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초록: 폐암, 특히 비소세포폐암(NSCLC)은 암 관련 사망률의 주요 원인으로, 상당수의 사례가 진행 단계에서 진단되는             

경우가 많습니다. 암 치료의 초석인 시스플라틴은 낮은 수용성 및 전신 독성과 같은 문제에 직면해 있습니다. 리포솜은               

약물의 독성을 줄이면서 전달을 향상시키는 효과적인 운반체로 부상했지만, 시스플라틴의 낮은 용해도는 리포솜의 수성            

코어에서 캡슐화 효율을 제한합니다. 이 연구에서는 시스플라틴을 아민으로 개질된 담즙산인 타우로콜산나트륨(TCA-          

NH2)과 접합하여 용해도와 리포솜 내 로딩을 향상시키는 방법을 탐구합니다. 그 결과 TCA-시스플라틴 리포솜은 향상된             

캡슐화 효율, 높은 약물 대 지질 비율, pH 의존적 약물 방출을 보였습니다. 종양 미세 환경을 모방한 산성 조건(pH 5.5)                 

에서 상당한 시스플라틴 방출이 관찰되어 암세포에 특이적으로 전달할 수 있었습니다. 시험관 내 연구에서는 폐암 세포에              

대해 유리 시스플라틴 리포솜에 필적하는 효과적인 세포 독성이 입증되었으며, 생리적 조건(pH 6.6)에서 안정성이 증가             

되었습니다. 이러한 결과는 경구 투여를 위한 유망한 플랫폼으로서 TCA-시스플라틴 리포솜의 잠재력을 보여주며, 향후            

개발 및 임상 적용을 위한 길을 열어줍니다.

Abstract: Lung cancer, particularly non-small cell lung cancer (NSCLC), remains a leading cause of cancer-related 

mortality, with a significant proportion of cases diagnosed at advanced stages. Cisplatin, a cornerstone in cancer ther-

apy, faces challenges such as low water solubility and systemic toxicity. Liposomes have emerged as effective carriers 

to enhance drug delivery while reducing toxicity; however, the low solubility of cisplatin limits its encapsulation effi-

ciency in the aqueous core of liposomes. This study explores the conjugation of cisplatin with an amine-modified bile 

acid, sodium taurocholate (TCA-NH2), to enhance its solubility and loading into liposomes. The resulting TCA-cis-

platin liposomes exhibited improved encapsulation efficiency, a high drug-to-lipid ratio, and pH-dependent drug 

release. At the acidic condition (pH 5.5), mimicking the tumor microenvironment, significant cisplatin release was 

observed, enabling cancer cell-specific delivery. In vitro studies demonstrated effective cytotoxicity against lung can-

cer cells, comparable to free cisplatin liposomes, with enhanced stability in simulated physiological conditions (pH 

6.6). These findings indicate the potential of TCA-cisplatin liposomes as a promising platform for oral administration, 

paving the way for further development and clinical applications.

Keywords: cisplatin prodrug, drug delivery, liposome, bile acid, lung cancer.

Introduction

Among other types of cancer, lung cancer is the most com-

mon occurrence and is often diagnosed in the late stages.1
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Even with the highest mortality rate, 20~25% of patients with 

non-small cell lung cancer (NSCLC) undergo surgery and 30~55% 

can be treated with radical surgery. Although 16% survive up 

to 5 years after treatment, but patients often die.2 Treatment is 

improving day by day, but the prognosis is poor. 

Several carriers have been developed to deliver cisplatin, 

reducing its toxicity and improving its anticancer properties. 

As an alternative carrier, liposomes provided a method for 

delivering drugs while minimizing toxicities. However, cispla-

tin's low solubility in water (2 mg/mL) again prevents its load-

ing in the aqueous portion of the liposome. Consequently, it is 

necessary to conjugate the drug with a hydrophilic complex to 

improve its water solubility.3,4

From the beginning of the formulation process, different 

materials are added to the drug to increase its loading,5,6 pro-

long its release,7,8 or reduce its toxicities.8 Previously, it has 

been disclosed that a coordination complex can be synthesized 

by ligand exchange using equated cisplatin and aminopropyl-

triethoxysilane (APTES) with the amino end linked directly to 

platinum. Nanoparticles containing silica-cisplatin prodrug conju-

gate have amino linkers that decrease metabolic activity and 

increase membrane permeability. In a study of breast cancer cells 

undergoing chemotherapy, cisplatin was released using the amino 

end of silica as a carrier with high drug loading, acid-respon-

sive release, and effective cytotoxicity.9

Although oral delivery is the most straightforward method of 

administering drugs, it has a high acid content in the stomach, 

low absorption through epithelial membranes, or breakdown of 

the chemical structure of the drug at physiological pH.10 The 

conjugation of a solubilizer can improve the drug under such 

circumstances and overcome the physiological pH. Various stud-

ies have shown that bile acid conjugated to the drug allows it 

to be absorbed more rapidly by the bile acid transporter in the 

intestine.11 It is possible to facilitate the solubility of drugs by 

conjugating them with hydrophilic bile acids or their deriva-

tives.12 An amine-modified sodium taurocholate (TCA-NH2) 

was used in this study to enhance the cisplatin loading in lipo-

somes and the in-vitro anticancer activity.

Experimental

Materials. Cisplatin (99.9%), 1,2-dioleoyl-sn-glycero-3-   

phosphoethanolamine (DOPC 98.50%) and D-alpha tocopherol 

succinate (VES) were purchased from Sigma-Aldrich (USA). 

DMG-PEG (2k) was purchased from TCI chemicals and ACROS 

ORGANICS. Taurocholic acid (TCA 95.0%, Mw: 537.69 g/mol),

4-nitrophenyl chloroformate (4-NPC), Dimethylaminopyridine

(DMAP) and o-phenylenediamine (OPDA) were purchased 

from Sigma-Aldrich (USA). Triethylamine (TEA), ethylene-

diamine (EDA), ethyl acetate, dichloromethane, diethyl ether, 

dimethylformamide (99.8%) and acetone were purchased from 

Sigma Aldrich. Slide-A-Lyzer TM dialysis cassette (3.5 K 

MWCO) of 3 mL and Amicon Ultra -4 centrifugal filter unit 

4 mL was purchased from Merck Millipore. The Dialysis Tubing 

MWCO 100-500 D was purchased from Spectrum Labora-

tories (USA).

Cell Culture. From Cellgro (Manassas, VA) Dulbecco’s Mod-     

ified Eagle Medium (DMEME), Dulbecco's phosphate buffered 

saline (DPBS), fetal bovine serum (FBS), 0.25% trypsin/EDTA 

solutions and from Mediatech (Manassas, VA) Penicillin-strep-

tomycin solutions were obtained; those used in this experiment. 

From American Type Culture Collection (ATCC, Manassas. 

VA, USA) lung carcinoma epithelial cell line (A549) and epi-

thelial cells of kidney tissues (MDCK) were purchased. 10% 

FBS and 1% penicillin-streptomycin were used to supplement 

DMEM, which was the media to culture A549 and MDCK 

cells. In this media all the cell-culture experiments were per-

formed with the help of an incubator set at 37 ℃ and 5% CO2     

atmosphere.

Synthesis of TCA-conjugated Cisplatin Prodrug (TCA-     

Cisplatin). TCA-NH2 was synthesized by following the pre-     

vious method with modification.13 In the beginning TCA was 

activated by conjugation with 4-NPC to form TCA-NPC. TCA-

NPC was combined with EDA in presence of TEA to finally 

synthesize the reactive form of TCA salt to amine form as TCA-

NH2. One mol of cisplatin was suspended in approximately 5 mL

of distilled water for 1 hour to maintain enough conversion of 

cisplatin to mono-hydroxy cisplatin. 1.2 mol of TCA-NH2 dis-

solving in distilled water was added dropwise with sparingly 

stirring the cisplatin solution to proceed the reaction. After 24 

hours the reaction mixture was centrifuged, and the collected 

supernatant portion was filtered through a 0.22 µm syringe filter. 

The resultant filtrate solution was dialyzed by 100~500 Da 

(Biotech grade cellulose ester membranes) for 3~4 days until 

the brown colour of TCA-NH2 disappears. Finally, the dialyzed 

cisplatin-TCA solution was freeze dried. Similarly, cisplatin was 

conjugated with TCA-NH2 in 1:0.5, 1:1, 1:2, and 1:5 ratios respec-

tively to compare the yield, purity, and the toxicity of cells.

Fourier transform infrared (FTIR) spectroscopy of cisplatin, 

TCA-amine and cisplatin-TCA were performed by the Nicolet 

5700 instrument (Nicolet Instrument, Thermo Company, USA) 

with KBr pellet method. The scanning of each KBr disk was 
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400-4,000 cm-1 and the resolution was 4.0×108 cm. 1H NMR 

spectra of the synthesized compounds were recorded with a 

Bruker DRX 400.

As the reaction media was water there can be three types of 

conjugate formation (I, II and III) (Scheme S1). Each conjugate 

has different acid dissociation constant (pKa) values that indi-

cate how many TCA-NH2 units were conjugated.14

Preparation of TCA-Cisplatin Prodrug-nanoparticles Loaded    

Liposomes (L-TCA-cisplatin). TCA-conjugated cisplatin prod-    

rug-loaded nanoparticles liposome formulations were done through

the microfluidic system; by mixing the organic (lipid solution) 

phase and the aqueous phase at a particular ratio. PreciGe-

nome's NanoGenerator TM applied microfluidic (NanoGene-

rator Flex-M) equipped with a micro mixture that was a microchip 

used for the preparation of L-CisTCA. 5 mg of TCA-Cisplatin 

was dissolved in 10 mL PBS and this aqueous phase was injected 

to the right inlet of the microchip. Then the organic phase con-

taining DOPC, DMG-PEG(2k) and VES (45:0.2:1) was pre-

pared, under the condition of drug-to-total lipid ratio (D/L) 1:5 

dissolving in 2 mL of ethanol; was injected to the left inlet with 

a total flow rate (TFR) 6 mL/min and volumetric flow rate ratio 

(FRR) 1:5 (mM). Both the phase: organic and aqueous solutions 

were filtered through a 0.22 µm syringe filter before injecting 

in the microfluidics machine. The resulting dispersions of L-

CisTCA were collected through the outlet of the microchip and 

kept at 4 ℃ to reach equilibrium for several hours. The collected           

liposome was dialyzed at room temperature with a dialysis cas-

sette (MWCO 3.5 kDa) in PBS overnight to remove unloaded 

drug or free drug. Then L-CisTCA was kept at 4 ℃ for further            

analysis.

The particle size, zeta potential, PDI and encapsulation effi-

ciency were measured by DLS (Malvern company, model: Zeta-

sizer Nano-ZS90) and UV-visible.

HPLC Condition. Thermo Fisher Scientific HPLC system      

(UltiMateTM 3000 series) was regulated with chromeleon 7 

software and was equipped with an injection valve (quaternary). 

To separate the synthesized conjugate prodrug from unreacted 

cisplatin, a reversed-phase C18 column (Zorbax Eclipse Plus 

C18, 4.6 mm ID 250 mm L, porosity size 5 μm) was set inside 

the HPLC system. For Tca-cisplatin conjugates the UV absor-

bance was 305 nm at 37 ℃ with mobile phase A (Water): mobile            

phase B (Methanol) = 7:93 (v/v) respectively; that was adjusted 

pH 2.5 by methane sulphonic acid. It followed an isocratic elution 

with flow rate 0.5 mL/min along 10 min retention time.15

Encapsulation Efficiency and Drug Loading. The encap-      

sulation efficiency of TCA-cisplatin@liposome was determined 

through derivatizing cisplatin with o-phenylenediamine (OPDA) 

via UV-visible spectrophotometric method.16 The liposome 

was heated at 90 ℃ for 10-30 minutes in DMF with 600 times     

more concentrated OPDA than concentration of cisplatin pres-

ent in the liposome. The ratio of DMF: water was 7:3 (v/v) and 

the pH was changed to 6.2 by adding 0.1N HCl. The UV-absor-

bance of the derivatizing product was taken at 706 nm on a 

UV-visible multi-mode reader (Agilent BioTek Synergy HTX). 

The cisplatin entrapped in the liposomes were determined from 

the standard calibration plot. By the help of the following 

equations the percentage of drug entrapment efficiency (% DE) 

and drug loaded (DL) in per mg of lipids were determined. 

% DE = (WE/WT) × 100  (1)

DL = (WE/WP)  (2)

where, WE, WT, and WP were encapsulated cisplatin in liposomes, 

total cisplatin, and total lipids respectively.

In Vitro Drug Release of TCA-Cisplatin@liposomes. In     

vitro drug release of TCA-Cisplatin loaded liposomes were done 

through the dialysis method at various pH values. 200 µL of 

liposomes was diluted up to 1 mL with addition of distilled water 

and transferred to a 3.5 kD dialysis bag. This dialysis bag was 

placed in 100 mL of different pH values of PBS for 25 hours 

at 37 ℃. For pH 5.5 sodium acetate buffer was prepared and     

release study was done in it. The stirring was at a fixed rpm and 

temperature at 37 ℃, after a specific time interval 500 µL ali-     

quots of PBS medium were withdrawn and stored at 2-8 ℃. Same     

amount of fresh medium was added to the dialysis medium. 

Again, the release of cisplatin from liposome was determined 

by spectrophotometric method via UV-visible multi-mode reader 

after OPDA bind with cisplatin as a derivatized product.

The equation was used to figure out the percentage of drug 

release described as below:

% Drug release = (CT/C0) × 100  (3)

where, CT and C0 are respectively the cisplatin amount released 

at t time and the total amount of cisplatin in the liposomal dis-

persion.

Results and Discussion

Characterization of TCA-conjugated Cisplatin Prodrug    

(TCA-Cisplatin). Cisplatin was conjugated through equatorial     

bond with -NH- linkage of TCA-NH2 (Scheme 1), directly with 

Pt in water medium. As cisplatin has very poor solubility in water 

after reaction there are some unreacted cisplatin remaining at 
폴리머, 제49권 제5호, 2025년



Development of Orally Absorbable Cisplatin Prodrugs Enclosed in Liposomes and Their Application as a Treatment for Lung Cancer 573
the bottom of the reaction vial. To avoid this precipitation after 

dissolving cisplatin in water, the medium was heated at 40-60 ℃          

for a few minutes. Then the reaction mixture was centrifuged and 

collected the supernatant to react with TCA-NH2. Ultimately, 

the TCA-Cisplatin prodrug was purified through dialysis (100-

500 Da) with a yield of 70%. The Scheme 1 signifies step by 

step the synthesis protocol of TCA-cisplatin elaborately.

The number of TCA-NH2 units conjugated to cisplatin were 

determined through calculation of the acid dissociation con-

stant (pKa) value. During the reaction (after 24 hours), trace 

amount of reaction mixture was titrated with 0.5 M NaOH and 

pKa was calculated. This process was run 2 to 3 times and the 

pKa was 6.1 ± 0.01. According to the pKa value it was found 

that at a physiological pH the reaction mixture resulted mostly 

in the form of the mono-aqua-cisplatin complex I (Scheme S1).

As there was a possibility to have complex II and complex II 

(Scheme 2) with TCA-cisplatin conjugate, so the acid disso-

ciation constant was calculated to confirm which complex was 

mostly present. The pKa value was determined at different times 

(24 hours and 48 hours) of a reaction to minimize the presence 

of a mixture of different final products (I, II and III). The titra-

tion was done through titration with NaOH to neutralize the H+

released from hydroxy cisplatin. After adjusting pH like this 

there was an equivalence point where the pH and the pKa were 

equivalent. That is the pKa of the reaction mixture and for TCA-

cisplatin it was 6.1±0.01 that confirmed the mono aqua-cisplatin 

was mostly reacted with TCA-NH2 to form TCA-cisplatin (I) 

complex (Scheme 2).14 For diaqua-cisplatin formation the pKa

should be initially 5.5 and finally 7.3 of the reaction mixture.17

The successful conjugation of cisplatin with TCA-NH2

was confirmed by 1H NMR. Figure 1(c) represented peak at 

5.5 ppm that signified the presence of -NH3 from cisplatin, 

whereas peaks from the range of 0.5-4.3 ppm are indicating 

TCA-NH2 moiety.18 At 3.3 ppm in Figure 1(a) there was a mois-

ture peak that was observed in the final product also. There are 

three amine peaks in TCA-NH2: two of them are secondary (P, 

Q) and one is primary amine (R) in Figure 1(b). The secondary 

amines were at 7.5 and 7.0 ppm and the primary amine was de-

shielded towards 2.9 ppm from 1.5 ppm that indicates the suc-

cessful conjugation. The primary amine has been converted to 

secondary amine in the final product TCA-cisplatin.

After the synthesis of TCA-cisplatin pro-drug the conjugate 

represented whitish brown colour compared to the yellowish 

cisplatin. At (cisplatin: TCA-NH2) ratio of 1:0.5 (Figure S1(a)) 

unreacted cisplatin precipitation (yellow) was observed but 

increasing ratio towards 1:1, 1:2 and 1:5 (Figure S1(b)-(d) 

respectively) the precipitates disappeared. Increasing the molar 

ratio of TCA-NH2 0.5, 1, 2 and 5 while fixing a constant amount 

of cisplatin; TCA-moiety was observed rising in Figure S1. So, 

there was excess TCA-NH2 in (cisplatin: TCA-NH2) of (1:2) 

and (1:5). 

A Fourier-transform infrared spectrum (FTIR) was used to 

analyse the chemical structure of cisplatin, TCA-NH2 and cis-

platin-TCA prodrug. FTIR results demonstrated the symmetric 

amine bending modes at 1531.20 cm−1 and 1644.01cm−1 and the 

characteristic amine stretching mode at 3291.1 cm−1 and 3487.2 

Scheme 1. Synthetic route for Cisplatin-TCA prodrug.

Scheme 2. Reaction between cisplatin and o-phenylenediamine.
 Polym. Korea, Vol. 49, No. 5, 2025
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cm−1 frequency regions appeared (Figure S2(a)). Platinum and 

ammonium bond emerged in 481.15 cm−1 and platinum and chlo-

ride in 336.41 cm−1 and 365.11 cm−1. Additionally, the out of plane 

frequency for N-H bond appears at 809.95 cm−1.19-22 In case of 

TCA-NH2, the frequencies at 1148.12sym.cm−1 and 1214.93asym. cm−1

correspond to S=O group and 1540.84 cm−1 for N-H bending 

and 1652.69 cm−1 correspond to C=O str. The overlapped frequen-

cies for primary amine, secondary amide and hydroxy groups 

appeared at approximately 3200-3650 cm−1 (Figure S2(b)). How-

ever, the str. frequencies for secondary amide and hydroxy group 

appeared separately at 3319.85 cm−1 and 3619.73 cm−1, respec-

tively (Figure S2(c)). Notably, the disappearance of Pt-Cl fre-

quencies in the 365.11 cm−1 and appearance of the str. frequencies 

of S=O groups at 1208.18 cm−1 and 1192.47 cm−1 confirm the 

formation of Cisplatin-TCA prodrug (Figure S2).

HPLC Condition. The purity of TCA-cisplatin was confirmed     

by HPLC and sample preparation for raw cisplatin was done in 

0.9% NaCl solution that keeps cisplatin without being aquated 

in the solution up to one hour.15 The purity of TCA-cisplatin 

conjugate was 98% with no presence of free cisplatin.

Moreover the high resolution mass spectroscopy (HR-MS) of the

conjugate was characterized and m/z: for C29H55ClN5NaO8PtSNa+

[M+Na]+ : calculated = 887.37, observed = 803.37.

PEGylation of the TCA-cisplatin Prodrug Nanoassembly     

and Surface Decoration with Amphiphilic Materials After     

Formation of Liposome. An amphiphilic polymer, 1,2-Dimyris-     

toyl-sn-glycero-3-methoxypolyethylene glycol (DMG-PEG 2k) 

was used to improve the surface of the prodrug through PEGyla-

Figure 1. 1H NMR (400 MHz, DMSO-d6) analysis of (a) cisplatin; (b) TCA-NH2; (c) cisplatin-TCA prodrug.
폴리머, 제49권 제5호, 2025년
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tion and that would develop the drug (cisplatin) absorption by 

increasing solubility. An additional advantage of DMG-PEG 

2k is, it prohibits phagocytosis and prolongs the time of the 

blood circulation of nanoparticles.23

To maintain high drug loading as a result of nanoassemblies, 

a molar ratio of (5:1) was maintained in between the TCA-cis-

platin prodrug and DMG-PEG respectively. Another lipid resem-

bling cell membrane was used named 1,2-dioleoyl-sn-glycero-

3-phosphoethanolamine (DOPC) with D-alpha tocopherol suc-

cinate (VES) to facilitate the stability of nano assembled lipo-

some in a molar ratio of (45:25) respectively. With the help of 

a microfluidics machine, following the above protocol the 

TCA-Cisplatin prodrug-nanoparticles loaded liposome (L-Cis-

TCA) was successfully prepared without any precipitation. A 

liposomal composition for Cisplatin was also prepared with 

same lipids, same molar ratio to form similar drug loaded lipo-

some. Again, a blank liposome was prepared to compare with 

TCA-cisplatin@liposome.

The entrapment efficiencies and vesicular size were method-

ically listed for different liposomes presented in Table 1 and 2. 

The entrapment efficiency of L-CisTCA was 94% near to L-Cis

that was 97% (Table 1); although 0.34 mg and 0.12 mg of cisplatin 

was loaded per mg of lipid in L-CisTCA and L-Cis respectively.

The vesicular size of the TCA-cisplatin nano particles loaded 

liposome (L-CisTCA) were found in nano scale size and with 

a negative zeta potential (Table 2). As the nano size of the lipo-

some determines the efficacy of a loaded chemotherapeutic, it 

is a vital factor. It affects the cellular uptake, cellular transfec-

tion efficiency and intracellular concentration of the drug.24 As 

the L-CisTCA liposome represents the particle size of 146.7 ± 

1.0 nm, thus it has the capacity to enter the targeted cells.25 The 

zeta potential of free cisplatin loaded liposome and cisplatin 

conjugated TCA pro-drug nano particles loaded liposome were 

respectively -1.28 mV and -13.7 mV; with a poly-dispersity 

index (PDI) 0.04 and 0.6 respectively.

Morphology Study of TCA-cisplatin@liposomes. Dynamic    

light scattering was used to examine the prodrug nanoparticles' 

particle size distribution (Figure 2).  A homogeneous population 

was suggested by the analysis's results, which showed a rather 

narrow distribution with an average diameter between 100 and 

200 nanometers.  Scanning electron microscopy (SEM) (Figure 

3(b)) and scanning transmission electron microscopy (Figure 

3(a)) were used for morphological characterisation, and the results 

Figure 2. Particle size distribution measured by dynamic light scattering for TCA-cisplatin pro-drug.

Table 1. Entrapment Efficiency and Drug Loading of L-Cis-TCA

and L-cisplatin

Formulation
Encapsulation
efficiency (%)

Drug loading
(mg cisplatin/mg lipid)

L-Cis-TCA 94.8 8 ± 2.56 0.34

L-Cis 97.46 ± 0.95 0.12

Table 2. Particle Size of L-Cis-TCA and L-cisplatin Compared to Blank Liposome

Formulation
Cisplatin: TCA-NH2

(mM)
Lipoplatin composition

(mM)
Vesicular size

(nm)
Zeta potentia

(mV)
PDI

L-Cis-TCA

1:2

DOPC : Cisplatin-TCA : VES : 
DMG-PEG (2k) (45:25:25:5)

146.7 ± 1.0 -13.7 0.6

L-Cis
DOPC : Cisplatin : VES : 

DMG-PEG (2k) (45:25:25:5)
79.98 ± 1.0 -1.85 0.086

Blank 0
DOPC : VES : DMG-PEG

(2k) (45:25:30)
122.1 ± 1.0 -1.28 0.04
 Polym. Korea, Vol. 49, No. 5, 2025
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showed that the cisplatin-conjugated nanoparticles were uni-

formly dispersed and spherical, measuring around 100 nano-

meters across.  The creation of consistently nanoscale liposomes 

appropriate for pharmaceutical distribution has been made pos-

sible by the combination of dynamic light scattering and elec-

tron microscopy.

In Vitro Drug Release Study of TCA-cisplatin@liposomes.      

Controlled release represents considerable advantages in the 

drug delivery system compared to regular dosage forms.26 In 

this current study 67% of cisplatin was released from liposome 

in a controlled fashion during 24 hours at pH 5.5 which resem-

bles the cancer cell environment. On the other hand, at pH 7.4 and 

pH 6.6 the drug release was minimal, 13.9% and 20% respec-

tively. There was no burst release at any pH for TCA-cisplatin 

loaded liposomes (Figure 5).

In Vitro Cytotoxicity of TCA-cisplatin@liposomes. In     

vitro cell cytotoxicity revealed that TCA-cisplatin loaded lipo-

somes has toxicity on A549 cells nearly like cisplatin loaded 

liposomes during 48 hours. Below the concentration of 26 nM 

TCA-cisplatin represented 20% cell viability whereas cisplatin 

loaded liposome showed over 30%. The conjugate pro-drug 

liposome reveals almost similar in vitro cytotoxicity compared 

to cisplatin loaded liposomes. The IC50 was 0.05 and 0.004 of 

TCA-cisplatin liposome and cisplatin-liposome respectively 

(Figure 4).

Figure 4. Cytotoxicity of cisplatin conjugated TCA-NH2 nano-par-

ticle loaded liposome.

Figure 3. (a) Scanning transmission electron microscopy (STEM); (b) SEM images of L-CisTCA liposome.

Figure 5. Cumulative release of cisplatin from liposomes at differ-

ent pH at 37.5 ℃.
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Conclusion

Conjugating cisplatin with bile acids and encapsulating it in 

liposomes is an effective way to maximize its encapsulation 

efficiency, plus it maintains a high drug:lipid ratio. Liposomes 

encapsulating TCA-cisplatin were evaluated in vitro and showed 

increased entrapment efficiency and better drug loading. cis-

platin was delivered by liposomes in a pH-dependent manner 

showing high drug release at pH 5.5, resulting in cancer cell-

specific delivery of cisplatin. As well as showing cytotoxicity 

on lung cancer cells, the Complex TCA-cisplatin liposome behaved 

similarly to free drugs cisplatin liposomes. However, we are of 

the opinion that follow-up studies should include live/dead assays, 

an experiment that can complement the MTT assay. Even though 

the liposomal application was only in vitro, the release studies 

reveal that it is stable in mucous saliva at pH 6.6. It can there-

fore be developed into an oral drug with more development in 

the near future. Inevitably, it will have to pass through the gas-

trointestinal tract with low pH. Coating, modification techniques 

may be introduced to increase the stability of the carrier at low 

pH. However, it still needs further discussion whether the drug 

in TCA-cisplatin liposomes is likely to burst and release at the 

low pH of the stomach.
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