C1oH120

CisHas

C1oH120

CisHos

CisHos

CaoHas

CaoHas

CisHos

C12H1404

14.

15.

16.

18.

18.

18.

19.

20.

20.

21.

23.

969

459

705

461

609

740

354

059

636

452

411

0. 569

9. 156

35.194

0.218

0. 133

0. 186

0.172

0. 186

0. 240

0. 105

0. 255

Antifungal,
antibacterial,
analgesic, anti-
infammatory and
antioxidant
Antibacterial
and anti-
inflammatory

antioxidant,
antifungal,
anticancerous,
abortifacient,
acaricidal,
phytotoxic,
antitumor, and
antiproliferative
agents

(Nasir & Yabalak
2021)

(Kang et al. 2019)

(Kang et al. 2019)
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Figure 3. X-ray diffraction spectrum (XRD) of synthesized metal nanoparticles: a) iron

oxide, b) copper oxide, c) zinc oxide and d) silver oxide
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Figure 4. FTIR spectrum of nanoparticles biosynthesized from the aqueous extract of the

plant (F. vulgare): a) iron, b) copper, c) silver and d) zinc nanoparticles
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Table 3. Mean square of antioxidant activity of essential oil, aqueous extract of fennel plant

and metal nanoparticles biosynthesized from it (Duncan's test).

Source of Variation «l,us wle df (ooljl as o M_S “_’l”'” “‘S‘JL"
Antioxidant activity
Treatment (a) 5 2064.10 ™
Cancentration (b) 5 7678.62 ™
axb 25 53.29
Erorr 72 6.46
CV (%) - 5.17

**: significant at 1% level of probability
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Figure 6. The interaction effect of the type of agqueous extract and different concentrations

of agueous extract on the amount of antioxidant activity
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Table 4. Variance analysis of 1C50 value of Hs-578T and Sum-159 cell lines under the effect

of essential oil and aqueous extract of fennel and metal nanoparticles biosynthesized from
it (Duncan'’s test).

&y mlio @il 4y Slaye (pSibe
. MS
Source of Variation of Sum-159 Cell line Hs-578T Cell line
Treatment 5 510. 59 ** 239. 74 **
Error 12 10. 15 14.68
CV(%) B 15. 27 19. 89

**: significant at 1% level of probability
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Figure 7. Effect of essential oil, aqueous extract of fennel plant and nanoparticles of iron,

copper, silver and zinc biosynthesized from it on 1C50 cell lines Hs-578T and Sum-159
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respectively. j, k and ) the effects of fennel essential oil, fennel aqueous extract,
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Table 5. Effect of essential oil and aqueous extract of fennel plant and metal nanoparticles
biosynthesized from it on percentage of necrotic cells, percentage of cells in pre-apoptotic

and post-apoptotic stage of cell line Sum-159 and Hs-578T (Duncan's test)

Hs-578T Sum-159
S.0.V df
Necrotic Early_ Late . Necrotic Early_ Late ]
apoptosis apoptosis apoptosis  apoptosis
Treatment 6 160.97 ** 5.25** 90.24** 1 82** 2. 85 ** 94. 96 **
Erorr 14 1.46 0.03 0.29 0.15 0.16 3.63
CV (%) - 10. 56 4. 66 3.49 10. 34 9.89 12. 34
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Figure 9. Effect of essential oil and aqueous extract of fennel plant and metal nanoparticles

biosynthesized from it on percentage of necrotic cells, percentage of cells in pre-apoptotic

and post-apoptotic stage of a) Sum-159 and b) Hs-578T cell line
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Figure 10. Flow cytometry results: a, b and c) Hs-578T cell line treated with control
treatment, aqueous extract of fennel plant and silver nanoparticle biosynthesized from
aqueous extract of fennel plant respectively; d, e and f) Sum-159 cell line treated with
control treatment, agueous extract of fennel plant and silver nanoparticle biosynthesized

from aqueous extract of fennel plant respectively
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