
Synthesis of a theranostic agent: radioiodinated PEGylated
PLGA-indocyanine capsules and in vitro determination of their
bioaffinity on ovarian, cervical and breast cancer cells

Levent Akman1 • Fazilet Zumrut Biber Muftuler2 • Ahmet Bilgi1 •

Ayfer Yurt Kilcar2 • Sevki Goksun Gokulu1 • Emin Ilker Medine2 •

Mustafa Cosan Terek1

Received: 20 July 2015 / Published online: 26 September 2015
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Abstract The aim of current study is to synthesize a

theranostic (multi-functional) agent, which is targeted on

ovary, cervical and breast cancer types with diagnosis and

treatment potential and to determine its bioaffinity by using

in vitro methods. In conclusion; the designed compound

(IPPP), which has fluorescence capability (from Indocya-

nine), encapsulated structure (with PEGylated PLGA),

included an anticancer drug (Paclitaxel) for targeting and

radionuclidic tracer (131I) content for tracing, has

bioaffinity and promise for diagnosis and therapy on

ovarian, cervical and breast cancer cell lines.
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Introduction

There is an important revolution at the drug delivery

approaches because of the recent progress in nanoparticles

[1, 2]. Drug delivery approaches using nanoparticles have

additional advantage of specificity which means targeting

drug to a specific cell or organ [2, 3]. Although there are a

lot of advantages of using nanoparticles at the drug deliv-

ery approaches; there are some disadvantages too, which

require further investigation to develop ideal formulation

[2, 4].

Polymeric nanoparticles have gained great importance

for the development of drug delivery approaches [5].

Similar importance is placed on PEGylated poly(lactic-co-

glycolic acid) (PEG–PLGA) and PEG-PLGA is reported as

hydrophobic and hydrophilic drug carrier [6–8]. Poly(lactic

acid) (PLA) and poly(lactic-co-glycolic acid) (PLGA) are

polyesters which are widely used synthetic nanomaterials

due to their biocompatibility and biodegradability [9].

PEGylated PLGA nanoparticles were firstly utilized with

the aim of entrapment of proteins or drugs. These

nanoparticles are preferred due to their improved half-life

and biodistribution profile [6].

Indocyanine (ICG) with 774.96 g/mol molecular weight

is an amphiphilic tricarbocyanine dye. It is used particularly

in cardiac circulatory, liver, sentinel lymph node biopsy and

during surgery evaluation of lymph and blood flow [10].

Use of ICG for imaging and therapeutic applications is

limited due to its various drawbacks [6, 11–13]. These

limitations can be summarized with following aspects;

photo-degradation, thermal-degradation, aqueous-instabil-

ity, short circulation time (half-life 2–4 min), easy to bind

nonspecifically to human serum albumin and result in its

rapid clearance by the liver, low fluorescence quantum

yield due to internal conversion and photo-bleaching [13,

14]. Different strategies such as loading and conjugation

with different nanoparticles with ICG can be used to

overcome these limitations. Encapsulation with PLGA is

one of the most common particulate systems used to

enhance ICG for quantitative imaging and therapeutic

applications [11, 15, 16]. In the literature; ICG nanoparti-

cles were prepared [13, 14] and it’s seen that these

nanoparticles have high photo-stability, thermal-stability,

long circulation time, and tumor-targeting ability [15].

& Fazilet Zumrut Biber Muftuler

fazilet.zumrut.biber@ege.edu.tr;

fazilet.zumrut.biber@gmail.com

1 Department of Obstetrics and Gynecology, Faculty of

Medicine, Ege University, 35100 Bornova, Izmir, Turkey

2 Department of Nuclear Applications, Institute of Nuclear

Sciences, Ege University, 35100 Bornova, Izmir, Turkey

123

J Radioanal Nucl Chem (2016) 308:659–670

DOI 10.1007/s10967-015-4472-z

http://crossmark.crossref.org/dialog/?doi=10.1007/s10967-015-4472-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10967-015-4472-z&amp;domain=pdf


It is reported that encapsulation of ICG by PLGA

nanoparticles effectively protected ICG from aggregation

and protein interaction with stabilizing the optical charac-

teristics of ICG. Additionally, it is seen that encapsulation

with PLGA not only preserved the aqueous, thermal and

photo-stability of ICG but also increased half-life of ICG

(*14 min) [17]. Furthermore, it was shown that the

encapsulation of ICG in different polymer or co-polymer

matrixes (typically particle diameter of 100–500 nm)

improved the dye optical properties and enhanced its

chemical stability [12, 14, 18].

In the literature there are various studies on the effects

of ICG on breast, stomach, skin cancers and lymphedema

[19–21]. Kisu et al. studied evaluation of the hemody-

namics of the pregnant uterus utilizing ICG fluorescence

imaging. It was to examine whether unilateral uterine

vessels provide sufficient nutrition in pregnancy in a

cynomolgus macaque and to evaluate hemodynamics of

pregnant uterus by ICG fluorescence imaging [22].

Alacam et al. used ICG to assess the presence of breast

tumors by fluorescence imaging methods associated with

pharmacokinetic modelization of the dye biodistribution

[20]. Additionally, Polyamidoamine (PAMAM)-coated

silica nanoparticles (PCSNs) loaded with 99mTc and near-

infrared (NIR) fluorescent ICG for dual-modality imaging

developed by Tsuchimochi et al. to detect sentinel lymph

nodes in basic and animal studies [21].

Ma et al. studied in vivo anticancer effects of ICG

coated with FA-PLGA on MDA-MB-231 tumor-bearing

athymic mice [23]. Zheng et al. were synthesized PLGA-

lecithin-PEG nanoparticles loaded with Doxorubicin

(DOX) and ICG using a single-step sonication method

[24]. Similarly, Zhong et al. prepared phospholipid-

polyethylene glycol (PL-PEG) nanoparticles consisting of

ICG and they were investigated the photoacoustic therapy

for the first time in vitro and in vivo [25]. On the other

hand, Henk et al. synthesized ICG-99mTc-NanoColl which

is both radioactive and fluorescent enabling a link preop-

erative SPECT/CT guidance with intraoperative NIR flu-

orescence laparoscopy [26]. Additionally, Brouwer et al.

compared the lymphoscintigraphic drainage patterns of a

hybrid sentinel node tracer consisting of the fluorescent dye

ICG and 99mTc-nanocolloid with the drainage pattern of
99mTc-nanocolloid alone, the current standard tracer in

many European countries [27].

Paclitaxel (PAC) exhibits an important activity to several

solid tumors including breast cancer, advanced ovarian car-

cinoma, lung cancer, head and neck carcinomas, and acute

leukemia [28–30]. Fonseca et al. developed PAC-PLGA-

nanoparticles and compared their in vitro anti tumoral activity

with the commercial formulation Taxol [31].

Theranostic is a term which is especially used to express

a therapy approach that combines diagnostics with

therapeutics [13, 32]. Different modalities can be adapted

to design multi-functional probes [33, 34] or theranostic

strategies [35, 36].

In present study, we focused on synthesis of a thera-

nostic (multi-functional) agent which is targeted to both

diagnosis and treatment on ovary, cervix and breast cancer

types. For this purpose, ICG loaded PEGylated PLGA

(IPP) which is designed as multi-functional biodegradable

and biocompatible nanocapsules including an optical

imaging contrast agent for cancer imaging and as a pho-

tothermal therapy agent was developed and characterized.

For targeting to breast, cervix and ovary tissues, IPP was

conjugated with PAC and the conjugated product (IPPP)

was radiolabeled with 131I for radionuclidic tracing in the

tissues. The scheme of developed agent, 131I labeled IPPP,

can be seen in Fig. 1.

Herein the synthesis was completed in three steps,

including synthesis of polymer (PLGA-PEG; PP), encap-

sulation of ICG (ICG-PLGA-PEG; IPP) and conjugation of

PAC to ICG-PLGA-PEG capsules (IPPP) for targeting on

ovary, cervix and breast tissues. Subsequently, IPPP radi-

olabeled with 131I (131I-IPPP) to gain radioactivity as sec-

ond modality (ICG is first modality as florescence

imaging). 131I is used clinically as therapeutic radionuclide

of iodine and well-suited for therapy and imaging due to its

negative beta emission, physical half-life (8 days) and wide

range of decay properties [37, 38]. Radiolabeled agents

administered in trace concentrations that not cause any

pharmacologic effect and because of this they are useful to

evaluate high affinity and low abundance systems [39].

Quality control studies of IPPP and radioiodinated IPPP

were carried out by using chromatographic techniques as

high performance liquid chromatography (HPLC) [40] and

thin layer radio chromatography (TLRC) methods [41, 42].

Bioaffinity of IPPP was investigated with in vitro cell

culture studies [41–43]. Radioiodinated products (131I-PPP)

on the cells were examined using Ovarian Carcinoma

(MDAH-2774), Human Epithelioid Cervix Carcinoma

(HeLa) and Breast Adenocarcinoma (MCF-7) cell lines

[41–43].

The designed compound, which has fluorescence capa-

bility, nanocapsulated structure, included an anticancer

drug for targeting and radionuclidic tracer content for

tracing may be used theranostic purposes on some types of

cancer cell lines.

Experimental

General methods and materials

Na131I was obtained from Hospital of the Şifa University,

Bornova, Izmir, Turkey. All other chemicals were supplied
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from Merck Chemical Co. and Aldrich Chemical Co. HeLa

and MCF-7 cell lines were obtained from the American

Type Culture Collection and MDAH-2774 cell lines were

obtained from Addex Bio, San Diego, ABD.

All reagents were of HPLC grade and were supplied

from Merck Chemical Co. and Sigma-Aldrich Chemical

Co. A low pressure gradient HPLC system [quaternary

pump (LC-10ATvp), diode array detector (DAD; SPD-

M20A), NaI(Tl) radioactivity detector (Gabi Star, Raytest),

an auto sampler (SIL-20A HT) and column (RP-C18;

5-lm, 250 9 4.6 mm I.D., ODS Gl sciences Inc.)] was

used. ITLC-SG (Merck-5554) and ITLC-cellulose (Merck

5552) plates (1.5 9 10 cm-sized) were used for TLRC.

TLRC measurements were accomplished using a TLC

scanner (Bioscan AR-2000 Scanner).

Preparation of PLGA-PEG

Carboxylate-functionalized copolymer (PLGA-PEG) was

synthesized according to previously described method [44].

Poly(D,L-lactide-co-glycolide) (50/50) with terminal car-

boxylate groups (PLGA-COOH)) (Sigma, 719897) and

amine-PEG-carboxylic acid (NH2-PEG-COOH) (Sigma,

757896) were obtained. NH2-PEG-COOH was conjugated

with PLGA-COOH to synthesize carboxylate-functional-

ized copolymer PLGA-PEG. With this purpose, PLGA-

COOH (5 g, 0.28 mmol) in methylene chloride (10 mL),

excess of N-hydroxysuccinimide (NHS, 135 mg, 1.1 mmol)

and 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide

(EDC, 230 mg, 1.2 mmol) were added into a two-necked

flask. PLGA-NHS was precipitated by adding ethyl ether

(5 mL) to the mixture. Then, to remove residual NHS the

precipitate was washed with the mixture of ethyl ether and

methanol at 0–5 �C and dried under vacuum overnight.

After drying, PLGA-NHS (0.4 g, 0.024 mmol) was

dissolved in chloroform (1.6 mL). Then NH2-PEG-COOH

(100 mg, 0.03 mmol) and N,N-diisopropylethylamine

(11.2 mg, 0.088 mmol) were added to solution. The

PLGA-PEG was precipitated with cold methanol after 12 h

and three times washed with the mixture of ethyl ether and

methanol at 0–5 �C (3 9 5 mL) to remove unreacted PEG.

The resulting PLGA-PEG was dried under vacuum.

Preparation of ICG encapsulated PLGA-PEG

The nanoprecipitation method that is described previously

was employed for encapsulation of ICG with PLGA-PEG

[44]. PLGA-PEG (5 mg/mL) and ICG (0.5 mg/mL) were

dissolved in N,N-dimethylformamide (DMF) and mixed.

Encapsulation of ICG with PLGA-PEG (ICG-PLGA-PEG)

was formed by dropwise adding the ICG-polymer solution

to a 29 volume of stirring water. The resulting suspension

was stirred for 6 h at room temperature. PLGA-PEG

encapsulated ICG was purified by centrifugation (10 min,

10,0009g) using ultra centrifugal filter unit (Amicon Ultra-

4 10 K).

Conjugation of PAC to the ICG-PLGA-PEG

A procedure similar to that is described previously was

used for conjugation of PAC with ICG-PLGA-PEG [44].

PLGA-PEG nanoparticles (10 lg/lL) suspended in water

were incubated with EDC (400 mM) and NHS (200 mM)

for 20 min. Then NPs washed three times with ultrapure

water (3 9 15 mL) followed by ultrafiltration. The NHS-

activated NPs were reacted with Paclitaxel (PAC, 1 lg/

lL). The resulting ICG-PLGA-PEG-PAC conjugate was

washed with ultrapure water (15 mL) by ultrafiltration and

suspension was kept at 4 �C until use.

Characterization of PLGA-PEG, ICG-PLGA-PEG

and ICG-PLGA-PEG-PAC

Nuclear Magnetic Resonance: 1H-NMR analysis of PLGA-

PEG was carried out at Erzurum Atatürk University, Fac-

ulty of Science, Department of Chemistry to characterize

PLGA-PEG polymer.

High performance liquid chromatography (HPLC):

HPLC analyses were performed for PAC, ICG-PLGA-PEG

and ICG-PLGA-PEG-PAC. The column was eluted with a

mobile phase as 50 % acetonitrile (A) and 50 % water

(B) at 25 �C with 1 mL/min flow rate. Eluted components

were detected at 200 nm by diode array detector (DAD)

[40]. Additionally, florescence detector was used at 789 nm

for excitation and 851 nm for emission wavelength.

Retention times (Rt) of PAC, ICG-PLGA-PEG and ICG-

PLGA-PEG-PAC were obtained under these conditions.

Scanning electron microscopy (SEM): The surface

morphology and the size of PLGA-PEG, ICG-PLGA-PEG

and ICG-PLGA-PEG-PAC were studied by SEM (Phillips

XL-30 S FEG). The samples were sputtered for 60 s with

gold before analyze with SEM.

Dynamic light scattering (DLS): The hydrodynamic

diameter and particle size distribution of PLGA-PEG and

ICG-PLGA-PEG were measured using a DLS instrument

(Malvern Zeta Sizer Nano S-90).

Radiolabeling procedure of ICG-PLGA-PEG-PAC

with 131I

Preparing the iodogen coated tubes: Prior to radiolabeling

with 131I, iodogen (1,3,4,6-tetrachloro-3a,6a-diphenylgly-

coluril) in dichloromethane (CH2Cl2) at a concentration of

0.25 mg/0.25 mL was prepared successively in the reaction
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vial. The solvent was allowed to evaporate forming a thin

solid layer on the wall of the reaction vial.

Radiolabeling of IPPP: In order to label IPPP with 131I,

0.05 mg (in 0.10 mL bidistiled water) of IPPP was added

into the iodogen coated vial and then 0.10 mCi (3.7 MBq)/

0.40 mL of Na131I was supplemented and the mixture

gently mixed and incubated for 30 min at room tempera-

ture. After incubation, quality control of radioiodinated

IPPP (131I-IPPP) was done by TLRC method. Besides; IPP,

PAC and ICG were radiolabeled with 131I under similar

conditions.

Quality control procedures

TLRC method was utilized for quality control of the

radiolabeled products (131I-IPPP, 131I-IPP, 131I-PAC and
131I-ICG) similar to previously performed studies [41, 42].

Relative front values (131I-IPPP, 131I-IPP, 131I-PAC and
131I-ICG, Na131I and oxidized 131I) were acquired. Samples

were set at 0.5 cm from the lower end of the plates (cel-

lulose—Merck 5552) and submerged in developing media.

Different media systems were tested which are encoded as

TLRC1 [n-butanol—ethanol—0.2 N NH4OH (5:2:1)],

Fig. 1 The scheme of

developed agent, 131I labeled

IPPP

Fig. 2 PDA chromatograms related to ICG, PAC, IPP and IPPP at 200 nm
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TLRC2 [n-butanol—water—acetic acid (4:2:1)], TLRC3

[isopropyl alcohol—n-butanol—0.2 N NH4OH (2:1:1)]

and TLRC4 [isopropyl alcohol—n-butanol—0.2 N NH4-

OH (4:2:1)]. TLRC plates were counted by means of a TLC

scanner (Bioscan AR-2000 Scanner). The Rf values and

radiolabeling yield of radiolabeled products were

determined.

In vitro cell culture assays

In current study, HeLa (cervix adenocarcinoma) and MCF-

7 (breast adenocarcinoma) epithelial cell lines were

obtained from American Type Culture Collection (ATCC).

MDAH-2774 (human ovary adenocarcinoma) cell line was

obtained from AddexBio. MDAH-2774, HeLa and MCF-7

cell lines were grown in Dulbecco’s minimum essential

medium (DMEM) supplemented with 2 mM glutamine,

1.5 g/L sodium bicarbonate, 0.1 mM non-essential amino

acids, 1 mM sodium pyruvate and 10 % fetal bovine serum

(FBS) [41–43].

In all assays, cells were grown at 37 �C in a standard

cell culture incubator with relative humidity and 5 % CO2

atmosphere. The cells were maintained in exponential

growth by subculturing the cells using trypsin–EDTA

Fig. 3 Fluorescence chromatograms related to ICG, PAC, IPP and IPPP

Fig. 4 SEM images of a PP,

b IPP, c IPPP and d IPPP

(closer)
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(0.25 % by w/v in Hanks’ balanced salt solution). Then,

cells were pelleted and resuspended in medium. Cell cul-

ture assays were repeated six times for each experimental

condition. The rest cells were frozen at -80 �C with

medium including 10 % dimethyl sulfoxide (DMSO) and

stocked at -190 �C in liquid nitrogen [41–43].

Table 1 Cell viability (%)

values of ICG, PAC, IPP and

IPPP on MDAH-2774 cells at

24 and 48 h

Concentration ICG ICG

MDAH-2774 (24 h)

50 lg/mL 95.59 ± 3.09 50 lg/mL 95.59 ± 3.09 50 lg/mL

25 lg/mL 97.34 ± 3.58 25 lg/mL 97.34 ± 3.58 25 lg/mL

12.5 lg/mL 98.41 ± 3.67 12.5 lg/mL 98.41 ± 3.67 12.5 lg/mL

6.25 lg/mL 98.45 ± 4.47 6.25 lg/mL 98.45 ± 4.47 6.25 lg/mL

3.125 lg/mL 98.90 ± 4.24 3.125 lg/mL 98.90 ± 4.24 3.125 lg/mL

MDAH-2774 (48 h)

50 lg/mL 92.59 ± 4.56 50 lg/mL 92.59 ± 4.56 50 lg/mL

25 lg/mL 94.46 ± 3.15 25 lg/mL 94.46 ± 3.15 25 lg/mL

12.5 lg/mL 95.07 ± 5.91 12.5 lg/mL 95.07 ± 5.91 12.5 lg/mL

6.25 lg/mL 97.43 ± 4.45 6.25 lg/mL 97.43 ± 4.45 6.25 lg/mL

3.125 lg/mL 97.97 ± 5.65 3.125 lg/mL 97.97 ± 5.65 3.125 lg/mL

Table 2 Cell viability (%)

values of ICG, PAC, IPP and

IPPP on HeLa cells at 24 and

48 h

Concentration ICG ICG

HeLa (24 h)

50 lg/mL 93.38 ± 4.97 50 lg/mL 93.38 ± 4.97 50 lg/mL

25 lg/mL 94.04 ± 3.63 25 lg/mL 94.04 ± 3.63 25 lg/mL

12.5 lg/mL 94.49 ± 3.72 12.5 lg/mL 94.49 ± 3.72 12.5 lg/mL

6.25 lg/mL 95.20 ± 3.10 6.25 lg/mL 95.20 ± 3.10 6.25 lg/mL

3.125 lg/mL 96.90 ± 4.16 3.125 lg/mL 96.90 ± 4.16 3.125 lg/mL

HeLa (48 h)

50 lg/mL 92.30 ± 3.99 50 lg/mL 92.30 ± 3.99 50 lg/mL

25 lg/mL 93.66 ± 4.24 25 lg/mL 93.66 ± 4.24 25 lg/mL

12.5 lg/mL 93.16 ± 5.17 12.5 lg/mL 93.16 ± 5.17 12.5 lg/mL

6.25 lg/mL 95.26 ± 3.03 6.25 lg/mL 95.26 ± 3.03 6.25 lg/mL

3.125 lg/mL 95.37 ± 4.43 3.125 lg/mL 95.37 ± 4.43 3.125 lg/mL

Table 3 Cell viability (%)

values of ICG, PAC, IPP and

IPPP on MCF-7 cells at 24 and

48 h

Concentration ICG PAC IPP IPPP

MCF-7 (24 h)

50 lg/mL 91.21 ± 3.29 16.55 ± 1.57 97.66 ± 6.19 20.64 ± 1.91

25 lg/mL 93.48 ± 4.98 30.12 ± 1.62 98.08 ± 3.47 35.84 ± 1.82

12.5 lg/mL 93.49 ± 4.84 32.22 ± 2.72 98.23 ± 5.13 41.89 ± 2.35

6.25 lg/mL 94.32 ± 3.59 44.70 ± 3.86 99.67 ± 3.91 56.26 ± 2.76

3.125 lg/mL 98.26 ± 4.34 54.24 ± 3.29 99.83 ± 4.93 62.04 ± 3.36

MCF-7 (48 h)

50 lg/mL 90.02 ± 5.49 9.56 ± 0.10 95.54 ± 4.85 14.96 ± 1.37

25 lg/mL 92.46 ± 4.01 21.94 ± 1.52 95.22 ± 5.28 28.49 ± 2.23

12.5 lg/mL 93.33 ± 3.14 28.21 ± 2.39 97.93 ± 4.73 35.15 ± 2.07

6.25 lg/mL 95.34 ± 4.84 36.09 ± 2.02 98.33 ± 5.99 47.11 ± 3.04

3.125 lg/mL 99.47 ± 5.56 44.53 ± 3.09 98.83 ± 4.71 55.58 ± 3.94

664 J Radioanal Nucl Chem (2016) 308:659–670

123



In vitro cytotoxicity assays

Cytotoxicity assays of ICG, PAC, ICG-PLGA-PEG and

IPPP were conducted on MDAH-2774, HeLa and MCF-7

cells similar to previously described method [42]. The half

maximal inhibitory concentration (IC50) values were

determined colorimetrically with WST-8 {2-(2-methoxy-4-

nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-

tetrazolium, monosodium salt} test. Cell suspensions

(1 9 105 cells/mL per well) were grown in 96 well plates.

ICG, PAC, ICG-PLGA-PEG and IPPP in 5 different con-

centrations (50, 25, 12.5, 6.25 and 3. 125 lg/mL) were

prepared in medium and added to the wells. Medium

without cell or any reagent was used as a negative control.

Each parameter of the assay was repeated thrice. Cells

were incubated until 48 h after the beginning of incubation

at the 37 �C in an incubator with relative humidity and 5 %

CO2 atmosphere. After incubation, 10 lL of WST solution

was added to each well and incubated 4 h more. Then

absorbance values (optical density, OD) of each well at

450/690 nm were measured by spectrophotometer (Thermo

Scientific Varioskan Flash multimode reader, Vantaai

Finland). The absorbance value of the negative control was

approved as zero (0). Cell viabilities (%) were calculated

by using the following formula; [measured absorbance

value/absorbance value of negative control) 9 100].

In vitro incorporation assays of 131I labeled ICG,

PAC, IPP and IPPP

Time dependent in vitro incorporation assays were per-

formed to determine the optimum time of binding effi-

ciencies of 131I labeled compounds to cells [41–43].

MDAH-2774, HeLa and MCF-7 cells were seeded in

24-well plates at 1 9 105 cells per well and cultured to

confluence. Cell viability assessment was conducted with

trypan blue exclusion method. Monolayers were washed

three times with phosphate-buffered saline (PBS) to avoid

wells from death cells. Meanwhile; radioiodinated samples

(1 lg—1 lCi/mL), were prepared in culture medium. Then

these media were applied to the cells, separately. Addi-

tionally; 131I (1 lCi (0.037 MBq)/mL culture medium) was

applied to the cells as control group. Incorporation of

radioiodinated samples on MDAH-2774, HeLa and MCF-7

cells were investigated at different time intervals. For this

purpose, cells were incubated with applied samples for 30,

60, 120 and 240 min. After incubation; the cells were

washed with PBS two times and suspended by treating with

200 lL RIPA lyse buffer solution. Part of the lysed cell

suspension (25 lL) was used for determination of protein

quantity by the bicinchoninic acid (BCA) method. Other

part of lysed cell suspension (100 lL) was used to count

the radioactivity by a liquid scintillation counter (Packard

TriCARB-1200). Radioactivity per cell was calculated.

Each assay was repeated 6 times. Incorporation values (%)

were calculated as difference of radioactivity per protein

quantity.

Fluorescent imaging assays

Fluorescent imaging studies of ICG and IPPP due to the

fluorescent properties of ICG were conducted on MDAH-

2774, HeLa and MCF-7 cell lines according to previously

described method [45, 46]. MDAH-2774, HeLa and MCF-

7 cells were seeded in 8-well chamber slides. ICG and IPPP

were prepared in medium and added to the wells after cell

Fig. 5 Cell viability percent according to cell lines by WST

cytotoxicity assay at 48 h
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suspensions were grown in 8-well chamber slides. After

optimum incubation time (determined previously with

incorporation studies as 240 min) the cells were washed

with PBS two times and the plastic sides of chamber slides

were removed. The cells on lam were analyzed at fluo-

rescent microscope with red (620 nm) filter.

Statistical analysis

Statistical significance of cell culture studies was assessed

via one-way ANOVA and linear regression using the

Graph Pad (prism 2.01 V) program. Probability values

(P)\ 0.05 were considered statistically significant for

studies.

Results and discussion

Present study was intended for developing a novel thera-

nostic agent. With this aim, ICG was preferred as the first

modality of our agent due to its fluorescence properties.

Then, ICG was encapsulated with PEGylated PLGA (IPP)

which is reported as one of the most common used par-

ticulate systems to enhance the agents’ properties [16–18].

Additionally, PAC was conjugated with IPP (IPPP) to

target the agent to reproductive organs like ovary, cervix

and breast. Lastly, IPPP was radiolabeled with 131I as the

second modality of developed theranostic agent. The gen-

eral scheme of the developed agent can be seen in Fig. 1.

Synthesis of IPPP was employed using proper methods

used by Cheng et al. [44]. Herein; firstly the polymer, PLGA-

PEG (PP), was synthesized and 1H-NMR analysis was per-

formed to identify structure. 1H-NMR (CDCl3 at 300 Hz)

results of PP were d 5.23 (m, ((OCH(CH3)C(O)OCH2C(O))n-

(CH2CH2O)m), 4.82 (m,((OCH(CH3)C(O)OCH2C(O))n-

(CH2CH2O)m), 3.64 (s, ((OCH(CH3)C(O)OCH2C(O))n-

(CH2CH2O)m), 1.58 (d, ((OCH(CH3)C(O)OCH2C(O))n-

(CH2CH2O)m) and the results were compatible with the lit-

erature [44] and it’s seen that synthesis of PP was achieved.

Then, ICG was encapsulated with PP (IPP) and subsequently

PAC was conjugated to the structure of IPP. Similar proce-

dures to that for the encapsulation and conjugation have been

applied as described previously [44]. During the synthesis

steps, the compounds (ICG, PAC, IPP and IPPP) were anal-

ysed by HPLC. Isocratic system mobile phase system of

acetonitrile and water was utilized. The PDA chromatograms

at 200 nm related to ICG, PAC, IPP and IPPP are given in

Fig. 2. Retention times (Rt) of the ICG, PAC, IPP and IPPP

were 2.87, 22.28, 2.79 and 22.61 min, respectively. When the

Rt were evaluated, it’s seen that IPP has similar time to ICG as

expected. This is because that IPP is encapsulated form of ICG

and it acts as ICG. Similar situation was observed for PAC and

IPPP with retention times as 22.28 and 22.61 min, respec-

tively. Herein, IPPP is conjugated form of IPP with PAC and it

is gained the behavior of PAC which will target reproductive

organs like ovary, breast and cervix. Additionally, HPLC

analyses of these compounds were conducted with fluores-

cence detector due to the florescence of ICG and in Fig. 3

fluorescence chromatograms are given. The florescence of

ICG was observed at 3.45 min and it’s seen that IPP has a

florescence (Rt: 2.76 min.) closer to ICG which means ICG

still carries its florescence property. After conjugation with

PAC, the fluorescence of IPPP was moved to 21.28 min which

shows that the florescence property is still protected. It was

also observed that IPPP plays an important role in preserving

the optical properties of ICG.

SEM images of PP, IPP and IPPP are given in Fig. 4.

According to SEM image (Fig. 4a) PP was spherical and

Table 4 Time dependent

incorporation values

(mean ± standard deviation) of
131I-ICG, 131I-PAC, 131I-IPP,
131I-PPP and 131I on MCF-7,

MDAH-2774 and HeLa cells

131I-ICG 131I-PAC 131I-PP 131I-IPPP 131I

MCF7

30 min 3.48 ± 0.76 4.39 ± 1.92 4.10 ± 1.70 7.49 ± 1.45 0.66 ± 0.38

60 min 4.12 ± 1.66 8.40 ± 1.67 4.33 ± 1.53 11.16 ± 2.79 1.07 ± 0.68

120 min 5.32 ± 1.78 14.56 ± 2.13 5.82 ± 1.11 19.98 ± 2.42 1.12 ± 0.55

240 min 5.41 ± 1.18 15.11 ± 2.01 6.03 ± 0.95 20.73 ± 2.50 1.58 ± 0.97

MDAH-2774

30 min 4.67 ± 1.78 5.23 ± 1.73 4.55 ± 1.97 8.50 ± 1.72 1.12 ± 0.82

60 min 5.34 ± 1.61 9.42 ± 1.29 5.72 ± 1.80 13.15 ± 2.61 1.54 ± 0.46

120 min 5.98 ± 1.47 16.67 ± 2.72 6.13 ± 1.34 21.49 ± 2.22 1.32 ± 0.15

240 min 6.10 ± 1.65 18.88 ± 2.24 6.47 ± 1.13 22.05 ± 2.85 1.69 ± 0.43

HeLa

30 min 2.97 ± 1.38 4.89 ± 1.51 3.05 ± 1.94 5.55 ± 1.32 0.98 ± 0.34

60 min 3.37 ± 1.75 6.17 ± 1.78 3.66 ± 1.88 8.39 ± 1.28 1.27 ± 0.89

120 min 4.13 ± 1.10 11.34 ± 1.50 4.04 ± 1.39 16.29 ± 2.82 1.34 ± 0.11

240 min 4.78 ± 1.83 11.70 ± 2.13 4.71 ± 1.27 17.54 ± 2.47 1.27 ± 0.32
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size was varied around 150–400 nm. In Fig. 4b it is

observed that encapsulation of ICG with PP enlarged the

nanocapsules to micro sizes (i.e. microcapsules). Further-

more, the morphology of microcapsules (IPP) was shifted

by PAC conjugation as seen in Fig. 4c. Additionally, the

SEM image belong to closer view of IPPP is given in

Fig. 4d. Size distribution of PL-PLGA in ethanol (30 lg/

mL) by number was measured as 112 nm (% 100) and

747 nm (%100) with DLS method.

The aim of our group was to develop a new theranostic

agent. With this aim IPPP was synthesized including near

infrared dye based on florescence properties, then radio-

labeling of IPPP with 131I was processed based on

radioactivity. Consequently, both fluorescence image and

radionuclidic image detection will be provided by the

developed radiolabeled agent, 131I labeled IPPP (131I-

IPPP). 131I is a convenient radioisotope for therapy with

providing imaging possibility at the same time [38, 47].

Iodogen method which is the most common used method

for the oxidation of iodide (I-) [38, 48] was employed to

radiolabel IPPP with 131I. In addition to IPPP; ICG, IPP

and PAC were radioiodinated to be used as control during

in vitro incorporation assays of 131I-IPPP. Radiolabeling

yields of radioiodinated compounds (131I-IPPP, 131I-IPP,
131I-PAC and 131I-ICG) were determined using TLRC

method. Different TLRC systems (TLRC1-4) were tested,

the best results were obtained at TLRC1. The relative front

values of radiolabeled compounds and other components

were 0.65, 0.04, 0.90, 0.83, 0.83 and 0.87 for 131I, Oxidized
131I, 131I-IPPP, 131I-IPP, 131I-PAC and 131I-ICG, respec-

tively. Oxidized 131I was stayed at application point while
131I migrated approximately middle of solvent and rest

radioiodinated compounds (131I-IPPP, 131I-IPP, 131I-PAC

and 131I-ICG) were migrated towards to end of the solvent.

Radiolabeling yields of 131I-IPPP, 131I-IPP, 131I-PAC and
131I-ICG were 99.37 ± 0.58, 86.26 ± 2.79, 68.05 ± 2.08

and 77.81 ± 2.52 % (n = 6), respectively.

Although there are various studies about ICG coated

with biopolymers like PEG, PLGA, PLGA-PEG etc. [10,

12, 15, 23–25, 27, 49], bioaffinity and radiolabeled inves-

tigation of PAC conjugated PEGylated PLGA-ICG (IPPP)

against in vitro cell culture studies is missed. Bioaffinity

determination of IPPP and 131I-IPPP was conducted by

using in vitro methods on various types cancer cell lines

such as MDAH-2774, HeLa and MCF-7.

Cell viabilities (%) (Variation of cell number) at dif-

ferent concentrations (50, 25, 12.5, 6.25 and 3. 125 lg/mL)

of ICG, PAC, IPP and IPPP on MDAH-2774, HeLa and

MCF-7 cells were assessed by WST cytotoxicity assay.

Cell viability (%) values of ICG, PAC, IPP and IPPP on

MDAH-2774, HeLa and MCF-7 cells at 24 and 48 h are

shown in Tables 1, 2, 3 and bar charts of cell viability

percent according to cell lines at 48 h are given in Fig. 5.

As shown in Fig. 5, no cytotoxic effect of ICG and IPP

were observed under these conditions. This result was an

expected result. This is because of that ICG has no toxicity

and in addition to ICG, PEGylated PLGA is a biocom-

patible polymer. However, same behavior was not

observed for PAC and IPPP. The half maximal inhibitory

concentrations (IC50) which is the effectiveness of the

compound in inhibiting biological function, were calcu-

lated as 2.93, 2.35, 3.85 lg/mL for PAC and 5.76, 4.84,

5.81 lg/mL for IPPP at 48 h on MCF-7, MDAH-2774 and

HeLa cells, respectively. It is seen that PAC and IPPP have

strong cytotoxic effect on all cells at 48 h. Additionally, it

is observed that the toxicity of PAC was decreased by

conjugation of IPP, which means IPPP is less toxic than

PAC.

Fig. 6 Time dependent incorporation of 131I, 131I-ICG, 131I-PAC,
131I-IPP and 131I-IPPP on MCF-7, MDAH-2774 and HeLa cells
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In vitro time dependent incorporation of 131I-IPPP was

evaluated on MCF-7, MDAH-2774 and HeLa cells and
131I, 131I-ICG, 131I-PAC and 131I-IPP were used as control

to determinate the effect of IPPP by itself. Results of

in vitro incorporation study are given in Table 4 and Fig. 6.

Incorporation percent of the 131I on all cells were about

1–2 %. Incorporation values of 131I-ICG and 131I-IPP were

similar on all cell lines during study period. 131I-IPPP has

higher incorporation values than 131I-PAC on MCF-7,

MDAH-2774 and HeLa cells at all-time points. The highest

uptake values are observed for 131I-PAC and 131I-IPPP at

240 min on MDAH-2774 cells as 18.88 ± 2.24 and

22.05 ± 2.85, respectively. The incorporation values of
131I-IPPP at 30 min on MCF-7 and MDAH-2774 cells were

higher 1.70 and 1.62 times than 131I-PAC. The cellular

uptake study confirmed the high binding efficiency of 131I-

IPPP with MDAH-227 cells.

Additionally, incorporation efficiencies of ICG and IPPP

were monitored utilizing a fluorescence microscope. Flu-

orescent images of ICG and IPPP on MCF-7, MDAH-2774

and HeLa cells are given in Fig. 7. Fluorescence micro-

scopy demonstrated that both ICG and IPPP successfully

bound target cancer cells. As can be seen in Figures IPPP

has denser bound to target cancer cells.

Conclusion

A theranostic agent, radioiodinated PEGylated PLGA-In-

docyanine capsules, was synthesized and its bioaffinity on

ovarian, cervical and breast cancer cells determined by

in vitro cell culture studies. In detail, we discussed thera-

nostic applications of IPPP capsules. With this study, the

development of a more efficient fluorescent and radioiod-

inated agent will be provided with an awareness of

nanotechnologies in the design of fluorescent and

radionuclidic tracer.

Additionally, we have available theranostic strategy

which is expected to contribute with a new agent in

Nuclear Medicine.

Since this study has been based on in vitro cell culture

experiments, further investigation using animal models

may be needed to examine the feasibility of IPPP to be

useful for in vivo researches.
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