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ศ. ดร.นงนุช เหมืองสิน, อ.ท่ีปรึกษาร่วม : ศ. ดร.จันทร์เพ็ญ จันทร์เจ้า 

  
อนุภาคทองค้าระดับนาโนเมตรเป็นอนุภาคน้าส่งระดับนาโนเมตรท่ีก้าลังได้รับความสนใจ

ในปัจจุบัน  การเตรียมอนุภาคทองค้าระดับนาโนเมตรส้าหรับการใช้งานทางด้านการแพทย์สามารถ
เตรียมได้หลายวิธี ได้แก่ วิธีทางกายภาพ วิธีทางเคมี และ การสังเคราะห์สีเขียว อย่างไรก็ตาม การ
สังเคราะห์ด้วยวิธีทางกายภาพและวิธีทางเคมีอาจท้าให้เปลืองพลังงานและอาจก่อให้เกิดความเป็น
พิษ ดังนั นการสังเคราะห์สีเขียวอาจเป็นวิธีท่ีมีความเหมาะสมมากกว่า ในการสังเคราะห์สีเขียวของ
อนุภาคทองค้าระดับนาโนเมตรอาจใช้องค์ประกอบทางชีวภาพ เช่น fungi bacteria และพืชในการ
สังเคราะห์  ในงานนี จึงสนใจการสังเคราะห์สีเขียวของอนุภาคทองค้าระดับนาโนเมตรด้วยน ้ายาง
จากพืชสมุนไพรไทย เถาเอ็นอ่อน (Cryptolepis buchanani) ซึ่งองค์ประกอบทางเคมีในน ้ายาง
จากสมุนไพรนอกจากจะถูกคาดหวังให้มีความสามารถในการอนุภาคทองค้าระดับนาเมตรแล้ว  ยัง
ถูกคาดหวังให้เป็นสารออกฤทธิ์ทางชีวภาพอีกด้วย การสังเคราะห์สีเขียวของอนุภาคทองค้าระดับ
นาโนเมตรด้วยน ้ายางจากเถาเอ็นอ่อน เริ่มต้นจากการหาสภาวะท่ีเหมาะสม อนุภาคทองค้าระดับ
นาโนเมตรท่ีสังเคราะห์ได้ถูกน้าไปพิสูจน์เอกลักษณ์ด้วย  เทคนิค UV-Vis spectrophotometry 
Transmission electrons microscope Dynamic light scattering แ ละ  Fourier-transform 
infrared spectroscopy. จากผลการพิสูจน์เอกลักษณ์พบว่าอนุภาคทองค้าระดับนาโนเมตรท่ี
สังเคราะห์ได้ดูดกลืนแสงท่ีความยาวคล่ืน 510 นาโนเมตร ซึ่งสอดคล้องกับภาพถ่ายจาก TEM ท่ีพบ
อนุภาคทรงกลมท่ีมีขนาดประมาณ 5 นาโนเมตร นอกจากนี อนุภาคทองค้าระดับนาโนเมตรท่ี
สังเคราะห์ได้ยังถูกน้ามาทดสอบฤทธิ์ทางชีวภาพ  ได้แก่ ฤทธิ์การยังยั งเซลล์มะเร็งและฤทธิ์การ
ยับยั งการอักเสบอีกด้วย 
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Gold nanoparticles (AuNPs) is the one of nanodrug carriers that have been 

popular in the current trend. To prepare AuNPs for biomedical applications, many 
techniques have been developed. However, both physical and chemical methods 
may cause energy consuming and toxic residues so green synthesis would be the 
most appropriate method for the preparation of AuNPs. The green synthesis of 
AuNPs could be provided by utilizing of fungi, bacteria and plant. In this work, we 
focused to use plant latex as reducing and stabilizing agents for the synthesis of 
AuNPs. The latex was collected from Cryptolepis buchanani, a folk medicinal plant 
in Thailand. By utilizing this plant latex in the synthesis of AuNPs, the latex was not 
only expected the role in the synthesis of AuNPs but also biological activity. The 
synthesis of AuNPs by using C. buchanani latex was performed by optimizing the 
reaction parameters. The AuNPs obtained from optimum condition were 
characterized by UV-Vis spectrophotometry, Transmission electrons microscope, 
Dynamic light scattering and Fourier-transform infrared spectroscopy. The 
synthesized AuNPs exhibited the SPR band at 510 nm which also related to the 
spherical shape of AuNPs with the size around 5 nm. Moreover, the biological activity 
evaluation of synthesized were also done toward anti-cancer and anti-inflammatory. 
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Chapter I 
INTRODUCTION 

 
1.1 Research background 

Currently, nanomaterials have received attention in the medicinal field to 
improve the maximum activity and reduce side effect of therapeutic agents. The 
nanoparticles could be obtained from various kinds of material such as dendrimer, 
polymeric micelles, liposome and noble metal which they were prepared into the size 
range 1-100 nm. Their diversity allowed the modification for various purposes such as 
the possibility to monitor diagnose, prevent and treat the disease [1]. 

Among the nanoparticles, gold nanoparticles (AuNPs), noble metal 
nanoparticles are one of the best candidates due to their suitable size, high drug 
loading property and low toxicity [2]. Their surface is readily modifiable due to its labile 
surface functionality, allowing the surface conjugation of various biomolecules. 
However, its aggregation during the reduction from its bulk solution could be the 
crucial challenging which may reduce its efficacy. It is generally known that the particle 
sizes between 1 to 100 nm are appropriate for cellular uptake [3]. Several methods 
including physical, chemical and green methods were developed to control the size 
of AuNPs into 1-100 nm [4]. Turkevich method was known as a traditionally chemical 
method to synthesize AuNPs which the particle size could be control by vary the 
concentration of trisodium citrate [5]. However, both chemical and physical methods 
may cause some toxic residues and energy consuming, respectively. Thus, the green 
method become more attractive due to easy, low toxic, eco-friendly and cost-effective 
preparation. 

According to the previous reports, the synthesis of AuNPs could be done by 
using plant extracts. In 2018, Chahardoli et al. have been synthesized AuNPs by using 
Nigella arvensis leaf extracts [6]. They suggested that phytoconstituents in plant extract 
played an important role for the synthesis of AuNPs. The synthesized particles exhibit 
the spherical shape with the size range of 3-37 nm which were an appropriate size 
range for cellular uptake. As the synthesis was performed without using any toxic 
chemical reagent and loading of commercial drug, AuNPs could inhibit the cell 
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proliferation of cancer cell lines. These evidences suggested that the AuNPs obtained 
from green method also showed potent property for biomedical applications. A 
thousand literatures have reported the synthesis of AuNPs using leaves, stems, roots 
and fruits whereas the using of plant latex for the synthesis of AuNPs was less studied 
[7-10]. The previous studies were reported the phytoconstituents in plant latex such 
as proteins, rubber, alkaloids, cardenolides, terpenoids and phenolics [11]. These 
constituents allow the possibility to use plant latex in the synthesis of AuNPs. A few 
researchers have been studied the synthesis of AuNPs by using plant latex. For 
example, Ratul Kumar Das et al. have been synthesized AuNPs by the aqueous extract 
of Calotropis procera latex [12]. They found that proteins in the latex could be 
responsible for the synthesis of AuNPs. The particles showed biocompatibility toward 
normal cell lines whereas the biological activity have not been reported.  

Cryptolepis buchanani (also called Thao En On) is a climbing tree which is 
widely used as folk medicinal plant in Thailand [13, 14]. Its stem has been utilized for 
the treatment of muscle and joint pain. The methanolic extract of the stem showed 
analgesic and anti-inflammatory activities while the aqueous extract from leaf showed 
an anti-dermatophyte activity [15, 16]. Various phytocomponents could be also 
extracted from C. buchanani including tannins, alkaloid, saponin, flavonoid, and 
phenolics [17]. As it was one part of the same plant, its latex could showed the same 
biological activity. A novel serine protease could be extracted from this latex in 2006 
[18]. However, the biological activity of the latex has not been reported yet. Because 
of the phytocomponent and biological activity found in C. buchanani suggested that 
its latex could be responsible for the synthesis of AuNPs and bioactive compound. 
Thus, we focused to investigate the synthesis of AuNPs using C. buchanani latex and 
their biological activities.  
 However, the immiscibility of latex could be the major problem for the using 
of latex in aqueous solution. A strategy that could overcome these problems is using 
a surfactant. The adsorption of hydrophobic and hydrophilic parts of a surfactant 
molecule onto the interface could homogenize latex gum and aqueous solution [19]. 
Moreover, charged surfactant could be used to stabilize AuNPs due to their charge 
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repulsions [20]. Therefore, sodium dodecyl sulphate (SDS), an anionic surfactant which 
commonly uses with natural latex, was one of an interesting choice [21].  
 In this work, C. buchanani latex stock solution was prepared in the presence 
of SDS. The latex stock solution was used for the synthesis of AuNPs. The reaction 
parameters including effect of latex concentration, effect of volume of 1%NaOH, effect 
of reaction temperature and effect of volume of 1%HAuCl4 were investigated toward 
size and shape of AuNPs. The synthesized latex-AuNPs were also characterized by using 
UV-Vis spectrophotometry (UV-Vis), Transmission electron microscope (TEM), Dynamic 
light scattering (DLS), Zeta potential and Fourier-transform infrared spectroscopy. The 
biological activity of latex-AuNPs was evaluated including anti-cancer and anti-
inflammatory. 
 
1.2 Research objective 
 This research aimed to use C. buchanani latex for the green synthesis of AuNPs. 
The synthesized latex-AuNPs were expected to improve the biological activity of latex 
such as anti-cancer and anti-inflammatory activities. The objectives of this work were 
described in detail as follow; 
 1) To synthesize gold nanoparticles by green method using C. buchanani latex. 

2) To evaluate the biological activities of synthesized latex-AuNPs. 
 
1.3 The expected beneficial outcomes 
 To obtain the green synthesis of AuNPs using C. buchanani latex. 
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Chapter II 
Literature reviews 

2.1 Nanodrug carrier 

 Nowadays, nanoscience and nanotechnology have attracted attention due to 
their excellent properties. It is well known that nanoparticles were the object that 
have size in the range of 1-100 nm. The research in nanotechnology field has brought 
about the possibility to diagnose and treat the disease. Due to their large surface area, 
quantum properties and their ability to carry other substances, nanoparticles were 
interesting to apply for the biomedical applications [22, 23]. The nanoparticles could 
be prepared from the variety of raw material such as polymer, liposome and inorganic 
matter.  

2.1.1 Polymeric nanoparticles 

 Polymeric nanoparticles are usually used for nanomedicine applications in the 
formed of soft materials which have biocompatibility and biodegradability. The 
colloidal polymeric nanoparticles could be prepared by various methods to improve 
therapeutic efficiency, drug released controlling and drug loading efficacy [24, 25]. 
Drugs could be encapsulated in various polymers including poly (ε-caprolactone), poly 
(lactic acid) and N-(2-hydroxypropyl)-methacrylamide copolymer (HPMA), or natural 
polymer such as chitosan, gelatin, karageenan and dextran. These polymer matrixes 
were used to encapsulate the drugs in order to control their delivery. The polymeric 
nanoparticles could control drug release through their surface erosion, swelling and 
specific response to physical and chemical stimuli of targeted cells. To reduce toxic 
side effects and enhance anti-cancer activity of doxorubicin, the dextran could be used 
to conjugate with doxorubicin and then encapsulate in the hydrogel [26]. PLGA was 
also applied to deliver Tamoxifen which was another type of commercial drug for anti-
cancer treatment [27].  
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2.1.2 Liposome 

Liposome have both hydrophobic and hydrophilic in their particles, they could 
be used to deliver both hydrophobic and hydrophilic drugs. Their particles have made 
of self-assembly of aqueous phase centered in lipid bilayer which could form small 
and spherical particles. Their biodegradability and biocompatibility can be tuned for 
drug delivery system. The conventional liposome could deliver doxorubicin by the 
encapsulation of the drug in core shell using ammonium sulphate [28]. Many 
techniques were developed to prolong half-life of liposome in blood stream. For 
example, polyethylene glycol (PEG) functionalized-liposome could prolong the 
circulation half-life of the particles up to several hours [29]. Moreover, the conjugation 
between liposome and target ligand have been used to control drug release into the 
target cell by using pH-responsive approaches [30, 31]. 

2.1.3 Inorganic nanoparticles 

 Nowadays, inorganic materials have attracted attention to develop as a 
platform for imaging and therapeutic treatment. Their potential advantages such as 
biocompatibility, bioavailability, large surface area, and high drug loading capacity, have 
brought about the greater property in drug delivery application compared to those 
polymeric nanocarriers. According to previous study, calcium phosphate has been used 
as drug and gene nanocarrier. Calcium ion could form complex with negatively charged 
therapeutic agents through chelation which could provide the possibility to use this 
inorganic material for drug delivery system [32, 33]. In addition, superparamagnetic iron 
oxide nanoparticles are also developed to use for cancer treatment. The particles 
could reach the target site by apply external magnetic field. The external stimulus was 
also applied to the nanoparticles which the heating was subsequently generated to 
provide hyperthermia for cancer treatment [34]. Moreover, noble metal nanoparticles 
such as gold nanoparticles have been extensively used due to their inertness, readily 
surface functionalization and thermosensitive property. These advantages have 
brought about the multifunctional nanoparticles for nanomedicine applications [35].  
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Figure 1 Schematic illustrated different type of nanoparticles [36]. 
2.2 Gold nanoparticles 

 Among drug delivery system, gold nanoparticles (AuNPs) have been utilized for 
the nanomedicine applications due to their biologically inertness so they were 
considered as the non-toxic platform [37]. AuNPs provided the capability for 
photothermal therapy due to their unique optical properties which it was strongly 
depend on their localized surface plasmon resonance (LSPR) [38]. Their surface was 
also readily to functionalize with various molecules which could vary the advantage 
for drug delivery system and bio-sensor [39]. Moreover, their suitable size also 
improved drug loading capacity, cellular uptake and specificity toward cancer cells 
[40]. Due to their excellent properties, many techniques have been developed to 
synthesize AuNPs including physical, chemical and green methods. 

 

Figure 2 Schematic illustrated AuNPs functionalized with various biomolecules [41] 

Inorganic
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2.3 Synthesis of AuNPs 
2.3.1 Physical method  

 There are several physical methods using for the synthesis of AuNPs such as 
the utilizing microwaves, laser ablation and ultrasonic waves [42-44]. As they have rapid 
heat capacity and high penetrating power, these techniques could provide 
homogeneous nucleation of metal nanoparticles resulting in the formation of desire 
size and shape. For example, the using of microwaves in the synthesis of AuNPs were 
studied by Subrata Kundu et al [42]. They have prepared AuNPs by using 2,7-dihydroxy 
naphthalene (2,7-DHN) and cationic surfactant as reducing and stabilizing agents, 
respectively. The synthesis was performed in the environment of microwave heating 
with the reaction time less than 90 seconds. The results showed that the desired size 
and shape of AuNPs could be controlled by varying the amount of the reactants. In 
2018, Claure N. Lunardi et al. also suggested that AuNPs obtained from microwaves 
method showed uniform size and shape. The AuNPs were synthesized by using 
Euphorbia tirucalli latex as reducing and stabilizing agents which it was performed in 
the microwaves heating environment [45]. The results showed that the AuNPs obtained 
from microwave-assisted Euphorbia tirucalli latex have more narrow size distribution 
compared to those AuNPs synthesized by Euphorbia tirucalli latex. These results 
suggest that this method was a rapid method which could control size and shape of 
AuNPs effectively. However, it also caused the energy consuming so other techniques 
should be more appropriate to obtain AuNPs.  

2.3.2 Chemical method  

Turkevich method are one of the traditionally chemical methods to synthesize 
AuNPs. The AuNPs were synthesized by using trisodium citrate which could responsible 
for the reduction of Au3+ and stabilization of Au0 [46]. The size of AuNPs could be 
controlled by varying the molar ratio of trisodium citrate. Paul K. Ngumbi et al have 
studied the effect of trisodium citrate concentration toward size of AuNPs [47]. The 
results showed that higher concentration of trisodium citrate could provide the AuNPs 
in smaller size. Not only trisodium citrate could be used for the synthesis of AuNPs but 
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also other chemical reagents such as sodium borohydride, hydroquinone and aspartate 
[48-52]. In 1996, the fabrication of amine-capped gold nanocrystal has been studied 
[48]. The reaction was performed by mixing HAuCl4 and dodecylamine and oleylamine, 
stabilizing agents. The resultant color was suddenly changed to purple color after 
adding of NaBH4. This visual observation suggested that NaBH4 play an important role 
in the synthesis of AuNPs. According to the previous reports, chemical method could 
be used to control size and shape in a similar manner to physical method. However, 
the chemical may cause some toxic residues adsorbed on AuNPs surface which was 
not suitable for medical applications. Thus, green synthesis seems to be the most 
applicable method to obtain AuNPs for biomedical applications. 

2.3.3 Green method 

 According to the drawback of by physical and chemical method including 
energy consuming and toxicity, the green method could be considered as easy, eco-
friendly, cost effective and low toxic method. There are many ways to synthesize 
AuNPs by green synthesis method such as the utilizing of fungi, bacteria and plant. 
Among these materials, using plant are the most applicable method because its 
extracts could be prepared more easily compared to those fungi and bacteria. In 2013, 
Sujitha et al have studied the using of Citrus fruits including Citrus limon, Citrus 
reticulata and Citrus sinensis aqueous extract for the synthesis of AuNPs [53]. The 
results showed that the synthesized AuNPs have size the range of 32-56 nm which was 
the appropriate range for biomedical applications. The effect of aqueous extract 
concentration was also investigated which it was indicated the decreasing of AuNPs 
size at higher concentration. This result indicated the important role of 
phytoconstituents in aqueous extract of the plant which it mainly consisted of citric 
acid and ascorbic acid.  
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Figure 3 Schematic illustrated the reduction of Au3+ by hydroxy groups to form AuNPs 
[54] 

 In 2015, the AuNPs synthesized by using the aqueous extract of Stevia 
rebaudiana leaf was reported [55]. The synthesized particles exhibited spherical shape 
with the size ranging from 5 to 20 nm. The FTIR results showed the shifting of C-N peak 
indicating the binding of N atom on AuNPs surface. These results suggested that 
protein, one of phytoconstituents in plant extract, could act as a capping agent to 
prevent the aggregation of AuNPs. In addition, the role of phenolic compound in plant 
extract was studied in the synthesis of AuNPs by Chahardoli et al. [56]. They have 
synthesized AuNPs using Nigella arvensis leaf extract which they could obtain spherical 
nanoparticles in the size range 3-37 nm. The results showed that after the synthesis of 
AuNPs, the decreasing in the total phenolic content was observed suggesting an 
important role of OH group in phenolic compound for the reduction of Au3+ in synthesis 
of AuNPs. 
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Figure 4 Chemical structures of reducing agents in plant extract [54] 

Many researches have published the study of synthesis of AuNPs using root, 
leaf, stem and fruits extract whereas the using of plant latex for the synthesis of AuNPs 
are scarce. The phytoconstituents of plant latex basically consist of proteins, rubber, 
alkaloids, cardenolides, terpenoids and phenolics which suggested the ability to use 
for the preparation of AuNPs. There are a few reports of using plant latex to fabricate 
noble metal nanoparticles. For example, Bar et al. have synthesized silver 
nanoparticles by using the latex of Jatropha curcas [57]. The synthesized AuNPs 
showed the spherical shape with the size of 20-30 nm in diameter. The results 
suggested that the proteins in the latex could play an important role for both reducing 
and stabilizing agents. These evidences suggest us the possibility to apply plant latex 
for the synthesis of AuNPs. 
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2.4 Cryptolepis buchanani 

 

Figure 5 The Cryptolepis buchanani young stem 

Cryptolepis buchanani (also called Thao En On) is a climbing tree which has 
been widely used as a folk medicinal plant in Thailand. Its stem has been utilized for 
the treatment of muscle and joint pain [13, 14]. In India, the latex of this plant has 
been applied on wounds, boils and sores. The past literature reported the 
phytochemical constituents of the stem, which consist of flavonoid, alkaloid and 
saponin (Figure 7). The methanolic extract of the stem showed analgesic and anti-
inflammatory activities while the aqueous extract from leaf contained various 
phytochemical components including tannins, alkaloid, saponin and flavonoid [17]. 
Some of them have shown an anti-dermatophyte activity [15]. In addition, the latex of 
C. buchanani was reported to consist of a novel glycosylated serine protease [18]. This 
type of protease is commonly used in haemostasis and wound healing [58]. According 
to the application mentioned, we expect that the latex of C. buchanani can act as 
anti-inflammatory and anti-cancer agents. Thus, we are focusing on the investigation 
of applying C. buchanani latex in the synthesis of AuNPs. 
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Figure 6 The phytochemical constituents found in Cryptolepis buchanani [59-61]. 
2.5 Sodium dodecyl sulphate 

The coagulation of latex particles in the aqueous medium was the major 
drawback of using plant latex. This problem could overcome by using a surfactant. The 
adsorption of hydrophobic and hydrophilic parts of a surfactant molecule onto the 
interface could homogenize latex gum and aqueous solution [19]. Sodium dodecyl 
sulphate is an ionic surfactant which commonly use with natural latex [21]. Its anionic 
charged sulphate head group could provide the colloidal stability of hydrophobic 
particles through the electrostatic repulsion. Moreover, the previous study was 
reported that SDS also stabilized AuNPs to prevent the self-agglomeration due to their 
charge repulsions [21]. Therefore, sodium dodecyl sulphate (SDS), an anionic surfactant 
which commonly uses with natural latex, was one of the interesting choices. 

 In this work, the preparation of C. buchanani latex solution in the presence of 
SDS was done to obtain the homogeneous latex stock solution. The latex stock 
solution was then used in the synthesis of AuNPs. The synthesized AuNPs were 
characterized by many techniques which will be discussed in the next chapter.  
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Chapter III 
MATERIALS AND METHODS 

 
Materials and methods used in the synthesis of AuNPs and their biological 

activities evaluation are described in this chapter. The experiments in this work are 

performed as shown in Figure 3.1. 

 
Figure 7 The schematic of the synthesis of latex-AuNPs from C. buchanani latex. 

 

3.1 Materials and chemicals 
Cryptolepis buchanani latex were collected from Phanomsarakham, 

Chachoengsao. hydrogen tetrachloroaurate (III) hydrate (HAuCl4), Sodium hydroxide 

(NaOH), Sodium dodecyl sulphate (SDS), Doxorubicin hydrochloride, Dulbecco’s 

Modified Eagle Medium (DMEM), Eagle's Minimum Essential Medium (EMEM), RPMI 

medium, Trypsin, Fetal calf serum (FCS), 3-(4,5-Dimethyl-2-thiazolyl)-2,5-
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diphenyltetrazolium bromide (MTT), lipopolysaccharide (LPS), Griess reagent, KB 

(cervical cancer cells), SW620 (colon cancer cells), Hep-G2 (liver cancer cells), Wi-38 

(human normal lung cells) and RAW 264.7 (murine macrophage cells), 

 

3.2 Methods 
3.2.1 Preparation of C. buchanani latex stock solution 

Milky latex was collected from young climber parts of C. buchanani. 3 grams 

of C. buchanani latex were mixed with 0.5%SDS, surfactant solution and made up total 

volume to 100 mL. The resultant was sonicated at 60°C for 20 minutes. The 

monodispersed solution of C. buchanani latex in 1%SDS was used as C. buchanani 

latex stock solution in further the experiments. 

3.2.2 Determination of total protein assay 
Total protein content in C. buchanani latex was determined by using Folin-

lowry method. 0.1 mL of 3% latex stock solution or standard was hydrolyzed with 0.1 

mL of 2N NaOH at 100°C for 10 min. The hydrolysate was cooled down to room 

temperature, added 1 mL of complex-forming reagent* and stand at room temperature 

for 10 minutes. The mixture was added by Folin-Ciocalteau reagent (1N) 0.1 mL, using 

the vortex mixer and let it stand at room temperature for 30-60 min. Then, the 

resultants were measured the absorbance at 750 nm by using UV-Vis spectroscopy and 

bovine serum 0-2000 µg/mL were used as a standard. 

* The complex-forming reagent was freshly prepared by mixing 2%(w/v) Na2CO3, 

1%(w/v) CuSO4·5H2O and 2%(w/v) sodium potassium tartrate in the ratio of 100:1:1 

(by vol). 

3.2.3 Determination of total phenolic assay 
Total phenolic content was determined by Folin-ciocalteu method. The 

calibration curve of gallic acid was done by using the linear range 0-100 µg/mL. 160 µL 

of the latex sample or gallic acid standard was mixed with 20 µL of 0.4 N Folin-

ciocalteu reagent in 96 well plate. After that 20 µL of 10%(w/v) Sodium carbonate was 
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subsequently added to the mixture. The resultant was allowed to stand for 30 minutes 

at room temperature and measured the absorbance at 760 nm using a UV–VIS 

spectrophotometer. 

 

3.2.4 Synthesis of gold nanoparticles 
3.2.4.1 Effect of latex concentration 

To synthesized AuNPs, various ratio of latex to HAuCl4 including 1:1, 5:1, 10:1, 

20:1 and 40:1 were done. The various volume of 3%(w/v) latex stock solution including 

2, 7, 67, 133 and 267 µL were mixed with 20 µL of 1%(w/v) HAuCl4 and deionized 

water. The mixtures were stirred continuously at 60⁰C for 30 mins. Subsequently, 60 

µL of 1%NaOH was added to provide basic condition. The total volume was controlled 

at 1000 µL. The resultant solution was stirred continuously at 60⁰C for 1 hour to 

complete the reaction.  

3.2.4.2 Effect of pH 
To study the effect of NaOH volume in the synthesis of AuNPs, the ratio of 

latex to HAuCl4 was fixed at 20:1 and various volume of 1%NaOH including 0, 20, 30, 

40 and 50 µL were done. 3%(w/v) latex stock solution 133 µL were mixed with 20 µL 

of 1%(w/v) HAuCl4 and deionized water. The mixtures were stirred continuously at 

60⁰C for 30 mins and then added 1%NaOH the resultants with the volume 0, 20, 30, 

40 and 50 µL the total volume was controlled at 1000 µL. The resultant solutions were 

stirred continuously at 60⁰C for 30 mins to complete the reaction. 

3.2.4.3 Effect of reaction temperature 
To optimized reaction temperature in the synthesis of AuNPs, the ratio of latex: 

HAuCl4 at 20:1 and 60 µL of 1%NaOH was used to synthesize AuNPs. The reactions 

were performed at various reaction temperature including room temperature, 40, 50, 

60, 70, 80 and 90⁰C. Firstly, 3%(w/v) latex stock solution 133 µL were mixed with 20 

µL of 1%(w/v) HAuCl4 and deionized water. The resultants were stirred at given 
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temperatures for 30 mins and then added 60 µL of 1%NaOH. Finally, the mixtures 

were stirred continuously for 30 mins. 

3.2.4.4 Effect of 1%(w/v) HAuCl4 volume 
 The volume of 1%(w/v) HAuCl4 was optimized by using various volume of 

1%(w/v) HAuCl4 including 20, 60 and 100 µL. The synthesis of AuNPs was performed as 

same as previous experiment. The latex concentration was kept constant at the 

optimum condition from the previous experiments whereas pH of the solutions was 

controlled by using NaOH: HAuCl4. 

 

3.2.5 Characterization of gold nanoparticles 
3.2.5.1 UV-Vis 

The SPR band of synthesized AuNPs from all conditions were recorded by UV-

Visible spectrophotometer (HP-8453, Agilent). Five times dilution sample were 

recorded the UV-Vis spectra in the range between 200 to 800 nm with the cell width 

10 mm. 

3.2.5.2 DLS and zeta potential 
Size distribution and zeta potential of synthesized AuNPs from optimized 

condition were obtained from Zetasizer (Zetasizer, MALVERN, Nano ZSP). The size 

distribution and surface charge of AuNPs were obtained from five times dilution of the 

resultant.  

3.2.5.3 TEM 
The morphology of synthesized AuNPs from optimized condition was observed 

from TEM (TEM, JEOL, JEM2001). To prepare the sample, the synthesized AuNPs 

without any purification were diluted twenty times and dropped on copper grid. The 

sample was dried in desiccators overnight. The images were obtained by operating 

TEM at 200 kV. 
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3.2.5.4 FTIR 
FTIR spectra were obtained in order to evaluate the role of latex-

phytochemical compounds in the synthesis of AuNPs. To prepare the sample for FT-

IR analysis, the latex and latex-AuNPs were mixed into KBr and the mixture was 

grounded. The FT-IR spectra were recorded in the region 4000 to 400 cm-1 by using 

Nicolet 6700 FT-IR spectrometer. 

3.2.6 Cell cultures 
For the cell culture, KB (cervical cancer cells) and Wi-38 (human normal lung 

cells) were culture in EMEM. SW620 (colon cancer cells) and Hep-G2 (liver cancer cells) 

were cultured in RPMI and RAW 264.7 (murine macrophage cells) was cultured in 

DMEM. All of cell lines were cultured in the medium which contained 10% FCS. The 

cells were incubated at 37 ̊C in 5% carbon dioxide (CO2) and high moisture atmosphere. 

3.2.7 MTT assay 
Cell viability was evaluated by MTT assays which demonstrate by 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), measuring with MTT 

colorimetric method. The cancer cell lines and normal cell line were seeded in 96-

well plate at a density of 5×103 cells/well with total volume 180 µL and incubated at 

37 ̊C in 5% carbon dioxide (CO2) and high moisture atmosphere for 24 h. After that 20 

µL of latex stock solution, SDS, latex-AuNPs and doxorubicin at various concentrations 

were treated and incubated with the cells were for 72 h. Then, the media was 

incubated with 10 µL of MTT (5 mg/mL) for 4 h at 37°C. Then, the supernatants were 

removed, the dark violet crystals were dissolved in 150 µL of DMSO and absorbance 

was measured at 540 nm by UV-Vis microplate reader. The percentage of inhibition 

was determined relative to the control group. 

%𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = 100 − (
𝑆𝑎𝑚𝑝𝑙𝑒 − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100) 
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3.2.8 NO assay 
The evaluation of anti-inflammatory activity was done by using NO assay. RAW 

264.7 cells in DMEM containing 10% fetal calf serum were plated in 96-well plate with 

cell density of 8x105 cells/mL. The seeded cells were incubated overnight at 37 ̊C in 

5% carbon dioxide (CO2) and high moisture atmosphere. After that the cells were 

treated with 10 µL of LPS (100 ng/mL) and 10 µL of latex and latex-AuNPs at various 

concentrations. After incubation for 72 h, 100 µL of the supernatants were added to 

new 96-well plate and mixed with the same volume of Griess reagent. The absorbance 

of samples was read at 540 nm and nitric oxide concentration were determined from 

calibration curve using NaNO2 as standard. The NO concentration of treated LPS at 

each concentration of latex and latex-AuNPs samples were compared with untreated 

LPS samples. All of treated LPS sample was calculated inhibitory percentage by using 

the same equation as above. In addition, the percentage of cell viability was also 

determined by MTT assay. 
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Chapter IV 
RESULTS AND DISSCUSION 

 
Among drug delivery system, AuNPs are one of the most interesting candidates 

due to their superior properties including biocompatibility, non-toxicity and labile 
surface functionality. Additionally, it is possible to control their size in the size range 
of 1-100 nm which was suitable for cellular up-taking. The AuNPs with suitable size 
could carry the drug to the target site specifically. Especially, the delivering of anti-
cancer agents, the nanoparticles could be selectively up-taken by cancer cells due to 
EPR effect. However, the most challenging of using AuNPs was their self-aggregation. 
To control the size of AuNPs, several techniques have been investigated. Generally, 
trisodium citrate was used as both reducing and stabilizing agent in the preparation of 
AuNPs [46]. However, the presence of citrate residue in the product showed 
cytotoxicity against normal cells. Therefore, green synthesis becomes a more attractive 
method because it is non-toxic and economical processes. The phytochemical 
constituent in plants such as polysaccharide, polyphenol, terpenoids, amino acid and 
protein can act as reducing and stabilizing agents and allow the ability in the synthesis 
of AuNPs. For example, there were reports shown that amine and carboxyl groups of 
cysteine protease in phytolatex possibly play a crucial role in the synthesis of AuNPs 
[62].  

In this chapter, we are interested in the latex of Cryptolepis buchanani which 

is a folk medicinal plant. Many parts of this plant showed a broad range of biological 

activity such as anti-inflammatory and anti-dermatophyte activity. Its extract showed a 

variety of phytochemical constituents including tannins, alkaloid, saponin, flavonoid 

and novel serine protease. These components could suggest their ability in the 

synthesis of AuNPs. To synthesize AuNPs by using C. buchanani latex, the latex was 

dissolved in an anionic surfactant, SDS, solution in order to obtain homogeneous latex 

stock solution. The reaction parameters including latex concentration, volume of 

1%NaOH, reaction temperature and volume of 1%HAuCl4 which could affect to AuNPs 
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morphology were studied. The synthesized latex-AuNPs were characterized by TEM, 

DLS, zeta potential and FTIR to predict the property of the particles. Finally, their 

biological activities including anticancer and anti-inflammatory were also investigated.  

 

4.1 Determination of total protein and total phenolic contents 
According to the previous studies, there were reports shown that protein and 

phenolic content play a crucial role in the synthesis of AuNPs as both reducing and 

stabilizing agents. For example, it has been reported that total proteins with the value 

of 8.2 mg/ml and total phenolic content with the value of 145 µg/mL could reduce 

Au3+ and stabilize AuNPs. In this work, total protein and total phenolic contents in C. 

buchanani latex were determined using BSA assay and Folin method, respectively. The 

total protein and total phenolic content of C. buchanani latex were shown in Table 1. 

The results showed that 3%(w/v) latex stock solution, which is the maximum solubility 

of latex contained 7.2 mg/mL and 151.0 µg/mL of protein and phenolic compound, 

respectively, which are in the same range as previous reports. Therefore, the prepared 

latex stock solution was subsequently used for the synthesis of AuNPs.  
 

Table 1 Total proteins and phenolic contents of latex and latex-AuNPs 
 

 Linear equation R2 Total contents 

protein y =0.0003x+0.0572 0.9918 7.2 mg/mL 

phenolic y =0.0278x-0.0658 0.9925 151.0 µg/mL 
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4.2 green synthesis of latex-AuNPs 
4.2.1 Optimization of the condition for the synthesis of AuNPs 

4.2.1.1 Effect of latex concentrations 
The synthesis of AuNPs was investigated by using C. buchanani latex. The effect 

of latex concentrations in the synthesis of AuNPs were studied by varying the ratio of 

latex to HAuCl4 in the range of 1:1 to 40:1. The reaction temperature was fixed at 60 

°C which it could be considered as mild temperature for the synthesis of AuNPs [63]. 

By controlling concentration of HAuCl4 at 1 mM, the synthesis was performed in a basic 

condition which are the condition that could facilitate the reduction of Au3+ to form 

AuNPs [64]. After mixing of latex stock solution with HAuCl4 and NaOH, the yellow color 

of HAuCl4 turned to various colors indicated the reduction of Au3+ to Au0 by 

phytocomponent in the latex. The resultants in grey, black, violet, red and violet-red 

colors were obtained after synthesis of AuNPs using ratio of latex to HAuCl4 including 

1:1, 5:1, 10:1, 20:1 and 40:1, respectively.  

 

Figure 8 Optical photograph of synthesized latex-AuNPs prepared by using ratio of  
            latex to HAuCl4 at 1:1, 5:1, 10:1, 20:1 and 40:1. 
 

Since, AuNPs were metal in very small size, the electrons on their surface could 

be oscillated by electromagnetic of an incident light resulting in the oscillation in a 

specific frequency. This phenomenon was called localize surface plasmon resonance 
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(LSPR) [65, 66]. The total extinction of incident light after passing through AuNPs was 

strongly dependent on the adsorption and scattering process. According to Mie theory, 

the total extinction of the light after pass through AuNPs in size 20 nm was strongly 

dependent on absorption process whereas AuNPs in larger size, the scattering process 

become dominated. The domination of light scattering was increased with the size of 

AuNPs resulting in the adsorption at longer wavelength.  

For the biological application, the AuNPs in small size were chosen as a suitable 

size for cellular uptake. Due to the LSPR effect of AuNPs, the visual observation of 

AuNPs colloidal solution could be used as preliminary method to evaluate the size 

and shape of the synthesized particles. As show in Figure 8, the ratio 20:1 provided the 

ruby-red solution which reflected LSPR of spherical AuNPs in small size around 20 nm. 

The AuNPs solutions in grey, black, violet and violet-red colors reflected the absorption 

at longer wavelength which could be considered as AuNPs in larger size [67].  

 

Figure 9 The UV-Vis spectra of synthesized latex-AuNPs prepared by using ratio of  
            latex to HAuCl4 at 1:1, 5:1, 10:1, 20:1 and 40:1. 
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Figure 10 Position of the surface plasmon resonance peak (λspr) as a function of the  
              particle diameter for GNPs in water: calculated (circles); experimentally  
              measured (downward pointing triangles, commercial GNPs; upward-pointing  
              triangles, inhouse synthesized GNPs). An exponential fit to the theoretical  
              (experimental) data for d > 25 nm is shown as a dotted (dashed) line [68]. 
 

To optimize the condition precisely, the UV-Vis spectra of LSPR of AuNPs were 

obtained in wavelength range 200-800 nm, show in Figure 9. Theoretically, the 

wavelength at maximum absorbance (𝜆max) decreased with the increasing of AuNPs size 

as shown in Figure 10. Thus, in this work, the condition that could provide shortest 

𝜆max would be considered as the optimum condition. The optimum condition was 

subsequently chosen as the condition that could controlled size of AuNPs without 

aggregation. For the ratio latex:HAuCl4 1:1 to 20:1, the LSPR peaks of synthesized AuNPs 

were shifted to lower wavelength with the increasing of latex concentration because 

the higher latex concentration provided greater reducing and stabilizing efficacy (Figure 

11). However, the AuNPs provided from 40:1 of latex: HAuCl4 the peak was shifted to 

higher wavelength indicating the larger size of AuNPs. This result could be explained 

by the effect of viscosity toward the reduction efficacy. The increasing in latex 

concentration not only provided higher amount of reducing residue but also viscosity. 

Thus, the high viscosity at high latex concentration could lower the reduction efficacy 
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of HAuCl4 leading to the aggregation of AuNPs. Therefore, the ratio of latex: HAuCl4 at 

20:1 which provided the lowest 𝜆max, was chosen as an optimum condition for the 

green synthesis of AuNPs. 

 

Figure 11 Plot of wavelength at maximum absorbance (𝜆max) of synthesized latex- 
              AuNPs after synthesis at different ratio of latex to HAuCl4 at 1:1, 5:1, 10:1,  
              20:1 and 40:1. 
 

4.2.1.2 Effect of pH 
The ratio of latex to HAuCl4 at an optimum ratio from previous experiment was 

chosen to study the effect of volume of 1%NaOH. The green synthesis of AuNPs using 

latex at the ratio latex: HAuCl4 20:1 was performed at various volume of 1%NaOH 

including 0, 20, 30, 40 and 50 µL. After the synthesis the volume of 1%NaOH from 0-

30 µL, the synthesized AuNPs exhibited LSPR in violet, violet-red and red color whereas 

40 and 50 µL exhibited the same color as 30 µL. The final pH of the resultants was 3, 

5, 8, 10 and 12 for the reaction that using of volume of 1%NaOH 0, 20, 30, 40 and 50 

µL, respectively. The change in color of AuNPs at final pH from 3-8 could be 

hypothesized that the higher pH provided smaller size of AuNPs while at pH 8-12, the 

LSPR of synthesized AuNPs revealed the similar size, Figure 12. 
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Figure 12 Optical photograph of synthesized latex-AuNPs prepared at various pH  
              including 3, 5, 8, 10 and 12. 

 

The LSPR spectra of AuNPs in the range of 200-800 nm were obtained by UV-

Vis spectrophotometry. The results showed that the LSPR bands of synthesized AuNPs 

were shifted to lower wavelength as the final pH increased up to 8 whereas there was 

no change in LSPR peaks of AuNPs which provided from pH above 8 (Figure 13). These 

results could support the hypothesize from visual observation of LSPR of AuNPs. The 

ability to control the size of AuNPs of each condition was expressed in term of lowest 

value of wavelength at maximum absorbance (𝜆max) (Figure 14).  
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Figure 13 UV-Vis spectra of synthesized latex-AuNPs prepared at various pH including  
              3, 5, 8, 10 and 12. 

The 𝜆max were increased with the final pH including 3, 5, 8 and 10 while the final 

pH above 10 exhibited the longer wavelength. These results could suggest that the 

alkaline condition has a significant role to control the size of AuNPs which related to 

the previous report. In 2019, Zayed et al. have synthesized AuNPs by ethanolic extract 

of Ficus retusa. They suggested results that the increasing in the amount of NaOH 

could provide the LSPR of AuNPs in smaller size [69]. This could be explained that the 

OH- ions in alkaline condition could accelerate electron transferring from 

phytochemical constituents to Au3+. In that situation the nucleation stage was shorten 

and the reaction was pushed to growth stage which ensure the formation of AuNPs in 

small size. Thus, the optimum pH in this experiment would be 10 which was the lowest 

volume that could provide the shortest 𝜆max. 
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Figure 14 Plot of wavelength at maximum absorbance (𝜆max) of synthesized latex- 
              AuNPs prepared at various pH including 3, 5, 8, 10 and 12. 
 

4.2.1.3 Effect of reaction temperature 
One of the crucial factors that could affect size and shape of AuNPs would be 

temperature. In this experiment, AuNPs was synthesized by using the ratio of latex: 

HAuCl4 at 20:1 and 30 µL of 1%NaOH were used to synthesized AuNPs. The reactions 

were performed at various reaction temperature including room temperature, 40, 50, 

60, 70, 80 and 90°C which could provide AuNPs ranging from pale pink to violet color 

(Figure 15).  

 

Figure 15 Optical photograph of synthesized latex-AuNPs prepared by using reaction  
              temperature at room temperature, 40, 50, 60, 70, 80 and 90°C. 
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The UV-Vis spectra of synthesized AuNPs were observed LSPR band around 

520-557 nm (Figure 16). The results could be divided into two regions. For the first 

region (room temperature 60 °C), the intensity of LSPR peak was increased as the 

reaction temperature was increased which the peak was not showed any shifting. The 

increasing in peak intensity implied the higher amount of AuNPs which could be 

produced more easily at higher reaction temperature. The second region (above 60°C), 

the increasing in reaction temperature was not only increased peak intensity but also 

shifted the peak to longer wavelength which indicated the formation of AuNPs in larger 

size. The dependence of peak intensity on the reaction temperature could be 

explained in the same way as previous report. Mingxia Guo et al. have studied the 

effect of reaction temperature in the synthesis of AuNPs by using the aqueous extract 

of Eucommia ulmoides bark [70]. They suggested that the increasing in peak intensity 

as the reaction temperature was increased that would be due to the increasing in the 

rate of reaction, which enhance the synthesis of AuNPs. Once the reaction temperature 

was high enough to complete the reduction, the higher temperature could promote 

the aggregation of AuNPs [71]. This reason could be used to explain the results in 

present experiment which the aggregation of AuNPs was observed at reaction 

temperature above 60°C.  

 

Figure 16 UV-Vis spectra of synthesized latex-AuNPs prepared by using reaction  
              temperature at room temperature, 40, 50, 60, 70, 80 and 90°C. 
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To choose an optimum reaction temperature, the ability to control size of 

AuNPs were represented by 𝜆max. (Figure 17) Compare to other conditions, the reaction 

temperature at 60°C could provide AuNPs in smallest size. Thus, the reaction 

temperature at 60°C was chosen as the optimum reaction temperature for the 

synthesis of AuNPs by using C. buchanani latex. 

 
 
 

 

 

Figure 17 Plot of wavelength at maximum absorbance (𝜆max) of synthesized latex- 
              AuNPs prepared by using reaction temperature at room temperature, 40,  
              50, 60, 70, 80 and 90°C.  
 

4.2.1.4 Effect of volume of HAuCl4 

According to the optimization from previous experiments, the ratio of latex: 
HAuCl4 at 20: 1 in the mixture of 30 µL of 1%NaOH under reaction temperature 60 °C 
was used as an optimum condition for the green synthesis of AuNPs using latex. In this 
experiment, the effect of HAuCl4 in the synthesis of AuNPs was also investigated by 
using 20, 40, 60, 80 and 100 µL of 1%HAuCl4. Figure 18 showed the color of AuNPs 
solution which exhibited the color of red, red, red-purple, purple and black for the 
using of 1%HAuCl4 at 20, 40, 60, 80 and 100 µL, respectively.  
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Figure 18 Optical photograph of synthesized latex-AuNPs prepared by using volume  
              of 1%HAuCl4 at 20, 40, 60, 80 and 100 µL. 

As the volume of 1%HAuCl4 was increased, the color of resultant solution 
implied the LSPR effect of spherical AuNPs in larger size. To confirm the visual 
observation, the UV-Vis spectrophotometry was also investigated Figure 19. The UV-Vis 
results showed that the volume of 1%HAuCl4 at 20 µL could produce AuNPs which 
showed the lowest 𝜆max while the higher volume of 1%HAuCl4 volume could shift the 
peak to higher wavelength Figure 20. In addition, as the volume of 1%HAuCl4 increased 
to 100 µL, the synthesized AuNPs were observed the peak around 290 nm could 
increase the intensity at which was the characteristic peak of Au3+. The results showed 
that the volume of 1%HAuCl4 above 20 µL, the constant concentration of latex could 
not increase the production of AuNPs. This observation indicated the excess of Au3+ at 
40 and 100 µL of 1%HAuCl4 which might lead to insufficiency of capping and reducing 
agents. Therefore, the volume of 1%HAuCl4 at 20 µL was used as the optimum 
condition for the synthesis of AuNPs by using latex. 
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Figure 19 UV-Vis spectra of synthesized latex-AuNPs prepared by using volume of  
              1%HAuCl4 at 20, 40, 60, 80 and 100 µL. 
 

 

Figure 20 Plot of wavelength at maximum absorbance (𝜆max) of synthesized  
              latex-AuNPs prepared by using 1%HAuCl4 volume at 20, 40, 60, 80  
              and 100 µL 
 

The optimization of the condition for the synthesis of AuNPs was done by 

studying the effect of latex concentration, volume of 1%NaOH, reaction temperature 

and volume of 1%HAuCl4. In order to choose the optimum condition, the size and 

shape of latex-AuNPs was represented by the visual observation and UV-Vis spectrum. 
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From these experiments, we can conclude that the synthesis of AuNPs should be 

performed by using the ratio of latex:HAuCl4 at 20:1 at the reaction temperature, 60°C. 

The 1%NaOH with the volume of 30 µL and 1%HAuCl4 with the volume of 20 µL would 

be the most effective volume to control the particle size. 

 

4.2.2 Characterization of latex-AuNPs 
4.2.2.1 TEM image 

In this experiment, the AuNPs obtained from optimized condition were 

characterized by TEM technique which was the most reliable technique to evaluate 

the size of AuNPs. It is well known that the AuNPs in the size range 1-100 nm are easily 

taken up by the cells. According to the previous green synthesis of AuNPs by using 

plant, the obtained AuNPs mostly showed non-uniform shape with the broad size 

distribution. 

a)                                                          b) 

 

 

Figure 21 a) TEM image of synthesized latex-AuNPs and b) Size distribution of  
              synthesized latex-AuNPs 

 

In present work, the obtained AuNPs particles showed uniform shape with the 

narrow range. As shown in Figure 21, the TEM of AuNPs displayed spherical particles 
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with the size around 5 nm. The grey area around the particles was also observed which 

might due to the phytochemical component in the latex surrounded on AuNPs. These 

results could confirm the observation of LSPR of AuNPs at 515 nm in the UV-Vis result 

which correlated to AuNPs in spherical shape with size 5 nm [47]. Compare to the 

previous report of green synthesis of AuNPs, our method could control the size and 

shape of AuNPs into small size with uniform shape. This may due to the high amount 

of capping agent in latex stock solution such as protein and SDS. The EDX spectrum 

indicated that the black particles consisted of C, O and Au atoms which could be used 

to confirm the existing of AuNPs and capping agent on their surface Figure 22.  

The using of latex stock solution for the preparation of AuNPs could control 

the AuNPs into the size range that could be taken up by the cell easily. Thus, the 

synthesized AuNPs offer the opportunity for using as a drug carrier. 

 

 

Figure 22 EDX spectrum of synthesized latex-AuNPs 
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4.2.2.2 DLS analysis 
To investigate the stability and monodispersibility of AuNPs in aqueous 

solution, the hydrodynamic size was obtained from DLS technique. The AuNPs showed 

the size distribution at 123.4 and 16.48 nm with 0.308 PDI (Figure 23). The size at 123.4 

nm (90% intensity) was considered as the dominant size of AuNPs, the particles showed 

bigger size than the diameter obtained from TEM which may cause by the stabilization 

of the capping agent on AuNPs surface. These results indicated the swelling of capping 

agent such as SDS and proteins in the aqueous medium. 

In addition, the stability of AuNPs was predicted by zeta potential which could 

represented the surface charge of AuNPs. The zeta potential of synthesized AuNPs was 

found at -50 mV which indicated the high stability and negative charge on their surface. 

These results also imply that the SDS and phytochemical in latex could improve the 

stability of AuNPs [72].  

 

Figure 23 Dynamic light scattering (DLS) analysis 
 

4.2.2.3 FTIR analysis 
The role of phytochemical constituents in the synthesis of AuNPs was 

evaluated by FTIR spectrum (Figure24). The FTIR spectrum of latex were observed the 
O-H at 3449 cm-1 and the wavenumber at 2955, 2920 and 2851 cm-1 were assigned as 
C-H stretching [73, 74]. The wavenumber at 1730, 1647, 1470 and 1385 cm-1 
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corresponding to C=O stretching of carboxylic group, C-N stretching, C-O stretching of 
carboxylate and O-H bending, respectively [75-78]. These vibrations were attributed to 
the phytochemical constituents such as proteins and phenolic compound. The 
characteristic peaks of SDS were observed at 1223 and 1070 cm-1 due to the 
asymmetric stretching and symmetric stretching of its sulphate head group [79]. The 
FTIR spectrum of synthesized latex-AuNPs showed slightly different from latex. The 
FTIR spectrum of latex-AuNPs was observed the addition of new vibration at 1562 cm-

1 which was assigned as the asymmetric C-O stretching of carboxylate anion [77]. The 
increasing in peak area of C-O stretching around 1467-1470 cm-1 was also observed 
indicating the increasing in carboxylate moiety. The peak of S=O of SDS was slightly 
shifted to higher wavenumber indicating the adsorption of sulfate head group on 
AuNPs surface [20]. The C-N vibration of latex-AuNPs was shifted from the originated 
latex suggesting the binding of protein on AuNPs surface. 

 

Figure 24 FTIR spectra of a) latex and b) latex-AuNPs 
 

For green synthesis of AuNPs by using plant extract, it is well known that the 

OH group of phenolic, polyol and glycoside will be used to reduce Au3+ to Au0 [80]. 
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After the electron transfer from OH to Au3+, the hydroxyl group will be transformed to 

ketone, aldehyde and carboxylic form as shown in (Figure 25) [77]. In those situations, 

the FTIR analysis should be observed the decreasing of OH peak and the increasing of 

C=O peak. Nevertheless, our results were not observed significantly change which it 

was not in good agreement with the mechanism described above.  

To confirm this hypothesis, the total protein and phenolic contents of the latex 

before and after the synthesis of AuNPs determined in order to investigate the role of 

protein and phenolic compound in the synthesis of AuNPs. The latex concentration at 

the optimum condition showed the total phenolic content with the value of 20.1 

µg/mL which it was decreased to 2.58 µg/mL after the synthesis of AuNPs whereas the 

total protein was not significantly changed, Table 2. The results showed that the total 

phenolic content of latex-AuNPs was decreased from the originated latex significantly 

which could support the decreasing of OH after the reduction of Au3+(Table2). 

Table 2 The total contents of proteins and phenolic compounds presented in latex 
concentration at optimum condition 

compound latex Latex-AuNPs 

protein 952 µg/mL 927 µg/mL 

phenolic 20.1 µg/mL 2.58 µg/mL 
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Figure 25 The mechanism of AuNPs formation which reduced by phenolic compound 
 

 

Ratul Kumar Das et al. have reported the role of the plant latex biomolecule 

in the synthesis of AuNPs [62]. They suggested that shifting in the peak of amine and 

amide of latex-AuNPs from the originated position could confirm that proteins in latex 

could act as a stabilizer for AuNPs. For the FTIR analysis in this work, the similar trend 

was also observed. The total protein in latex-AuNPs was in the same range in the 

original latex which could confirm the role of the protein in latex. 

From the FTIR analysis could suggest the role of phytochemical constituents 
and SDS in the latex stock solution toward the synthesis of AuNPs. Firstly, the polyol, 
glycoside and phenolic compounds in the latex could facilitate the reduction of Au3+. 
At the growth stage, the proteins and SDS could act as stabilizers to prevent the self-
agglomeration of AuNPs. 

In this work, C. buchanani latex was used to synthesize AuNPs, the green 

synthesis of AuNPs was performed without using of any toxic reagent. The obtained 

particles showed ultra-small around 5 nm at dried condition whereas the 

hydrodynamic size was observed at 123.4 nm. The particles showed high colloidal 
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stability with the negative charge on their surface due to the adsorption of biomolecule 

and SDS molecule on their surface. These results could suggest the possibility of the 

using of latex-AuNPs as a drug carrier. 
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4.4 Evaluation of latex-AuNPs biological activity 
According to the previous studies, the extract of C. buchanani, a Thai folk 

medicinal plant, showed the interesting biological activities such as anti-inflammatory 

and anti-dermatophyte activity. Thus, C. buchanani was used not only for the synthesis 

of AuNPs but also the anti-cancer and anti-inflammatory active agents. The cytotoxicity 

of latex and latex-AuNPs against cancer cell and normal cell was evaluated in order 

to investigate the anti-cancer activity. In addition, the anti-inflammatory activity was 

also investigated by NO assay.  

 

4.4.1 Anti-cancer 
The selectivity of latex-AuNPs toward cancer cell lines was evaluated by MTT 

assay. The cytotoxicity of latex and latex-AuNPs with different concentration of latex 

were treated in various types of cancer cell lines including human mouth epidermal 

carcinoma (KB), human hepatocarcinoma cell lines (Hep G2) and colorectal cancer 

cells (SW 620). The cytotoxicity of latex and latex-AuNPs toward cancer cell lines was 

evaluated in the latex concentration ranging from 3-300 µg/ml. The inhibition 

percentage of latex concentration toward KB, Hep G2 and SW 620 cell lines shown in 

Figure 26. At the same concentration of latex, both latex and latex-AuNPs specifically 

inhibited to SW 620 cell lines compare to KB and Hep G2. These results suggest that 

the phytochemical constituents in latex and latex-AuNPs have a specificity to provide 

the highest inhibition percentage towards SW 620. Thus, this cell line was chosen to 

evaluate the cytotoxicity of latex and latex-AuNPs toward cancer cell line and normal 

cell line. 
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a) 

 

b) 

 

Figure 26 The percent inhibition of Hep G2, KB and SW 620 cell lines treated with 
              a) latex and b) latex-AuNPs in the concentration range 3 to 300 µg/ml 
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Figure 27 showed the inhibition response of latex concentration toward SW 620 

cancer cell line, the inhibition percentage was increased significantly as the function 

of latex concentration. This observation may cause by the phytochemical constituents 

in latex such as phenolic, alkaloid, glycoside and proteins. According to the previous 

work, the phenolic compound in the plant extract were responsible for both synthesis 

of AuNPs and bioactive compound [56]. In that case, the biological activity of 

synthesized AuNPs was significantly decreased compare to those originated plant 

extract as it was changed their important functional groups. In this work, the decreasing 

in the total phenolic content after the synthesis of AuNPs was also observed. However, 

the anticancer activity of originated latex and latex-AuNPs did not show any 

significantly different in the inhibition percentage which was not related to previous 

reports. This observation could be stated that the anticancer activity mainly affected 

by the major component in latex, proteins.  

 

Figure 27 The percent inhibition toward SW 620 cell lines treated with latex and  
             latex-AuNPs in the concentration range 0.015 to 300 µg/ml 
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The activity of the proteins in latex was reported. In 2018, Li Song et al reported 

that the cucumisin-like protease called serine protease TKP showed a potent activity 

to inhibit cell proliferation of human colorectal adenocarcinoma [81]. The same type 

of serine protease called cryptolepain was also discovered in C. buchanani latex [18]. 

Thus, we could hypothesize that the protease in the latex played a major role to 

inhibit the cancer cells growth.  

The cytotoxicity of latex-AuNPs toward Wi 38, a normal cell line was also 

compared to the cancer cells. As shown in Figure 28, both latex and latex-AuNPs did 

not inhibit the normal cell at the latex concentration below 100 whereas the cancer 

cells showed 90% inhibition at the same concentration. These results implied that 

both latex and latex-AuNPs were specifically toxic toward cancer cell than normal cells 

which suggested the possibility to used latex-AuNPs as a drug carrier.  

 

Figure 28 The percent inhibition toward Wi 38 cell lines treated with latex and 
              latex-AuNPs in the concentration range 0.015 to 300 µg/ml 
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Moreover, doxorubicin was loaded on the latex-AuNPs to evaluate the 
capability of latex-AuNPs as a drug carrier. The latex concentration of latex-AuNPs at 
3.7 µg/ml (40% inhibition) was mixed with various concentrations of doxorubicin 
ranging from 0.0001-10 µM. The inhibition percentage of doxorubicin loaded on latex-
AuNPs and doxorubicin was investigated toward SW 620, cancer cell. The inhibition 
percentage of doxorubicin after loading on latex-AuNPs was improved significantly 
compared to the pure drug (Figure 29). This observation may cause by the binding 
between the negatively charged latex-AuNPs and positively charged doxorubicin. 
These results could confirm that latex-AuNPs could be used as a drug carrier for 
delivering the drug to the target site. 

 

Figure 29 The percent inhibition toward SW 620 cell lines treated with latex-AuNPs  
             and doxorubicin loaded latex-AuNPs in the doxorubicin concentration range  
             0.0001 to 10 µM 
 

4.4.2 Anti-inflammatory 
 The latex-AuNPs were also used in the evaluation of anti-inflammatory activity. 
The results showed that by treating latex and latex-AuNPs in the latex concentration 
range 1.9-150 µg/ml showed cell viability above 80% toward RAW 264.7 cells (Figure 
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showed that the increasing in latex concentration could not inhibit the NO production 
(Figure 31). In addition, the slightly decreasing in NO production to 28% inhibition at 
latex-AuNPs concentration 150 µg/ml. According to previous reports, the bark extract 
of Acacia mearnsii could be exhibited the same percent inhibition of NO production 
by using the extract concentration at only 50 µg/ml [82]. These results suggested that 
C. buchanani latex exhibited the lower activity toward anti-inflammatory in the 
comparison of other plant extract.  
 

 

Figure 30 Cytotoxicity of latex and latex-AuNPs toward RAW 264.7 cell line 
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Figure 31 NO production of RAW 264.7 treated with various concentration of latex  
              and latex-AuNPs  
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Chapter V 

CONCLUSION 
 

In this work, the green synthesis of AuNPs was done by using C. buchanai latex 

as reducing and stabilizing agents. The C. buchanani latex was collected and dissolved 

in SDS solution in order to obtain the homogeneous latex stock solution. To synthesize 

AuNPs, the latex stock solution was used as reducing and stabilizing agents. The effects 

latex concentration, volume of 1%NaOH, reaction temperature and volume of 

1%HAuCl4 were studied toward the LSPR of synthesized AuNPs. The results showed 

that the smallest size of AuNPs could be formed by mixing of 20:1 of the ratio latex 

to HAuCl4 with 30 µl of 1%NaOH and 20 µl of 1%HAuCl4 which they were mixed and 

stirred continuously at 60°C of reaction temperature. This method was performed 

without the using of toxic reagent so it could be considered as a simple, low-cost and 

non-toxic method to obtained AuNPs.  

The latex-AuNPs showed the small size around 5 nm and the zeta potential 

exhibited the highly negative charge on their surface which imply the long-term 

stability of the particles. The FTIR analysis was used to confirm the adsorption of 

biomolecule and SDS on AuNPs surface which could support the zeta potential result. 

The decreasing in total phenolic contents after the synthesis of AuNPs suggested the 

role of phenolic compound in the reduction of Au3+ which could be used to confirm 

the FTIR results. In addition, the role of the proteins in latex as a stabilizing agent was 

confirmed by the determination of total protein contents which it was not shown any 

significant change after the synthesis of AuNPs.  

The evaluation of biological activity of latex and latex-AuNPs showed potential 

inhibition toward cancer cells whereas they showed lower cytotoxicity toward cancer 

cells. Both of latex and latex-AuNPs did not show significantly different for the 

cytotoxicity toward cancer and normal cell lines. These results implied that the 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 50 

cytotoxicity of latex and latex-AuNPs mainly affected by those phytoconstituents 

which was not changed after the synthesis of AuNPs. Moreover, the possibility to use 

latex-AuNPs as a drug carrier was confirmed by loading of doxorubicin, a commercial 

drug, into the latex-AuNPs solution. The results showed that doxorubicin loaded latex-

AuNPs could improve the inhibition percentage toward cancer cell of doxorubicin at 

the same concentration.  
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