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Abstract
Candida albicans is fungus capable of changing from yeast to filamentous form when it’s transformed from a normal 
commensal to an opportunistic pathogen. The development of alternatives that interfere with this transition could be an 
effective way to reduce candidiasis. In this regard, evaluate the inhibitory effect of two Borojoa patinoi silver nanoparticles 
(AgNPs) produced by green synthesis at 5 °C and 25 °C on the process of filamentation of Candida albicans. The percentage 
of inhibition of filamentous forms of C. albicans ATCC10231 and C. albicans SC5314 with AgNPs was determined. Results 
showed that temperature of synthesis affected both the shape and size of silver nanoparticles synthesized using Boro-
joa patinoi extracts. The inhibition percentage of filamentous forms of Candida albicans ATCC10231 when treated with 
silver nanoparticles synthesized at 5 °C was 85.9% and at 25 °C it was 40%. C. albicans SC5314 when treated with AgNP 
synthesized at 5 °C was 97.2% and at 25 °C it was 64%. Cell toxicity assay showed that at 100ng/ml, AgNPs synthesized 
at 25 °C were safe in MES-OV CRL-3272 cell line. Our results showed that the silver nanoparticles obtained from Borojoa 
patinoi are inhibitors of the filamentous process of C. albicans.
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1  Introduction

Candida albicans is a polymorphic fungus, capable of 
developing reversible morphological changes, between 
yeast and filamentous form. This form is acquired when 
it’s transformed from a normal commensal to an oppor-
tunistic pathogen. The development of alternatives that 
interfere with this transition could be an effective way to 
reduce candidiasis, including those related with the super 
infection of medical devices Arkowitz and Bassilana [2].

There are several reports of the antiseptic capability of 
metal nanoparticles, including those made with silver [39]; 
Gordienko, Palchikova et al. [8]. However, the nanoparticle 

synthesis must be optimized to make them secure for 
humans Mathur, Jha et al. [20]; Souza, da Silva et al. [32].

The bottom up procedure for nanoparticles synthe-
sis, consist of forming metal agglomerates by chemi-
cal reducing metal inorganic ions (gold, silver, iron and 
metal oxides). Recently have it been proposed that these 
nanoparticles could be produced harnessing the reduc-
ing capacities of metabolites and proteins in biological 
systems, known as green synthesis. The green synthesis 
of silver nanoparticles using different biological systems 
(including viruses, bacteria, fungus and plants), has the 
advantages of being a simple, safe and low cost Nasrol-
lahzadeh, Mahmoudi-Gom Yek et al. [22]. The nanopar-
ticles produced through the green synthesis have been 
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proved to have fungicidal action and control of biofilm 
formation by Candida albicans Khatoon, Sharma et al. [13].

Plants, such as Borojoa patinoi (borojo), are able to 
reduce inorganic ions in metallic nanoparticles both in 
intra and extracellular compartments Rajeshkumar and 
Bharath [28]. Moreover the plant extracts have a broad 
spectrum of chemical components that facilitate the biore-
duction and stabilization of nanoparticles, conferring it 
antibactericidal capabilities (Escarcega-Gonzalez, Garza-
Cervantes et al. [5]; Nasrollahzadeh, Mahmoudi-Gom Yek 
et al. [22]; Ali, Ikram et al. [1].

The Borojoa patinoi is a fruit native to Colombia, it 
belongs to the Rubiaceae family and is known for its 
energy and nutritional capacity. The fruit has high con-
centrations of amino acids and phosphorus essential for 
humans. It is used in traditional and popular medicine as a 
diuretic, healing, aphrodisiac, antimicrobial and antitumor 
Giraldo, Rengifo et al. [7]; Sotelo D, Casas F et al. [31]

The purpose of this work was to evaluate the inhibitory 
effect of silver nanoparticles of Borojoa patinoi produced at 
5 °C and 25°C on the process of filamentation of Candida 
albicans. We hypothesized that the synthesis temperature 
of nanoparticles affects their characteristics and antimi-
crobial effects.

2 � Experimental details

2.1 � Materials

Commercial extract of Borojoa patinoi was provided by Phi-
tother Laboratories. Silver nitrate (AgNO3) was acquired 
from Panreac (> 99%) and the distilled / deionized water 
was obtained from an EasyPure Rodi Ultrapure water puri-
fication system with a resistivity higher than 18.2 MΩ.cm. 
The solvents used in the rinsing of the nanoparticles and 
the preparation of the microscopy samples were 96% etha-
nol, in addition to the 1-propanol Reagent ACS ≥99.5% 
were procured from Sigma Aldrich. For the microbiologi-
cal tests, Sabouraud Dextroxa Oxoid Agar, YPD medium 
and Trypticase soy broth (Merck), Rabbit Plasma with EDTA 
(BBL Microbiology Systems) and Calcofluor white dye 
(Sigma Aldrich) were used. Cytotoxicity was evaluated by 
using Mc Coy 5A culture medium (Sigma- Aldrich ®) fetal 
bovine serum (FBS), 3- (4,5-dimetiltiazol-2-il) −2,5-dife-
niltetrazolio bromuro (MTT) by Trevigen® and dimethyl-
sulfoxide (DMSO)

2.2 � Preparation and characterization of silver 
nanoparticles

AgNPs were obtained by green synthesis from Borojoa 
patinoi extract. Briefly, they were prepared by mixing 10 

mM AgNO3 in Borojoa patinoi extract at 2% w / v. A reac-
tion product was carried out at 5°C (AgNPs-43) or at 25°C 
(AgNPs-31), in darkness until day 58.

The reduction of silver ions was confirmed by the 
color change from yellow to red-brown. The UV-vis spec-
tra of the reaction mixture were periodically measured 
in a Thermo Scientific Genesys 10 UV-Vis Spectrometer 
between 200 and 1100 nm, operated at a resolution of 
3 nm.

The washes were performed by centrifugation for 30 
minutes at 10,000 rpm to purify the AgNPs. The sediment 
was dispersed in deionized water to remove the water-
soluble biomolecules. The samples were dried in an oven 
at 60 °C for 24h.

The hydrodynamic size of the particles and the poly-
dispersity index (PDI) of the silver nanoparticles were 
analyzed by means Dynamic Light Scattering (DLS) (Mal-
vern Zetasizer Nano ZS90 Dynamic Light Scattering). The 
analysis of the samples was carried out in aqueous solu-
tion at a controlled temperature. The product of the syn-
thesis was quantified by determining the weight of the 
sample on a dry petri dish: a previously homogenized 2 
ml aliquot was taken, once these solutions were dried and 
cooled the AgNP’s mass was calculated. The shape of the 
nanoparticles was determined by Transmission Electron 
Microscopy (TEM) and size measurements of the images 
were obtained using the ImageJ / Fiji 1 image processor.

3 � Strains of Candida albicans

Two reference strains of Candida albicans from American 
Type Culture Collection (ATCC), C. albicans ATCC10231 
and C. albicans SC5314 / ATCCMYA-2876 were tested. The 
strains were cultivated in Sabouraud Dextroxa Agar over-
night at 37 °C. Candida cells were grown overnight in YPD 
medium (1% yeast extract, 2% peptone and 2% dextrose), 
the yeast concentration was adjusted spectrophotometri-
cally to absorbance of 0.12 corresponding to 1×106 yeast/
ml.

The effect of nanoparticles on the transition to filamen-
tous form, the inhibitory effect of AgNPs-31 and AgNPs-43, 
was tested with the two strains of C. albicans as follows: 
50μL of 1×106 yeast/ml, 75μL Trypticase-Soy broth, 50μL 
of Rabbit Plasma with EDTA, 25μL of AgNPs at 100μg / ml, 
and 10μl of Calcofluor white were mixed and incubated 
at 37 °C for 4 h. Each nanoparticle was evaluated in dupli-
cates. For the positive control of filamentation, 50μL of 
1×106 yeast/ml, 75μL Trypticase-Soy broth, 50μL of Rabbit 
Plasma with EDTA and 10μl of Calcofluor white were used. 
Quantification of inhibition of the budded-to-hyphal-form 
transition was accomplished by counting the number of 
individual budded cells versus the number of filamentous 
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form in the population. More than 100 cells were counted 
for each well in duplicate, and all assays were repeated at 
least twice Toenjes, Munsee et al. [35]; Romo, Pierce et al. 
[29]. Additionally, images of the cell morphology were 
obtained under a Leica DM 2500 microscope under fluo-
rescence with the UV filter A (Exc: 340-380 / EspDic: 400 / 
Bar: 430), where the yeasts were observed stained silver 
blue.

4 � Cell culture

The MES-OV CRL-3272™ cell line was obtained from ATCC® 
(American Type Culture Collection). The cell line were cul-
tured in Corning Glass Culture Flasks from Sigma-Aldrich 
® and cultured in McCoy 5A medium supplemented with 
10% SFB (v/v), and cultures were maintained at 37 °C, in a 
humid atmosphere containing 5% CO2.

5 � Cell viability

The cytotoxic induced by nanoparticles was evaluated 
through the mitochondrial activity of cells incubated 
with AgNPs using the MTT assay. Fifty ng/mL or 100 ng/
mL of nanoparticle were dissolved in Mc Coy 5A medium 
and sonicated by 10 min using ultrasonicator Elmasonic 
S30. Then, 5×105 MES-OV cells were incubated with 50 ng/
mL or 100 ng/mL the AgNPs for 24, 48 and 72h at 37 °C, 
in a humidified 5% CO2. The results were compared with 
effect of commercial nanoparticles (AgNPs, Sigma-Aldrich 
reference 730793, size of 20nm). MTT assay was realized 
after indicated times. Each cell group adding tetrazolium 

salt (MTT reagent) and dark-incubated at 37 °C for 4 h. 
Formazan crystals generated by metabolically active cells 
were solubilized with detergent reagent and incubated for 
4 h at 37 °C. Absorbance was read in a microplate reader 
at 650nm (Ultramark microplate reader. Model 8422, Bio-
Rad). Cells without nanoparticles were used as control. 
Data were expressed as the percent SD of metabolic activ-
ity with respect to the non-inoculated controls using the 
following formula: (OD well of cells incubated with AgNPs 
(−blank))/ (mean OD non-inoculated cells well (-blank)) 
×100.

6 � Statistic evaluation

Experiments of filamentation were performed in duplicate. 
Experiments of cytotoxicity were performed by triplicate. 
The results were reported as mean and standard devia-
tion. The statistical analysis was performed by descriptive 
statistics using frequencies and percentages using STATA 
(Version 15.0. Texas, StataCorp LLC)

7 � Results and discussion

AgNPs were obtained through the reduction of silver ions 
added to the extract of the plant. Color change from yel-
low to red-brown indicated the formation of AgNPs. The 
formation and stability of the nanoparticles were evalu-
ated by UV-Vis spectrophotometric analysis. The reaction 
progression upon formation of the AgNPs-31, synthesized 
at 25 °C, and AgNPs-43, synthesized at 5 °C, is shown in 
Fig. 1, with a peak occurring between 400 and 500 nm.

Fig. 1   The reaction progression upon formation: a AgNPs-31 synthesized at 25 °C and b AgNPs-43, synthesized at 5 °C
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The formation of nanoparticles due to the reduction 
of AgNO3 during incubation with Borojoa patinoi extract 
is evident by the change in the color of the reaction mix-
ture, which turned from yellow to red-brown. During the 
process of green synthesis, the brown color is due to the 
excitation in the absorption spectrum of the plasmon 
vibrations of the surface of the plant extracts at differ-
ent wavelengths, ranging from 300 to 700 nm generally 
with a peak at 435 Ghareib, Tahon et al. [6]. The surface 
plasmon resonance band is influenced by the size, shape, 
morphology, composition and dielectric environment in 
the synthesized nanoparticles Chahardoli, Karimi et al. [4].

In the DLS size distribution of the AgNPs-31, a peak 
of 213.2 d.mn with an intensity of 95.9% was observed, 
a second peak of 4544 d.nm with an intensity of 2.6% 
and a third peak of 10.5 d.nm with intensity of 1.5%. For 
the AgNPs-43 the first peak of 238.7 d.mn with intensity 
of 92.9%, a second peak of 22.64 d.nm with intensity of 
5.2% and a third peak of 4734 d.nm and intensity of 1.8% 
(Fig.  2). The differences in the average hydrodynamic 
diameter and in the polydispersity index (PdI) were estab-
lished according to the temperature change (Fig. 3). The 
final concentration of the nanoparticles obtained by green 
synthesis was 275 μg/ml for AgNPs-31 and 150 μg/ml for 
AgNPs-43.

The AgNPs rate formation was related to the reaction 
temperature such that an increase in the temperature 
allowed the production of particles at a faster rate. The 
peak absorption of 435nm indicating the formation of 
AgNPs, confirmed by the slight change in the maximum of 
the absorption spectra indicating that the silver had been 
completely reduced, was reached in 8 days at 5 °C but took 
52 days at 25 °C; additionally a higher concentration was 
obtained at 25 °C (275 μg/ml).

The trimodal distribution of the AgNPs were obtained 
by DLS. The area under the curve indicated that the high-
est proportion of particles were of large diameters: 213.2 
nm for AgNPs-31 and 238.7 nm for AgNPs-43. Only 1.5% 

of the AgNPs-31 corresponded to particles of small size 
(10.5nm), while the rest corresponded to the large size. 
According to the polydispersity index (PDI) of all the exper-
iments (greater than 0.1) we found that polydispersed 
solutions were synthesized.

The morphology, size and shape were determined by 
TEM.AgNPs-31 were spherical shapes of 18–45nm and rods 
of 31-38nm in width by 50–75nm length. AgNPs-43 were 
only spherical shapes of 20.6–330nm (Fig. 4).

The characterization of the samples by TEM demon-
strated the presence for AgNPs-31 of spherical shapes of 
18–45nm and rods with 31–38 in width by 50–75 in length 
for AgNPs-31 and only spherical shapes of 20,6–330nm for 
AgNPs-43. Similar geometries were previously reported in 
other silver nanoparticles synthesized by green synthesis 
Ma, Su et al. [19]; Taha, Hawar et al. [33].

The nanoparticles show mechanisms of fungicidal 
action different from traditional antifungals, thus provid-
ing an alternative to the growing resistance Chahardoli, 
Karimi et al. [4]. The NPs can cross the cell membrane and 
reach the intracellular space, where they generate a large 

Fig. 2   Dynamic Light Scattering (DLS) size distribution of the a AgNPs-31 and b AgNPs-43
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Fig. 3   The differences in the average hydrodynamic diameter 
(d.nm) and in the polydispersity index (PdI) according to the tem-
perature change
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oxidative imbalance by raising the levels of reactive oxy-
gen species (ROS). Large ROS imbalance can degrade the 
essential components of the cells responsible for maintain-
ing the physiological and morphological functions of the 
cells. ROS cause damage at the membrane and DNA level, 
leading to the death of the fungus Wang, Hu et al. [38]; 
Uddin, Siddique et al. [36].

The effect of AgNPs-31 and AgNPs-43 on C. albicans 
ATCC10231 and C. albicans SC5314 was determined by 
the percentage of inhibition of filamentation. The result 
revealed that C. albicans SC5314 presented 64% with 
AgNPs-31 and 97.2% with AgNPs-43 (average 80.6%), while 
C. albicans ATCC10231 40% with AgNPs-31 and 85.9% 
with AgNPs-43 (average 63.0%) (Fig. 5). The filamentation 

Fig. 4   Representative Trans-
mission Electron Microscopy 
(TEM) micrographs for the a 
AgNPs-31 and b AgNPs-43
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Fig. 5   Inhibition of filamentation of AgNPs-31 and AgNPs-43 on C. 
albicans ATCC 10231 and C. albicans SC 5314

Fig. 6   The filamentation morphology of positive controls, NPsAg-31 and NPsAg-43 of both Candida albicans SC 5314 and ATCC 10231, using 
fluorescence with Calcofluor white
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morphology was documented under fluorescence with 
Calcofluor white (Fig. 6).

The two clinical isolates SC5314 and ATCC10231 of C. 
albicans both differ in their ability to invade host tissue 
and cause experimental infections. Strain SC5314 was iso-
lated in 1984 from a candidemia patient and is considered 
a reference of the invasive strain (Odds, Brown et al. [24]. 
Meanwhile the strain ATCC10231 is strongly attenuated 
in virulence due to gene duplication or loss of an allele 
(hewes, Moran et al. [34]. When comparing the two spe-
cies of Candida albicans, we observed that C. albicans 
SC5314 was more sensitive to both AgNPs than C. albicans 
ATCC10231, resulting in a higher percentage of inhibition 
of filamentous forms necessary to initiate an invasive pro-
cess (80.6% vs 63.0% respectively). Strain ATCC10231 is fre-
quently used for pharmacological purposes, although sev-
eral studies have shown that this strain produces shorter 
germ tubes compared to strain SC5314 Thewes, Moran 
et al. [34]; Romo, Pierce et al. [29]; Bartelli, Bruno et al. [3]. 
Our results suggest that NPsAg interfered with the cAMP-
PKA and MAPK pathways, which are widely employed by 
fungal pathogens to control the morphological transition 
Meng, Zhao et al. [21].

The microscopic evaluation of the yeasts with Calco-
fluor White, allowed us to observe the inhibitory effect 
of the AgNPs. Scarce filamentation and predominance 
of blastoconidia was seen in Fig. 6. The effectiveness of 
AgNPs against C. albicans has been shown to be due to 
morphological changes in fungal cells, damage to the 
membrane, formation of pores that cause the release of 
ions and induced alterations in multiple cellular targets 
Wady, Machado et al. [37]; Radhakrishnan, Reddy Mudiam 

et al. [26]. In a study with SEM, it was observed that the 
structure of C. albicans was lost when treated with AgNPs, 
due to the rupture of the membrane and cell wall; addi-
tionally, this study showed inhibition of filamentation. 
Using TEM it was shown that there was a change in the 
permeabilization of the cell wall and subsequent explosion 
of the inner layers of the fungal wall Lara, Romero-Urbina 
et al. [17].

Several studies have shown that AgNPs synthesized by 
physical or chemical routes have the potential to induce 
toxicity to cells of animals. Nanoparticles absorbed to an 
external surface of organisms, however, can in some cases 
damage cell walls or cell membranes or cause a steady 
release of ions that affect the cell Liu, Wu et al. [18]; New-
ton, Puppala et al. [23]; Seitz, Rosenfeldt et al. [30]; Hu, 
Chen et al. [10]. The average viability of cells treated with 
AgNPs-31 in 50 ng/mL and 100 ng/mL concentrations var-
ied between 57 and 86% at 24, 48 and 72h. This viability 
was similar to observed with the AgNPs Sigma-Aldrich®. 
The AgNPs-43 in 50 ng/mL and 100 ng/mL concentrations 
generated viability between 29 and 43% (Fig. 7). These 
results show that the sizes of the nanoparticles are deter-
minants of the degree of cytotoxicity. How it was observed 
the larger particles (AgNPs-43) induced a greater cytotoxic 
effect, decreasing viability by more than 50% on average 
independent of incubation time and concentration. Like-
wise, the results shown here indicate that AgNP-31 are less 
toxic at concentrations of 50 ng/mL up to 100 ng/mL. This 
effect in the cell viability may be particularly important for 
clinical application.

The average toxicity against the cell line MES-OV 
CRL-3272 of AgNPs-31 at concentrations of 50 ng/ml 

Fig. 7   Cells viability of treat-
ments with different concen-
trations of Ag-NPs-31 and 
AgNPs-43 after 12, 24 and 48hs
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and 100 ng/ml was 28.5%, while AgNPs-43 was 64% (s 
7). Small nanoparticles (10-50nm) enter cells more easy 
than larger ones (250nm) (Hsin, Chen et al. 2008). The 
high toxicity is due to the ease causing damage to the 
membrane, altering the lysosomal activity and increases 
the production of intracellular reactive oxygen species 
(ROS), leading to mitochondria-dependent apopto-
sis Liu, Wu et al. [18]. Only 1.5% of the AgNPs-31 cor-
responded to particles of small size (10.5nm), while el 
5.2% of the AgNPs-41 22.64nm, this would explain its 
greater toxicity.

Different factors such as light, pH, temperature and 
concentration of metal ions play an important role in the 
synthesis of nanoparticles Rai and Yadav [27]. Accord-
ing to the percentages of filament inhibition, it is clear 
that the synthesis temperature of the AgNPs significantly 
affects their antifungal activity. At high temperature, the 
kinetic energy of the molecules increases, and the sil-
ver ions are consumed faster, leaving less possibilities 
of growth in the size of the particles. Therefore, smaller 
particles of almost uniform size distribution are formed 
at higher temperatures Jain and Mehata [12]. Figure 3 
shows the size of the AgNPs and the polydispersity, dem-
onstrating that the increase of 20 °C in the temperature 
led to the formation of AgNPs that were 14.3nm smaller 
and a 0.017 decrease in the polydispersity index, indi-
cating that in both temperatures the particles no were 
homogeneous.

The shape and size of AgNPs are directly related to 
the cell internalization process, which is based on endo-
cytosis. The size range of nanoparticles small enough 
to pass through the bilayer of phospholipids, is from 10 
to 500 nm, our AgNPs are in this range (Kou, Sun et al. 
2013; Kou, Bhutia et al. 2018). Ω is defined as the angle 
between the normal membrane of the cell at the junc-
tion point and the line that defines the curvature of the 
nanoparticle at the point of endocytosis. The particles 
are internalized successfully at Ω ≤ 45° and the internali-
zation of the particles can be inhibited if Ω> 45°. Stud-
ies on bacteria, yeasts, algae, crustaceans and mamma-
lian cells have shown that the toxicity of nanoparticles 
depends on their shape Pal, Tak et al. [25]; Ivask, Kurvet 
et al. [11]; Kim, Park et al. [14]. Nanoparticles with the 
same surface area but with different shapes present 
different areas in terms of active facets. The spherical 
forms of AgNPs-43 were very efficient in entering yeast 
and therefore inhibiting filamesntation. On the other 
hand, rod shapes of AgNPs-31 could not be transported 
through the membrane, this explains the higher per-
centages of inhibition of AgNPs synthesized at 5°C. The 
hypothesis was accepted since we observed that the 
AgNPs inhibit the filamentous forms and this capacity 
was dependent on the synthesis temperature in AgNPs.

8 � Conclusions

The reaction temperature plays a key role in the shape 
and size of the nanoparticles obtained by green synthesis. 
Borojoa patinoi extract successfully produced two different 
nanoparticles, AgNPs-31, synthesized at 25 °C, with spheri-
cal shapes of 18–45nm and rods 31-38 wide by 50–75 
in length, and AgNPs-43, synthesized at 5 °C, only with 
spherical shapes of 20.6 330nm. The AgNPs-43 showed a 
greater inhibitory effect on the filamentation process of 
the two species of Candida albicans evaluated and signifi-
cant toxicity against the cell line MES-OV CRL-3272 at 50 
and 100 ng/ml.
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