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Abstract. Nowadays, overproduction of secondary metabolites in remedial herbs 
through giving biotic/abiotic stresses is an interesting area of research. In the current 
study, the influences of various concentrations of silver nanoparticles (Ag NPs) were 
evaluated on several morphological and physio-biochemical traits, such as the steviol 
glycosides level in Stevia. The findings showed that the herbs incubated with 400-ppm 
Ag NPs own the highest dry and fresh weight of shoot, while those incubated with 
80- up to 200- ppm Ag NPs own the highest steviol glycosides content. As a result, 
we successfully improve the content of stevioside glycoside up to 1.75-fold by apply-
ing the 80- up to 200-ppm Ag NPs in Stevia medicinal plant. Moreover, our findings 
revealed that low concentrations the Ag NPs lead to an increase of glutathione content 
and total antioxidant capacity, and a decrease of MDA, whereas treatments at higher 
concentrations induced adverse effects for the plant. As a result, the treatment with Ag 
NPs low concentrations had a favorable efficacy on physio-biochemical and morpho-
logical characteristics of Stevia. These achievements are very promising, because they 
revealed a considerable capability for the Ag NPs application in enhancing the second-
ary metabolites in Stevia remedial herb. The present study is the first case assessing the 
desirable influences of Ag NPs on the Stevia, in regard with shifting of biosynthetic 
pathway of steviol glycosides in a concentration-dependent manner.
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INTRODUCTION

Stevia (Stevia Rebaudiana Bertoni) is a medicinal perennial herb sweet 
in taste. This herb is a member of Asteraceae family and native to Paraguay 
as well as Brazil (Shivanna et al. 2012). Stevia gives rise to steviosides and 
rebaudiosides as zerocalorie diterpene glycosides, and naturally keeps safe 
from obesity, hypertension, and diabetes mellitus (Thiyagarajan and Ven-
katachalam 2012; Goyal et al. 2010; Geuns 2003). Stevia can be propagated 
through tissue culture techniques for producing elite varieties (Yucesan et al. 
2016). The less efficiency of stem cutting and poor seeds germination actually 
led to difficulties for in vitro large-scale propagation of this herb (Hendaw-
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ey et al. 2015). Up to now a number of approaches have 
been established to achieve an increased content of sec-
ondary metabolites from the leaf tissues of Stevia (Javed 
et al. 2017a; si et al. 2020; Liu et al. 2021). 

Biotic and abiotic elicitors own the potential of 
bringing about the larger level of secondary metabolites 
as well as sweetening compounds through modifica-
tion of metabolic cycles (Sabzehzari and Naghavi 2018, 
2019; Sabzehzari et al. 2020, 2019; Gupta et al. 2015; 
Peng et al. 2021; Ma et al. 2021). The elicitors, however, 
are beneficial up to particular threshold levels because 
being cytotoxic at much higher concentration (Javed et 
al. 2017a; Hendawey et al. 2015; Chen et al. 2021; Bi et 
al. 2021). The cytotoxic influences of various nanoparti-
cles as abiotic elicitors have been recorded in a variety 
of crops/plants (Javed et al. 2017b, c; Shaw and Hossain 
2013; Lin and Xing 2008; Lee et al. 2008, 2010; Spanò 
et al. 2020). 

In terms of Stevia, only a few types of nanoparticles 
have been evaluated. For instance, Rezaizad et al. (2019) 
observed that the plants incubated with 200 ppm TiO2 
NPs had the lowest MDA extent and the highest ste-
viol glycosides content, while those incubated with 400 
ppm TiO2 NPs had the highest fresh and dry weights of 
shoot. Accordingly, the authors suggested that the treat-
ment with TiO2 NPs leads to a positive influence on phy-
tochemical and morphological attributes in Stevia herb. 
Javed et al. (2018) observed that total reducing power 
(TRP), total antioxidant capacity (TAC), scavenging 
activity of free radical (DPPH), and total phenolic con-
tent (TPC) were highest at 10 ppm of CuO NPs, while 
the highest level of total flavonoid content (TFC), DPPH, 
and TPC were registered at 100 ppm concentration of 
ZnO NPs. Their results clearly showed that CuO NPs are 
more cytotoxic to Stevia plant when compared to ZnO 
NPs. Thus, the authors proposed a promising way for 
future research using CuO or ZnO NPs for increasing 
commercially significant secondary metabolites in vari-
ous medicinal herbs. 

In terms of Ag NPs, Kaveh et al. (2013) observed 
that exposure to higher concentration of these nano-
particles (up to 20 ppm) led to a decrement of the bio-
mass in Arabidopsis. Similarly, Dimkpa et al. (2013) 
recorded that Ag NPs treatment decreased the roots and 
shoots length in a dose-dependent way in wheat. Nair 
and Chung (2014a) also recorded that Ag NPs treat-
ment decreased root and shoot weight and root elonga-
tion in rice. Al-Huqail et al. (2018) registered a decrease 
in the total protein content, total chlorophyll content, 
fresh weight, and root and shoot elongation after expo-
sure to Ag NPs in Lupinus termis. Patlolla et al. (2012) 
reported that Ag NPs treatment enhanced the micro-

nuclei and chromosomal aberrations and declined the 
mitotic index in root tips of broad bean, proposing that 
mitosis and cell cycle in root tips was disrupted by sil-
ver nanoparticles. However, there are several studies that 
documented the positive effect of silver nanoparticles 
on plant growth and development in a plant-dependent 
manner (Reviewed in Yan and Chen, 2019). However, 
there is no report on the effect of silver nanoparticles on 
Stevia plant. Based on what has been mentioned about 
the value of Stevia secondary metabolites and the effect 
of silver nanoparticles, the present study was focused on 
the evaluation of the photocatalytic efficacy of Ag NPs 
on the phytochemical as well as morphological charac-
teristics of Stevia plant under controlled conditions.

MATERIAL AND METHODS

Plant material and growth conditions

The seeds of Stevia were provided by the College of 
Agriculture and Natural Resources, University of Teh-
ran, Iran. The current research was carried out through 
a completely randomized design with three replications. 
After germination, the seedlings were moved to pot 
comprising pittmoss and perlite (1:1) (each pot includ-
ing three samples), and then put in growth chambers for 
10 days under 18-h light at 25°C to grow and take root. 
The seedlings were moderately irrigated on the first day, 
and then watered every two days through 50% Hoagland 
solutions. The treatments in this study were performed 
at increasing concentrations (0, 20, 40, 60, 80, 100, 200, 
400 and 800) of Ag NPs. After being developed, the 
leaves of all plants were sprayed by Ag NPs on the 11th 
day. The subsequent spraying operations were performed 
one week later, followed by the last spraying operations 
two weeks later. At the end of the treatments some mor-
phological and physio-biochemical traits like the dry 
and fresh weights of shoot, MDA level as a measure of 
membrane lipid peroxidation, glutathione content, total 
antioxidant capacity and the steviol glycosides content 
were assayed in the Stevia leaves.

Morphological evaluation

To estimate the fresh weights, the shoots (leaves as 
well as stems) were washed, cut into pieces, and even-
tually the shoot fresh weights were registered in g. To 
measure the dry weights, the samples were dried at 60°C 
by uing an oven, and ultimately the weights were regis-
tered in g.
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Physio-biochemical analysis

The estimation of the level of malondialdehyde 
(MDA), as output derived from lipid peroxidation, has 
been performed by the method described by Cakmak 
and Horst (1991). The absorbance at 532 and 600 nm of 
cell extracts was recorded and the average of the readings 
in triplicate was utilized for estimating the level of MDA 
by 155 mM-1cm-1 extinction coefficient as follows: malon-
dialdehyde (nM)= ΔA(532-600)/1.56*105. The glutathione 
content (GSH) was calculated through the procedure as 
elucidated by Moron et al. (1979). For evaluation of total 
antioxidant capacity, 100 μL stock solution of each speci-
men (5 mg/mL in dimethyl sulfoxide) was combined with 
1000 μL reagent solution, including 0.7 M of sulfuric acid, 
5 mM of ammonium molybdate, and 30 mM of sodium 
phosphate. The reaction admixture was maintained for an 
hour and a half at 95°C, followed by cooling at 25°C. The 
absorbance of specimens was recorded at 695 nm through 
micro plate reader in triplicates. Vitamin C was utilized 
as standard. The data was represented as μg AA/mg (i.e., 
mg ascorbic acid equivalent) (Ali et al. 2015). 

Measurement of steviol glycosides

To calculate the steviol glycosides content in leaves, 
100mg of dry leaves was incubated in 10 ml methanol 
for 15 min. The residual solvent was removed and the 
solid residue was solubilized in 5ml water/acetonitrile 
mix (20:80). The extract (20μL/ml) was injected into 
the HPLC column (Cosmosoil 5 NH2-MS with particle 
size of 5 μm, 4.5 mm in diameter, and 15 cm in length) 
linked to the HPLC (Rezaizad et al. 2019).The mov-
ing phase of 80% of acetonitrile as well as 20% distilled 
water was set at a rate of 1 ml/min. 

Statistical analysis

The q data was analyzed through SPSS Ver. 20. In 
variance analysis, p=0.05 was taken into consideration 
as significant level.

RESULTS AND DISCUSSION

Influence of Ag NPs on the dry and fresh weights 
of shoot, membrane lipid peroxidation, glutathione con-
tent, total antioxidant capacity and the steviol glycosides 
content was assayed in the Stevia plants. The findings 
revealed that Ag NPs own a considerable positive effica-
cy on the analyzed traits.

Influence of Ag NPs on the dry and fresh weights of shoot

A comparison of mean dry and fresh weight of 
shoot in Ag NPs-treated Stevia plants indicated that the 
0 ppm Ag NPs (control) sample has the lowest shoot 
weight, whereas the 400-ppm concentration of Ag NPs 
has the highest (Figures 1, 2). The fresh and dry weights 
were increased up to 5- and 3-fold in the 400-ppm Ag 
NPs-treated Stevia plants when compared to control, 
respectively. In order to explain our observations, we 
can suppose that Ag NPs can stimulate root strength 
and enhance the capability of the root to uptake nutri-
ents and water, finally leading to an increment in the 
fresh and dry weights of the shoot, as reported by Van-
nini et al. (2013) in Eruca sativa. Moreover, it was found 
that the using of Ag NPs in the early developmental 
stages has ability to increases the carbon fixation effi-
ciency and photosynthesis rate in the plants, resulting 
in enhancing of the yield of dry matter (Rezaizad et al., 
2019). However, the 800-ppm Ag NPs treatment led to a 
considerable decrease in dry and fresh weight of shoot 
in treated Stevia plants. Similarly, in Sorghum bicolor, 
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Figure 1. Efficacy of various concentrations of Ag nanoparticles on 
fresh weight of shoots in Stevia plant.

Figure 2. Efficacy of various concentrations of Ag nanoparticles on 
dry weight of shoots in Stevia plant.
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Krishnaraj et al. (2012) observed at low concentrations 
of Ag NPs, an increase in the shoot and root length and 
weight, while at high concentrations a decline in the 
length and weight. 

Influence of Ag NPs on the MDA

The production rate of free oxygen radicals has a 
close relationship with the strength of the membrane 
(Shivanna et al. 2012). Malondialdehyde, as a reactive 
oxygen species leads to peroxidation of membrane lipid, 
enhancing membranes permeability, whereas declining 
membranes strength. Thus, the content of MDA serves 
as a measure of the lipid peroxidation, offering an image 
of cell damages (Yan and Chen, 2019). 

 However, the 200- up to 800-ppm Ag NPs treat-
ments resulted in an increase in MDA level in treated 
Stevia plants (Figures 3). Similarly, Thiruvengadam et al. 
(2015) evaluated the effect of Ag NPs exposure in turnip 
seedlings, observing that a higher concentration of Ag 
NPs led to overproduction of superoxide radicals and 
increased the lipid peroxidation; hydrogen peroxide pro-
duction was also enhanced after exposure to silver nano-
particles. Nair and Chung (2014b) recorded that exposure 
to Ag NPs leads to an increment in lipid peroxidation 
and hydrogen peroxide production in rice root and shoot 
in a dose-dependent way. Nair and Chung (2014a) docu-
mented that lipid peroxidation increases after exposure to 
silver nanoparticles in Arabidopsis. De La Torre-Roche 
et al. (2013) also documented that Ag NPs exposure with 
concentration at 500 up to 2000 ppm caused a considera-
ble increase in MDA level in soybean. Overall, our results 
revealed that the 100-ppm Ag NPs treatment can decline 
the level of MDA, whereas Ag NPs treatment with a con-
centration above 100-ppm represents an adverse effect 
likely because of damaging to thylakoid membrane struc-
ture (Nair and Chung 2014a; Shivanna et al. 2012).

Influence of Ag NPs on the glutathione content

In light of our findings, glutathione content was 
enhanced in Stevia plants after 100-ppm Ag NPs treat-
ments when compared to the 0 ppm (control) con-
centration. However, the 200- up to 800-ppm Ag NPs 
treatments led into a decrease in glutathione content 
in treated Stevia plants. The glutathione extent was 
increased up to 2-fold in the 100-ppm Ag NPs-treat-
ed herbs when compared to control conditions (Fig-
ures 4). Similarly, Nair and Chung, (2014b) reported an 
increased glutathione content after exposure Arabidop-
sis thaliana seedlings to the high concentration of Ag 
NPs. The enhanced level of glutathione may be resulted 
from the increased glutathione biosynthesis, expression 
of glutathione S-transferase and glutathione reductase 
genes, and sulfur assimilation after exposure to Ag NPs 
(Nair and Chung, 2014b). After silver NPs exposure, a 
considerable increase in shoots glutathione content was 
observed, proposing that plant employs glutathione to 
decrease the effect of ROS derived from the high con-
centration of silver nanoparticles (Mirzajani et al. 2013). 
These outputs are in coincidence with Jiang et al. (2014), 
who showed that silver own an important function in 
the increase of antioxidant potentials like glutathione 
content in Spirodela polyrhiza plant. In fact, antioxidants 
such as glutathione present a key role in detoxification 
of toxic metal ions (Pompella et al. 2003). Indeed glu-
tathione is a key antioxidant in crops/plants, and pre-
serves significant cellular components from reactive oxy-
gen species (Singh and Sinha, 2005). 

Influence of Ag NPs on the total antioxidant capacity

We found that total antioxidant capacity enhanced 
in Stevia plants after incubation with the 20- up to 
200-ppm Ag NPs concentrations in contrast to the con-
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Figure 3. Efficacy of various concentrations of Ag nanoparticles on 
the MDA (membrane lipid peroxidation) in Stevia plant.
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glutathione content in Stevia plant.
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trol conditions. However, the 400- and 800-ppm Ag 
NPs treatment resulted in a decrease in total antioxi-
dant capacity in the Stevia herbs. The total antioxidant 
capacity was increased up to 1.65-fold in the 100- and 
200-ppm Ag NPs-treated Stevia plants when compared 
to control (Figures 5). In line with our findings, Jiang 
et al. (2014) reported Ag NPs can induce accumulation 
of ROS, and alter antioxidant system in the Spirodela 
polyrhiza aquatic plant. Qian et al. also observed that 
Ag NPs accumulated in the leaves of Arabidopsis and 
changed the transcription of aquaporin and antioxidant 
genes, proposing that Ag nanoparticles can alter the 
balance between antioxidant as well as oxidant systems 
(Qian et al. 2013).

Influence of Ag NPs on the stevioside glycoside content

Analysis of the stevioside glycoside content revealed 
that 80- up to 200-ppm Ag NPs concentrations led 
into the highest stevioside glycoside content, whereas 
spraying the Ag NPs at 400- and 800-ppm concentra-

tions lead to a decrease in percentage weight of this 
compound (Figures 6). As a result, we successfully 
improve the content of stevioside glycoside up to 1.75-
fold by applying the 80- up to 200-ppm Ag NPs in Ste-
via medicinal plant. To the best of our knowledge, no 
research has ever been documented the Ag NPs applica-
tion on Stevia medicinal herb so far. However, previous 
findings applying copper, silicon, iron, as well as TiO2 
NPs on this herb showed that the higher concentrations 
of copper and iron nanoparticles lead to the higher lev-
els of stevioside when compared to control (Rezaizad et 
al. 2019). For silicon NPs, the findings indicated that the 
highest stevioside content is generated at low concentra-
tions (0.20 up to 2 mg/L) and the least extent of stevio-
side glycoside is produced at the 4 up to 8 mg/L concen-
trations of silicon NPs (Hendawey et al. 2015).

CONCLUSION

Many studies showed the adverse effect of silver 
nanoparticles on various crops/plants at molecular, cel-
lular, physiological, and morphological level (Reviewed 
in Yan and Chen 2019; Wang et al. 2021; Yin et al. 2021; 
Zhao et al. 2021). However, a number of researches 
recorded the positive effect of Ag NPs on plants growth 
and development, and on physio-biochemical param-
eters (Vannini et al. 2013; Krishnaraj et al. 2012; Jia et al. 
2020; Shi et al. 2021; Zheng et al. 2021; Zhu et al. 2021). 
These contradictory findings reveal the complexity of the 
response of crops/plants to silver nanoparticles, which 
are not only determined through the features of Ag NPs 
(Ag chemical form, surface coating, shape, concentra-
tion, size, etc.), but are also dependent on the plant sys-
tems utilized (developmental stage, organ, tissue, species, 
etc.) and experimental methodologies (exposure time, 
exposure procedure, medium, etc.). We firstly reported 
the Ag NPs, at low concentrations, had a favorable effica-
cy on physio-biochemical and morphological character-
istics of Stevia herb, while the high concentrations had 
an adverse effect.

REFERENCES

Ali, A., Phull, A.R., Zia, M., Shah, A.M.A., Malik, R.N. 
2015. Phytotoxicity of River Chenab sediments: in 
vitro morphological and biochemical response of 
Brassica napus L. Environ Nanotechnol Monit Manag 
4:74–84.

Al-Huqail, A.A., Hatata, M.M., Al-Huqail, A.A., Ibra-
him, M.M. 2018. Preparation, characterization of sil-

0

2

4

6

8

10

12

14

16

0 20 40 60 80 100 200 400 800

To
ta

l a
nt

io
xi

da
nt

 c
ap

ac
ity

 
(m

g 
AA

E 
m

g-
1)

Concentrations of Ag nanoparticles (ppm)

0

5

10

15

20

25

30

35

40

45

0 20 40 60 80 100 200 400 800

St
ev

io
si

de
 g

ly
co

si
de

 (m
g.

g 
-1

 d
.w

)

Concentrations of Ag nanoparticles (ppm)

Figure 6. Efficacy of various concentrations of Ag nanoparticles on 
stevioside glycoside content in Stevia plant

Figure 5. Efficacy of various concentrations of Ag nanoparticles on 
total antioxidant capacity in Stevia plant.



20 Sherzad R. Abdull, Sahar H. Rashid, Bakhtiar S. Ghafoor, Barzan S. Khdhir

ver phyto nanoparticles and their impact on growth 
potential of Lupinus termis L. seedlings. Saudi J. Biol. 
Sci. 25: 313–319.

Bi, D., C. Dan, M. Khayatnezhad, Z. Sayyah Hashjin, Z. 
Y. Ma 2021. Molecular Identification and Genetic 
Diversity In Hypericum L.: A High Value Medicinal 
Plant Using Rapd Markers Markers. Genetika 53(1): 
393-405.

Chen, Weimiao; Khayatnezhad, Majid; Sarhadi, Nima 
2021. Protok Gena I Struktura Populacije Kod 
Allochrusa (Caryophylloideae, Caryophyllaceae) 
Pomocu Molekularnih Markera Genetika,53(2): 799-
812.

Cakmak, I., and Horst, W.J. 1991. Effect of aluminium on 
lipid peroxidation, superoxide dismutase, catalase, 
and peroxidase activities in root tips of soybean (Gly-
cine max). Physiol. Plant. 83: 463–468. 

Dimkpa, C.O., McLean, J.E., Martineau, N., Britt, D.W., 
Haverkamp, R., Anderson, A.J. 2013. Silver nanopar-
ticles disrupt wheat (Triticum aestivum L.) growth in 
a sand matrix. Environ. Sci. Technol. 47:1082–1090.

De La Torre-Roche, R., Hawthorne, J., Musante, C., Xing, 
B., Newman, L.A., Ma, X., White, J.C. 2013. Impact 
of Ag nanoparticle exposure on p,p0-DDE bioaccu-
mulation by Cucurbita pepo (Zucchini) and Glycine 
max (Soybean). Environ. Sci. Technol. 47: 718–725.

Goyal, S., G.R. Samsher, and R. Goyal. 2010. Stevia (Ste-
via rebaudiana) a bio-sweetener: a review. Interna-
tional Journal of Food Sciences and Nutrition 61:1–10.

Geuns, J.M.C. 2003. Stevioside Phytochemistry. Phyto-
chemistry 64: 913–921.

Gupta, P., S. Sharma, and S. Saxena. 2015. Biomass yield 
and steviol glycoside production in callus and sus-
pension culture of Stevia rebaudiana treated with 
proline and polyethylene glycol. Applied Biochemistry 
and Biotechnology 176: 863–874.

Hendawey, M.H., R.E.A. El-Fadl, and T.A.S. El-Din. 2015. 
Biochemical role of some nanoparticles in the pro-
duction of active constituents in Stevia rebaudiana L. 
callus. Life Science Journal 12: 144–156.

Jiang, H.S., Qiu, X.-N., Li, G.-B., Li, W., Yin, L.Y. 2014. 
Silver nanoparticles induced accumulation of reactive 
oxygen species and alteration of antioxidant systems 
in the aquatic plant Spirodela polyrhiza. Environ. Tox-
icol. Chem. 33:1398–1405.

Jia, Y., M. Khayatnezhad, S. Mehri 2020. Population dif-
ferentiation and gene flow in erodium cicutarium: A 
potential medicinal plant. Genetika 52(3): 1127-114

Javed, R., B. Yucesan, and E. Gurel. 2018. Hydrogen per-
oxideinduced steviol glycosides accumulation and 
enhancement of antioxidant activities in leaf tissues 
of Stevia rebaudiana Bertoni. Sugar Tech.

Javed, R., M. Ahmed, I.U. Haq, S. Nisa, and M. Zia. 
2017b. PVP and PEG doped CuO nanoparticles are 
more biologically active: Antibacterial, antioxidant, 
antidiabetic and cytotoxic perspective. Material Sci-
ence and Engineering 79: 108–115.

Javed, R., M. Usman, B. Yucesan, M. Zia, and E. Gurel. 
2017c. Effect of zinc oxide (ZnO) nanoparticles on 
physiology and steviol glycosides production in 
micropropagated shoots of Stevia rebaudiana Bertoni. 
Plant Physiology and Biochemistry 110:94–99.

Krishnaraj, C., Ramachandran, R., Mohan, K., Kalaichel-
van, P.T. 2012. Optimization for rapid synthesis of 
silver nanoparticles and its effect on phytopathogenic 
fungi. Spectrochim. Acta A. Mol. Biomol. Spectrosc. 
93:95–99.

Kaveh, R., Li, Y.S., Ranjbar, S., Tehrani, R., Brueck, C.L., 
Van Aken, B. 2013. Changes in Arabidopsis thaliana 
gene expression in response to silver nanoparticles 
and silver ions. Environ. Sci. Technol. 47: 10637–
10644.

Lee, C.W., S. Mahendra, K. Zodrow, D. Li, Y.-C. Tsai, J. 
Braam, and P.J.J. Alvares. 2010. Developmental phy-
totoxicity of metal oxide nanoparticles to Arabidopsis 
thaliana. Environmental Toxicology and Chemistry 29: 
669–675.

Lee, W.M., Y.J. An, H. Yoon, and H.S. Kweon. 2008. Tox-
icity and bioavailability of copper nanoparticles to 
the terrestrial plants Mung bean (Phaseolus radiatus) 
and Wheat (Triticum aestivum): Plant agar test for 
water-insoluble nanoparticles. Environmental Toxicol-
ogy and Chemistry 27: 1915–1921.

Lin, D., and B. Xing. 2008. Root uptake and phytotoxic-
ity of ZnO nanoparticles. Environmental Science and 
Technology 42: 5580–5585.

Li, Ang; Mu, Xinyuan; Zhao, Xia; Xu, Jiamin; Khayat-
nezhad, Majid; Lalehzari, Reza 2021.Developing the 
non-dimensional framework for water distribution 
formulation to evaluate sprinkler irrigation; Irriga-
tion And Drainage; 70(4): 659-667.

Liu, S., Wang, Y., Song, Y., Khayatnezhad, M., & Minaei-
far, A. A. 2021. Genetic variations and interspe-
cific relationships in Salvia (Lamiaceae) using SCoT 
molecular markers. Caryologia, 74(3), 77-89.

Ma, S., M. Khayatnezhad, A. A. Minaeifar 2021. Genetic 
diversity and relationships among Hypericum L. spe-
cies by ISSR Markers: A high value medicinal plant 
from Northern of Iran. Caryologia, 74(1): 97-107.

Moron MS, Depierre JW, Mannervik B. 1979. Levels of 
GSH, GR and GST activities in rat lung and liver. 
Biochem. Biophys. Acta. 582: 67-78.

Mirzajani, F., Askari, H., Hamzelou, S., Farzaneh, M., 
Ghassempour, A. 2013. Effect of silver nanoparticles 



21Effect of Ag Nanoparticles on Morphological and Physio-biochemical Traits of the Medicinal Plant Stevia Rebaudiana

on Oryza sativa L. and its rhizosphere bacteria. Eco-
toxicol. Environ. Saf. 88: 48–54.

Nair, P.M.G., Chung, I.M. 2014a. Physiological and 
molecular level effects of silver nanoparticles expo-
sure in rice (Oryza sativa L.) seedlings. Chemosphere 
112: 105–113.

Nair, P.M.G., Chung, I.M. 2014b. Assessment of silver 
nanoparticle-induced physiological and molecular 
changes in Arabidopsis thaliana. Environ. Sci. Pollut. 
Res. 21:8858–8869.

Peng, X., M. Khayatnezhad, L. Ghezeljehmeidan (2021): 
Rapd profiling in detecting genetic variation in stel-
laria l. (caryophyllaceae). Genetika-Belgrade, 53(1): 
349-362.

Pompella, A., Visvikis, A., Paolicchi, A., Tata, V., Casini, 
A.F. 2003. The changing faces of glutathione, a cellu-
lar protagonist. Biochem. Pharmacol. 66: 1499–503.

Patlolla, A.K., Berry, A., May, L., Tchounwou, P.B. 2012. 
Genotoxicity of silver nanoparticles in Vicia faba: A 
pilot study on the environmental monitoring of nan-
oparticles. Int. J. Environ. Res. Public Health. 9: 1649.

Qian, H., Peng, X., Han, X., Ren, J., Sun, L., Fu, Z. 2013. 
Comparison of the toxicity of silver nanoparticles and 
silver ions on the growth of terrestrial plant model 
Arabidopsis thaliana. J. Environ. Sci. 25: 1947–1956.

Rezaizad, M., Hashemi-Moghaddam, H., Abbaspour, H. 
Gerami M. & Mueller A. 2019. Photocatalytic Effect 
of TiO2 Nanoparticles on Morphological and Photo-
chemical Properties of Stevia Plant (Stevia Rebaudi-
ana Bertoni). Sugar Tech 21: 1024–1030.

Si, X., L., Gao, Y. Song, M, Khayatnezhad, A.A. Minaeifar 
2020. Understanding population differentiation using 
geographical, morphological and genetic characteri-
zation in Erodium cicunium. Indian J. Genet., 80(4): 
459-467.

Shi, B., Khayatnezhad, M., & Shakoor, A. 2021. The inter-
acting effects of genetic variation in Geranium subg. 
Geranium (Geraniaceae) using scot molecular mark-
ers. Caryologia, 74(3), 141-150.

Sabzehzari, M., Hoveidamanesh, S., Modarresi, M., 
Mohammadi, V. 2019. Morphological, anatomical, 
physiological, and cytological studies in diploid and 
tetraploid plants of Plantago Psyllium. Plant Cell Tiss 
Organ Cult. 139: 131–137. 

Sabzehzari, M., Hoveidamanesh, S., Modarresi, M., 
Mohammadi, V. 2020. Morphological, anatomical, 
physiological, and cytological studies in diploid and 
tetraploid plants of Ispaghul (Plantago ovata Forsk.). 
Genet Resour Crop Evol. https://doi.org/10.1007/
s10722-019-00846-x.

Shivanna, N., M. Naika, F. Khanum, and V.K. Kaul. 2012. 
Antioxidant, anti-diabetic and renal protective prop-

erties of Stevia rebaudiana. Journal of Diabetes and Its 
Complications 27: 103–113.

Spanò, C. S. Bottega, L. Bellani, S. Muccifora C. Sorce 
and M. R. Castiglione, 2020. Effect of Zinc Priming 
on Salt Response of Wheat Seedlings: Relieving or 
Worsening? Plants 9(11). 1514.

Singh, S., Sinha, S. 2005. Accumulation of metals and 
its effects in Brassica juncea (L.) Czern. (cv. Rohini) 
grown on various amendments of tannery waste. 
Ecotoxicol Environ. Saf. 62: 118-127.

Shaw, A.K., and Z. Hossain. 2013. Impact of nano-CuO 
stress on rice (Oryza sativa L.) seedlings. Chemos-
phere 93: 906-915.

Sabzehzari,M, Naghavi, M.R. 2019. Phyto-miRNAs-based 
regulation of metabolites biosynthesis in medicinal 
plants. Gene. 682: 13-24. 

Sabzehzari, M., Naghavi, M.R. 2018. Phyto-miRNA: A 
molecule with beneficial abilities for plant biotech-
nology. Gene. 683: 28-34. 

Thiruvengadam, M., Gurunathan, S., Chung, I.-M. 2015. 
Physiological, metabolic, and transcriptional effects 
of biologically-synthesized silver nanoparticles in 
turnip (Brassica rapa ssp. rapa L.). Protoplasma 252: 
1031–1046.

Thiyagarajan, M., and P. Venkatachalam. 2012. Large 
scale in vitro propagation of Stevia rebaudiana (bert) 
for commercial application: Pharmaceutically impor-
tant and antidiabetic medicinal herb. Industrial Crops 
and Products 37: 111–117.

Vannini, C., Domingo, G., Onelli, E., Prinsi, B., Marsoni, 
M., Espen, L., Bracale, M. 2013. Morphological and 
proteomic responses of Eruca sativa exposed to silver 
nanoparticles or silver nitrate. PLoSONE. 8(7):68752.

Yucesan, B., Buyukgocmen, R., Mohammed, A., 
Muhammed, S., Altug, C., Gurel, S., and Gurel. E. 
2016. An efficient regeneration system and steviol 
glycoside analysis of Stevia rebaudiana Bertoni, a 
source of natural high-intensity sweetener. Vitro 
Cellular and Developmental Biology-Plant 52: 330–
337.

Yan, A., Chen, Z. 2019. Impacts of Silver Nanoparticles 
on Plants: A Focus on the Phytotoxicity and Underly-
ing Mechanism. Int J Mol Sci. 20: 17- 22.

Wang, C., Y. Shang, M. Khayatnezhad 2021. Fuzzy Stress-
based Modeling for Probabilistic Irrigation Planning 
Using Copula-NSPSO. Water Resources Manage-
ment.

Wang, J., Ye, Q., Zhang, T., Shi, X., Khayatnezhad, M., 
& Shakoor, A. 2021. Palynological analysis of genus 
Geranium (Geraniaceae) and its systematic implica-
tions using scanning electron microscopy. Caryolo-
gia, 74(3), 31-43.



22 Sherzad R. Abdull, Sahar H. Rashid, Bakhtiar S. Ghafoor, Barzan S. Khdhir

Yin, J., M. Khayatnezhad, A. Shakoor 2020. Evaluation 
of genetic diversity in Geranium (Geraniaceae) using 
rapd marker. Genetika, 53(1): 363-378.

Zheng, R., S. Zhao, M. Khayatnezhad, S., Afzal Shah 
2021. Comparative study and genetic diversity in 
Salvia (Lamiaceae) using RAPD Molecular Markers. 
Caryologia, 74(2): 45-56.

Zhu, P., H. Saadati, M. Khayatnezhad 2021. Application 
of probability decision system and particle swarm 
optimization for improving soil moisture content. 
Water Supply.

Zhao Yanpeng; Wang Hongmei; Liang Wei; Khayat-
nezhad, Majid; Faisal 2021. Genetic Diversity And 
Relationships Among Salvia Species By Issr Markers; 
Genetika-Belgrade, 53(2): 559-574.


	Caryologia
	International Journal of Cytology, 
Cytosystematics and Cytogenetics
	Volume 75, Issue 2 - 2022
	Firenze University Press
	Cytogenetic Studies of Six Species in Family Araceae from Thailand
	Piyaporn Saensouk1, Surapon Saensouk2,*, Rattanavalee Senavongse2
	Effect of Ag Nanoparticles on Morphological and Physio-biochemical Traits of the Medicinal Plant Stevia Rebaudiana
	Sherzad R. Abdull, Sahar H. Rashid*, Bakhtiar S. Ghafoor, Barzan S. Khdhir
	Morphometric analysis and genetic diversity in Hypericum L. using sequence related amplified polymorphism 
	Wei Cao1, Xiao Chen2,*, Zhiwei Cao3
	Population Differentiation and Gene Flow of Salicornia persica Akhani (Chenopodiaceae)
	Xiaoju Zhang1, Li Bai2,*, Somayeh Esfandani-Bozchaloyi3
	SCoT molecular markers are efficient in genetic fingerprinting of pomegranate (Punica granatum L.) cultivars
	Shiva Shahsavari1, Zahra Noormohammadi1,*, Masoud Sheidai2,*, Farah Farahani3, Mohammad Reza Vazifeshenas4
	First record of nucleus migration in premeiotic antherial cells of Saccharum spontaneum L. (Poaceae)
	Chandra Bhanu Singh1, Vijay Kumar Singhal2, Manish Kapoor2,*
	Genetic Characterization of Salicornia persica Akhani (Chenopodiaceae) Assessed Using Random Amplified Polymorphic DNA
	Zhu Lin1,*, Hamed Khodayari2
	Comparative chromosome mapping of repetitive DNA in four minnow fishes (Cyprinidae, Cypriniformes) 
	Surachest Aiumsumang1, Patcharaporn Chaiyasan2, Kan Khoomsab3, Weerayuth Supiwong4, Alongklod Tanomtong2 Sumalee Phimphan1,*
	Classical chromosome features and microsatellites repeat in Gekko petricolus (Reptilia, Gekkonidae) from Thailand
	Weera Thongnetr1, Surachest Aiumsumang2, Alongklod Tanomtong3, Sumalee Phimphan2,*
	Genotoxic and antigenotoxic potential of encapsulated Enhalus acoroides (L. f.) Royle leaves extract against nickel nitrate
	Made Pharmawati1,*, Ni Nyoman Wirasiti1, Luh Putu Wrasiati2
	Chromosomal description of three Dixonius (Squamata, Gekkonidae) from Thailand
	Isara Patawang1, Suphat Prasopsin2, Chatmongkon Suwannapoom3, Alongklod Tanomtong4, Puntivar Keawmad5, Weera Thongnetr6,*
	First Report on Classical and Molecular Cytogenetics of Doi Inthanon Bent-toed Gecko, Cyrtodactylus inthanon Kunya et al., 2015 (Squamata: Gekkonidae) in Thailand
	Suphat Prasopsin1, Nawarat Muanglen2, Sukhonthip Ditcharoen3, Chatmongkon Suwannapoom4, Alongklod Tanomtong5, Weera Thongnetr6,*
	Evaluation of genetic diversity and Gene-Pool of Pistacia khinjuk Stocks Based On Retrotransposon-Based Markers
	Qin Zhao1,*, Zitong Guo1, Minxing Gao1, Wenbo Wang1, Lingling Dou1, Sahar H. Rashid2
	A statistical overview to the chromosome characteristics of some Centaurea L. taxa distributed in the Eastern Anatolia (Turkey)
	Mikail Açar1,*, Neslihan Taşar2
	Cytotoxicity of Sunset Yellow and Brilliant Blue food dyes in a plant test system 
	Elena Bonciu1, Mirela Paraschivu1,*, Nicoleta Anca Șuțan2, Aurel Liviu Olaru1

