[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 |

[ DOR: 20.1001.1.24236330.1399.7.2.6.0 ]

[ DOI: 10.52547/nbr.7.2.145]

Nova Biologica Reperta 7(2): 145-152 (2020) (.3 Poke 33 (9 9 (Sasl
Print ISSN: 2423-6330/0nline ISSN: 2476-7115  (TAVIOY N Sloio ¥ ola e
https://nbr.khu.ac.ir; Kharazmi University Press; DOI: 10.29252/nbr.7.2.145 ol Bl ol jLal

Bo b o (oo (pigy 4y 00 w59y S | Ol53g3L 51 wy

Y)Yng.g‘é dole o ‘G@M o.>|)'T s‘é.&.? 3640
S8l o mny pole 00Kl ¢ JoSUge g Joko pole 09,37 1l pl oyl ccodlol SI3T oliils o635 o o)l pes axly sl pole oSy (s o) 09,3
oIl OIS «s0sle>
amohammadgholi @yaho0.com . I8seme sol;] :olilse Jgims

Slge digSod (yiaiSTy aul)d plosil 10 g 009 Consy bamee b (6,850 (s1ls a5 0943 04s o lac b oadjin (g9, aunST Ol 360 51 asdllas ol 4o o0
(ol b Sye (riw b alize gl s, 5l eolaiwl b allsS ugens DNA U 9, ST 13636 ol om0 ool WS ol A g (6 pa0 g s
DA g9, ST O30 cdale mol5BIL aS oly las ranl B Spe i il laosls (23,8 18 L) 8 50 (seal led SUj90 ST 5 uileoyold
31> oLt syl pgaa] (il jsld 553 plowl Sugslased 5 BUT sloo 1o i (59) 9T S35k po (alidl nl 5 wilioe Gl 55 DNA Gier
ol las gsils pled 5,90 sloosls pioren .coul DNA Lslo a5 0,346 09,9 saimoyylis oS Wb prals i Gad (g9, duST 0,356 381 L s
Sl 58 s sl o g 00l Juate DNA @ il o jom i (59, dumaST 0,366 098 0 DNA Jo 6,lisle o el sdd w59, oS oS

D58 (lband (59, 3T 0,356 013Kl Wilgs g0 aS 395 DNA

U...JLM;)51$ ‘AJL.;; oges 0 ‘354‘5 O o)La.c P U..L...l)s SR (T cado el M?%;@JBQ ‘5..\*15 6&03'9

The investigation of the effects of synthesized Zinc oxide nanoparticles
on the DNA using green chemistry
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Abstract. In this study, the extract of coffee powder was used to synthesize the zinc oxide nanoparticles due to the
compatihbility of the method with the environment and the absence of any toxic substance as the byproduct of the reaction.
Then, the interaction of zinc oxide nanoparticles with calf thymus DNA was investigated by various spectroscopic
methods such as UV-Visible, fluorescence and circular dichroism (CD) techniques. UV-Visible data showed that zinc
oxide nanoparticles induced denaturation in DNA in a dose-dependent manner at both the room and physiologic
temperatures. The results of extrinsic fluorescence emission of ethidium bromide (EB) also showed that the increase of
the zinc oxide nanoparticles concentrations led to the decrease of the emission intensity of EB. This may be the
consequence of the intercalation of the nanoparticlesinto the DNA structure. Also, CD data showed that the synthesized
zinc oxide caused structural changes in the DNA. According to the results, it can be concluded that zinc oxide
nanoparticles can bind with DNA and induce some structural changesin the DNA structure.

Keywords. coffee powder extract, calf thymus, deoxyribonucleic acid, fluorescence, Uv-visible

Received 06.05.2019/ Revised 07.09.2019/ Accepted 16.09.2019/ Published 01.07.2020 W9/ ¥\ Ll /\WSA/ - #/¥0 2 o s /AT N8 Sl NP YNF 12l 5

145/V¥0


http://dx.doi.org/10.52547/nbr.7.2.145
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.6.0
https://c4i2016.khu.ac.ir/nbr/article-1-3266-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 |

[ DOR: 20.1001.1.24236330.1399.7.2.6.0 ]

[ DOI: 10.52547/nbr.7.2.145]

Jangi et a. The effects of green synthesized Zinc oxide nanoparticles

3T 35k 31 aalllas oeal (Sangeethaet al., 2011)
g ooliinl 890 Sl slags b (loyd Slp ez 59,
S35 ST 3l Gl @l 5 285 LE Gales]
SINgN) 5,5 eslizl bas Lo 51 (cans (S350 Sl 1) s s
Ji> s (et al., 2011; Yanget al., 2016; Sunet al., 2005
Fegm Sl oskd yom ojlas wile (LS ojlas 5l Lol
Thanujaet a., 2014; ) 555 0 oolitul (55, ST &l 3430
conds auiS Jlls 385 Ll s L (Wahab et al., 2010
69y wemST S35l 31wy talejl cnl eyl Bas
03¢ 3l oolawl .l Alugd wgers oaé DNA , siwiiw
4 Cud DNA (VL (5 390 s e @ dllagS ugars
9y 2 SLdgblG oS eald b lp 1y (Sl cnl a9

#2550 ol DNA

o g5901g0

o gl oS5 5l eslel Sypo 4 (g5, ST B35k
VL sg) denST O35l p3g 5l p S (oo O 0l and lede]
A 6l Jly )0 g S S Gy Al Jsle i) e
p S ke ¥ol 5yl 5 SIGMA &S 1o 5l Gegess oae DNA
PH VI L Voo +/V sy 53b id oo\ b o3lids DNA
(Stephenson, 2010) o (5,l S oy 40 g wuS 5
UV-ViS o gSaws yios!

ai8s dw o ol adlsl blie o DNA - i b ol s
YO lod 90 10 (59, dunST Bl)3aiL 51 glase slacdale LS,
S PHVIEL Yoo oV oy 3L ,0 ol 5 il ax 0 YV
UV- olliws bawgs jtegil £o0 B Yoo zgo Jsb osgame
s (echromtech, Taiwan) CT8200 Ju. visible
AG Saliyge s sla ol b (o)) jokiie 40 .08 )5 )18 o)
sladbile jga> o DNA b cdale Qi ol Tm s
a0 -0 ol Jobd o>y (g9, anST Ol 36l alizes
W ey ol loged 5 ol PACE Jlos S5 L ol S il
(Greenetd., 1974)
il sl (2 95wg yiSms!

oo ¥ cale LDNA bileg s posis] 65 cinl &l i
psvasil Jsbomo 5l Vpos,Sen ¥ 08 Lol b il oo 05
btd Sl JUSs aido a8 e Al gy ilog
Moo 1) i Bl 5o sy 9eeST )3 5l Sglite slacale
4,0 TY 5 YO (slod 90,0 iogil £V zoe Job o PH V/T L
BioVARIAN Carry Eclipse ofws Lwg of 5 le

s (o B9y 0 odd i (59, wemST S35L SIS 5 (Sox

doddo

e D97 (s209 leoje> Sl (g ks 5o D35

Olin slaalls Son e Jsbo 2 (s (s slo T e 2l
Rezayi et a., 2004; ) coul aiils 5,15 cowoy Sii g
50 l3gl sl e sla,lnl (Ankamwar et al., 2005
95 91 @5 5 Gilem lolid sy sl oo (o3 (5558
e S AR aje S Lo 4O 99598 @95 eiares
Cynthia & James, 1998; Das et d., ) &5, S oo
Olye 4 laaly,gb Jud 5l sand i e sla,ll (2013
Affrossman et ) oS o Jos oo J3b 0 S>>
2lgs oo 51,8 i (@, 2006; Pandurangan et d., 2015
g wams i 1) ond ol JlSle ool J51s 4 0955 b
Grzedaet d., 2005; Li et d., ) anly oyl ooy s0u0,0
Oloyd 5 Sy o gl 5 g3l ol 5 coeal (2010
JEsl gl o356 (Andrei & Zhao, 2008) ol b
sleedl sylul s Jshe srSdan (sileslil )l
szl (Hosseini et al., 2016) w,ls slice 5,5,k
(SHF e Hemes s3%ae Dl pss Sl o 95U g 950
o Lok (55 Ol g 255 D 2 lee (uad ok l B
ele s g, sumST &350 L(Jain et al., 2005) wigs
3l e ng 355 5l g 0092 (swg pgad ole> 9 VU (2L SLaS
Sl izen (Bhattacharya et al., 2008) &S’ o (5,5 51>
Sl 0ads odsline B cuila g Gy (g 2 LS $b o
SNy (S wile Slawo (Karimi et al., 2011)
slen S0 5 (B sl lon (5 (e vy
Khan et al.,) 5,5 sloys old s ol b olsiios |y sy
@ ole e 63y dunST D3l 05 elss aleax I (2017
65952065 celld S pSles ol b pleerd Ik
2o Cuwols e ded 5l g RlE g Epmg b 9 i L
s gt (Hudlika et al., 2012) o5 o,lal 550
S 1) Siedsn oo bl 5 Co s nles
RicCi e ) aias co iol3dl olge cudlad byl (5,5 o5l
2 S5y S s s slagtsy Sl 5,45l @, 2007
(5o Slge Adg5 g 039 458 05 Sl (oloend ) L sl
,» (Calvert et d., 2006) ol o 2olS s SUjhs 4
5 il glee (silug)ls mlio e 5l laoje> I (55l
e F S35 ST S350 51 (5l y095 (S ol
S s S| o2 (Sharma et a., 2007) Sgs g0 olaul
Lo sy dapanslSlg oo 51 ookl b (59, 9emnST )35
el 00l 0y el SlS alS slao Las o b 5T oz, 8

146/\ Y7


http://dx.doi.org/10.52547/nbr.7.2.145
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.6.0
https://c4i2016.khu.ac.ir/nbr/article-1-3266-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 |

[ DOR: 20.1001.1.24236330.1399.7.2.6.0 ]

[ DOI: 10.52547/nbr.7.2.145]

Nova Biologica Reperta 7(2): 145-152 (2020)

69y SwST D350 (gl el (59, duST 3650 51 glae
4 PSS Gllae o 5 5l YV of F il a0 YO slos o
a0 YO los 4o (59, sunST &l3gl lp Ky ol cows
Slod 13 (595 9wnST Sl sl 5 AOPYY M o5 sl

Jlas! i 8 el b el el cws 4 VY/FA M i 5 ¥V
Fo—F

olass N Ll o ol KA 0 sslxs Ka + 1 Logid
5| st clale [Q] 5 ol DNA &y &35 st ol
50 h3gh gl oael cavs wKa sl (g5, sunST &340
a0 YV sles,s g VE Y M 1 oS ile 4 0¥ 0 sles
(Y US) ced YRR Ml ol 5 ol

At Slp e Sl lagis)l o CD (oniil
b JsSIge (e 025 Olee p5e2,0 DNA (g55)58 550 )0 &l s
awlie g DNA o ol,346 cdale il38l L ool DNA L
S Oliee 4 (g oo smb DNA (ol | o)l CDa b
2 CD b oy oGS ole opl 51,0 DNA gLl
‘SLQU.E.LC Jpaz> o )A..c}al.: Yy G Y- Teo Jjjo [RPREY
AR A SN AR T AP R I o ) 9y CA—Q-MS‘ A_)‘)Qs.;l.ﬁ bl
ey o ol F ile 4y YO gles 0 ((Ygey,Sm
Sl 99,8 )3 Olisd G9,0enS] D39l gy yo 858
A US55 ) 09 o 0aalie DNA CD il jo i 5 Cuiie
l3gb b S ol ;0 DNA 5,5l Olpuss ioen
Wade ALy cas SO o YU slacdale (o gy, wuS]
D9 oo o3l Stacking a; by pe a>b

Sl o Voo BV o Lol ol oS sizee (g0lge 3530

25Ty 9505 s s aile (ol Sy oSS s o311 o
95t (Jegadeeswaranet d., 2012) aas o o)l 4 YL 5 5y
9 D S w ST g plolid S o ook Slides
B ‘_g‘daJUa.q 3o W X r:L?U‘ ww 0ls DNA l) u‘)d}ab
s Siles,T laatlsd slls A1) IS5 (slo nSlosS” S
U"‘ as ols UL“"’ allas L)"‘ W Iy IR ¢ DNA l.:
bt o5 Sl glacdile o1, DNA wilgi oo oSS
o SheeS 2iSeny JoSge Saalis g o il adlllae oS
b oM Sl 5 (gl sloaiS 5 D) pseo¥ly (gl
=l a8 ol ouls ploul (CT-DNA) dllsS yugess oae DNA

wiedS il €63 I DNA L by uSLaS ol (S oy olo oylid
(Edami Moghadam et d ., 2015) .|

OTA2) VFO-VOY Y o )leds oY ala o s psle o 5 sloazily

Solasbe;l pll Jsb ,o .o <5 Agilent, United State)
o ool o gile Sy (558 b )lsS oS
CD (2 95uws Sl

ol Galisee slacbale bl L ,o o5 Lo ¥ clale LDNA
Yoo zge Jsb oogaze 0 CD Cads s el 435Sl (g9, )3
L 5,ls5 @S 5l esliu b (Far UV g Near UV) jiogil YY- i
a0 VO lod g 3l 58 pglae ()l cod g e il S o0
A plsl 215 AVIV olfiws S8 L ol 5 il

Sl o1 L5 ] 5 pm (i il 5] ol gl

Sl (VYeeg, oo =VY0) oo o Il cdale
by yskie 4 .V JS) ol aisl iolsl 55 DNA Oas
DNA (a3 5k oliT 55,0 1528 (ol slos e ojlail S
Jake b 08 uess Pace sl eslawl L (unfolding)
ax,3 YVy Y0,0 DNA (gl 95l S o151 65,3 H20AG
y9a,0 DNA uls 0)63ls 5 (e s gl y (0,5 il
Sade el Caws 4 obe,F el ygls (g9 0SS0
o8 il a0 YO leo 10 (g5, dunST Ol,3550 61 AG®
(KJ/mol) sl 5 sole a>,0 YV 5 Lo o 4 0/YY(K]/mol)
ol F il azy0 YO b ;o DNA loly el VY
Cawd 4 Glp (Y SD) col joaie AG® 15 coly il
a1 B3l 1S e pogar 50 St Sledl 0]
e b oslinul (Sl Ggel )il (b9, 5 DNA L s,
ol 00 o0l yLas VS j0 &350 jea> 0 DNA - Sles
goocdale b oo, aumnST &l,346 sl DNA 4 Loy Tm
Gl sy el OLF 5l a0 ADNY ke Ygos,See
Y 5 V0 sloo g0 12y odo Sldllas aiiler uilugld (5 ,u8
ol ¥ il az 10 YO slod j0 285 Ojge o5 il a0
FUXEXATF N NF A S il Ll L ax,o ¥V,
= pous] Gl jols Dol (59 00T Dl 35L (Y geg Se FY
S0 DNA— pg0sl s s malsial o iels DNA
3 69y ST S3gl Jolme LS alds aw 2 (0,5 05
ools lad FUSS jo yieglh £V« 1id ol peySlo 9o Jsbo
YV slos g ol,8 il ax 0 YO sleo jo (5,08 slaca b o
o0l el oal ool las & SS o ol 8 ile a0
Ol9se 1) 59,381 Dl,3930 gy wyle p = popasl SiazdsS
oy Fo .oyl cavs 4 Stern =Volmer (Ksy) <ol lawgs
G3y9emST Sl3gL Cle ;o DNA=w Lo - poas! pid Sads
sladle jaas,0 DNA-GL s peas! pis cad ol Fy

147/\SY


http://dx.doi.org/10.52547/nbr.7.2.145
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.6.0
https://c4i2016.khu.ac.ir/nbr/article-1-3266-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 ]

[ DOR: 20.1001.1.24236330.1399.7.2.6.0 ]

[ DOI: 10.52547/nbr.7.2.145]

Jangi et al. The effects of green synthesized Zinc oxide nanoparticles

e (soreh B9y 42 00D Fis (59 ST S350 S Se 5 (S

£ 1
S
g o8
N
® 06
3

04
‘é 02
5 )
= 0

e — 42 )2 25 (slad

e g— 42 )3 37 slad

20

7 60
[NZno] (uM)

80 100 120

il DNA Cio cais «l)d gl cale (]380 L oS ol il az 0 YV gV (slos 10 yiogili Y8+ 290 Jsb ;o DNA jranld— 50 Ldo cal-) S

e Fgs

Fig. 1. Visible absorption of DNA at 260 nm and at 25 and 37 °C, the increase of nano-particle concentration increased

the absorption of DNA.

AG(Jmol)

S il ax,ofY 5 YO sles 10 g9, aunST Ol3gL gam ;0 DNA  _Salnsge s o)l dls - S
Fig. 2. Caculation of thermodynamic stability of DNA at 25° C and 37 °C.

6000

2000

-2000

Absobance at 260 nm
o
[o¢]

Iy

y=

-2988.5x + 6041

®4s ) 25 sl

R? =0.9954

1 2 3 i
y =-3842.2x + 7394.2

R2=0.9955

[NZno] (uM)

20 40

T(°C)

60 80 100

159y 3mS1 3l jgam ;0 DNA )l > yguml5ibo —F IS
Fig. 3. DNA denaturation in the presence of nano-particles.

Flu.max

oS Gl 20TV YO (sles po 2agili #Y - zse Jsb ;0 DNA (uiles sl (05 oo F Sl
Fig. 4. Fluorescence emission spectra of DNA at 620 nm at 25°C and 37°C.

600

600

500
400
300
200
100

e 4 5 25 slad

G 4 5 37 sl

0+

0

10

500 A

Intensity

600 6
A(nm)

50

750

[szono] (M) 0

Intensity

40

600

50

500 -
400 -
300
200
100 A

0 -

500 550

600

Alnm)

650

700

750

2o,8 le 4z s VY les o DNA il sls (6 525 cdo (B) Jloges 5 ol 5 il az 10 YO sles jo DNA uiloysls 655 cido (A) o gei—0 S

Fig. 5. A. Fluorescence emission spectra of DNA at 25 °C. B. the fluorescence emission spectra of DNA at 37 °C.

148/V A


http://dx.doi.org/10.52547/nbr.7.2.145
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.6.0
https://c4i2016.khu.ac.ir/nbr/article-1-3266-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 |

[ DOR: 20.1001.1.24236330.1399.7.2.6.0 ]

[ DOI: 10.52547/nbr.7.2.145]

Nova Biologica Reperta 7(2): 145-152 (2020)

OTA2) VFO-VOY Y o )leds oY ala o s psle o 5 sloazily

1.95
®4x 325 sl
1.75 ®4a 5 37 slad
w 155
S
I y = 0.0096x + 0.9703
1.35 4 R2 = 0.9807
115 y = 0.0074x + 0.9695
R2 = 0.9865
0.95 : . . .
2 12 22 32 42

[NZno] (uM)

8 Bl a0 YY 5 YO slos o Kay) jloges —& S
Fig. 6. Ksv graph at 25 and 37 °C.

T y=-06699x + 20707 A T
T R2=0.991 L
I o
e o,
> e
é" a
1
Log [NZno]

254
[ )
256 -
2581 B
256 -
262 - y =-0.3015x + 2.8111
264 | R? = 0.9808
2,66 -
2.68 ; ; . . .
045 055 0.65 075 0.85 0.95
Log[NZno]

21,8 il az oY led,s DNA 6,5 calo @l s o, 80 (B) g o5 il 4 ,0¥0 sles ;0 DNA g5 cals ol s o )50 (A) -Y IS

Fig. 7. A. Logarithm of changes in intensity of DNA emission at 25°C. B. Logarithm of changes in intensity of DNA

emission at 37 °C.

100 =] = == DNA

. 80 - 3uM
g - =
S l r = - 11um
S o, NGO “
§ 0 k’r\\ X y. / . o 16uM
202 N slr a0 -~

40 | 26uM

A(nm)
31uM

169 ST L3 5 ((Vgeg,Sa ¥V (YF XY O O 8 o ) lackile jga> ,0 DNA sl CD Gl —A- i
Fig. 8. CD of DNA in the presence of nano-particle (0, 3, 6, 11, 16, 21, 26, 31uM).

i e Jsb wersSle 5 sarsii 5, 3eeS] 3l
b ol3sl ool G5 olee saipolis (s ymesil Y#+) DNA
Gl ;90 g )b 5l (guuas WSLaS S5 4 a5 cusl DNA
Yo zoe Job yo iz wal juliEl ogd e 2 DNA
gl 5 DNA T slajl o sSums o Lis yegl
a Jlal cpl a5 o)y g2y iSOl s (55,0051
sdel i zuls g so e DNA fygiile 5aiS )0 &l s
porassl p25 oald ooy GalS pulesls slacails
gl dilize glocdili oo wlsl L DNA wlbe
W5 oo 25 Dad S aS wed e (LS e s (59,905 |
3 boy peraddl b syt (69,0081 0,360 s, Sk

DNA L (1) pyrs¥l slo nShiaS LS o 1 el 5 oodle
byl Coles jo g Fie YL slales g lacdale o
ol aS ol las (MD) (g5l a5l ool caws 4 (g 5l
CT- L5 ool (mals 1) (JsSse (559,000 wsm oSl
S ey sin GResR Gl 3 el culs ol DNA
b plol lsgS ugess DNA L jojiins (s, ST 3530
oals eolawl yrail 8 - Sae o i SIS jshate oy
Ol gl Y8+ ou 3 ke g0 Joboyo ol oot agl38l .ol
Sy LSis 5 DNA JsSlse b ulsd (i sle odias
Olyts el DNA - Glas a0 mojle b wuas WuSLeS
Sglaie glacdale jpam yo DNA e b jo ol saslive

149/1 ¥4


http://dx.doi.org/10.52547/nbr.7.2.145
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.6.0
https://c4i2016.khu.ac.ir/nbr/article-1-3266-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 |

[ DOR: 20.1001.1.24236330.1399.7.2.6.0 ]

[ DOI: 10.52547/nbr.7.2.145]

Jangi et a. The effects of green synthesized Zinc oxide nanoparticles

b Wigey Jolse 51 S e lanl s TM ial3dl 15 ol DNA L
Sldgl 31 o Kimgs el cpiadS xol g5 SIDNA L b JoSge
0535 (gm0 1y gt 5 51 olisngogms oSy g 2 (59 ymsST
355 5 575 0ol 6 e 1 8] S350 o 8 stali
SlS eSoad g 0,)dgib cdale moli8l L as cals 1y o) LSy
)dgl 5l onl sl (Nakhael Moghaddam et ., 2016) <l
sladishe Gloyd 4 S L g 5Ky slp Fse 59yaS]
by adde (gg)0ST Slidgl 5 ezl il b S
alas UJ‘ as (ijh etd . 2018) W PR ey J.ljwy}o
2955088 Sl 59 yST S35l 5 uzr o el a8 ks lis
S 9y9S] )35l a5 5 oy .5l 35 50mgine b ] ade (558
3 ol oo b5l zns e i |, b S Fass 3l
A 0900 AS soyw glendisn 9 Slesy (59,005
a5 (Heidarngiad et d., 2015) ol ool (owyp 2Kislos]
g sl o (59 ST S35l ol pelans ol i gl
ilbordion 5 (oo oyl Gl Boyk jlaSn ) Gl ae
oY bloxl sl ©ldglb sl eolatwl jo I aas o olid oS
6331 )36 ST il Sloogas gy 028 &)j50
Sdsbe ;0 YBI 05 ol Dt g s Shg)y 00l i
aslllas cpl &S Cawl 0ads qwy (HEPB2) ludl sus b
Sudlad gl s g, Ay 0w (g9, SumST 1,360 ol LS
ol Ll il b ez o el S, (SaiS e
05 b e )3 YIS (13 (o G (b9, 41 005 ik (59,905
9 4 0 5 555901 S350 (ol iy 8l il J 5
Khaigh et d.,) casl 58 oS 5T el sl)ls e
(2016

S$9) A.:...S‘ u‘)éyl.: )| L)‘yLSA Ou)uﬁ—‘ Cewd C..\L..: ‘5,.]9 k)"‘)’L"’
~Sslo Gy 8l (ot (59, ST Dl,390 (gl 4y s s
Jodo Koo Bk sl 90,5 sy 95l (lie 4 ges 00 o
St U035 b olond (590081 050 1Sl
5958 595 oolaiwl 31 )5 el sloy! il &l 3l as b (ONA) Jslos
055 a5 S dauzme 5 ol sl ]

ol

olBzils «)lye5 oBils SO pudom = sondigm (Slhizs S 0

GH)Ked sl (635 p0 ol ye g oDl alﬂ oBiils g s0),le
pomledon (S10,98 B (pl 5o

s (o B9y 0 odd i (59, wemST S35L SIS 5 (Sox

aS Ed)5 aml g se S0 Ole a4 ol DNA & Jlasl!
5ol oad las g oo codS mol wley ppas! i Lials
Sldgh lawg ol 8,518 5 DNA  glacs g0 sl
ilygd (SDgals anld o o Sl i (59 005
a5 S ol e ol Caws 4y slaesls I eslatul b ogd o
DNA @ oo codS 2ol & g0 40w jw (59,0051 &1, 3636
ol ysld 25 EalS Koo &l @y 0gd o0 Jeate (glatiyge
Sl pelSia 5 g sl s, 5| o5 DNA los oy
e il 5l i 5 end DNA o 5yl 5
ol saels S s Lol ansl 2eSSle DNA L
09ys0 Jleil ol azgs LB adsl slag, 35 b uiles y5ld s
dz by oad wlboy poral (Rl 5 3 500 SheST a5
Sl 00,53 Wgm opiadS 2ol &y 4 DNA slajl
Y slacdale LDNA- 5o 00l il yold cads ol als
Gla )l b g 3 bl Yot ail 5356l WSS
olee § G558 4oy SaS 4 o oyl 25 Lo DNA
Slhdgl Jlasl ol lgre a0 |y Ksv lgs oo Stern-volmer
RS Gl a5 a9 85 i 0 DNA 4 59, 90T
anlme Koy polie .28 ,5 o5l |, DNA & &l,350 ol dige
0393 Y S 5w (59, ST O, 3550 (6l a5 w20 oo L o0
5 FeSome Jlasl jew i 0)353l a5 085wz Glgioe
SuSls CD b 5l oanl s s b o ls DNA L (55568
096 3l 1 (gauie Sledbl (59,0081 &l 3456 L DNA glais g0
S35l sy 55 m0 e |y DNA b &l 3sil ol (205 olee
odaline sl (532 ;9 (05 et S e iiw (55, S
@ baye syeglh YA+ Wl )5 Qda sl 4 o 35800
o)l Sdbl Wy o b uSlwS jea> 0 DNA Sl
SO iomen g los iol38l o8 (sDNA g sl ol s
a2 o lias g s o DNA & oSS wigy @ya8 o) y0
36 0S5 5 g, 4 DNA s g0 Lo ol plfin jo a5
F G plKin pls a5 vad e ald; SO A has g oads
4,0 B YO sles 0DNA ol i il o oy Sulo
5 wled Jatl g, cpl bl jglaiedy s oo &, ol 5 il
slasl i 5l e o] 10 a5 ples lgie 4 a5 (Tm) 098 slos
9 se i ys5 ¢ 09800 5 SouSy IDNA JLSLs ;5 35250 S
-0 095 a5 das L ) DNA izl 6 )lasl $lgs o jann i

o e (69 ST Dy 3g50 S 0] g S oo ylis wilgs

15011 o -


http://dx.doi.org/10.52547/nbr.7.2.145
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.6.0
https://c4i2016.khu.ac.ir/nbr/article-1-3266-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 |

[ DOR: 20.1001.1.24236330.1399.7.2.6.0 ]

[ DOI: 10.52547/nbr.7.2.145]

Nova Biologica Reperta 7(2): 145-152 (2020)

REFERENCES

Affrossman, S., Agheli, H., Robertson, M. & Dalby, M.
2006. Osteoprogenitor response to semi-ordered and
random nanotopographies. Biomaterials 27: 2980-2987.

Ajloo, D., Eslami Moghadam, M., Ghadimi, K.,
Ghadamgahi, M., Saboury, A., Divsalar, A., Sheikh
Mohammadi, M. & Yousefi, Kh. 2015. Synthesis,
characterization, spectroscopy, cytotoxic activity and
molecular dynamic study on the interaction of three
paladium complexes of phenanthroline and glycine
derivatives with calf thymus DNA. J. Inorganica
ChimicaActa4: 144-160.

Andrei, V. & Xin Zhao, Z. 2008. Imaging of zinc oxide
nanoparticle penetration in human skin in vitro and in
vivo. Biomedical 13: 1-9.

Ankamwar, B., Damle, C., Ahmad, A. & Sastry, M.
2005. Biosynthesis of gold and silver nanoparticles
using Emblicaofficinalis fruit extract, their phase
transfer and transmetallation in an organic solution.
Nanosci. Naonotechnol. I5: 1665-1776.

Bhattacharya, R. & Mukherjee, P. 2008. Biologica
properties of naked metal nanoparticles. Adv. Drug
Deliv. Rev. 60: 289-306.

Cynthia, B. & James, M. 1998. Oxidative nucleobase
modifications leading to strand scission. Chem. Rev.
98: 1109-1152.

Das, D., Nath, C., Phukon, P. & Dolui, K. 2013.
Synthesis of ZnO nanoparticles and evaluation of
antioxidant and cytotoxic activity colloids surf.
Biointerfaces 5: 511-556.

Saboury, A., Mansouri Torshizy, H., Saeedifar, M.,
Divsalar, A. 2011. Binding studies of a novel
antitumor palladium (11) complexes to caf thymus
DNA. J. Nucleos. Nucleot. Nucl. Acid 30: 405-422.

Tomaszewska-Grzeda, A., Lojkowski, W., Godlewskib,
M., Yatsunenko, S., Drozdowicz-Tomsia, K.,
Goldys, E.M. & Phillips, M.R. 2005. Growth and
Characterization of ZnO Nanoparticles. Acta Physica
polonica A 108: 897-902.

Greene, R.F. & Pace, C.N. 1974. Urea and guanidine
hydrochloride denaturation of ribonuclease, lysozyme,
achymotrypsin, and [-lactoglobulin. J. Bio. Chem.
249: 5388-5393.

Hosseini, M., Shareghi, B., Saboury, A. & Davar, F.
2016. Green synthesis of zinc oxide nanoparticles and
their effect on the stability and activity of proteinase K.
RSC. Adv. 6: 42313-42323.

Hudlikar, M., Joglekar, H., Dhaygude, M. & Kodam,
K. 2012. Latex-mediated synthesis of ZnS
nanoparticles. J. Nanoparticle Res. 14: 855-865.

Heidarnejad, S., Fatahian Dehkordi, R. & Ameri, A.
2014. ZnO nanoparticles effects on male rat gonad
histology and its effect on blood serum sex factors. J.
Shahrekord Univ. Med. Sci. 16: 65-71.

Jain, K. 2005. Nanotechnology in clinical laboratory
diagnostics. Clinica Chimica Acta 3: 37-54.

Khan, S., Ansari, A.A., Abdulla,M., Al-Obaid, O.,
&Ahmad, R. 2017. Invitro evaluation of cytotoxicity,
possible alteration of apoptotic regulatory proteins, and
antibacterial activity of synthesized copper oxide
nanoparticles. Colloids Surf. B 153: 320-326.

OTA2) VFO-VOY Y o )leds oY ala o s psle o 5 sloazily

Khaligh, F., Namvar, F. & Vesal, M. 2016. Evauation
of antioxidant properties of zinc oxide nanoparticles
synthesized by green method and catalase gene
expression changes in human liver cancer cells
(HepG2). sci. J. Ilam Univ. Med. Sci. 24: 71-82.

Karimi, J., Kazemi, H., Mohsenzadeh, S. & Safavi, A.
2011. losynthesis of gold nanoparticles using dried
flowers extract of Achillea wilhemsii plant. J.
Nanomater. Biostructures 6: 1011-1017.

Li, J., Guo, D.,, Wang, X. & Chen, B. 2010. The
photodynamic effect of different size ZnO
nanoparticles on cancer cell proliferation in vitro.
Nanoscale Res. Lett. 5: 1063-1071.

Marmur, J. & Doty, P. 1962. Determination of the base
composition of deoxyribonucleic acid from its thermal
denaturation temperature. J. Mol. Bio. 5: 109-118.

Nakhaei Moghaddam, M. & Najafi, M. 2016. Effect of
zinc oxide nanoparticles on the pigment production of
clinical isolates of Pseudomonas aeruginos. Sci. J.
Ilam Univ. Med. Sci. 5: 1-10

Ojagh, S., Hosseini, H., Ghaemi, E., Irajian, G.H. &
Abdollahzadeh, E. 2018. Quantitative and qualitative
evaluation of antibacterial activity of cinnamon
essential oil and znO nanoparticles against listeria. J.
Fisheries Sci. Tech. 7:49-55.

Pandurangan, M., Veerappan, M. & Kim, H. 2015.
Cytotoxicity of zinc oxide nanoparticles on anti oxidant
enzyme activities and mRNA expression in the
cocultured C2C12 and 3T3-L1 cells. Appl. Biochem.
Biotechnol. 175: 1270-1280.

Ricci, L., Lombardi, D., Pilozzi, E., Biffoni, M., Todaro,
M., Peschle, C. & DeMaria, R. 2007. Identification
and expansion of human colon-cancer-initiating cells.
Nature 445: 111-115.

Salata, OV. 2004. Application of nanoparticlesin biology
and medicine. J. Nanobiotechnology. 2: 1-6.

Sharma, N., Sahi, V., Nath, S., Parsons, J., Gardea-
Torresdey, J. & Pal, T. 2007. Synthesis of plant-
mediated gold nanoparticles and catalytic role of
biomatrix- embedded nanomaterials. Technol. 41:
5137-5142.

Sun, R., Chen, R., Chung, N., HoC-Lin, C. & Che, C.
2005. Silver nanoparticles fabricated in Hepes buffer
exhibit cytoprotective activitiestoward HIV- | infected
cells. Chem. Commun. 40: 5059-5061.

Sangeetha, G., Rajeshwari, S. & Venckatesh, R. 2011.
Green synthesis of zinc oxide nanoparticles by Aloe
barbadensis Miller leaf extract: Structure and optica
properties. Materials Res. Bull. 46: 2560-2566.

Singh, R., Shukla, V., Yadav, R., Sharma, P., Singh, P.
& Pandey, A. 2011. Biological approach of zinc oxide
nanoparticles formation and its characterization. Adv.
Mat. Lett. 2: 313-317.

Stephenson, F.H. 2010. Calculations for molecular
biology and biotechnology a guide to mathematics in
the laboratory. Second Edition. 13: 45-51.

Thanuja, Y., Pandiyarasan, V., Shanmugapriya, P.,
Anusuya, T. & Vairavaraja, P. 2014. Synthesis and
characterization of znO nanoparticless A green
chemistry approach. Asian J. Adv. Basic Sci. 3: 94-101.

Wahab, R., Soon Kim, Y., Mishra, A., Yun, S. & Shik
Shin, H. 2010. Formation of znO micro-flowers

151


http://dx.doi.org/10.52547/nbr.7.2.145
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.6.0
https://c4i2016.khu.ac.ir/nbr/article-1-3266-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-25 |

[ DOR: 20.1001.1.24236330.1399.7.2.6.0 ]

[ DOI: 10.52547/nbr.7.2.145]

Jangi et al. The effects of green synthesized Zinc oxide nanoparticles e (oo gy 4y oD Fiiaw (59, demST S35l S Ken 5 (S

prepared via solution process and their antibacterial genotoxicity induced by four typical nanomaterials. the
activity. Nanoscale Res. Lett. 5: 1675-1681 role of particle size, shape and composition. J. Appl.
Yang, H., Liu, C,, Yang, D., Zhang, H. & Xi, Z. 2016. Toxicol. 29: 69-78.

Comparative study of cytotoxicity, oxidative stressand

*kkkk

How to cite this article:
Jangi, M., Mohammadgholi, A. & Divsalar, A. 2020. The investigation of the effects of synthesized Zinc oxide
nanoparticles on the DNA using green chemistry. Nova Biologica Reperta 7: 145-152. (In Persian).

NEONOY Vi) pole 10 cpogs (boaidl Lo b s gomd by, 4 00 5w (59 denST Sl y3956 51 guyr ATAA L8 Y lwgsd 9.1 ( MBooxo o o Sz

152/\ oY


http://dx.doi.org/10.52547/nbr.7.2.145
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.6.0
https://c4i2016.khu.ac.ir/nbr/article-1-3266-fa.html
http://www.tcpdf.org

