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THAI ABSTRACT 

ณัฏฐนิฎา เทพพันธ์กุลงาม : การสังเคราะห์อนุภาคซิลิการะดับนาโนเมตรที่กราฟต์ด้วยโค
บาลามินส าหรับเซลล์มะเร็งเป้าหมาย (SYNTHESIS OF COBALAMIN-GRAFTED SILICA 
NANOPARTICLES FOR TARGETING CANCER CELLS) อ.ที่ปรึกษาวิทยานิพนธ์หลัก: ศ. 
ดร.ธวัชชัย ตันฑุลานิ, อ.ที่ปรึกษาวิทยานิพนธ์ร่วม: ดร.พรรณี ลีลาดี{, 79 หน้า. 

การบ าบัดอย่างจ าเพาะเจาะจงได้รับการพัฒนามาอย่างต่อเนื่องเพ่ือที่จะช่วยลดผลข้างเคียง
จากยารักษามะเร็ง โดยการน าส่งยาเข้าสู่เฉพาะเซลล์มะเร็งเท่านั้น  ในงานวิจัยนี้ผู้วิจัยสามารถ
สังเคราะห์ระบบน าส่งยาชนิดใหม่เพ่ือให้มีความจ าเพาะต่อเซลล์มะเร็งได้ส าเร็จ ระบบนี้ประกอบด้วย
อนุภาคซิลิกาที่ใช้เป็นวัสดุในการบรรจุและขนส่งยา ซิสพลาติน (CDDP) ที่ใช้เป็นยารักษามะเร็ง และ
โคบาลามิน (Cbl) ที่ใช้เป็นโมเลกุลเป้าหมายในการน าระบบยาไปสู่เซลล์มะเร็ง  ในขั้นตอนแรกได้
สังเคราะห์อนุภาคซิลิกา (PSNs, 1) ด้วยวิธีโซล-เจล แต่พบว่าเมื่อวิ เคราะห์ด้วยเทคนิค  ICP-
AES อนุภาค (1) สามารถบรรจุซิสพลาตินได้เพียง 7% เท่านั้น จึงได้ดัดแปรพื้นผิวของอนุภาคซิลิกาให้
เป็นหมู่คาร์บอกซิล   ซึ่ งอนุภาคชนิดนี้  (PSNsCOOH, 2) สามารถบรรจุซิ สพลาตินได้มาก
ถึง 59% จากนั้นจึงน าโมเลกุลเป้าหมาย Cbl-CDDP มากราฟต์บนอนุภาค CDDP@PSNsCOOH  (3) 
ได้เป็น CDDP@CblPSNsCOOH (4) สามารถพิสูจน์เอกลักษณ์ของอนุภาคดังกล่าวด้วยเทคนิคการ
เลี้ยวเบนรังสีเอ็กซ์ (XRD)  อินฟราเรดสเปกโทรสโกปี (IR) ยูวี-วิสิเบิลสเปกโทรสโกปี (UV-vis) กล้อง
จุลทรรศน์อิเล็กตรอนแบบส่องกราด (SEM) และ นาโนไซส์เซอร์ (nanosizer)  จากผลการทดลอง
พบว่า อนุภาค (4) มีลักษณะเป็นทรงกลมและกระจายตัวอย่างสม่ าเสมอ มีขนาดเส้นผ่านศูนย์กลาง
เฉลี่ยเท่ากับ 316 นาโนเมตร เพ่ือจ าลองปฏิกิริยารีดักชั่นในเซลล์มะเร็ง การศึกษาการปลดปล่อยยา
ที่ pH 5.5 พบว่าการรีดิวซ์อนุภาค (4) ด้วย NaBH4 ให้ผลิตภัณฑ์เป็น [Co2+(Cbl)] ช่วยเหนี่ยวน าให้
เกิดการปลดปล่อยยาได้ดียิ่งขึ้น การทดลองนี้ชี้ให้เห็นว่านอกจากโมเลกุล Cbl จะสามารถท าหน้าที่
เป็นโมเลกุลเป้าหมายเพ่ือเพ่ิมความจ าเพาะเจาะจงต่อเซลล์มะเร็งได้แล้ว ยังสามารถช่วยป้องกันการ
ปลดปล่อยยาออกจากอนุภาคก่อนถึงเซลล์เป้าหมายได้อีกด้วย 
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ENGLISH ABSTRACT 

# # 5671953723 : MAJOR CHEMISTRY 
KEYWORDS: TARGETED DRUG DELIVERY SYSTEM / CYANOCOBALAMIN / SILICA 
NANOPARTICLES / CISPLATIN 

NATTANIDA THEPPHANKULNGARM: SYNTHESIS OF COBALAMIN-GRAFTED SILICA 
NANOPARTICLES FOR TARGETING CANCER CELLS. ADVISOR: PROF. 
THAWATCHAI TUNTULANI, Ph.D., CO-ADVISOR: PANNEE LEELADEE, Ph.D. {, 79 pp. 

Targeted therapy has been developed to reduce side effects of anticancer 
agents by specific localization of the drug to target only the cancer cells.  In this 
thesis, a novel drug delivery system for targeting cancer cells was successfully 
synthesized. The system consisted of porous silica nanoparticle as the drug vehicle, 
cisplatin (CDDP) as the drug model, and cobalamin (Cbl) as the targeting molecule for 
cancer cells. Porous silica nanoparticle (PSNs, 1) were firstly prepared by sol-gel 
method, but the drug-loading capacity was only 7% as determined by ICP-AES. Thus, 
surface modification of PSNs with pendent carboxyl groups was carried out to obtain 
carboxyl-porous silica nanoparticles (PSNsCOOH, 2), of which the drug-loading capacity 
notably increased up to 59%. Then, the targeting molecule, [Cbl-CDDP]+ was grafted 
on CDDP@PSNsCOOH (3), resulting in CDDP@CblPSNsCOOH (4). The obtained particles 
were characterized by various techniques including XRD, IR, UV-vis, SEM and nanosizer. 
The particles (4) were spherical and monodisperse with an average diameter of 316 
nm. To mimic biological reduction in cancer cells, drug release studies at pH 5.5 
revealed that chemical reduction of (4) with NaBH4 gave [Co2+(Cbl)] and significantly 
induced release of the Pt drug. The results suggested that Cbl not only could serve as 
a targeting molecule but also a gatekeeper to prevent the drug release before reaching 
the targeted cells. 
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CHAPTER I 

INTRODUCTION 

1.1 Background and significance 

Chemotherapy is widely used in cancer treatments. In this process, the drug 
would interact with the active sites of tumor, causing the cell death. Unfortunately, 
there are some drawbacks. For instance, the treatment showed harmful effects to the 
healthy cells [1]. The patients who take anticancer drugs can suffer from the side 
effects as well as drug resistance [2] since most of the drug administrated does not 
reach the targeted cells and cannot maintain the drug level at the active sites [3]. To 
overcome these drawbacks, drug delivery system has been developed in order to carry 
and transport drugs to cancer cells selectively and efficiently. Drug delivery system 
consists of three components, which are anticancer agent, drug vehicle, and targeting 
molecule. The targeted system is expected to enhance the potential of drugs and 
reduce those side effects. In our study, cisplatin (CDDP) is considered to use as an 
anticancer drug model due to its high performance for therapeutic effects. The drug 
will be encapsulated in a drug carrier to enhance its bioavailability and prevent the 
drug interactions. Such a drug carrier includes porous silica nanoparticles (PSNs). These 
nanoparticles have been utilized as drug vehicle owing to its large pore volume, large 
surface area, easy functionalization, biocompatibility and stability. [4, 5] However, the 
nanoparticles still lack of specificity. To increase the selectivity of the system, a specific 
molecule is needed to deliver the drug to cancer cells by binding selectively with the 
receptor. An example of such receptors is transcobalamin receptors or TCll-R which 
are overexpressed on the surface of many types of cancer cells, including ovarian 
cancer, skin cancer, and brain tumor. [6] Hence, cobalamin (Cbl) or vitamin B12 can 
potentially serve as a targeting molecule to bind TCII-R selectively and enhance the 
cell uptake efficiency of the system by receptor-mediated endocytosis. In addition, 
cobalamin might be simply fabricated onto nanoparticles via noncovalent interaction 
through the cobalt center. Moreover, the large molecule of Cbl could act as a 
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gatekeeper for reducing the release rate of cisplatin from the drug carrier during the 
transportation [7].  

Herein, we aim to develop a novel drug delivery system for targeted therapy. 
Our system design consists of PSNs as drug carrier, Cbl as targeting molecule, and 
cisplatin as anticancer drug model. Our strategy is to prepare Cbl-conjugated PSNs 
(CblPSNs) and to incorporate cisplatin into CblPSNs by simple coordinate covalent 
bonds. The modified particles are expected to improve the specificity and efficiency 
of drug system.  

 

 

Figure 1.1 CDDP@CblPSNs as drug delivery system for cancer cells (Adapted from 
Ref.[8]) 
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1.2 Drug delivery system (DDS) 

Drug delivery system (DDS) is a construction that improves the introduction of 
the drug molecules into our body. This system can increase the efficacy of drug, reduce 
the side effects, and control the rate time. The process of DDS consists of 3 steps. 
Firstly, the therapeutic agent is loaded into the drug vehicle. Then, the product will be 
delivered to the cell and the drug will be released. Finally, the drug will be 
subsequently transported to the site of action [9]. 

 

Figure 1.2 The illustration of a multifunction on drug delivery system cells (Adapted 
from Ref.[7]). 

Drug delivery systems have been extensively studied especially for cancer 
treatment [10]. Typically, a delivery system composes of two major components; 
therapeutic agent and drug carrier. It could be internalized into cell via oral ingestion, 
intravascular injection, and blood circulation [11]. However, most of the drugs lack of 
specificity and are not able to reach the targeted cell. The result is that the system 
cannot maintain the drug level at the active sites due to the fluctuation in circulation. 
[3, 12] 

To overcome these problems, the multifunction of drug delivery vehicles has 
been developed to increase the selectivity and potential of drug systems (Figure 1.2). 
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The examples of modifying drug vehicle include the functionalization of drug carrier 
to increase the selectivity to targeted cells, the investigation of gatekeepers for 
controlling the release rate of drug in cargo, and the drug encapsulation by 
biomolecule to increase the biocompatibility [7]. In 2009, Verraedt et al. synthesized 
the chlorhexidine loaded in amorphous microporous silica (AMS) as drug delivery 
system. Their goal was to evaluate the potential of the system for achieving controlled 
release of chlorhexidine. They found that this system released chlorhexidine in a 
controlled pathway, which could improve the rate time of the drug [13]. 

 

Figure 1.3 Targeted drug delivery system (Adapted from Ref.[7]) 

Targeted drug delivery is a kind of smart DDS that could specifically transport 
the medical compound into the tissue of interest (Figure 1.3) [14]. This system is 
composed of targeting molecules for specific internalization of drug to the active site 
via nanoparticle-mediated drug delivery (Figure 1.4) [7]. The benefits are that the drug 
would extremely affect only the malignant cells and reduce the harmful effects to 
normal cells. Furthermore, it is preferred over the conventional DDS because of several 
advantages. For example, the non-immunogenic targeting molecule could increase the 
biocompatibility of the system, which can prolong the lifetime of drug in blood stream. 
The hydrophobic molecule could improve the solubility of the drug in body fluid. Most 
of the targeting molecules also have a high specificity pharmaceutical index, which 
requires only small portion for administration [14-16].  
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Figure 1.4 Nanoparticle-mediated drug delivery cells (Adapted from Ref.[7]). 

In 2010, Zhu et al. synthesized the targeted anticancer drug delivery system 
based-on folated conjugated (FA) rattle-type Fe3O4@SiO2 hollow mesoporous sphere, 
combining magnetic targeting and using doxorubicin (DOX) as a model drug (DOX-
loaded Fe3O4@SiO2-FA) (Figure 1.5). They found that the DOX-loaded Fe3O4@SiO2-FA 
was injected by HeLa cells via receptor-mediated endocytosis, which was different 
from the particle without folated conjugation. The cell uptake efficiency was 
determined by confocal laser scanning microscopy. The result showed that HeLa cells 
could take up more DOX-loaded Fe3O4@SiO2-FA than DOX-loaded Fe3O4@SiO2. Besides, 
both types of particles exhibited the similar biocompatibility to cells. Zhu et al. 
confirmed that FA grafting facilitate cell uptake of DOX-loaded Fe3O4@SiO2 by HeLa 
cell [17].  
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Figure 1.5 The preparation of Fe3O4@SiO2-FA and (a) SEM image of Fe3O4@SiO2, (b) TEM 
image of Fe3O4@SiO2, and (c) high magnification of TEM for shell thickness (Adapted 
from Ref.[17]). 

In the same year, Tao et al. synthesized platinum drug-loaded mesoporous 
silica microparticles (MSMs) using MCM-41 and SBA-15. The cell uptake and cytotoxicity 
of drug were studied on Jurkat cells (leukemia) (Figure 1.6). They found that both types 
of mesoporous materials were ingested by endocytosis process. Interestingly, they also 
reported that drug loaded MCMs exhibited the higher anticancer activity than those of 
free drug and free particles. Hence, drug-loaded particles could become more 
selective and valuable by improving the localization [18]. 
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Figure 1.6 TEM images showed the internalizations of (a) SBA-15 and (b) MCM-41 by 
Jurkat cells (Adapted from Ref.[18]). 
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1.3 Cisplatin 

Cisplatin (Cis-dichlorodiammineplatinum(II), CDDP) is one of the most widely 
used cytotoxic agent in tumor treatment. It was first synthesized by Michel Reyrone in 
1895 (Figure 1.7a) [19]. Cisplatin is a neutral square planar compound which has 
platinum as a center atom and surrounded by two adjacent non-leaving group ammine 
ligands and two adjacent chloro leaving group ligands [20, 21]. Cisplatin was first 
administered to patient in 1971 and was approved to be used in anticancer treatment 
in 1978 [22]. 

 

Figure 1.7 The chemical structure of (a) cisplatin and (b) aqua cation species (Adapted 
from Ref.[23].) 

Cisplatin can be entered into the cell by passive transported (Figure 1.8) [22]. 
The concentration of chloride in cytosol is quite lower than the outer side of cell. As 
a result, cisplatin tends to form aqua cation species inside the cell (Figure 1.7b), 
subsequently enter the nucleus and interact with the DNA strand [24, 25]. Because of 
cation species, it is easy to form a crosslink with N-7 of guanine base, which is the 
electron richest position (Figure 1.9) [26]. This interaction will interfere the transcription 
mechanism by kinks the DNA approximately 40o [27]. Unfortunately, cisplatin has the 
limitations. For example, Pt as a soft metal prefers to bind to soft bases such as sulfur. 
Once cisplatin bind with high sulfur content biomolecules in blood steam, it will no 
longer interact with the nitrogen atoms of DNA in nucleus [28]. The good leaving group 
chloride can also be easily substituted by the other ligands and lead to the 
decomposition of cisplatin. Furthermore, cisplatin gives the harmful effects to both 
healthy cells and cancer cells. Therefore, the patients who take this anticancer drug 
could suffer from its several side effects as well as the drug resistance [29, 30].  
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Figure 1.8 The pathway of cisplatin internalized into the cellular (Adapted from 
Ref.[23]) 



 

 

10 

 

Figure 1.9 The interaction between cisplatin and guanine base of DNA to form crosslink 
complex. (Adapted from Ref.[31]) 

There are several approaches to solve these problems such as modifying 
cisplatin into a new prodrug. Zhang et al. reported novel platinum(IV) complexes with 
a diverse range of mono-, di-, and mixed-axial carboxylate ligands coupled to the axial 
positions (Figure 1.10). They found that the complexes of platinum(IV) are more inert 
than the typical cisplatin (platinum(II)) [32]. This modification led to an increase in the 
drug stability since the prodrug did not decompose or change into new compounds 
before reaching the targeted cell. The prodrugs was only active when reduced by 
bioreduction molecules, which they can be further exploited in drug design without 
interfering by toxicity [32]. However, they still have some disadvantages such as no 
selectivity and specificity to targeted cell, and some prodrugs lost their effects after 
the reduction. Because of these reasons, a number of new systems have been 
investigated. 
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Figure 1.10 Reaction pathway for formation of platinum (IV) complexes. (Adapted 
from Ref.[32]). 

Another approach is to modify cisplatin-like compound by conjugation with 
specific molecules as a drug carrier. Sanchez et al. described the conjugation of 
cisplatin and vitamin B12 as the general composition of binuclear molecule [{Co}-CN-
{Pt}] (Figure 1.11). Vitamin B12 was used as a vehicle to deliver drug to cancer cell. The 
in vitro releasing of cisplatin was studied by reducing Co(III) of vitamin B12 to Co(II) using 
S. enterica CobA enzyme. They found that the cisplatin was cleaved from vitamin B12 
after the reduction. As a result, they concluded that [{Co}-CN-{Pt}] might serve as a 
high stability drug for cancer therapy [33].  
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Figure 1.11 The structure of vitamin B12 adducts with platinum(II) complexes [{Co}-CN-
{Pt}] (Adapted from Ref.[33]). 

Nevertheless, the limitation of this process is that the modified drugs are not 
stable enough to circulate in the blood stream. Some of them showed poor solubility. 
Thus, loading cisplatin into the drug carrier is an alternative solution. This procedure is 
one of the best methods because it can increase the stability of cisplatin, decrease 
the side effects, and enhance the accumulation in tumor. Gu et al. synthesized high-
density of carboxyl groups on the surface of mesoporous silica nanocarriers for cisplatin 
loading (Figure 1.12). They reported that the particles showed high amount of cisplatin 
loading and could be up taken in to the cell by endocytotic method [34]. It was very 
interesting that the drug release is acid-dependent. Rosemholm et al. found that at pH 
5.5 (cancer cell), 85% of cisplatin was released after 320 h. Meanwhile, at pH 7.4 (blood 
circulation), the amount was reduced to less than 60%. They concluded that this DDS 
could minimize the cisplatin leaching in the blood and enable a large amount of 
intracellular drug releasing [35].  

Vitamin	B12	
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Figure 1.12 The carboxyl group on mesoporous silica nanoparticles with cisplatin 
loading (Adapted from Ref.[34]). 

 From all of mentioned reasons, it is particularly important to design the 
targeted drug delivery system to overcome the drawbacks of cisplatin.  
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1.4 Porous silica nanoparticles 

Porous silica nanoparticles (PSNs) are materials with hundreds of empty 
channels for absorbing or encapsulating chemical agents. In recent years, PSNs have 
attracted an attention in various fields including biomedicine, optical sensing, 
computing system, and electronic field [36]. The reasons are owing to their beneficial 
structural properties such as high surface area, large pore volume, excellent chemical 
and thermal stability, narrow particle size distribution, good biocompatibility, and 
possibility to functionalize on the particle surface [7, 37, 38]. Because of these 
prominent features, PSNs have been considered as a promising material for various 
biomedical applications to fight against many kinds of diseases such as diabetes [39, 
40], inflammation [41], and cancer [10]. The nanoparticles could be injected into the 
body via oral, nasal, or intracellular fluid [11]. However, there was no report of using 
PSNs as nanocarrier in drug delivery system due to the lack of controlling in the 
particles morphology. Until 2005, the PSNs with the hexagonal porous channel 
structure were synthesized. This types of PSNs was potentially attractive for controlled 
releasing delivery application [42]. The reason is that the uniformed structure could 
exhibit as “zero premature release”, which means that the encapsulated drug will not 
leak along the transportation [37]. There are a number of PSNs shapes reported in the 
literatures such as spheres, ellipsoids, rods, and tubes (Figure 1.13) [43, 44]. Our 
research chose the spherical particles in order to avoid the friction between the 
particles and circulation vein.  
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Figure 1.13 The different shapes of porous silica nanoparticles, (a) short rod-shaped 
particles, (b) sphere-shaped particles, (c) long rod-shaped particles, and (d) tube-
shaped particles. (Adapted from Ref.[2]) 

A number of studies have shown that silica nanoparticles can enhance the 
stability of delivery system. For example, Li et al. studied the possible mechanisms of 
cell death induced by free doxorubicin (DOX), free mesoporous silica nanoparticles 
(MSNs), and doxorubicin loaded in mesoporous silica nanoparticles (DOX@MSNs) 
incubated in HeLa cell (ovarian cancer cell) (Figure 1.14). From MTT results, free MSNs 
showed no cytotoxicity to HeLa cells, which could confirm that silica nanoparticles 
were biocompatible to living cells. However, both free DOX and DOX@MSNs exhibited 
cytotoxicities and became more significant when increasing the drug concentration and 
incubation times. Interestingly, after 4 h of incubation, cytotoxicity of DOX@MSNs 
remained higher than free DOX. They also treated DOX and DOX@MSNs to 4T1 and 
MCF-7 (two types of breast cancer cells) and found that the results were similar to 
those treated with HeLa cells. Therefore, they suggested that DOX@MSNs remained 

(a) (b) 

(c) (d) 
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the high potential among different cancer cells due to the MSNs-mediated endocytosis 
and the sustained intracellular release of DOX from MSNs [45]. 

 

 

Figure 1.14 The optical images of HeLa cell (a) untreated and treated with (b) MSNs, 
(c) free DOX, and (d) DOX@MSNs at the same period of time (Adapted from Ref.[45]). 

The use of PSNs as drug carriers has been significantly increased over the years. 
Nonetheless, there are some limitations such as poor solubility, rapid metabolization 
excretion of the drug, and lack of selectivity of PSNs to the targeted cells. The strategy 
to improve the targeted transportation is to modify the surface of PSNs, which could 
be achieved by co-condensation (one-pot synthesis) and grafting (post-synthesis 
modification), and imprint coating [46-48]. The biocompatibility of PSNs has been 
studied on the viability and proliferation of various mammals. The internalization of 

PSNs at concentration less than 100 μg/mL per 105 cells showed no effect in growth 
rates of cells [49, 50]. The efficiency of cellular up taking PSNs depends on particle 
size and interaction of drug. The particle size should be in range of sub micron. The 
surface of particles is desirable to interact with the drug compound in order to achieve 
the large capacity. PSNs exhibit all high performance properties, which could be 
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adjusted for intracellular controlled releasing. A number of studies have demonstrated 
that PSNs are capable of in vitro endocytosis by various mammal cells such as cancers 
(HeLa, NIH-OVCAR-3, PANC-1, 3TL3) [50-55]. It is noted that grafting particles with the 
specific ligand can enhance the efficacy of cellular uptake by receptor-mediated 
endocytosis [56]. Pinhassi et al. synthesized folate conjugated arabinogalactan 
endosomally cleavable peptide methotrexate (FA-AG-GFLG-MTX) as novel drug 
delivery system. They determined the uptake efficiency by folate-receptor 
overexpressing cancer cells compared to folate-receptor lacking counterparts. The 
various concentration of particles were incubated in two types of cancer cells; CHO-

AA8-C5 cells (lack of folate-receptor expression) and CHO-AA8-C5-FRα cells (high level 
of folate-receptor expression). They found that FA-AG-GFLG-MTX was selectively 

associated by CHO-AA8-C5-FRα cells (Figure 1.15). However, the association did not 
appear in CHO-AA8-C5. They confirmed that the targeting drug delivery system could 
enhance the selectivity of cell uptake [2].  

 

 

Figure 1.15 The sub cellular localization of the (A) FA-AG-MTX-FITC conjugate in 

parental C5 and (B) C5-FR α (Adapted from Ref.[2]). 
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1.5 Cobalamin  

Cobalamin (vitamin B12, Cbl) is a unique cobalt (Co) complex, which is 
composed of the highly substituted corrin ring with the Co at the center and the 
nucleotide appendage with a 5,6-dimethyl benzimidazole base (DMB) (Figure 1.16) [57]. 
Cbl is necessary for the proliferation and metabolic stability of cells. It participates in 
the synthesis of thymidine, which support DNA replication of cell division. Thus, the 
proliferating cells, such as cancer cells demand abnormally high quantities uptake of 
Cbl [58].  

 

 

Figure 1.16 The chemical structure of Cobalamin. (Adapted from Ref.[33]) 

In contrast with the other vitamin molecules, Cbl is remarkably large and 
cannot be normally taken up by simple diffusion in the intestine [59]. Hence, in 
mammals the transportation of Cbl is carried out by three proteins namely haptocorrin 
(HC), gastric intrinsic factor (IF), and transcobalamin (TCll) [60, 61]. The structure 
properties of human Cbl-binding proteins is shown in Figure 1.17 [60]. 
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Figure 1.17 Structural properties of human binding proteins. (a) Superposition of the 
TCII crystal (orange), IF (green), and HC (blue). (b) The Cbl-binding site in TCII. (c) Surface 
representation of HC model (Adapted from Ref.[60]). 

In the stomach, Cbl is initially bound to the HC and form Cbl-HC complex. The 
HC undergoes proteolytic cleavage into 2 or 3 fragments in the duodenum [60]. Then, 
Cbl is transferred to IF forming Cbl-IF and subsequently up taken by receptor-mediated 
endocytosis in the ileum mucosa [62]. In the enterocyte, Cbl is emancipated from IF 
and transferred to TCll [63, 64]. TCll, the blood cobalamin binding protein, delivers Cbl 
to the targeted cells via receptor-mediated endocytosis [65]. This pathway has been 
reported for various cells such as leukemia cells (Figure 1.18). After Cbl internalization, 
it is converted to co-enzyme (5’-deoxyadenosyl-Cbl and methyl-Cbl) and TCll-receptor 
will be recycled [66]. 

(b)	(a)	
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Figure 1.18 The internalization pathway of cobalamin (Cbl) into the cell. (Adapted 
from Ref.[60]) 

Consequently, a lot of efforts have been attempted to use Cbl as a targeting 
molecule due to the attractive features and specific internalization into the cells. 
Several research groups have described about the transportation of Cbl and the 
appearance of the Cbl receptor (Figure 1.19). For example, Rhizlane et al. found that 
HT-29 colon carcinoma expressed the IF receptor in the brush boarder membrane, 
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which involved receptor-mediated endocytosis of Cbl-IF complex. They also reported 
that HT-29 cells could synthesize TCll for targeting Cbl in the blood stream. In addition, 
another colon carcinoma called CaCo2 cells also contains the similar receptor [62]. 
Sysel et al. and Bauer et al. reported that many types of cancer cells (MCF-7, NIH-
OVCAR-3, ACHN, MDS, WI-38, Caov-3, and so on) possessed the protein receptors [67, 
68]. According to the previous literatures, Cbl is one of the potential markers for cancer 
therapy. Hence, Cbl is chosen as the targeting molecule in our drug delivery system 
for targeted therapy. 

 

 

Figure 1.19 The internalization pathway of Cobalamin via receptor-mediated 
endocytosis. (Adapted from Ref.[65]) 

In our work, a new drug delivery system is composed of cisplatin (CDDP) as an 
anticancer agent, porous silica nanoparticles (PSNs) as a drug carrier, and 
cyanocobalamin (Cbl) as a targeting molecule. We hypothesize that the cobalamin on 
our novel nanoparticles would bind to the cobalamin-receptor on the cancer cells, 
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which could improve the uptake efficiency of targeted cells. Moreover, this 
coordination is expected to protect cisplatin from the undesirable substitution reaction 
in circulation.  
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1.6 Research objectives 

1. To synthesize and characterize the cobalamin-grafted silica nanoparticles as a 
delivery system for cisplatin. 

2. To determine the cisplatin loading capacity of the synthesized nanoparticles. 

3. To study the cisplatin release behavior of the prepared nanoparticles. 
 

1.7 Benefits of this research 

Obtained new targeted anticancer drug delivery system based on cobalamin-
conjugated porous silica nanoparticles.



 

 

CHAPTER II 

EXPERIMENTAL 

2.1 General procedure 

2.1.1 Analytical measurement 

Scanning electron microscopy (SEM) performed on a JEOL JSM-7610F. Dynamic 
light scattering (DLS) was carried out on a Malvern Zetasizer. X-ray diffraction pattern 

(XRD) was determined by using Cu K-𝛼 radiation. Fourier Transform Infrared 
spectroscopy (FT-IR) was performed on Thermo, Nicolet 6700 FT-IR using KBr pellet in 
the range of 4000-400 cm-1. UV-visible spectroscopy (UV-vis) was recorded by Varian 
Cary 50 UV-Vis spectrophotometer. Diffuse reflectance UV-visible spectroscopy (DR-UV) 
was carried out on Shimadzu, UV-2550 UV-vis spectrophotometer. Inductively coupled 
plasma atomic emission spectra (ICP-AES) were obtained from a Thermo scientific, iCAP 
6500 instrument. Electrospray ionization-mass spectrometry (ESI-MS) was characterized 
using a Quatto micro API instrument. Nitrogen sorption isotherm was obtained on a 
BELSORP-mini (SN-154). All micropipettes were bought from Eppendorf. 
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2.1.2 Materials 

All solvents were purchased from Merck as standard analytical grade and were 
used without further purification. Tetraethylorthosilane (TEOS) and (3-
aminopropyl)triethoxysilane (APTES) were bought from Merck. Milli-Q water was 
achieved from Environmental Analysis Research Unit (EARU). Cetyl 
trimethylammonium bromide (CTAB) was purchased from Calbiochem. 
Carboxyethylsilane (CES) was bought from International laboratory USA. 
Cyanocobalamin (Vitamin B12) and Aquacobalamin (Vitamin B12a) were purchased from 
TCl. Potassium bromide (KBr) was obtained from Fluka as spectroscopy grade and dried 
in oven at 100 oC. Phosphate buffer solutions (PBS) were prepared from sodium 
hydrogenphosphate (Na2HPO4) and sodium dihydrogenphosphate (NaH2PO4) in Milli-Q 
H2O. Cisplatin (CDDP), an anticancer drug was bought from Sigma Aldrich. The 

microfilter 0.45 μm was purchased from Membrane solution.  
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2.2 Preparation of cobalamin-grafted silica nanoparticles (CblPSNs)  

2.2.1 Synthesis of porous silica nanoparticles (PSNs) 

 

 

The PSNs were prepared according to a published procedure [69]. CTAB (4.00 
g, 11.0 mmol) dissolved in DI H2O (960 mL) was stirred at room temperature for 5 min, 
after which TEOS (22.6 mL, 11.0 mmol) was added. The solution was continuously 
stirred for 24 h. The resulting white particles were collected by centrifugation at 10,000 
rpm for 30 min. The particles were washed with H2O and MeOH and were recollected 
again. Then, the particles were calcined at 600 oC for 6 h to remove CTAB. The white 
porous materials were obtained. The particles were dried under vacuum for 1 day and 
kept in a desiccator. The morphology of PSNs was characterized by SEM. The pore size 
distribution, pore volume, and surface area of particles were determined by nitrogen 
sorption isotherm. The functional groups of particles were identified by FT-IR 

spectroscopy. FT-IR: ν = 3444 cm-1 (OH), 1635 cm-1 (OH), 786 cm-1 (SiO), 1090 cm-1 (SiO), 
947 cm-1 (SiOH), 831-1260 cm-1 (SiO2)  
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2.2.2 Synthesis of aminated-porous silica nanoparticles (PSNsNH2) 

 

 

A suspension of PSNs (200 mg) in toluene solvent (80 mL) was added by APTES 
(0.75 mL). The mixture was stirred at room temperature for 24 h [70]. Then, the 
resulting product was washed with EtOH (3 times) and collected by centrifugation at 
10000 rpm for 20 min. The grafted particles were identified by FT-IR spectroscopy and 

amino groups on the surface of the particles were confirmed by ninhydrin test. IR: ν = 
2981 cm-1 (CH3), 2935 cm-1 (CH2), 3444 cm-1 (OH), 1635 cm-1 (OH), 786 cm-1 (SiO), 1090 
cm-1 (SiO), 947 cm-1 (SiOH), 831-1260 cm-1 (SiO2),  
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2.2.3 Synthesis of cobalamin-grafted porous silica nanoparticles (CblPSNs)  

 

 

Aquacobalamin (0.36 g, 0.22 mmol) was dissolved in DI H2O (40 mL) and the 
red solution was stirred at room temperature for 10 min. Then, phosphate buffer 
solution (PBS) (1.00 mL, 0.1 M pH 7.4) was added into the solution and stirred for 5 
min. After that, the solution of PSNsNH2 (200 mg) in H2O (10 mL) was added to the Cbl 
solution. The reaction was continuously stirred for 2 h at 0oC. The white nanoparticles 
became reddish of CblPSNs and were collected by centrifugation at 10,000 rpm at 5oC 
for 30 min. After that, the particles were washed with H2O and were dried under 
vacuum for 12 h. DR-UV spectroscopy was used to confirm the coordination of Cbl on 

PSNsNH2 in solid state. DR-UV: λ = 348, 547 nm   
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2.2.4 Incorporated of cisplatin into porous silica nanoparticles  

 

 

In a typical procedure, a CDDP solution (1000 ppm) was prepared in 1:1 DI H2O 
-dimethylsulfoxide (DMSO). Then, PSNs (200 mg) or CblPSNs (200 mg) were added in 
the CDDP solution and stirred for 24 h at room temperature in dark. The resulting 
suspensions were centrifuged at 10,000 rpm at 25 oC for 25 min. The CDDP-loaded 
particles were washed with DI H2O and dried in a vacuum for 12 h. [35]. The CDDP 
solution, supernatant and H2O washing were collected and the concentration of CDDP 
was measured by ICP-AES to determined CDDP loading in PSNs. All of the solutions 

were filtered by 0.45 μm nylon filters before ICP-AES analysis.  
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2.3 Preparation of cobalamin-grafted cisplatin loaded carboxyl-porous silica 
nanoparticles (PSNsCOOH)  

2.3.1 Synthesis of carboxyl-porous silica nanoparticles (PSNsCOOH) 

 

 

PSNsCOOH was prepared according to a published method [71]. A solution of 
CTAB (0.75 g, 2.06 mmol) in DI H2O (250 mL) was stirred at 45oC for 5 min. Into this 
solution, CES (0.50 mL, 3.38 mmol) was added dropwise and the reaction was stirred 
for 30 min. TEOS (0.50 mL, 2.47 mmol) in EtOH (5 mL) was then added. The reaction 
was continuously stirred for 4 h. Then, TEOS (1.50 mL, 7.41 mmol) in EtOH (5 mL) was 
additionally added in solution and stirred for 1 h. The solution was aged under static 
condition at 45oC for 24 h. Upon completion, the white powder product was formed 
in the solution. The particles was collected by centrifugation at 10,000 rpm for 30 min. 
The obtained particles was refluxed in THF (60.00 mL) with an addition of 2-3 drops of 
hydrochloric acid (HCl) to remove CTAB template. After that, the particles were washed 
with DI H2O and MeOH and were recollected again. The white particles were obtained. 
The particles were dried under vacuum for 1 day and kept in desiccator.  

It should be noted that the same procedure was performed to synthesize 
PSNsCOOH with different sizes by varying DI H2O volumes. The three representative 
nanoparticles with different particle sizes assigned as PSNsCOOH250, PSNsCOOH300, 
and PSNsCOOH350, respectively, were synthesized with the initial DI H2O volumes of 
250, 300, and 350 mL. 

The morphology of PSNsCOOH was characterized by SEM. The hydrated-
particle size of PSNsCOOH was analyzed by DLS. The pore size distribution, pore 
volume, and surface area of particles were determined by nitrogen sorption isotherm. 
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The functional groups of particles were identified by FT-IR spectroscopy. FT-IR: ν = 
1635 cm-1 (CO), 1121 cm-1 (CO), 2813 cm-1 (CH3), 2852 cm-1 (CH2),  3444 cm-1 (OH), 1635 
cm-1 (OH), 786 cm-1 (SiO), 1090 cm-1 (SiO), 947 cm-1 (SiOH), 831-1260 cm-1 (SiO2)  
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2.3.2 Incorporation of cisplatin into carboxyl-porous silica nanoparticles 

 

 

In a typical procedure, CDDP solution (1000 ppm) was prepared in 1:1 DI H2O -
dimethylsulfoxide (DMSO). Then, PSNsCOOH (200 mg) were added in the CDDP solution 
(50 mL) and stirred for 24 h at room temperature in dark. The resulting suspensions 
were centrifuged at 10,000 rpm at 25 oC for 25 min. The CDDP-loaded particles were 
washed with DI H2O and dried in a vacuum for 12 h [71]. 

The CDDP solution, supernatant and H2O washing were collected and the 
concentration of CDDP was measured by ICP-AES to determined CDDP loading in 

PSNsCOOH. All of the solutions were filtered by 0.45 μm nylon filters before ICP-AES 
analysis.  
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2.3.3 Synthesis of cobalamin-cisplatin adduct ([Cbl-CDDP]+)  

 

 

[Cbl-CDDP]+ was prepared following a reported procedure [72]. CDDP (0.66 g, 
0.22 mmol) and AgNO3 (0.38 g, 0.22 mmol) in DI H2O (6 mL) were stirred at room 
temperature for 2 h. The AgCl precipitate was removed from the solvent by 
centrifugation. Cbl (0.30 g, 0.22 mmol) was then added into the solution and stirred at 
50oC for 24 h. The solvent was removed in vacuo. The reddish crude product was 
obtained. The [Cbl-CDDP]+ product was characterized by ESI-MS, IR, and UV-vis 

spectroscopy. IR: ν = 2199 cm-1 (CN); ESI-MS: m/z = 1626 [M]+; UV-vis: λ = 362 and 549 
nm   
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2.3.4 Synthesis of cobalamin-grafted cisplatin loaded carboxyl-porous silica 
nanoparticles (CDDP@CblPSNsCOOH)  

 

 

[Cbl-CDDP]+ (0.36 g, 0.22 mmol) was dissolved in PBS solution (50 mL, pH 7.4) 
and stirred at room temperature for 15 min. After that, PSNsCOOH (200 mg) were added 
to the solution. The reaction was continuously stirred for 2 h. Upon completion, the 
reddish powder indicating the formation of CDDP@CblPSNsCOOH was observed in the 
solution. The particles were collected by centrifugation at 10,000 rpm at 5oC for 30 
min. After that, the particles were washed with DI H2O and dried under vacuum 
overnight. The successful conjugation of Cbl on the particles was demonstrated by 
chemical reduction of CDDP@CblPSNsCOOH with NaBH4 to yield Co2+(Cbl) and 

reduced-CDDP@CblPSNsCOOH. UV-vis: λ = 549 nm (Co3+(Cbl)), 470 nm (Co2+(Cbl))  
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2.3.5 Cisplatin releasing studies 

 

To verify the pH-dependence of drug releasing behavior, the CDDP@PSNsCOOH 
(0.200 g) were suspended in PBS solution (50 mL, 0.1 M, pH 5.5 or 7.4). The solutions 
were continuously stirred for 168 h (7 days) at 37oC. Then the supernatant (1.00 mL) 
was collected at each release time point. The CDDP concentration in supernatant was 
measured by ICP-AES. 

To study the release mechanism of the drug delivery system, 200 mg of 
CDDP@PSNsCOOH, CDDP@CblPSNsCOOH, or reduced-CDDP@CblPSNsCOOH were 
suspended in PBS solution (50 mL, 0.1 M, pH 5.5). The solution was continuously stirred 
for 168 h (7 days) at 37oC. Then supernatant (1.00 mL) was collected at each release 
time point. The CDDP concentration in supernatant was measured by ICP-AES.



 

 

CHAPTER III 

RESULTS AND DISCUSSION 

3.1 Preparation of cobalamin-grafted porous silica nanoparticles (CblPSNs) and 
cisplatin loading 

Cisplatin is a potent anti-cancer agent. However, it also exhibits toxicity to the 
normal cells and is unstable in human circulation. Therefore, the main objective of 
this study is to develop a novel drug delivery system to deliver cisplatin selectively to 
cancer cells. Our system design composed of cisplatin, porous silica nanoparticles 
(PSNs) and cobalamin (Cbl), PSNs are employed as a drug carrier. Cbl is used as targeting 
molecule for enhancing the selectivity of the system. The bonding between PSNs and 
Cbl is coordination, which could be easily synthesized. Our initial plan to prepare 
CblPSNs for cisplatin delivery is demonstrated in Scheme 3.1. 

 

Scheme 3.1 Synthetic pathway of CDDP@CblPSNs  
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3.1.1 Synthesis and characterization of CblPSNs 

The synthesis of PSNs is shown in Scheme 3.1 [69]. These particles were 
obtained from the polymerization of TEOS in water at room temperature under 
nitrogen atmosphere. Firstly, CTAB was dissolved in DI H2O to form a soft micelle 
template. Then, TEOS was polymerized on the micelle to form the solid particle. After 
the reaction completed, the particles were collected by centrifugation and the CTAB 
template was removed by calcination at 600oC for 6 h. The white solid particles were 
obtained. 

The size and morphology of particles were determined by SEM technique. From 
Figure 3.1b, the PSNs were spherical in shape and monodisperse. The particle size was 
in range of 130 nm, which is the optimized size to use as a drug carrier [73].  

 

Figure 3.1 SEM images of (a) non-calcined and (b) calcined silica nanoparticles (PSNs). 
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The functional groups of PSNs were identified by FT-IR spectroscopy. 
Comparison of IR spectra (Figure 3.2) for non-calcined and calcined nanoparticles also 
confirms the removal of CTAB template after calcination. The signals of CTAB (2935 
and 3050 cm-1) disappear in the calcined PSNs. The silanol functional groups in PSNs 
were identified around 3440 cm-1, (O-H stretching) and at 1090 cm-1 (Si-O stretching) in 
the IR spectrum [74]. 

 

 

Figure 3.2 The FT-IR spectra of (a) non-calcined PSNs and (b) calcined PSNs. 
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The pore size, pore volume, and surface area of the particles were determined 
by nitrogen sorption isotherm. From Figure 3.3, the isotherm can be classified as a type 
1 isotherm and the MP-plot (Figure 3.3; inset) revealed the pore size distribution of 1.0 
nm, indicative of microporous materials [65]. From Brunauer-Emmett-Teller (BET), the 
pore volume and specific surface area were 0.429 cm3g-1 and 799.95 m2g-1, respectively. 
These characterization data suggested that PSNs were successfully synthesized. 

 

Figure 3.3 The nitrogen sorption isotherm of PSNs. Inset: MP-plot of PSNs 
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It has been documented that the amino group showed high affinity to Cbl [13]. 
To incorporate the amino group to PSNs, reaction of APTES and PSNs to obtain PSNsNH2 
was carried out. The FT-IR spectrum of PSNsNH2 showed the signals at 2981 and 2935 
cm-1, which corresponded to the –CH2 stretching of alkyl chain [13], and suggested the 
presence of APTES grafting on the nanoparticles (Figure 3.4). The expected signal from 
N-H stretching was not identified as it was overlapped with that of the O-H stretching 
from the silanol group.  

 

Figure 3.4 The FT-IR spectra of (a) PSNs and (b) PSNsNH2 
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The amino groups on the particles were confirmed by the ninhydrin test. The 
experiment was compared between ninhydrin reagent in PSNs (as a control test) and 
PSNsNH2. It could be seen that the color of ninhydrin did not change in the PSNs 
solution. However, the reaction between the ninhydrin reagent and the grafted 
materials resulted in the purple substance shown in Figure 3.5 (Ruhemann’s purple), 
confirming that the amine groups were successfully grafted onto the PSNs (Scheme 
3.2) [75]. 

 

 

Scheme 3.2 Ninhydrin test of aminated-particles (Adapted from Ref.[75].) 

 

 

Figure 3.5 The solutions of Ninhydrin test 
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The Cbl was grafted on the PSNsNH2 to enhance the selectivity of 
transportation. PSNsNH2 were dispersed in the freshly-prepared solution of 
aquacobalamin. The white particles of PSNsNH2 turned red, which could suggest that 
Cbl was grafted on the particles. After the reaction completed, the product were 
collected by centrifugation. DR-UV spectroscopy was used to confirm the successful 
conjugation of Cbl on the particles in solid state. From Figure 3.6, the spectrum showed 
the absorption of cobalamin-grafted particles at 358 nm and 547 nm, which were 
resembled those of free Cbl [76].  

 

Figure 3.6 The DR-UV spectrum of CblPSNs. Inset: UV-vis spectrum of 
aquacobalamin. 
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3.1.2 Cisplatin loading efficiency of PSNs and CblPSNs  

Utilization of PSNs and CblPSNs as a drug carrier was examined using cisplatin 
as a drug model. The amount of cisplatin incorporated in the particles was determined 
by ICP-AES. Drug loading efficiency was then calculated (Equation 1) [77]. From the 
results, CblPSNs showed negligible amount of cisplatin loaded in the particles. Our 
initial hypothesis was that Cbl as a large molecule grafted on the particle surface might 
inhibit the drug loading. Therefore, we tried to load CDDP to PSNs before Cbl 
conjugation. However, the loading efficiency was not improved significantly. In fact, the 
loading efficiency of PSNs was only 7%, possibly due to the low affinity of the silanol 
groups and cisplatin [35]. Hence, PSNs were not suitable to be the cisplatin carrier in 
our system. The new design of drug vehicle, PSNsCOOH, was next investigated. 

 

Equation (1):  

Drug loading efficiency(%)  =
amount of CDDP incorporated in particles

amount of CDDP initially added
× 100% 
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3.2 Synthesis of cobalamin-grafted carboxyl-porous silica nanoparticles 
(CblPSNsCOOH) and cisplatin loading 

According to the lack of cisplatin loading performance of PSNs, the silanol group 
on the particles was modified the silanol group into the carboxyl group. Our 
assumption was that the high affinity of carboxyl group could improve the loading 
efficiency of cisplatin [78]. The synthetic pathway for our new system based on 
PSNsCOOH is shown in Scheme 3.3. 

 

Scheme 3.3 Synthesis of CDDP@CblPSNsCOOH as drug delivery system. 
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3.2.1 Synthesis and characterization of carboxyl-porous silica nanoparticles 
(PSNsCOOH)  

 

The PSNsCOOH were synthesized from the co-condensation of TEOS and CES 
using CTAB as the porous template [35]. The reaction was operated at 45oC under 
nitrogen atmosphere. CTAB was firstly dissolved in the water to form micelle template. 
Then, TEOS and CES were co-condensed to form solid particles. The carboxyl group 
on the particles was not stable in the high temperature. Therefore, the CTAB template 
was removed by extraction in acid solution instead of calcination.  The PSNsCOOH 
were dispersed in the THF and concentrated HCl was dropped in the solution. The pH 
of the solution must be less than 5, otherwise the particles would be dissolved due 
to the protonation of carboxyl group and less amount of particles would be obtained 
[34]. Finally, the white particles were collected by centrifugation.  

It was reported that the concentration of TEOS and CES could affect the 
particle size.  The higher concentration of silicon source led to a larger particle 
diameter [35]. In our work, we varied the concentration of the silica source by fixing 
the amount of TEOS and CES in the reaction, but changed the volume of DI H2O to 
250.00, 300.00, and 350.00 mL. The obtained particles were designated as 
PSNsCOOH250, PSNsCOOH300, and PSNsCOOH350, accordingly.  
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The morphology of particles was determined by SEM. The representative 
nanoparticles were dispersed in DI water and were sonicated by tip-sonication. Then, 
the particle solution was dropped on that the morphology of PSNsCOOH250 and 
PSNsCOOH300 were both ellipsoidal and spherical particle. In contrast, PSNsCOOH350 
were spherical and monodispersed. Dynamic light scattering (DLS) was used to measure 
the hydrated-particle size in aqueous solution. The diameters of representative 
nanoparticles were summarized in Table 3.1. The data illustrated that the particle size 
increased as the water volume decreased, consistent with the published report [35].  

In summary, PSNsCOOH350 are in an optimized size and suitable shape for 
biological tasks. Hereafter, PSNsCOOH350 will be designated as PSNsCOOH and tested 
as a drug carrier in this research. 

 

Figure 3.7 The SEM images of (a) PSNsCOOH250, (b) PSNsCOOH300, and (c) 
PSNsCOOH350. 
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Table 3.1 The average size of the nanoparticles and grafted-particles determined by 
DLS technique. 

Particle name Average diameter (nm) 

PSNsCOOH250 347 ± 8 

PSNsCOOH300 265 ± 8 
PSNsCOOH350 173 ± 5 

 

The functional groups on PSNsCOOH were identified by FT-IR spectroscopy. 
Figure 3.8 showed the absorption peaks at 1635, which attributed to the C=O stretching 
of terminal carboxylic groups [79, 80]. The result indicated that carboxyl group was 
successfully introduced to the silica nanoparticles.  

 

Figure 3.8 The FT-IR spectra of PSNs and PSNsCOOH 
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The pore size, pore volume, and specific surface area of the particles were 
investigated by nitrogen sorption isotherm. From figure 3.9, the isotherm could be 
classified as a Type I isotherm, which is the characteristics of microporous materials 
[65]. The pore size distribution was calculated from MP-plot (inset picture). It showed 
a sharp peak at 1 nm, which is in range of micropore [GE]. From BET, the pore volume 
and specific surface area were 0.637 cm3g-1 and 694.82 m2g-1, respectively. These 
particles exhibited the high surface area, which is good for grafting with targeting 
molecule. They also showed large pore volume for drug storage. These results 
demonstrated that PSNsCOOH would be a promising drug carrier. 

 

Figure 3.9 The nitrogen sorption isotherm of PSNsCOOH. Inset: MP-plot of PSNsCOOH. 
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The X-ray diffraction spectroscopy (XRD) was employed to characterize the 
ordered structure of PSNsCOOH. Figure 3.10 showed the Bragg diffraction peaks 
indexed as (100), (110), and (111) reflections. The spectrum showed the characteristic 
pattern for a two-dimensional (2D) hexagonal structure [35], which is the desired 
structure for drug delivery system due to their unique channel structure, high thermal 
stability, and good biocompatibility [81].   

 

Figure 3.10 The XRD pattern of PSNsCOOH. 

All characterization data suggested that PSNsCOOH would be a suitable drug 
vehicle   
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3.2.2 Cisplatin loading efficiency of PSNsCOOH  

Cisplatin was incorporated into PSNsCOOH by a simple diffusion method. The 
amount of cisplatin incorporated was determined by ICP-AES, and loading efficiency 
was calculated from equation 1. Interestingly, the cisplatin loading efficiency of 
PSNsCOOH was dramatically increased to 59% (0.118 g of CDDP per 200 mg particles) 
compared to 7% of PSNs.  The result can be concluded that the carboxyl group on 
PSNsCOOH showed high affinity with cisplatin, which was consistent with the published 
report [34]. Therefore, PSNsCOOH could improve the amount of loaded cisplatin and 
the particles would be further grafted with Cbl for targeted delivery system.  
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3.2.3 Synthesis and characterization of cobalamin-cisplatin adduct as a 
targeting molecule ([Cbl-CDDP]+)  

The [Cbl-CDDP]+ was prepared following the published procedure (Scheme 3.4) 
[72]. The solution of AgNO3 and cisplatin (1:1 mole ratio) was stirred in DI H2O for 2 
min. Then, the white precipitate was formed in the solution. This precipitation can be 
described as one chloro ligand removed from cisplatin and precipitated as AgCl(s). 
After that, H2O rapidly substituted to form mono-aquacation species, which was more 
labile than normal cisplatin. The precipitate was then removed by centrifugation and 
Cbl was added into the supernatant. The color of solution changed from pale yellow 
to dark red. The cyano ligand of Cbl was proposed to substitute at aqua position of 
the cationic complex to form [Cbl-CDDP]+.  

 

Scheme 3.4 Synthesis of [Cbl-CDDP]+ as targeting molecule. 

FT-IR spectroscopy was used to identify the coordination between cisplatin and 
the cyano group of Cbl. Figure 3.11 showed the spectra of free Cbl and Cbl-CDDP. The 
CN stretching peak of free Cbl appeared at 2134 cm-1 [82].  However, the band of CN 
stretching from [Cbl-CDDP]+ shifted to 2190 cm-1, with the previously reported 
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spectrum [72]. The result confirmed that the formation of [Cbl-CDDP]+ adduct was 
successfully achieved.  

 

Figure 3.11 The FT-IR spectra of (a) Cbl and (b) [Cbl-CDDP]+. 
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UV-visible spectroscopy was employed to identify the stability of Cbl in 
targeting ligand. The absorption spectra of free Cbl and [Cbl-CDDP]+ in DI H2O were 
shown in Figure 3.12. The characteristic absorption band of free Cbl appeared at 362 
and 549 nm. The absorption bands of [Cbl-CDDP]+ also appeared the same wavelength 
positions. This could be suggested that Cbl was stable and stayed intact in the adduct. 

 

Figure 3.12 The UV-visible spectra of [Cbl-CDDP]+ and free Cbl. 

The molecular weight of [Cbl-CDDP]+ was determined by ESI-MS. The solution 
was prepared in milli-Q water. The result compared between free Cbl and [Cbl-CDDP]+. 
Free Cbl showed the peak of 1358. Meanwhile, [Cbl-CDDP]+ appeared the peak of 
1626, which was near to the exact mass [33]. The data was strongly confirmed that the 
product was [Cbl-CDDP]+.  
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3.2.4 Synthesis and characterization of cobalamin-grafted cisplatin loaded 
carboxyl-porous silica nanoparticles (CDDP@CblPSNsCOOH) 

To increase the selectivity of transportation, CDDP@PSNsCOOH were grafted 
with [Cbl-CDDP]+ for targeted delivery (Scheme 3.5). The white solid particles of 
CDDP@PSNsCOOH were dispersed in the red Cbl-CDDP solution. In this step, we 
expected that the chloro ligand on the Pt center would be substituted by the carboxyl 
group of nanoparticles. After the reaction finished, the white particles turned into 
reddish product, which was indicative of Cbl grafting on the particles.  

 

Scheme 3.5 Synthesis of CDDP@CblPSNsCOOH as novel drug delivery system. 
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The [Cbl-CDDP]+ starting solution and supernatant were kept to determine the 
amount of [Cbl-CDDP]+ grafted on the particles by UV-vis spectroscopy. The spectrum 
of [83]+] has a UV-vis feature at 361 and 549 nm [33]. The amount of [Cbl-CDDP]+ was 
obtained from calibration curve (Figure 3.13). The grafting efficiency was calculated as 
the ratio between the net weight of [Cbl-CDDP]+ grafted on the particles and weight of 
[Cbl-CDDP]+ initially added, which was shown in Equation (2) [83]. The grafting efficiency 
of 20% was obtained. 

 

Equation (2):  

Grafting efficiency(%)  =  
amount of [Cbl − CDDP] grafted in particles (g)

amount of [Cbl − CDDP]initially added (g)
× 100% 

 

 

Figure 3.13 UV-vis spectra and calibration curve of [(Co3+)[Cbl-CDDP]+] 
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Initially, we attempted to confirm the presence of Cbl on particle by DR-UV 
spectroscopy. However, the spectrum was too board such that the characteristic peaks 
of Cbl could not be identified. Hence, we turned to an alternative approach. In 2011, 
Sanchez et al. reported that [Cbl-CDDP]+ or cis-[PtCl(NH3)2Cbl] could be reduced by 
cobaltacene (Cp2Co) to form cis-[PtCl(NH3)2CN] and [Co2+(Cbl)] products (Scheme 3.6). 
It should be noted that UV-vis spectral features of [Co2+(Cbl)] are quite distinct from 
those of [Cbl-CDDP]+ and [Co3+(Cbl)], so UV-vis spectroscopy can be used to monitor 
this reaction. 

 

Scheme 3.6 Reduction of [Cbl-CDDP]+ by cobaltocene (Adapted from Ref.[84].) 

In our work, the reduction of [Co3+(Cbl)] was used to verify the coordination 
bond between Cbl and CDDP of CDDP@CblPSNsCOOH. However, cobaltocene is quite 
reactive and difficult to handle. Therefore, sodium borohydride (NaBH4) was used as 
reducing agent in our experiment by following a published report [33]. Firstly, the 
reduction was tested with the free [Co3+(Cbl)] solution. After adding NaBH4, the color 
of [Co3+(Cbl)]  solution changed from red to orange-brown (Figure 3.14a) [85, 86]. UV-
vis spectra changed upon reduction was also observed as shown in Figure 3.15a. These 
observations indicated the formation of [Co2+(Cbl)] [87]. Then, the reduction of 
CDDP@CblPSNsCOOH was carried. After adding NaBH4, the color of solution turned 
orange-brown, which was similar to the free Cbl reaction (Figure 3.14b). The particles 
and supernatant were separated by centrifugation. UV-vis spectroscopy was also 
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performed to identify the cobalt species in the supernatant after reduction. As can be 
seen in Figure 3.15b, UV-vis spectrum of the supernatant was similar to the free 
[Co2+(Cbl)] spectra, indicating that (Co3+)CblPSNsCOOH was reduced and gave 
[Co2+(Cbl)]  product. From the result, we proposed that the Cbl was cleaved from the 

particles at the β-ligand position upon reduction (Scheme 3.7) [35], leading to the 
observed [Co2+(Cbl)] in the supernatant. In other words, the fact that [Co2+(Cbl)] was 
observed after reduction of CblPSNsCOOH would imply the presence of Cbl on the 
particles in the first place. 

 

Figure 3.14 The solution of (a) [Co3+(Cbl)], (b) [Co3+(Cbl)] + NaBH4, and (c) CblPSNsCOOH 
+ NaBH4 

 

 

Figure 3.15 UV-visible spectra of (a) [Co3+(Cbl)] and (b) [Co2+(Cbl)] by NaBH4 
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Scheme 3.7 The reduction of CDDP@CblPSNsCOOH by NaBH4 
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From SEM images (Figure 3.16), the morphology of PSNsCOOH, 
CDDP@PSNsCOOH, and CDDP@CblPSNsCOOH was spherical in shape and 
monodispersed. 

 

Figure 3.16 The SEM images of PSNsCOOH, CDDP@PSNsCOOH, and 
CDDP@CblPSNsCOOH 

From Table 3.16, the DLS data showed the hydrated-diameter of three 
representative particles. The diameter of PSNsCOOH was 183 nm. Nevertheless, the 
particle size slightly increased to 230 nm after loading cisplatin. Moreover, the size of 
CDDP@CblPSNsCOOH expanded to 316 nm after grafting with [Cbl-CDDP]+. 
CDDP@CblPSNsCOOH might still be applicable for drug delivery since particles in the 
similar size (300-600 nm) were demonstrated to be a successful drug delivery system 
and could be up taken by cancer cells [17]. 
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Table 3. 2 The average size of the three representative nanoparticles and grafted-
nanoparticles determined by DLS technique. 

Particle name Average diameter (nm) 

PSNsCOOH 183 ± 8 
CDDP@PSNsCOOH 

CDDP@CblPSNsCOOH 
230 ± 6 
316 ± 6 
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3.3 Cisplatin releasing studies  

3.3.1 The studies of cisplatin releasing from PSNsCOOH at pH 5.5 and pH 7.4 

Generally, cancer cells are more acidic than normal tissue. The pH of tumor 
condition ranges from 5.5-7.6 [87]. In our research, the investigation of drug releasing 
profile of CDDP@PSNsCOOH was performed at pH 5.5 (cancer cell condition) and pH 
7.4 (normal cell condition) using 0.1 M PBS buffer solution. Our assumption was that 
the cisplatin releasing from particles was pH-dependent. The quantification of cisplatin 
release was determined by ICP-AES. The cisplatin releasing efficiency was calculated 
from the ratio of cisplatin released into the supernatant and the initial amount of 
cisplatin loading in particles (0.118 g CDDP per 200 mg of particles), which was shown 
in equation (3) [88]. Figure 3.17 showed the concentration of cisplatin released from 
CDDP@PSNsCOOH matrix at pH 5.5 and 7.4 upon increasing the time.  

 

Equation (3):  

Releasing efficiency(%)  =
amount of CDDP released from particles (g)

initial amount of CDDP in particles (g)
× 100% 
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Table 3.3 Concentration of CDDP in the supernatant (50.00 mL) from 
CDDP@PSNsCOOH (200 mg) in PBS solution pH 5.5 and 7.4 

 

Time (h) Concentration of CDDP in supernatant (ppm) 

pH 5.5 pH 7.4 

1 208 168 
2 336 286 

3 394 344 

4 436 400 
5 466 414 

6 528 460 
8 563 520 

12 618 574 

24 672 614 
48 712 638 

72 714 668 

96 736 692 
120 776 712 

168 774 728 
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Figure 3.17 The cisplatin releasing behavior of CDDP@PSNsCOOH in 0.1 M PBS solution 
pH 5.5 and 7.4 

The % cisplatin releasing from CDDP@PSNsCOOH matrix after 7 days at pH 5.5 
and 7.4 were 33% and 31%, respectively. The cisplatin release was attributed to the 
protonation of the carboxy anion [34]. Consequently, the co-ordination between 
cisplatin and the carboxyl group was broken. Hence, cisplatin dissociated from the 
particle (Figure 3.18). The result indicated that PSNsCOOH could be used as cisplatin 
carrier and release into the cancer cells. 

 

Figure 3.18 Proposed dissociation mechanism between cisplatin and PSNsCOOH 
(Adapted from Ref.[4].)  
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3.3.2 Mechanistic study of cisplatin releasing from CDDP@CblPSNsCOOH at pH 
5.5 

The cobalamin on the PSNsCOOH was expected to increase the specificity of 
delivery system. It was also expected to reduce the releasing rate of cisplatin during 
the transportation. We proposed that Cbl molecule could act as a gatekeeper, which 
was able to inhibit the release of cisplatin. The releasing behavior of 
CDDP@CblPSNsCOOH was compared to the CDDP@PSNsCOOH (Figure 3.19 a and b). 
The experiment was performed by ICP-AES. From Figure 3.19 a, CDDP@PSNsCOOH 
showed the sustained release in the matrix. The cisplatin releasing efficacy was 36%. 
However, only 10% of cisplatin was released from CblPSNsCOOH, suggesting that the 
drug was blocked by targeting ligand, Cbl. After that, we also studied the cisplatin 
releasing profile from particles after reducing Cbl by NaBH4 (reduced 
CDDP@CblPSNsCOOH) (Figure 3.19c). We proposed that the reduction and cleavage of 
Cbl from the particles would induce the drug release. According to our assumption, 
the cisplatin releasing from reduced CDDP@CblPSNsCOOH was significantly raised up 
to 24%. The releasing behaviors of three representative particles indicated that grafting 
the targeting molecule on the drug carrier would help reduce the side effects of 
cisplatin in the circulation [89]. When the drug system is internalized into the cancer 
cells, [Co3+(Cbl)] will be reduced to [Co2+(Cbl)] by systematic enzymes and cleaved 
from the particles [90]. The naked-particles will be obtained. Thus, cisplatin could be 
released more easily in the cellular matrix.  



 

 

65 

Table 3.4 Concentration of CDDP in the supernatant (50.00 mL) from three 
representative particles (200 mg) in PBS solution pH 5.5 

Time (h) Concentration of CDDP in supernatant (ppm) from 

PSNsCOOH CblPSNsCOOH reduced CblPSNsCOOH 
1 202 62 90 

2 294 80 134 

3 366 136 176 
4 400 114 252 

5 462 84 326 

6 206 142 356 
7 534 112 206 

8 550 116 328 
12 602 114 414 

16 634 128 440 

20 668 210 482 
24 692 130 486 

36 726 174 486 

48 746 226 534 
72 780 208 580 

96 802 204 520 
120 834 202 588 

144 846 218 538 

168 846 236 552 
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Figure 3.19 The model of cisplatin loaded in (a) PSNsCOOH, (b) CblPSNsCOOH, (c) CN-
CDDP-PSNsCOOH, and (d) the cisplatin releasing behavior of three representative 
particles in 0.1 M PBS solution pH 5.5. 

  

CDDP@PSNsCOOH

(a)

COOH

COOH

COOHHOOC

HOOC

COOH

COOH

HOOC

N

N N

N

Co3+

CDDP@CblPSNsCOOH

(b)

COO

C

N

Pt NH3

NH3

reduced CDDP@CblPSNsCOOH

(c)

COO

CN

Pt NH3

NH3

N

N N

N

Co2+

0 

200 

400 

600 

800 

1000 

0 24 48 72 96 120 144 168 

C
o
n

ce
n

tr
a
ti

o
n

 (
p

p
m

) 

Time (h) 

(a) 

(c) 

(b) 

(d) 



 

 

CHAPTER IV 

CONCLUSION 

In this work, we have developed a targeted anticancer drug delivery  system 
based on cisplatin loaded cyanocobalamin-conjugated porous silica nanoparticles. The 
particles were spherical in shape and Cbl molecule could successfully grafted on the 
PSNs. However, the cisplatin loading efficiency of PSNs was only 7%, which could not 
conduct a releasing experiment. Hence, we have modified the functional group of 
particles from silanol to carboxyl group. The carboxyl-particles had been synthesized 
in 3 particles sizes namely PSNsCOOH250, PSNsCOOH300, and PSNsCOOH350. The 
hydrated-size of 3 representative particles was 347, 265, and 173 nm. We chose 
PSNsCOOH350 as drug carrier in this research due to the optimized size. The shape of 
PSNsCOOH were spherical and monodispersed. The pore size distribution was 1 nm. 
The pore volume and specific surface area were 0.637 cm3g-1 and 694.82 m2g-1, 
respectively. The ordered structure of PSNsCOOH was hexagonal structure, which 
showed the good stability and biocompatibility. Moreover, the loading efficiency of 
cisplatin in carboxyl-particles was increased to 59%. Targeting molecule Cbl-CDDP was 
successfully conjugated on the carboxyl-particles by coordination bonding. Cisplatin 
released from PSNsCOOH had a sustained release pattern in both pH 5.5 and 7.4. In 
contrast, there was little cisplatin release from CblPSNsCOOH, suggesting the pore was 
blocked by Cbl. Nevertheless, it showed better release behavior after cutting off 
targeting molecule by reduction. Thus, we concluded that cisplatin loaded in 
cyanocobalamin conjugated carboxyl-porous silica nanoparticles had good potential 
to be targeted drug delivery for cancer therapy. 
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Figure 4.1 Proposed delivery mechanism of cisplatin loaded cobalamin-conjugated 
nanoparticles to cancer cells (Adapted from Ref.[91]) 
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