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Abstract
Eco-friendly anti-algal agents are in demand for preventing the growth of unwanted algae. Green 
synthesized nanoparticles exhibit antimicrobial properties and have been used as a better alternative 
against chemical and physical processes. In the present study, treatment of silver nitrate with leaf 
extracts (5% w/v) of Tinospora cordifolia, a plant with proven antimicrobial effects, exhibited UV-visible 
absorption maxima between 440-460 nm after 1h indicating bioreduction of silver to nanoparticles. 
The green synthesised silver nanoparticles (5 mgl-1) exhibited inhibition zones against Chlamydomonas 
reinhardtii in in vitro agar assays. Treatment with green synthesised silver nanoparticles during 
exponential phase of algal growth resulted in significant reduction in algal population, carbohydrate, 
protein and chlorophyll contents confirming the anti-algal potential. This is the first report on the 
growth inhibitory potential of green synthesised silver nanoparticles against green algae.
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INTrodUCTIoN
 Nanotechnology is a rapidly growing 
domain with a wide range of applications in different 
sectors. Among the different methods of synthesis 
of nanoparticles, biological method is much 
preferred due to better yield, lesser expenditure 
and its environmentally-friendly nature. Green 
synthesis using plant extracts is a bottom-up 
approach involving reduction/oxidation reactions. 
Green synthesised nanoparticles are immediately 
coated with protein caps that helps to prevent 
aggregation and the natural capping can provide 
more shelf life, stability and altered properties 
than artificially synthesised nanoparticles. Green 
synthesised silver nanoparticles are reported to 
exhibit powerful antimicrobial activity, especially 
against bacteria and fungi.1,2

 Algae form an important component of 
our ecosystem and often cause major problems in 
polyhouses, solar panels, fresh water bodies etc. as 
they reduce the amount of incident solar radiation. 
They are reported to cause diseases to plants and 
algal blooms in water bodies.3 Environmentally-
friendly algicidal agents are of great demand 
for inhibiting the growth of unwanted algal 
growth. Anti-algal properties of green synthesised 
nanoparticles have not been much explored. 
 Chlamydomonas reinhardtii is a model alga 
that is commonly used for phytotoxicity study of 
various compounds due to its high responsiveness, 
easiness in culturing and comparatively lesser 
doubling time.4-9 In the present study, it was 
attempted to green synthesize silver nanoparticles 
using leaf extracts of the medicinal plant Tinospora 
cordifolia with proven antimicrobial properties 
and to evaluate their potential for the inhibition 
of growth of the model alga, Chlamydomonas 
reinhardtii by in vitro inhibitory assays and 
analysing the variation in algal growth rate and 
biochemical parameters.

MAteRiAls AND MethODs
Green synthesis of silver nanoparticles using 
Tinospora cordifolia
 Green synthesis of silver nanoparticles 
was carried out using Tinospora cordifolia 
according to the protocol reported by Alex et al.10 
Green and healthy leaves of Tinospora cordifolia 
were collected and five grams of the fresh leaves 

were thoroughly washed in Labolene (Thermo 
Fisher Scientific, India) and tap water, and twice 
in sterile deionised water. The leaves were cut into 
fine pieces and boiled in 100 ml sterile distilled 
water and filtered through Whatman No. 2 filter 
paper to get the leaf extract. Synthesis of silver 
nanoparticles was done by adding 10 ml of leaf 
extract of Tinospora cordifolia to 90 ml of 1mM 
silver nitrate solution and then heating for 40s in 
a microwave oven. The solution was then kept at 
room temperature for 1h for the formation of silver 
nanoparticles. It was centrifuged at 10,000 rpm 
for 15 minutes and the pellet was resuspended in 
sterile deionised water and again centrifuged at 
10,000 rpm for 15 minutes. Finally, the pellet was 
resuspended in 1000 µl of sterile deionised water. 
Silver nitrate solution (90 mL) to which 10 ml of 
sterile double distilled water was added served as 
the control.
 The formation of silver nanoparticles 
was monitored by scanning the bio-reduced silver 
nanoparticle solution at wavelengths from 300 to 
600 nm in a UV-Vis spectrophotometer with sterile 
deionised water as reference. The reduction of 
silver ions was confirmed by qualitative testing of 
the supernatant obtained after centrifugation of 
the bio-reduced silver nitrate solution with 0.1 M 
sodium chloride. 
In vitro assays for algal growth inhibition of green 
synthesized silver nanoparticles 
 Inhibition of growth of Chlamydomonas 
reinhardtii (Central Food Technology Research 
Institute, Mysore) on treatment with green 
synthesized silver nanoparticles was analyzed 
by performing in vitro inhibition assays namely 
agar well inhibition assay, filter paper disc assay 
and spot-on lawn assay. All the experiments 
were performed by spread plating the algae on 
Bold’s Basal Medium (BBM) agar plates and were 
replicated four times. The anti-algal property of 
the aqueous leaf extract (5% w/v) used for green 
synthesis was also checked. For agar well inhibition 
assay, wells (8 mm diameter) were cut out from 
four quadrants of the plate spread with the algal 
culture, with a sterile cork borer. The base of the 
wells was sealed with 100 µl molten BBM agar. 
After solidification of the base of the wells, 200 µl 
of test solutions were added, viz. green synthesised 
silver nanoparticles (5 mgl-1) and leaf extract (5% 
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w/v). For filter paper disc assay, sterile filter paper 
discs each of 5 mm diameter were wetted with 10 
µl of the test solutions. The discs were dried inside 
the laminar air flow chamber and then placed at 
the four quadrants of the plate seeded with the 
algal culture. For spot-on lawn assay 20 µl each of 
the test solutions were spotted on the discs after 
spread plating the algae and allowing it to dry. In 
all the assays, equal volumes of sterile deionised 
water served as the absolute control. All the plates 
were incubated at 25°C under fluorescent white 
light of 3000 lux and the diameter of inhibition 
zones around the treatments were measured after 
an incubation period of eight days. 

Effect of green synthesized silver nanoparticles 
on growth rate and biochemical parameters of 
Chlamydomonas reinhardtii
 For the determination of the exponential 
growth phase, single colony of Chlamydomonas 
reinhardtii was inoculated into 50 ml BBM broth 
and incubated in a rotary shaker (100 rpm) at 
25°C with an illumination of 3000 lux. The algal 
population was assessed by plating on BBM agar 
plates at an interval of 24 h for seventeen days. The 
log cfu per ml was plotted on a graph to obtain the 
growth curve of the algae (Population vs Time).
 Effect on algal growth rate was assessed 
by the addition of 20 µl each of the test solutions 

Fig. 1. UV-visible absorption of green synthesised (T. cordifolia) silver nanoparticles.

Fig. 2.  Growth curve of C. reinhardtii.
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(5 ppm solution of green synthesized silver 
nanoparticles and 5% w/v of leaf extract) to the 
growing culture of C. reinhardttii at the beginning 
of the exponential phase and then taking the 
viable plate count by serial dilution. Equal volume 
of deionised water was added in the untreated 
control. Four replications were maintained for 
each treatment.
 Carbohydrate, protein and chlorophyll 
contents were analysed before and after treatment 
at three-day intervals. Total carbohydrate content 
was estimated by Anthrone method.11 Total 
protein content of the algal culture was estimated 
by Lowry’s method.12 Total chlorophyll content was 
estimated by warm extraction using methanol.13 

Four replications were maintained for all the 
experiments.

rESULTS
Green synthesis of silver nanoparticles using 
Tinospora cordifolia
 The silver nitrate solution after addition 
of leaf extract showed colour change to yellowish 
brown. The solution when tested for formation 
of silver nanoparticles after a period of one hour, 
exhibited a peak of UV-visible absorption spectrum 
between 440-460 nm (Fig. 1). The addition of 
sodium chloride did not produce any precipitate 
whereas in the control solution which was not 
treated with leaf extract, white precipitate was 
formed.

Fig. 3. Effect of application of green synthesised silver nanoparticles on culture of  C. reinhardtii.

Fig. 4. Carbohydrate content of C. reinhardtii culture treated with green synthesised (T.cordifolia) silver nanoparticles.
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Algal growth inhibition by green synthesized 
nanoparticles
 The green synthesised silver nanoparticles 
of T. cordifolia produced inhibition zones of 7.3 
mm, 3.6 mm and 6 mm in agar well diffusion assay, 
filter paper disc assay and spot-on lawn assays 
respectively. The treatment with leaf extract of 
T. cordifolia alone and control in which deionised 
water was added did not exhibit any inhibition 
zone.
Effect of green synthesized silver nanoparticles on 
growth of Chlamydomonas reinhardtii
 The exponential growth phase of C. 
reinhardtii was estimated to begin from eighth 
day onwards with the peak on the twelfth day 
(Fig. 2) and hence the treatments were applied 

on the eighth day and observations were recorded 
at three-day intervals. The population count of 
the alga showed a reduction to 1.01 log cfu ml-1 
on the twelfth day after the application of green 
synthesised silver nanoparticles compared to 
the initial algal population of 2.09 log cfu ml-1. 
The population in the algal culture treated with 
Tinospora cordifolia leaf extract was 3.95 log cfu 
ml-1 on the twelfth day of application compared to 
initial population of 2.03 log cfu ml-1. On the same 
day, in the untreated control, the population count 
showed an increase to 5.94 log cfu ml-1 compared 
to the initial population of 2.08 log cfu ml-1 (Fig. 3). 
 Variations in biochemical parameters 
viz., total chlorophyll, carbohydrate and protein 
content of Chlamydomonas culture after treating 

Fig. 5. Protein content of C. reinhardtii culture treated with green synthesized silver nanoparticles.

Fig. 6. Chlorophyll content of C. reinhardtii culture treated with green synthesized silver nanoparticles.
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with green synthesized silver nanoparticles 
during exponential growth phase was observed. 
Carbohydrate content of the algal culture treated 
with green synthesised silver nanoparticles 
decreased to 2.46 µg/ml compared to the 
untreated control (16.84 µg/ml) on the twentieth 
day (Fig. 4). Protein content of the algal culture 
treated with green synthesised silver nanoparticles 
decreased from 10.43 µg/ml to 6.27 µg/ml 
compared to untreated control (25.93 µg/ml) on 
twentieth day (Fig. 5). The chlorophyll content 
did not exhibit an increase after the addition of 
green synthesised silver nanoparticles (6.19 µg/
ml on twentieth day to 5.95 µg/ml on twelfth day) 
whereas in the untreated control approximately 
two and a half times increase was recorded (6.06 
µg/ml on the twelfth day to 15.21 µg/ml on the 
twentieth day (Fig.6) .

dISCUSSIoN
 According to Wei et al.,14 the peak of UV-
visible absorption spectra gives an indication of 
the uniformity of size of green synthesised silver 
nanoparticles. In the present study, the UV-visible 
absorption peak of nanoparticles synthesised 
using T. cordifolia showed a narrow range of peak 
(440-460 nm) which indicates greater uniformity of 
the particles. Variation in concentration of the leaf 
extract and change in the reaction time can cause 
significant variation in the absorption maxima and 
its distribution on UV-visible spectrophotometric 
analysis. According to Morales-Lozoya et al.,15 the 
UV-visible absorption peak for green synthesised 
silver nanoparticles using aqueous extract of 
Morinda citrifolia was found to be 434, 436, 
and 438 nm. This variation in the range of 
absorption peak may be due to the difference in 
the temperature of incubation and the quantity of 
leaf sample used for green synthesis in both the 
studies. 
 According to Alex et al.,10 the complete 
conversion of AgNPs can be confirmed by the 
addition of 0.1 N NaCl to the supernatant obtained 
after centrifugation of the green synthesised 
AgNPs. Any free Ag+ will react with Cl- to form 
precipitate of silver chloride as a result of double 
displacement reaction between unreacted AgNO3 
in the suspension and NaCl to yield sodium nitrate 
(NaNO3) and silver chloride (AgCl). In the present 
study, on addition of NaCl, no precipitate was 

formed, which is an indication that complete 
conversion has taken place within 1 h. 
 The green synthesised silver nanoparticles 
using leaf extract of T. cordifolia exhibited 
the inhibition zones in all the three inhibition 
assays, the maximum being in agar well diffusion 
technique. The inhibition was reconfirmed by the 
results obtained in population assays by treatment 
with silver nanoparticles at the exponential phase 
of the algal culture. In the present study, the leaf 
extract of T. cordifolia did not exhibit conspicuous 
inhibition zones in in vitro inhibition assays. Earlier 
reports indicate that T. cordifolia, exhibited anti-
algal property when tested against three algal 
isolates namely, Anabaena circinalis, Scenedsmus 
quadricauda and Mougeotia scalaris.16 However, 
terpenes, alkaloids and phenols extracted 
from Tinospora cordifolia were used for the 
assay, whereas in the present study whole leaf 
aqueous extract was used (5% w/v ie., the same 
concentration that has been used for the green 
synthesis).
 The carbohydrate content (2.46 µg 
ml-1) showed a significant reduction in the 
treated cultures whereas it was increased in the 
untreated control (16.84 µg ml-1) on the eighth 
day of inoculation. There was also a significant 
reduction in the protein content (6.27 µg ml-1) in 
the treated culture compared to untreated control 
(25.93 µg ml-1) on eighth day of inoculation. The 
chlorophyll content (5.96 µg ml-1) remained stable 
on the eighth day in the treated culture whereas 
in the untreated control, approximately 2.5 times 
increase was recorded (15.21 µg ml-1). Earlier 
reports17 have shown significant reduction in cell 
viability and chlorophyll content accompanied 
by increased Reactive Oxygen Species (ROS) in 
Chlamydomonas acidophila when exposed to 
silver nanoparticles at different pH levels (4-7). 
 The results indicate that green synthesised 
silver nanoparticles using T. cordifolia were 
effective in inhibiting the growth of C. reinhardtii. 
Higher surface area to volume ratio and unique 
physical and chemical properties may have 
contributed to the enhanced anti-algal activity of 
the green synthesised silver nanoparticles. The 
toxicity of silver nanoparticles is reported to be 
facilitated by their ability to form free radicals 
when in contact with the cell surface which 
eventually makes the cell wall porous, causing 
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leakage of cell contents.18 Silver nanoparticles also 
interact with the phosphorous moiety of the DNA 
leading to interruptions in DNA replication which 
further leads to cessation of cell multiplication.19 
Chemically synthesised silver nanoparticles of size 
25 nm are reported to cause toxicity to the cells 
of C. reinhardtii and reduce their photosynthetic 
efficiency when the alga was exposed to 
varying concentrations of silver nanoparticles  
(5-10 µmol l-1)20. The present study is the first 
report on green synthesised silver nanoparticles 
using leaf extracts of T. cordifolia exhibiting 
antialgal property against Chlamydomonas 
reinhardtii. The only earlier report on anti-algal 
property of green synthesised silver nanoparticles 
is on bamboo leaf extract that was found to be 
effective against green algae Dictyosphaerium 
pulchellum and Algoriphagus chordate.21 Further 
studies can aid in developing an ecofriendly 
approach for the control of invasive algae using 
green synthesized silver nanoparticles.

CoNCLUSIoN
 Results of the present study indicate that 
green synthesised silver nanoparticles using leaf 
extracts of T. cordifolia exhibit anti-algal property 
against Chlamydomonas. Transmission electron 
microscope analysis of the particles could reveal 
more details about the characteristics of the 
green synthesized silver nanoparticles, regarding 
their size and shape. Further studies can aid in 
developing an ecofriendly approach for the control 
of invasive algae using green synthesized silver 
nanoparticles. 
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