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Introduction
Biosynthesis of metallic silver NPs (AgNPs) are attracting attention 

due to the positive environmental impact of using microorganisms in 
the production of nanoparticles (NPs). This synthesis of AgNPs is a 
low cost process, time saving approach and the biosynthesized NPs are 
highly stable [1,2]. Physiochemical properties of NPs include size, shape, 
surface area, surface charge, aggregation, topography, crystallinity, 
elemental composition, zeta potential and photocatalytic properties [3,4]. 
In addition, lots of physiochemical properties and metabolic activity are 
associated with AgNPs due to their large surface area to volume ratio [5]. 
These unique properties of AgNPs enable them to be used for sensing 
and imaging applications, medical biosensors, diagnosis, drug delivery, 
medical device coating and antimicrobial agent. Due to the antimicrobial 
activity of AgNPs, remarkable advances in agricultural and medical 
sectors could be approached effectively for plant and human disease 
management as bio pesticides and antibiotic agents respectively [6,7]. 

Antimicrobial properties of AgNPs are well documented and represent 
a promising approach for developing new  antimicrobial  systems [8]. 
They are used to protect drinking water from pathogens or prevent 
microbial derived bad odors [9]. AgNPs were shown to be the most 
toxic NPs especially to crustaceans and algae [10]. Their toxicity 
(AgNPs, 10 nm) could affect the mammalian cells e.g. human lung cells 
[11]. In medical sector, AgNPs are increasingly used due to their surface 
to volume ratio in addition to other properties. Previously, heavy metal 
ions including silver ions were used for their microbial toxicity via 
reduction of the metal ions or formation of metal sulfides [12]. After the 
development in AgNPs production, the nanoparticles were used instead 
of the metal ion owing to their powerful toxicity effect [10,13,14]. The 
increase in the use of AgNPs in different sectors raised a concern due 
to their occasional release the environment [9]. Studying the toxicity 
of AgNPs, is an important area of research owing to its potential 
application in the fight against multi-drug resistant microorganisms. 

Toxicity mechanism for AgNPs against living organisms is still 
unclear. Lots of studies proven that AgNPs penetrate different living cells 
[13,14]. Therefore, the action of those NPs is inside the cells and not at 

cellular surface. AgNPs exhibit microbial toxicity via the release of Ag+ 
ions which subsequently penetrate into bacterial cells [14]. McShan et 
al. [15] showed one of the toxicity mechanism which is oxidative stress 
via reactive oxygen species (ROS) generation, damaging cell membrane 
and other cell components including DNA, depleting antioxidant 
molecules (e.g., glutathione), disabling proteins, lowering reductase 
activity, reducing protein expression and  depressing the activity of 
some membranous enzymes.  Another study showed that apoptosis of 
E. coli increased with the increase in AgNPs concentrations (5 or 10 
μg/ml) of 5-10 nm size [13] in addition to the interaction of both silver 
ionic and AgNPs form with sulfurcontaining macromolecules such as 
proteins, due to the strong affinity of silver for sulfur [15].

Due to the development in AgNPs application in the medical sector, 
examining their potential biological toxicity is becoming necessary. 
Therefore, this study was done to examine the toxicity effect of different 
biosynthesized AgNPs against E. coli and B. subtilis in addition to the 
determination of their minimum toxic concentration. The authors 
selected those particular test strains because they are the best characterized 
model organisms for gram negative and gram positive bacteria [14,16].

Materials and Methods
The growth of AgNPs producing bacteria 

Bacterial strain which synthesizes AgNPs (Bacillus sp.) was isolated 
in a previous study [1] and preserved in 15% sterile glycerol. The glycerol 
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Abstract
Silver nanoparticles (AgNPs) are used increasingly in medical and agricultural sectors for disease management, 

due to their antimicrobial activity. In the current study, Biosynthesized AgNPs produced from a previous study 
(AgNPs1, AgNPs2 and AgNPs3) were used to test their toxicity on gram negative (E. coli) and gram positive (B. 
subtilis) bacteria. These nanoparticles (NPs) were examined by scanning electron  microscopy (SEM), energy 
dispersive X-ray analysis (EDS) and X-ray diffraction (XRD). SEM micrographs show that AgNPs1 were almost 
spherical monodispersed while AgNPs2 were aggregated. More aggregations appeared in AgNPs3. Peaks of 
AgNPs are obvious in the EDS which were confirmed further by XRD peaks ascertaining the precipitation of AgNPs. 
Toxicity effect of AgNPs was tested by exposing E. coli and B. subtilis to AgNPs1, AgNPs2 and AgNPs3 during their 
growth. Bacterial growth was followed by OD at 600 nm. Unexpectedly, an enhancement effect was proven in the 
presence of AgNPs1 for both bacterial strains, whereas an inhibition effect of bacterial growth was proven in the 
presence of AgNPs2 and AgNPs3. AgNPs3 were selected to test their minimum toxicity effect against E. coli and 
B. subtilis which shown to be 10 mg.L-1. To our knowledge, this study was the first study to show bacterial growth 
enhancement effect for AgNPs. The reasons for this enhancement need further investigation.
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experiment was repeated three times. The same previous procedures 
were followed for the gram positive B. subtilis.

Optical density at 600 nm was measured by spectrophotometer 
(Thermo Scientific) for 6 hours in an interval time of 1.5-2 h. Final 
readings were taken after 24 h of the bacterial incubation. 

The minimum inhibition concentration effect of biologically 
produced AgNPs on E. coli and B. subtilis growth

To study the minimum inhibition concentration effect of AgNPs 
produced by Bacillus sp., the test strains were grown on different 
concentrations of AgNPs3 (i.e. AgNPs produced when NPs synthesized 
bacteria were grown on 160 mM AgNO3). AgNPs3 were selected for 
this test because it exhibited a clear bacterial inhibition in the toxicity 
test. To perform the minimum inhibition test, the same procedures 
described above were followed except that AgNPs3 were the only type 
of NPs used in the test. The different concentrations of AgNPs (10-
200 mg.L-1) were added to 150 ml NB against control samples. All the 
experiments were repeated three times.

Results and Discussion
AgNPs precipitation

Bacterial producing AgNPs (Bacillus sp.) was grown on a simple 
selection method in the presence of AgNO3 to produce AgNPs. 
Biosynthesis of these NPs is a low cost, time saving approach and does 
not produce toxic chemicals during the biosynthesis process. It was 
obvious from the light microscopic images that aggregates of AgNPs 
were precipitated outside the bacterial cells indicating an extracellular 
production of AgNPs (Figure 1). The bacterial culture showed a change 
in colour from yellow to dark brown (Figure 2), which is a primary 
indicator for AgNPs production. This change in colour was confirmed 
by other studies such as Zaki et al., Al-Thawadi et al. and Sithara et al. 
[1,17,18]. The intensive colour of AgNPs is due to the surface plasmon 
resonance (SPR) resulting from their nanosize. 

The synthsized AgNPs sample shows a peak at 421 nm via UV-
vis spectroscopy examination, which proves that metallic AgNPs were 
produced (Figure 2). This peak is another indicator for the production 
of AgNPs [1] which is assigned to SPR peak for AgNPs. UV-vis 
spectroscopy will detect the intensive colour which formed when 
AgNPs interact with light at certain wavelength [19]. This result was 

preserved bacterial cells were grown in 100 ml of a growth medium 
(10 mg.L-1 Yeast extract (YE), 10 mM AgNO3, 152 mM ammonium 
sulphate and 100 mM sodium acetate) in 250 ml shaking flasks at 35°C, 
for 72 h. The pH was adjusted to be 5.5. 

Measuring the activity of AgNPs producing bacteria

Silver NPs precipitation by Bacteria: The bacterial culture was 
mixed with the precursor AgNO3 to a final concentration of 50 mM. 
Immediately, one drop of this mix was placed on a microscopic slide 
then covered with a coverslip. The edges of the coverslip were sealed 
with nail polish to avoid the dryness of the sample. Crystals formation 
was examined (at 0 and 24 h) by a compound microscope (BX51) fitted 
with a DP70 Digital Camera. 

UV-vis spectrophotometer examination of AgNPs precipitation: 
To measure the activity of AgNPs precipitating bacteria, bacterial 
culture (3 ml) grown on 100 mM AgNO3 for three days was examined 
by UV-vis spectrophotometer (Spectronic Unicam). The experiment 
was repeated three times against a control sample, in which the test 
strains were grown in the absence of AgNO3.

The production of AgNPs when AgNPs synthesised bacterial 
isolates were grown on different concentrations of AgNO3  

Bacillus sp. cells were grown on different concentrations of AgNO3 
(5 m M, 40 mM and 160 mM) according to the same procedures 
and growth medium described previously in [1]. The produced NPs 
were named as AgNPs1, AgNPs2 and AgNPs3 which were produced 
when the bacteria were grown on 5 mM, 40 mM and 160 mM AgNO3 
respectively. Each sample (3 ml) was examined by UV-vis spectroscopy 
(350-600 nm). Prior to measuring the OD, the samples were mixed 
well to avoid the precipitation of AgNPs. For accurate readings, the 
samples with high concentrations of AgNPs were diluted 2-3 times to 
be detected by UV-vis spectroscopy. Three Replicates were applied.

SEM and XRD examinations of AgNPs precipitation

The bacterial suspension (10 ml) was centrifuged and washed with 
water three times, followed by 97% alcohol to kill the bacteria. The 
AgNPs were dried in a desiccator for one week. These dried NPs were 
placed on aluminium stubs using “Carbon Tabs” (Agar Scientific). The 
stubs were then were dried by vacuum, followed by SEM examination 
(SEM-Zeiss EVO LS 10, at Central Labs of University of Bahrain). 
Energy Dispersive X-ray (EDS) Microanalysis of AgNPs was carried 
out using micro-analyser (EDS Bruker AXS Microanalyzer).

Dried AgNPs1, AgNPs2 and AgNPs3 samples were analyzed 
by powder X-ray diffraction (XRD) using a Rigaku Ultima-IV 
diffractometer equipped with Cu α-radiation (λ =  1.5418 Å ) from 2θ 
= 30° up 80°, with step size of 0.04°, voltage of 40 kV, current of 40 mA, 
power of 1.6 kW and counting time of 1.0 seconds.

Toxicity Effect of biologically produced AgNPs on E. coli and 
B. subtilis 

Two different test strains (gram negative: E. coli and gram positive: 
B. subtilis) were cultured into two separated sterilized nutrient broth 
(NB, Oxoid). The cultures were placed in a water bath shaker and 
allowed to grow overnight.  AgNPs1, AgNPs2 and AgNPs3 (0.03 mg) 
were added separately to 150 ml NB in 250 ml flasks. Next day, E. coli (2 
ml) culture was added to 150 ml NB mixed with AgNPs. The bacterial 
cultures were grown against a control in the absence of AgNPs (i.e. in the 
control experiment similar previous procedures were followed except 
the addition of AgNPs), at 37oC for 24 h in a shaker incubator. The Figure 1: Precipitation of AgNPs aggregates under light microscope.
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[21,22]. A broader peak at 450-480 nm and 420-430 nm were reported 
for chemical and biological synthesis of AgNPs respectively [15,20]. 
The different UV-vis spectra for growing the bacteria on different 
concentrations of AgNO3 were shown in a previous study [1]. 

Examination of AgNPs1, AgNPs2 and AgNPs3 by SEM, EDS 

To confirm the structure, shape, and size of AgNPs which were 
produced by bacteria, SEM, EDS and XRD analyses were performed. 
Apparently, SEM micrographs show differences AgNPs1, AgNPs2 and 
AgNPs3 (Figure 3). AgNPs1 was clearly dispersed in contrary with 
AgNPs2 and AgNPs3 which were aggregated. So the dispersion of 
AgNPs1 probably has a role in the enhancement of bacterial growth 
while the aggregation of NPs2 and NPs3 has a role in microbial 
toxicity. Thus, the aggregation of NPs increased with the increase in 
the concentration of AgNO3 precursor in the culture medium. 

SEM micrographs show shiny spots which were analysed by EDS 
examination (Figure 3) using backscattered electron detector (BSD, 
sensible to the atomic number of elements). EDS proves that those 
shiny spots were metallic AgNPs. The metallic AgNPs appeared 

Figure 2: UV-vis spectrum of bacterial culture in the presence of AgNO3 (10 
mM). Inset: The bacterial culture at 0 time (A) and after 24 h (B) in the presence 
of AgNO3. (C) The SPR peak of AgNPs at 421 nm at which the colour was 
changed from yellow to dark brown.
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Figure 3: SEM micrographs of the bisynthesized AgNPs: (a) AgNPs1, (b) AgNPs2 and (c) AgNPs3 and their EDS analysis respectively (d-f).

supported by other studies aimed at producing AgNPs by aquatic weeds 
(Eichornia crassipes) and Klebsiella pneumonia [6,20]. Other surface 
Plasmon resonance peak at 440 nm and 390 nm were shown for AgNPs 
produced by Fusarium graminaerum and B. megaterium respectively 
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and at specific angles determines the crystal structure of the material, 
whereas the peak shape and broadening are associated with crystallite 
size and micro strains. The combination of the atomic crystals of the 
AgNPs gives their morphological shape, which can be observed by 
SEM. In this study, XRD examination was applied to detect the size 
and structure of AgNPs1, AgNPs2 and AgNPs3 when the bacteria were 
grown on different concentrations of AgNO3 which are 5 mM, 40 mM 
and 160 mM respectively.

XRD shows peaks of AgNPs which prove the precipitation of 
AgNPs. Four strong peakes resulted from XRD (Figure 4) located at 2θ 
values of 38.2°, 44.4°, 64.6°, and 77.6°. These values matched well with 
the cubic crystal lattice planes, (111), (200), (220) and (311) respectively 
of silver metal using the Joint Committee on Powder Diffraction 
Standards (JCPDS), data card 01-071-4613. The size of AgNPs ranges 
from 5 nm to 20 nm. Almost, no obvious trend in the size production 

brighter in colour than the impurities (residue of media) in the sample. 
In addition, the micrographs showed the highest composition of silver 
element (Figure 3) confirming the presence of AgNPs. EDS detects 
other elements such as nitrogen, oxygen, potassium, sodium, sulfur 
and carbon. Those elements are related to the presence of the growth 
medium and bacterial cells in the tested sample. The synthesized 
AgNPs are spherical in shape. 

XRD examination of AgNPs1, AgNPs2 and AgNPs3

XRD examination is an important technique for the characterization 
of crystal structure, determination of phase composition, detection 
of the presence of impurities and detection of the crystalline size of 
powdered NPs. The arrangement of atoms in a particular way creates 
a unique pattern of planes and facets that characterize the crystal 
structure of a material. XRD beam from the planes in specific directions 
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Figure 4:  XRD analysis of AgNPs1, AgNPs2 and AgNPs3 deposited on a Si (III) wafer at room temperature when the bacteria were grown on (a) 5 mM, (b) 40 mM 
and (c) 160 mM of AgNO3 respectively.
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similar to AgNPs2 and AgNPs3. Moreover, the sizes of these NPs 
were almost close to each other ranges from 5-20 nm. This size 
is within the range of the particles size that can penetrate the cell 
membrane which is proven to be from16 nm to 30 nm [14,24,25]. 
On the other hand, antimicrobial activity was proven to be caused 
by AgNPs with size of ≤ 10 nm [26]. So neither the size nor the 
shape of AgNPs caused the enhancement effect of the bacterial 
growth in the current study. 

Several studies support the unclear understanding of particle 
size and shape on microbial toxicity [27]. On the contrary, it is well 
documented that the size and shape of AgNPs cause microbial 
inhibition [13,26]. Ivask et al. [26] proved that the decrease in particle 
nano size will increase the toxicity of Ag NPs.  This is probably due 
to the penetration of those NPs which was evident in E. coli and B. 
subtilis supported by TEM images [14,24,25]. AgNPs (5 or 10 μg/ml) 
penetration caused cellular apoptosis which increased with the increase 
in AgNPs concentrations [13]. A study showed that all shapes of NPs 
have antimicrobial effects against E. coli; however, the triangular shape 
is more effective [28]. The reason for this strong effect of the triangular 
shape is the formation of positive charge on the NPs, associated with 
the active facets on a triangular-shaped particle. Further studies should 
be done to explain the reason for bacterial enhancement of AgNPs1 
and toxicity by both AgNPs2 and AgNPs3 to determine its exact 
enhancement and toxicity mechanism. Those examinations should 
include TEM and extracellular and intracellular enzyme in addition to 
TEM examination impacted by the tested NPs.

The outer-membrane of E. coli is made of tightly packed 
lipopolysaccharide (LPS) molecules that provide an effective 
permeability barrier. It was found that AgNPs lead to the formation of 
unusual-shaped pits in the outer-membrane changing its permeability 
[28]. In addition, AgNPs reduce the activity of lactate dehydrogenase 
(LDH) enzyme which is important in cellular respiration via releasing 
ROS in E. coli [29].

Bacillus cell wall is primary composed of a thick layer (20-80 
nm) of peptideoglycan made of linear polysaccharide chains cross-
linked by short peptide bond to form 3-D rigid structure. The 
rigidity and the progressive cross-linked decrease the bacteria cell 
wall anchoring site for AgNPs and made the wall more difficult 
to be penetrated [30]. AgNPs (10–50 ppm) adversely affect the 
cell morphology and DNA integrity of B. subtilis. In their study, 
Hsueh et al. [14] show proves for the morphological changes and 
chromosomal DNA aberration due to the treatment with AgNPs 

of AgNPs (AgNPs1, AgNPs2 and AgNPs3) was shown. According 
to this result, growing the bacteria on different concentrations of 
the precursors AgNO3 did not affect greatly the size of the produced 
AgNPs.

In literature, different sizes of biosynthesized AgNPs were reported 
[6,18,23]. Averages of 20-50 nm AgNPs were produced by using leaf 
extract of Acalypha hispida [18]. Other sizes of AgNPs were recorded, 
For example, 50-100 nm of AgNPs were recorded to be produced by 
bacteria whereas AgNPs sizes of 5-55 nm were recorded to be produced 
by nitrate reductase extracted from the leaf of Dalbergia sisso [6,23]. 
The production of different sizes of AgNPs is key factors in deciding 
the application.

Examination of the AgNPs as antibacterial agent against E. 
coli and B. subtilis 

To test the toxicity effect of the produced AgNPs at different 
conditions on gram negative and gram positive bacteria, similar 
amount of AgNPs1 (Bacillus sp. were grown on 5 mM AgNO3), 
AgNPs2 (Bacillus sp. were grown on 40 mM AgNO3) and AgNPs3 
(Bacillus sp. were grown on 160 mM AgNO3) were added to test 
strains culture. Those test strains were E. coli (gram negative) and 
B. subtilis (gram positive). The bacterial growth of test strains was 
followed by OD at 600 nm. An increase of bacterial growth was 
evident when AgNPs1 was added to both E. coli and B. subtilis 
(Figures 5 and 6). This enhancement result was an average of three 
replicates. The experiment was reproducible; as another experiment 
of three replicates was done showing an enhancement effect in the 
presence of AgNPs1 for both E. coli and B. subtilis growth. For the 
two other treatments (AgNPs2 and AgNPs3), a decrease in the OD 
was shown (Figures 5 and 6) proving that there is a decrease in the 
growth of both types of bacteria. Therefore, an inhibition effect on 
bacterial growth of both E. coli and B. subtilis was evident when 
using AgNPs2 and AgNPs3.

To the best of our knowledge, the current study is the first study 
to show a bacterial growth enhancement due to the use of AgNPs. 
Lots of studies provided evidences for the toxicity effect of AgNPs 
on both gram positive and gram negative bacteria [14,24,25]. The 
enhancement effect of AgNPs1 was reproducible through repeated 
experiments at different times of both E. coli and B. subtilis toxicity 
examination. Therefore, this enhancement effect cannot be a 
coincidence. The reason for the resulted enhancement effect from 
the use of AgNPs1 was unknown. They were spherical particles 
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[14,31]. In addition, their results revealed that a concentration of 
25 or 50 ppm of AgNPs adversely affect Phage-GFP and cytosolic 
protein expression and decrease the reductase activity causing a 
significant increase in membrane permeability [14].

Proteomics technology was used to test the impact of AgNPs on 
B. thuringiensis. It was found that exposing those cells to different 
concentrations of AgNPs causes dissipation of a proton motive 
force due to the accumulation of envelope protein precursors. Those 
identified proteins are involved in critical processes in the cell such 
as oxidative stress tolerance, metal detoxification, transcription and 
elongation processes, protein degradation, cytoskeleton remodeling 
and cell division [32]. Proteomics as an emerging technology provide a 
critical way to understand the toxicity of AgNPs on different proteins 
produced in the cells. This analysis should be done to determine the 
enhancement effect of AgNPs1 and toxicity effect of AgNPs2 and 
AgNPs3 on both E. coli and B. subtilis.

In general, the toxicity of AgNPs on bacteria was studied thoroughly 
in lots of studies. Possible reasons for the toxicity effect was the larger 
surface to volume ratio, release of Ag+ from oxidative dissolution of 
AgNPs, damage of the cell membrane causing leakage of molecules, 
depress of the activity of membranous enzymes,  penetration of Ag+ 
ions into bacterial cells, degrading of chromosomal DNA, lowering 
reductase activity, cause ribosomes denaturation  with the inhibition 
of protein synthesis, binding with the genetic material blocking 
transcription and translation, and reducing protein expression  
[14,24,28,33,34].

Minimum concentration of AgNPs which can cause toxicity 
for E. coli and B. subtilis growth

AgNPs3 were selected to be tested for the minimum inhibitory 
concentrations exerted on E. coli and B. subtilis. Different 
concentrations of AgNPs3 (10-200 mg.L-1) were used. It was found that 
10 mg.L-1 inhibited the growth of both bacteria while 10-200 mg.L-1 have 
a lethal effect on their growth (Figures 7 and 8). Further study should 
be done to determine the reasons for AgNPs3 toxicity on the bacteria 
growth. Those examinations should include TEM and extracellular and 
intracellular enzymes affected by the tested NPs.

The aggregation of AgNPs1 was less than the aggregation of 
AgNPs2 and AgNP3. Therefore, this aggregation of AgNPs increased 
with the increase in the concentration of AgNO3 precursor in the 
culture medium. High concentrations of ion in the medium can break 
the electrical double layers around the AgNPs, leading to AgNPs 
aggregation [35]. Lots of studies confirmed that the size, aggregation 
and the settlements of NPs determine their effect [36]. Specifically, 
Moreno-Garrido et al. [37] compared the diverse effects of AgNPs on 
different microalgae species (marine and freshwater forms). 

Conclusions
In this study the toxicity of AgNPs toward gram negative (E. coli) 

and gram positive (B. subtilis) bacteria was determined. These NPs were 
produced by bacteria through different treatments to produce AgNPs1, 
AgNP2 and AgNPs3. The formation of AgNPs was confirmed by the 
appearance of Plasmon resonance peak at 421 nm, SEM coupled with 
EDS and XRD analyses. It was found that 200 mg.L-1 of AgNPs1 has an 
enhancement effect for E. coli and B. subtilis growth, while NPs2 and 
NPs3 exert a toxic effect on bacterial growth. For minimum inhibitory 
concentration of those NPs, a concentration of 10-200 mg.L-1 was used 
against both strains. It was found that 10-20 mg.L-1 lower bacterial 

growth while 200 mg.L-1 was considered as strongly toxic AgNPs. The 
toxicity mechanism was unclear. Further analysis should be carried out 
to clarify the reasons beyond this toxicity.  The only clear hint given by 
SEM micrographs is the dispersion of AgNPs1 and the agglomeration 
of AgNPs2 and AgNPs3. Thus, the enhancement effect of AgNPs1 (200 
mg.L-1) probably was due to the dispersion of NPs while the toxicity 
effect for both AgNPs2, and AgNPs3 was due to their aggregation. 

It is concluded that there is a potential use of AgNPs as an alternative 
to conventional antimicrobial agents at particular concentrations; 
alternatively, AgNPs which were prepared in a special way and at 
particular concentration might be used as a stimulator for the growth. 
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