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ABSTRACT 

Green synthesis of AgNPs has been reported as safe, low cost and ecofriendly. This methodology 

uses extracts originating from different plants to reduce silver ions from AgNO3 into nano-sized particles. 

Bioactive constituents present in plants were analysed by means of phytochemical analysis. Surface 

Plasmon peak at 430 nm confirms the presence of silver nanoparticles. The presence of the plant-origin 

capping agents surrounding AgNPs was proven by Fourier-transform infrared spectroscopy. Microbicidal 

potential of synthesized AgNps using T. cordifolia suggest that 400µl, 300 µl was resistant against 

B.subtilis(22.5 mm),  whereas least inhibition was found against K. pneumoniae(14.5 mm), M. luteus(13 

mm).Therefore results suggest that T. cordifolia act as a potent larvicide and it is a suitable plant for the 

development of novel natural insecticides. 
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I. Introduction 

Nanoparticles have recently gained considerable attention in many fields such as medicine, 

electronics, food, agriculture, and energy [1]. Silver nanoparticles (AgNPs) can be produced either 

chemically or biologically [2]. Generally, conventional physical and chemical methods seem to be very 

expensive and hazardous. Interestingly, biologically-prepared AgNPs show high yield, solubility, and high 

stability [3]. One of the green nano-factories for synthesis and production of metal nanoparticles are 

microbes [4]. Recently, many strains of bacteria, such as Bacillus sp. and Pseudomonas sp., and 

actinomycete have been used to convert silver ions to silver nanoparticles through the reduction process 

[5,6]. AgNPs have been proven as efficient metallic nanoparticles due to their promising bioactivities that 

can include antioxidant,[7] antifungal,[8] antibacterial [9] and anticancer properties [10]. The lethal activity 

of nanoparticles against broad spectrum of Gram-positive bacteria, Gram-negative bacteria and fungi has 

been   approved [11]. The ion Ag that interacts with the cell prevents protein synthesis, further decreases the 

membrane permeability, and eventually leads to cell death [12]. 

 

Actinomycetes are considered a important resource for new products of medical and industrial 

interest such as antimicrobial agents [13,14]. They are being used as ecofriendly Nanofactories [15].  

Actinomycetes are efficient candidates for metal nanoparticles production extracellularly and intracellularly. 

The synthesis of biofacbricated nanoparticles by actinomycetes signify good stability and polydispersity. 

Actinomycetes acquire significant biocidal action against different pathogens. 
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Mosquitoes have always been a human health threat, major health problems caused by them are 

malaria, dengue fever, yellow fever, and Zika as well as several other vector-borne diseases [16] According 

to data from the World Health Organization, the number of people affected with dengue in 2015 was 3.2 

million, with 500,000 people hospitalized per year [17]. In the current situation, only physical and chemical 

methods are being used to control mosquito-borne diseases. Physical methods such as mosquito bed nets, 

mosquito window nets at homes, and electrical mosquito rackets are only temporary solutions.19 Vector 

control is done by means of chemicals diflubenzuron, and the control of adult mosquitoes with alpha-

cypermethrin, deltamethrin, malathion, and others according to recommendations of the WHO Pesticide 

Evaluation Scheme,[18] Unlike current synthetic or chemical insecticides, the advantages of plant-based 

insecticides are their compositions of natural blends of multiple chemical compounds that may act 

synergistically on both physiological and behavioral processes of mosquitoes [20-22]. Therefore, plant-

based insecticides are a substitute and precise solution against dengue vectors of Aedes aegypti. 

T. cordifolia (Willd.) is commonly known as Guduchi, Giloy or Heart- leaved Moonseed is a 

genetically different, large, transitory clamber shrubs belong to menispermaceae family, [23,24]. Guduchi is 

widely used in Ayurvedic system of medicine “Rasayanas” to the immune system and body resistance 

against infections. In modern medicine it is used for general weakness [25]. The plants has several 

therapeutic properties such as jaundice, rheumatism, urinary disorder, skin diseases, diabetes, anemia, 

inflammation, allergic condition, anti-periodic properties etc [26]. This biological activities of the plant is 

due to its chemical constituents like diterpenoid glycosides, steroids, sesquiterpenoid, phenolics, essential 

oils and polysaccharides and is present in a diverse part of the plant body, including root, stem, and whole 

part [27] The extract reversed the behavior of the target MPTP-intoxicated mice and it suggest that T. 

cordifolia protected dopaminergic neurons by suppressing neuro-inflammation in MPTP-induced 

Parkinsonian mouse model [28]. 

In the present study, green synthesis methods involve plants and microbes in synthesis of AgNps. 

The biosynthesized nanoparticle can act as a potent larvicide showing inhibitory action against Aedes 

aegyptii vectors. 

 

II. EXPERIMENTAL SECTION 

2.1 Chemicals and reagents used 

Silver Nitrate (AgNO3) and solvents like methanol and media such as nutrient agar were purchased 

from Sigma Aldrich, USA. All other reagents, chemicals and solutions used were of analytical grade. 

2.2 Preparation of plant material 

Tinospora cordifolia was collected from local surroundings of Madurai region. Fresh leaves was 

used for the extraction of active components were shade dried at room temperature and powdered using 

electrical blender. These pulverized samples were collected in an air sealed container. 

2.3 Qualitative phytochemical examination 

The dried leaves of plant material was successively extracted with methanol and kept in shaker for 

2 days. The solvent was evaporated using rotary evaporator under reduced pressure at 37 °C. The plant 

extract was subjected to phytochemical analysis by the method described by Harborne [29]. The extract was 

screened for the presence of bioactive compounds like alkaloid, flavonoid, glycosides, phenol, saponin, 

steroid, tannin and terpenoids. 

2.4 Biosynthesis of silver nanoparticles 

Aqueous solution (1 mM) of silver nitrate (AgNO3) was prepared and used for the synthesis of 

AgNPs. 5 ml of T. cordifolia along with 95 ml of aqueous solution of 1 mM AgNO3 was mixed for 

reduction into Ag+ ions. In a 250 ml conical flask 1.5ml of leaf extract was added to 30 ml of 10-3 M AgNO3 

aqueous solution, this solution was kept in an water bath at 75 °C for 60 min. Bioreduction of Ag ions was 

experimented by means of brownish colour and analysed  using spectrophotometric determination. The 

product was redispersed in deionized water and the centrifugation was continued constantly for two to three 

times to remove the absorbed substances on the surface of nanoparticles [30]. 

2.5 Microorganisms 

 Bacteria such as Escherichia coli, Bacillus subtilis, Klebsiella pneumonia, Pseudomonas 

aeruoginosa, Staphylococcus aureus, Mycobacterium luteus were obtained from GH hospital, Madurai. The 

bacterial cultures were preserved on nutrient agar slants at 4 °C. The bacterial cultures were inoculated into 

nutrient broth and incubated for 24 h at 37 °C. The growth was compared with 0.5 McFarland; the turbidity 

of the medium indicates the growth of organisms [31]. 
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2.6 Antimicrobial assay of silver nanoparticles 

The AgNPs synthesized from Tinospora cordifolia were tested for antimicrobial activity by well-

diffusion method against pathogenic microbes. According to Cheesbrough standard agar well diffusion 

method was engaged to identify the potential of AgNPs against the microbial isolate [32]. For microbicidal 

assay of the compounds, wells were made in plates containing nutrient agar medium seeded with 100 µl of 

24 h of each microbial isolate. The wells were loaded with T. cordifolia, AgNO3 and plant based synthesized 

silver nanoparticle was loaded using a micropipette. From each solution, that contains both Ag and T. 

cordifolia extracts, as well as the control, synthesized silver nitrate was placed in separate wells. 

Agno3(200µl) solution was used as a standard to determine their inhibition potential. The plates were left in 

refrigerator for 2 h then incubated at 37 °C for 24 h. The diameter of inhibition zones was calculated and 

tabulated by comparing with standard. 

2.7 Larvicidal bioassay: 

The Larvicidal activity of green synthesised silver nanoparticle using T. cordifolia was assisted by 

the procedure of WHO as per the modification of Rahuman et al.,[33] The plant extract and the silver 

nanoparticle solution was prepared as mentioned in antibacterial assay. For this bioassay test, larvae were 

taken in 3 batches of 25 in 99 ml dechlorinated tap water. 1ml of T. cordifolia extract is added in different 

concentration (250 ppm, 500 ppm,750 ppm, 950 ppm, 1200 ppm) to the water prior to introduction of 

larvae. For Larvicidal bioassay of silver nanoparticle, 5 different concentration  (250 - 1200 ppm) of silver 

nanoparticle solution is added to each cups.  Sonication is done for the silver nanoparticle solution to avoid 

settling of silver nanoparticle in higher concentration prior to introduction of larvae. Control was maintained 

with dechlorinated tap water. The numbers of dead larvae were counted after 24 hours and 48 hours of 

exposure. And the percentage of mortality was reported from the average of replicates. The mortality is 

calculated by Abbot’s formula. 

Corrected mortality = Observed mortality in treatment-Observed mortality in control    ×100 

100-control mortality 

Percentage mortality = Number of dead larvae             ×100 

                                  Number of larvae introduced 

2.8 Statistical analysis: 

All the data were subjected to statistical analysis by Probit analysis by finney [34]. 

2.9 Actinomycetes 

From collected sample, 5g of the soil were suspended in 50ml of Normal saline (NaCl0∙85g/L).The 

soil suspension were incubated in an orbital shaker incubator at 28°C with shaking at 200 rpm for 3 min. 

Actinomycetes were isolated by spread plate techniques following the serial dilution of soil. The following 

mediums were used for the isolation of Actinomycetes Starch casein agar medium, Water-yeast extract-agar 

(WYE), Actinomycetes Isolation Agar media. Isolated plates were incubated at 28°C for 7-15 days for fast 

growing Actinomycetes. Plates were checked for the growth of typical Actinomycetes colonies up to 7 days 

[35]. 

2.10 UV-Vis spectroscopy 

The synthesized AgNP were observed visually for any colour change and one ml of reaction mixture 

were withdrawn consecutively at various time levels by diluting a small aliquot (100 µl) of the sample 10-

fold in deionized water for analysis of surface plasmon resonance of silver nanoparticles. The reduction of 

pure Ag+ ions was monitored by measuring using a UV-Vis spectrophotometer (Shimadzu 1601 model, 

Japan) at the resolution of 1 nm in range of 200–800 nm. 

2.11 FT-IR analysis 

The functional groups of the nanoparticles were qualitatively confirmed by using FTIR 

spectroscopy, with spectra recorded by a Perkin-Elmer Spectrum 2000 FTIR spectrophotometer. Along with 

300 mg of dried KBr, 3 mg of lyophilized sample, was mixed and compressed well in mortar and pestle to 

organize thin pellet for examination. Scans per sample were performed in range of 400–4000 cm-1 [36]. 

2.12 Scanning electron microscopy (SEM) 

The structure and composition of freeze-dried purified silver particles were analyzed by using a 10-

kV ultra-high resolution scanning electron microscope. Purified silver nanomaterials after recurring 

centrifugation was sputter coated on carbon layered copper grids and the images of nanoparticles were 

studied using FEI QUANTA-200 SEM. 
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III. Results and Discussion 

Table 1: Phytoconstituents in T. cordifolia 

Phytoconstituents Methanol 

Alkaloid + 

Flavanoid + 

Saponin - 

Tannin  + 

Phenol  + 

Glycosides + 

Terpenoid + 

Steroid + 

 

The results of preliminary phytochemical evaluation of T. cordifolia were represented in Table: 1. 

Methanol extract remained positive towards alkaloid, flavanoid, tannin, phenol, terpenoid, whereas saponin 

was absent. Bioactivity of the plant is due to its chemical constituents present in different parts of the plant 

[37]. 

 

Table 2: Microbicidal efficacy of plant mediated AgNPs 

Microorganism T.cordifolia 

Zone of inhibition in mm 

100µl 200 µl 300 µl 400 µl Agno3 solution (200 µl) 

B. subtilis 18±0.1 20.5±0.3 21.4±0.4 22.5±0  

 

20±0 

E.coli 16±0 17.3±0.4 18.4±0.2 20.1±0.1 18.6±0.2 

K. pneumoniae 14.5±0.3 15.7±0.1 17±0 18.4±0.4 16±0 

M. luteus 13±0 14.1±0.2 15.7±0.1 16.5±0 15.4±0.3 

P.aeuroginosa 14.6±0.1 16.5±0 18.4±0.2 19.4±0.3 17.5±0.3 

S. aureus 17.5±0 19.3±0.3 20.5±0 21.3±0.2 19.5±0 

3.1 Microbicidal potential of plant mediated AgNPs 

 Microbicidal assessment of plant assisted AgNPs were depicted in Table: 2. The antimicrobial 

potential of silver (Ag) and zinc oxide (ZnO) has been enhanced on a nanoscale, and they can be utilized to 

manage different human and animal pathogens with nanotechnology [38-44]. 400 µl of AgNP remained 

resistant towards B. subtilis(22.5 mm), followed by 300 µl of AgNP against B. subtilis (21.4 mm)and S. 

aureus(20.5 mm). Zhang et al. (2016) reported that the smaller size of AgNPs could cause more toxicity to 

the bacteria and show better bactericidal effect compared to the larger particles as they have larger surface 

area [45]. Moderate inhibitory effect was found to be observed in 200 µl against E.coli(17.3 mm), 

P.aeuroginosa(16.5 mm). Microbicidal potential of AgNPs against multidrug resistant bacteria have been 

considered by many experimentation and it was proved that AgNPs are effective against multidrug resistant 

bacteria such as multidrug resistant E. coli [46] and methicillin resistant staphylococcus aureus [47] 

Minimum inhibition was found to be observed in K.pneumoniae(14.5 mm) and M. luteus(13 mm). The 

aqueous extract of T. cordifolia showed potent activity against A. fumigates, Aspergillus flavus and 

Aspergillus niger (fungus) in the study [48]. 
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Table: 3 Larvicidal activity of aqueous & synthesized silver nanoparticles using T. cordifolia against 

fourth instar larvae of Aedes species 

 
Extracts Species Concentration 

(mg/ppm) 

Percentage 

mortality±SD 

Lc50(mg/ml) 

(LCL-UCL) 

 

 

Lc90(mg/ml) 

(LcCL-UCL) 

 

slope X2(df-

4) 

Plant 

extract 
T.cordifolia 

 

500 

400 

300 

200 

100 

95±0.930 

86±0.159 

79±0.279 

73±0.683 

55±0.259 

10.799(2.732-

12.614 

73.101(20.101-

103.206) 

0.93 0.971 

Synthesized 

AgNPs 

500 

400 

300 

200 

100 

95±0.293 

93±0.239 

87±0.119 

79±0.687 

63±0.704 

20.008(7.113-

2.129) 

10.287(4.507-

13.812 

0.469 0.135 

 

 

3.2 Mosquitocidal assay of T.cordifolia 

Larvicidal activity of Aedes was evaluated against biosynthesized AgNP using T.cordifolia was 

represented in Table: 3. Plants have several bioactive compounds that are necessary or their survival against 

attacks by herbivorous pathogens and animals [49].  LC50 of biofabricated AgNP using T. cordifolia was 

maximum(20.008), whereas the plant extract possess minimum(10.799)value. Similarly LCL value was 

found to be higher(7.113) in plant assisted AgNP, compared to plant(2.732), whereas the UCL value was 

found to be elevated in plant(12.614) extract, compared to synthesized AgNP(2.129). Slope acquired 

maximum level in biosynthesized AgNPs(0.469) compared to plant extract(0.93). X2 values was found to be 

higher in plant (0.971), compared to synthesized AgNP (0.135). 

Table: 3 Larvicidal activity of aqueous & synthesized silver nanoparticles using actinomycetes against 

fourth instar larvae of Aedes species 

 
Extracts Species Concentrat

ion 

(mg/ml) 

Percentage 

mortality±SD 

Lc50(mg/ml) 

(LCL-UCL) 

 

 

Lc90(mg/ml) 

(LcCL-

UCL) 

 

slope X2(df-4) 

Culture extract Actinomycete

s 

500 

400 

300 

200 

100 

91±0.779 

86±0.546 

67±1.139 

60±0.876 

48±1.048 

11.491(5.848

-16.236) 

115.746(38.7

38-153.44) 

0.826 2.510 

Synthesized 

AgNPs 

Actinomycete

s 

500 

400 

300 

200 

100 

96±0.394 

92±0.761 

80±0.640 

72±1.168 

60±1.208 

2.089(10.396

-12.587) 

60.2333(25.6

26-19.379) 

0.209 1.446 

 

3.3 Mosquitocidal assay of Actinomycetes 

Larvicidal activity of Aedes was evaluated against biosynthesized AgNP using actinomycetes was 

represented in Table: 4. The results of this study have shown that the phytochemical compounds extracted 

from T. cordifolia leaves may have innovative and integrated property of a bio insecticidal agent. LC50 of 

actinomycete culture was maximum(11.491) compared to biofabricated AgNPs(2.089) using actinomycete, 

whereas LCL value of biofabricated AgNP was higher(10.396) compared to actinomycete culture(5.848). 

UCL value of actinomycete culture possess higher(16.236) value compared to synthesised AgNP(12.587) 

using actinomycete. Slope value was found to be elevated(0.826) in actinomycete culture, whereas 
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declined(0.209) in synthesised AgNP. X2 value was found to be maximum(2.510) in actinomycete culture 

compared to synthesised AgNp(1.446). Thus, this study aims to emphasize the role of the extract as a 

substitute control measure against Aedes when compared to the synthetic insecticides.  

 

 

 

Isolation of Actinomycetes 

  
 

3.4 Appearance of Actinomycete 

The actinomycete were isolated by means of serial dilution technique by spread plate method using 

Actinomycetes agar(Hi media) and the colonies were identified based on their morphological 

characteristics. The colonies have pin point appearance with zone of inhibition. Purified cultures were 

maintained on actinomycete agar slants. 

Figure 2: Spectroscopic analysis of phytofabricated AgNp using actinomycetes 

 
Figure 3: Spectroscopic analysis of phytofabricated AgNp using C. taxifolia 

 
Uv-visible analysis of biofabricated AgNPs using T. cordifolia were indicated in Figure: 2 & 3. 

Also, the MNPs preparation using plant seed extracts has been presented, via the Ag nitrate reduction, 

including formation inside the plant cells [51]. The surface Plasmon peaks at 430 nm indicates the synthesis 

of AgNPs. Although a change in the color of Ag nitrate to yellow or yellowish-brown [50] was considered 

as a signal for nano-Ag consistency [52]. 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                                    © 2021 IJCRT | Volume 9, Issue 3 March 2021 | ISSN: 2320-2882 

IJCRT2103274 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 2154 
 

 

 

 

Figure 4: FTIR analysis of Actinomycetes culture 

 
 

Figure 5:  FTIR analysis of synthesized silver nanoparticle using Actinomycetes 
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Figure 6: FTIR analysis of Caulerpa taxifolia extract 

 
 

Figure 7: FTIR analysis of synthesized silver nanoparticles using Caulerpa taxifolia 

 
3.5 Functional assignments of phytofabricated AgNPs 

  FTIR analysis of actinomycetes were represented in Figure: 4. The wavenumber at 3280.80 cm-1 

corresponds to O-H stretching of carboxylic acid. The functional assignments at 1642.47cm-1  belong to 

C=C stretching of alkenes, spectrum at 1454.66cm-1 corresponds to N-H stretching, the wavenumber at 

1043.43cm-1belongs to aliphatic C-N stretching, the band at 853.74cm-1 corresponds to C-H stretching, the 

functional assignments at 712.51cm-1 corresponds to secondary amide N-H wagging. In previous studies 

FT-IR data demonstrated that the amide linkage of the protein possessed the higher potential to join silver 

and consequently forming protein covering around AgNPs to prevent agglomeration and thereby stabilize 

the medium [53].  

FTIR analysis of biofabricated AgNPs using actinomycetes were illustrated in Figure: 5 The 

wavenumber at 3318.09cm-1 corresponds to C=C stretching, 1364.41cm-1 belongs to aromatic nitro 

compound NO2 symmetric stretching, the spectral result at 1243.51cm-1, 1196.55 cm-1 corresponds to in-

plane C-H bending, the functional assignment at 1196.55cm-1, 1124.21cm-1, 1091.23cm-1 belongs to 

aliphatic C-O stretching, the spectrum at 1136.39cm-1 corresponds to  aliphatic C-N stretching, the 

wavenumber at 656.12 cm-1 belongs to =C-H bending of alkynes. Aminoacids in conjunction with carbonyl 

group indicate the development of a covering layer on AgNPs and thus performing as a capping agent to 

evade agglomeration in the aqueous medium [54] 

FTIR analysis of Caulerpa taxifolia were depicted in Figure: 6. The wavenumber at 3311.43cm-1 

corresponds to Si-OH stretching, the spectral results at 1634.02cm-1 confirms the presence of C=C 

stretching, the functional assignments at 1397.89cm-1 belongs to combined C-H stretching, the wavenumber 
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at 1244.28 cm-1 indicates the presence of C-H bending, the spectrum at 1195.60cm-1, 1124.48cm-1 belongs 

to aliphatic C-O stretching, the functional assignments at 1092.45cm-1corresponds to Si-O-C stretching, the 

wavenumber at 656.60cm-1 belongs to secondary amide N-H wagging. Natural phenols with functional, 

hydroxyl [55] and carboxyl [56] groups have protonating and absorbing capabilities and catechol group of 

some phenolic compounds is a perfect metal absorbing moiety. 

FTIR analysis of biofabricated AgNPs using C. taxifolia were represented in Figure: 7. The 

wavenumber at 3275.11cm-1 corresponds to =C-H stretching of alkynes, the spectral results at 2921.7cm-1, 

2848.3 cm-1 belongs to O-H stretching of carboxylic acids, the functional assignments at 1557.47cm-1 

indicates the presence of C=C stretching, the wavenumber at 1351.81cm-1 confirms the presence of aromatic 

C-N stretching, the spectral results at            1245cm-1corresponds to C-H bending, the functional 

assignments at 1020.60cm-1 belongs to aliphatic C-N stretching. 

 

Figure 8: SEM micrograph of biofabricated silver nanoparticles synthesized using Actinomycetes. 

 
Figure 9: SEM micrograph of biofabricated silver nanoparticles synthesized using Caulerpa taxifolia. 

 
3.6 SEM images of plant fabricated AgNPs 

SEM micrograph of biofabricated AgNPs using actinomycetes and C. taxifolia were depicted in 

figure: 8 & 9. This analysis was used to study the morphology of silver nanoparticles. Scanning electron 

microscopy images of the lyophilized silver nanoparticles showed mostly spherical particles of a size 10µm 

in range. 

Figure 10: Energy dispersive x-ray diffractive (EDX) of synthesised Agno3 using Actinomycetes 
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Figure 11: Energy dispersive x-ray diffractive (EDX) of synthesised Agno3using Caulerpa taxifolia 

 
3.7 EDX spectrum of plant fabricated AgNPs 

The results of EDX spectrum of biofabricated AgNPs were depiced in Figure: 10 & 11. The 

composition and clarity of green synthesized AgNPs were examined using an EDX spectrometer. The EDX 

spectrum display elemental signals of silver atoms in biosynthesized AgNPs at around 3 keV and discovered 

homogenous delivery of AgNPs. Preceding reports also recommend that the EDX pattern of AgNPs 

normally exhibits an absorption peak nearly at 3 keV [57]. 
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Figure 12: Representative XRD pattern of silver nanoparticles formed after reaction of Actinomycetes  

 

 
Figure 13: Representative XRD pattern of silver nanoparticles formed after reaction of Caulerpa 

taxifolia  

 
3.8 XRD pattern of plant fabricated AgNPs 

XRD pattern of biofabricated AgNPs after reaction with actinomycetes and C. taxifolia were 

depicted in Figure: 12 & 13. The crystalline character of AgNPs was confirmed by XRD pattern. The 

diffraction peaks obtained in actinomycetes at 2θ= 38.42º, 44.53º and 64.59ºassigned to the (111), (100) and 

(311) planes of a faced centre cubic (fcc) lattice of silver were obtained. The peaks obtained in biofabricated 

AgNPs using C. taxifolia assigned to the (100), (103), (311) planes. Presence of these peaks was due to 

plant extract which contains organic compounds and is responsible for the reduction of silver ions and 

stabilization of resultant nanoparticles [58] 

IV. Conclusion 

 This study is the report on synthesis of biofabricated silver nanoparticles using T.cordifolia as 

reducing and capping agents. The biomolecules present in plant was identified by means of FTIR. 

Numerous spectroscopic and microscopic methods were used to identify the biosynthesized AgNp. 

Therefore it is efficiently possible to produce environmentally safe natural larvicides, which are efficient in 

controlling mosquito vectors of human diseases such as Aedes aegypti. 
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