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Abstract In the recent years, nanotechnology has attained

much attention in the every field of science. The synthesis,

characterisation and applications of metallic nanoparticles

(MNPs) have become an important branch of nanotechnol-

ogy. In the current study, MNPs were synthesised through

polyols process and applied in vitro to study their effect on

medicinally important plant : Artemisia absinthium. The

current study strives to check the effect ofMNPs, i.e., Ag, Cu

and Au on seed germination, root and shoot length, seedling

vigour index (SVI) and biochemical profiling in A. absin-

thium. The seeds were inoculated on MS medium supple-

mented with various combinations ofMNPs suspension. The

seed germination was greatly influenced upon the applica-

tion of MNPs and was recorded highest for the silver

nanoparticles (AgNPs) suspensions. The best result for seed

germination (98.6%) was obtained in MS medium supple-

mented with AgNPs as compared to control (92.9%) and

other nanoparticles, i.e., copper (69.6%) and gold (56.5%),

respectively, after 35 days of inoculation. Significant results

were obtained for root length, shoot length and SVI in

response to application of AgNPs as compared to copper

nanoparticles (CuNPs) and gold nanoparticles (AuNPs).

These nanoparticles (NPs) could induce stress in plants by

deploying the endogenous mechanism. In response to these

stresses, plants produce various defence compounds. Total

phenolic content (TPC) and total flavonoid content (TFC)

were significant in the MS medium supplemented with

AgNPs as compared to other NPs, while DPPH radical

scavenging assay (RSA) was highest in AuNPs treated

plantlets. The MNPs showed higher toxicity level and

enhanced secondary metabolites production, total phenolic

content, total flavonoid content, antioxidant activity, super-

oxide dismutase (SOD) activity and total protein content.
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Introduction

Nanotechnology is famed as twenty-first century science

and it is versatile field which covers almost all the existing

branches of science. Nanotechnology has various applica-

tions in different fields like biology, physics and chemistry

(Lin and Xing 2007). This science deals with the produc-

tion of minute particles termed as nanoparticles.

Nanoparticles have dimension between 1 and 100 nm that

serve as a building block for various physical and biolog-

ical systems (Sun et al. 2014). In the recent years,

researchers have started the use of these nanoparticles to

enhance the growth, yield, quality, production of secondary

metabolites, antioxidants and disease control in plants.

Studies on biological applications of various metallic

nanoparticles on higher plants are increasing day by day.

Artemisia absinthium which is commonly known as

‘wormwood’ has been used as herbal medicine throughout

Asia, Europe, North Africa and Middle East (Sharopov

et al. 2012). This plant is a rich source of phenolics, fla-

vonoids, terpenes and some other biologically active

ingredients (Singh et al. 2012). The stem and dry leaves of

A. absinthium contain 0.25–1.32% essential oils, artemisi-

nin, anabsin, artabsin, absinthin, matricin and anabsinthin

(Kordali et al. 2005). Traditionally, this plant species has

been used due to trematocidal, vermifuge (Ferreira et al.
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2011), bitter, insecticidal (Anderson 1977), diuretic (Mo-

hamed et al. 2010) and against cough, common cold and

diarrhoea (Hayat et al. 2009).

Plant tissue culture is considered as alternative and

potential tool to conventional breeding. It improves the

quality of medicinally important plants and establishes

high frequency regeneration protocol. Recent advances in

tissue culture techniques explained the agricultural pro-

duction issues, food security and emphasised the role of

biotechnological techniques for having genetically

improved varieties (Oggema et al. 2007).

The secondary metabolites are significantly found in the

medicinally important plants and can be exploited as reducing

and capping agent and thus may act as possible agents for the

nanoparticles synthesis. Elicitors are reported to effect the

production of these secondary metabolites positively (Pitta-

Alvarez et al. 2000). The NPs which are synthesised through

polyols process have positive effect on in vitro germination

parameters, i.e., germination percentage, root length, shoot

length and seedling vigour index (SVI). Exogenous applica-

tion of different NPs on germination has been reported by

various researchers but there are still very few reports available

on the in vitro application of NPs to check their effect on

germination parameters. An increase in germination percent-

age, root length, shoot length, secondary metabolites produc-

tion, total flavonoids content, total phenolic contents and total

protein content in Eruca sativa L. was observed by applying

variousMNPs (Zaka et al. 2016). Change in growth behaviour

was observed after a certain time period, so it was supposed

that nanoparticles do not directly influence the plants but

indirectly alters the mechanism (Navarro et al. 2008).

Entry of these nanoparticles is difficult in plants due to

the presence of cell wall which may act as primary inter-

acting site. The mechanism of the entry of these nanopar-

ticles is still not well defined. These nanoparticles may

enhance the production of hydroxyl radicals and reactive

oxygen species (ROS), which damage the cell membranes

and altered the permeability. As a result of it, entry of these

nanoparticles becomes easier and stress induced by these

nanoparticles results in the increased production of sec-

ondary metabolites (Kim et al. 2007).

So far, few studies have been reported on the applica-

tions of nanoparticles in plant tissue culture. Khan et al.

(2016) reported the seed germination and biochemical

profiling of Silybum marianum exposed to different mono-

metallic and bi-metallic alloy nanoparticles. So far, there is

no report available on the applications of MNPs in tissue

culture media to evaluate the seed germination, plant

growth and secondary metabolites production in Artemisia.

Hence, we evaluated the in vitro effects of chemically

synthesised MNPs on growth parameters and secondary

metabolites content in A. absinthium.

Materials and methods

Plant source and surface sterilisation

Seeds of A. absinthium were obtained from National

Agriculture Research Council (NARC), Pakistan. Seeds

were washed with running tap water followed by immer-

sion in ethanol for 30 min. Then seeds were surface ster-

ilised in 0.01% mercuric chloride (HgCl2) solution for

2 min followed by washing with autoclave water and dried

on sterilised filter paper.

Metal nanoparticles

Metallic nanoparticles of Ag, Cu and Au were synthesised

through polyols process. Reagents used were silver nitrate

(AgNO3: 99%), Copper chloride (CuCl2: 98%), Hydrogen

Au chloride (HAuCl4) and polyethyleneimine (2%). All

these chemicals were purchased from USA.

Preparation of silver nanoparticles

For the preparation of AgNPs, 10 ml of polyethyleneimine

was poured into 20 ml of 1 mM AgNO3 solution. The

mixture was heated at 150 �C in oven for 15 min. The

appearance of blackish colour showed the formation of

AgNPs that was confirmed by UV–Visible spectroscopy.

Preparation of copper nanoparticles

For the preparation of CuNPs, 10 ml of poly-

ethyleneimine was poured to 20 ml of 1 mM CuCl2. The

solution was heated at 175 �C in oven for period of

almost 30 min. The appearance of bluish black colour

showed the formation of CuNPs that was confirmed by

UV–Visible spectroscopy.

Preparation of gold nanoparticles

For the preparation of AuNPs, 10 ml of polyethyleneimine

was poured to 20 ml of 1 mM HAuCl4. The mixture was

heated at 100 �C in oven for 15 min. The appearance of

yellowish black color showed the formation of AuNPs that

was confirmed by UV–Visible spectroscopy.

Characterisation of metallic nanoparticles

Different techniques can be employed for the characteri-

sation of MNPs. These nanoparticles were characterised

using different characterisation techniques such as UV–

Visible spectrophotometer and scanning electron micro-

scope (SEM).
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Seed germination protocol

Ag, Cu and Au nanoparticles were suspended directly in

distill water using sonication for 30 min. About 30 lg/ml

suspension of Ag, Cu and Au nanoparticles was added

separately to MS medium in a concentration of 3/30 ml

with the help of micropipette. Sterilised seeds of A.

absinthium were inoculated in conical flask containing

solidified MS medium. Seeds germination was observed in

almost 3–5 days and first data were collected after a period

of 14 days followed by data collection after every week

over a period of 35 days. Overall experiment was con-

ducted for 35 days (5 weeks).

Seed germination parameters

Percentage germination frequency Percentage germina-

tion was recorded after every week. Seeds were taken as

germinated when radicle has emerged from the seed coat

(Iqbal et al. 2016).

Germination percentage ¼ number of seeds germinated

� 100=total number of seeds

Root and shoot length Root and shoot length was recor-

ded in centimetre (cm) after every week starting from the

inoculation date. Mean root and shoot length was compared

in form of bar chart.

Seedling vigour index (SVI) Seedling vigour index was

calculated by using the method of Abdul-Baki and

Anderson (1973) and expressed as Ushahra and Malik

(2013).

Seedling vigour index ¼ root length ðcmÞ þ shoot length ðcmÞ½ �
� germination percentage

Analytical methods

Antioxidant activity

For antioxidant activity determination, DPPH (2,2-diphe-

nyl-1-picrylhydrazyl) free radical scavenging assay

(FRSA) was used according to the protocol described by

Abbasi et al. (2010). Each dried plant tissue, approximately

10 mg, was dissolved in 4 ml of methanol and then sub-

sequently mixed with DPPH (0.5 ml) solution. The mixture

of solution was well vortexed for 15 s and then incubated

for 30 min at room temperature. To conclude the final

result, absorbance of sample was checked at 517 nm by

using spectrophotometer. The radical scavenging assay was

calculated using the following equation and expressed as

percentage of DPPH discoloration.

Percentage of DPPH discoloration

¼ 100 � 1� As=Abð Þ;

where, As absorbance of solution when extract was added,

Ab absorbance of solution when nothing added.

Total phenolic content determination

For the total phenolic content determination, Folin-Cio-

calteu reagent was used according to the protocol described

by Velioglu et al. (1998). About 100 lL of the plant extract

was mixed with 0.75 ml Folin-Ciocalteu reagent and

allowed to stand at 22 �C for 5 min. Then 0.75 ml of

sodium bicarbonate solution was added to mixture and

allowed to stand for 90 min at 22 �C. To conclude the final

result, absorbance of sample was checked at 725 nm by

using UV/Vis-DAD spectrophotometer.

Total flavonoid content determination

For the total flavonoids content determination, aluminium

chloride colorimetric method was used according to the

protocol described by Chang et al. (2002). About 10 mg

quercetin was dissolved in 80% ethanol and then further

dilutions were made. Each standard diluted solution was

mixed with 1.5 ml of 95% ethanol, 0.1 ml of 10% alu-

minium chloride, 0.1 ml of 1 M potassium acetate and

2.8 ml of distill water and incubated for 30 min at room

temperature. Absorbance of the reaction mixture was

checked at 415 nm by using UV/Vis-DAD

spectrophotometer.

Total protein content determination

The total protein contents were determined using the

method of Lowry et al. (1951) with some modifications.

Enzyme extract was prepared in the same way as for

antioxidant assay. The absorbance was than measured at

650 nm by using spectrophotometer. Stranded curve of

BSA was then prepared by absorbance versus microgram

protein or vice versa and unknown protein from the sample

was determined from the curve.

Superoxide dismutase (SOD) activity

SOD activity was measured according to method of Ullah

et al. (2015) with some modifications. The mixture was pre-

pared using 130 mM methionine, 1 mM EDTA, 50 mM

phosphate buffer (pH 7), 0.75 mM NBT and 0.02 mM ribo-

flavin. Themixture was exposed to fluorescent light for 7 min

and the absorbancewas checked at 560 nm. SOD activity was

calculated sing the following Lambert–Beer law.
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A ¼ eLC;

where A absorbance, e extinction coefficient, L length of

each wall, C concentration of enzymes.

Statistical analysis

Each treatment consisted of three replicates and each

experiment was repeated twice and results were interpreted

as mean standard deviation. The statistical analysis of the

experimental data used Student’s t test. Each experimental

value was compared with the control.

Results and discussion

Nanoparticles can be characterised by different techniques.

A combination of various techniques are usually required

for the characterisation of NPs because a single technique

may not fully characterise colloidal NPs. NPs synthesis

was monitored by analysing through UV–Visible spectra as

a function of time on HALO DB-20 spectrophotometer

from the Islamic International University, Islamabad. To

study the initial synthesis of NPs, the product produced by

the reaction is principally analysed by UV–Vis spec-

troscopy. Various characterisation peaks usually in the

range of 410–450 nm are obvious for the AgNPs synthesis.

However, different wavelengths may attribute different

shapes and sizes of colloidal AgNPs (Iravani 2011). UV–

Visible spectra confirmed the formation of these MNPs.

Figure 1 shows the UV–Visible spectra of AgNPs (a),

CuNPs (b) and AuNPs (c). Our findings are in accordance

with Rahman et al. (2012). Size of nanoparticles was

determined by using Debye–Scherrer equation (Arokiyaraj

et al. 2014) and has been mentioned in Table 1.

D ¼ kk= bcosh;

where, k is the shape factor, k is the X-ray wavelength, h is

the Bragg’s angle, and b is the full width in radians at half

maximum.

The morphology of the synthesised NPs was observed

by scanning electron microscope (SEM) by using SIGMA

model (MIRA3; TESCAN Brno, s.r.o., Brno, Czech

Republic) from the Institute of Space and Technology

(IST), Islamabad (Fig. 2).

Effect of MNPs suspension on seed germination

Germination frequency was recorded after a preliminary

2-week incubation period to 16-/8-h photoperiod. Seed

germination frequency was calculated at different day

intervals such as 14, 21, 28 and 35 days (Fig. 3). All seeds

were grown on solidified MS medium. The effect of various

MNPs suspensions on seed germination are shown in

Table 2. Seeds inoculated in solidified MS medium without

any suspension of MNPs were taken as control. Seed ger-

mination is extensively used in phytotoxicity test because it

is simple, low cost and most suitable for unstable samples or

chemicals (Munzuroglu and Geckil 2002;Wang et al. 2001).

Maximum germination frequency was observed in seeds

treated with AgNPs suspensions, while minimum seed ger-

mination was seen in seeds treated with AuNPs. AgNPs of

different sizes, shapes and concentrations affect germination

frequency differently. Small-sizedNPs exertmore inhibitory

effects (El-Temsah and Joner 2012). With the passage of

time, seed germination frequency was also increased in all
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Fig. 1 UV–Visible spectra using polyethyleneimine by polyols

process of, a AgNPs, b CuNPs, c AuNPs

Table 1 Data obtained from UV–Visible spectroscopy and SEM

Nanoparticles kmax Size (nm)

Ag 448 34

Cu 552 26

Au 480 40
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the suspension of MNPs except the suspension of AuNPs. It

was observed that seeds treated with AuNPs show inhibitory

effects on seed germination after 28 days. Toxicity of

nanoparticles depends upon both its chemical composition

and release of toxic ions or stress caused by the size and shape

of NPs (Brunner et al. 2006).

Root and shoot length and seedling vigour index

(SVI)

It is incidental that AgNPs have positive effects as

compared to CuNPs and AuNPs on root length, shoot

length and SVI at different day intervals, i.e., 14, 21, 28

and 35 days with the exception in root length after

35 days, where there is significant decreased in root

length was noticed. Root length, shoot length and SVI

were also significantly reduced after 35 days in seeds

treated with AuNPs (Table 3). These findings are in line

with Savithramma et al. (2012) who reported that AgNPs

penetrated and induced pores in seeds and resulted in the

rapid influx of nutrients which allow the rapid growth of

seeds. The precise size, shape and their chemical com-

position of AgNPs does matter in the responses showed

by these NPs.

Fig. 2 SEM micrograph of

metallic nanoparticles a AgNPs,

b CuNPs, c AuNPs
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Fig. 3 In vitro seed

germination of Artemisia

absinthium in response to

various MNPs

Table 2 Effect of metallic nanoparticles on in vitro seeds germination in Artemisia absinthium

Serial

number

Treatments Percentage seed

germination after 14 days

Percentage seed

germination after 21 days

Percentage seed

germination after 28 days

Percentage seed

germination after 35 days

1 Control 76.1 ± 3.80 58.9 ± 2.94 79.3 ± 3.96 92.9 ± 4.64

2 Ag 73.3 ± 3.66 79.2 ± 3.96 88.0 ± 4.40 98.6 ± 4.93

3 Cu 55.7 ± 2.78 59.2 ± 2.96 63.9 ± 3.19 69.6 ± 3.48

4 Au 51.1 ± 2.55 48.4 ± 2.42 67.3 ± 3.36 56.5 ± 2.82
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The copper and gold nanoparticles have reduced the root

length, shoot length and SVI and exhibited more stress as

compared to AgNPs in A. absinthium. Lee et al. (2008) also

affirmed our findings who reported the similar results.

After 35 days, the root and shoot length was reduced in

MNPs as compared to the control which can be accept-

able by the reason that with the passage of time more ions

were released from the particles and accumulated in

plantlets and they were more venomous.

Antioxidant activity

The DPPH radical scavenging activity of the MNPs treated

plantlets is shown in Fig. 4. In 2,2-diphenyl-1-picrylhy-

drazyl (DPPH) assay, MNPs suspension significantly

affected the radical scavenging activity in Artemisia

absinthium. It was found that highest DPPH activity

(29.21%) was observed in plantlets treated with AuNPs as

compared to other MNPs and control. AgNPs have reduced

the antioxidant activity as compared to the other MNPs and

control. Comparable results were obtained by other

researchers in an attempt to find the effect of mono-

metallic NPs and bi-metallic alloy NPs (Zaka et al. 2016;

Khan et al. 2016).

Total phenolic content (TPC) and Total flavonoid

content (TFC)

As shown in Fig. 5, total phenolic content is comparatively

lesser in plantlets treated with AgNPs and in copper and

gold treated plantlets, total phenolic content is comparable

with the control. However, CuNP-treated plantlets produce

considerably higher TPC. Our findings are not in agree-

ment with Krishnaraj et al. (2012) who reported that

AgNPs produce considerably higher TPC. Similarly, total

flavonoid content is comparatively higher in plantlets

treated with CuNPs as compared to Ag and Au nanopar-

ticles treated plantlets. So we can conclude that CuNPs are

responsible for inducing more stress as compared to AgNPs

and AuNPs. Our observations are in line with Zaka et al.

(2016) who reported similar findings in an attempt to check

the effect of MNPs for TPC and TFC in Eruca sativa.

Total protein content and superoxide dismutase

(SOD) activity

In this study, effect of MNPs on the total protein content

and superoxide dismutase activity was also evaluated. The

total protein content and SOD activity of the MNPs treated

Table 3 Effect of MNPs on root length, shoot length and seedling vigour index of Artemisia absinthium

Germination percentage Treatments Root length (cm) Shoot length (cm) Seedling vigour index (SVI)

After 14 days Control 1.6 ± 0.08 1.4 ± 0.07 228.3 ± 11.4

Ag 2.5 ± 0.12 2.6 ± 0.13 373.8 ± 18.6

Cu 1.4 ± 0.07 1.7 ± 0.08 172.7 ± 8.6

Au 1.2 ± 0.06 1.5 ± 0.07 137.9 ± 6.8

After 21 days Control 2.1 ± 0.10 2.7 ± 0.13 282.7 ± 14.1

Ag 3.3 ± 0.16 3.3 ± 0.16 522.7 ± 26.1

Cu 1.8 ± 0.09 2.1 ± 0.10 230.9 ± 11.5

Au 1.7 ± 0.08 1.8 ± 0.09 169.4 ± 8.4

After 28 days Control 3.4 ± 0.17 3.6 ± 0.18 555 ± 27.7

Ag 4.5 ± 0.22 5.8 ± 0.29 906.4 ± 45.3

Cu 2.3 ± 0.11 3.2 ± 0.16 351.5 ± 17.5

Au 2.0 ± 0.10 2.6 ± 0.13 309.6 ± 15.5

After 35 days Control 5.1 ± 0.25 7.6 ± 0.38 1179.8 ± 58.9

Ag 2.8 ± 0.14 6.9 ± 0.34 956.4 ± 47.8

Cu 2.6 ± 0.13 3.7 ± 0.18 438.5 ± 21.9

Au 1.5 ± 0.07 2.2 ± 0.11 209.1 ± 10.4

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30

Control Silver Copper Gold%
  D

PP
H

 r
ad

ic
al

 sc
av

en
gi

ng
 a

ct
iv

ity
 

Treatments

% DPPH radical scavenging activity

Fig. 4 Percentage DPPH radical scavenging activity of Artemisia

absinthium against different treatments of metallic nanoparticles

(MNPs)

101 Page 6 of 8 3 Biotech (2017) 7:101

123



plantlets are shown in Fig. 6. As shown in Fig. 6, the total

protein content is comparatively less in the plantlets treated

with CuNPs as compared to the control and other MNPs.

High total protein contents also correlate with higher SOD

activity. The main factor which is involved in the higher

total protein content and SOD activity could be the stress.

SOD and total protein content were hampered by the Cu

ions presence in the medium (Nekrasovaa et al. 2011).

Conclusion

It is concluded that MNPs showed different behaviours than

metals in bulk form. Size, shape and chemical composition

of the MNPs significantly influence the plants. All these

factor influence singly or in combination to enhance or in

some cases inhibit the germination and growth. It is con-

firmed from the present study that small-sized NPs are more

toxic than large-sized NPs. Among the MNPs used, CuNPs

are more stress inducing as compared to AuNPs and AgNPs.

The reason behind that copper at bulk level is alsomore toxic

than silver and gold. TPC and TFC were highest (6.8 and

0.9 lg/mg DW) with the application of CuNPs as compared

to AgNPs and AuNPs. SOD activity was significant

(0.34 nM/min/mg FW) with the application of AuNPs as

compared to AgNPs and CuNPs. Once the nanoparticles

enter into seeds, then it has long-lasting effects on the ger-

mination, growth and biochemical profiling. So far, there are

very few reports available of nanomaterials regarding the

stress inducing factors in plant tissue culture. These pre-

liminary findings warrant more comprehensive study about

the ecotoxicity of the MNPs in future.
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