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Abstract

Photodynamic cancer therapy is well known and recognized in many countries best therapy for cancer therapy. However, previ-
ous findings on PDT are limited to Tumors on the body surface, since the available photosensitizers largely from Porphyrin exist and 
can only be stimulated with red laser light. The penetration depth of the red laser with effective stimulation of the photosensitizer 
is about 1 - 2 cm and also limited to a tumor size of about 1 cm. The penetration into the liver or through bone is almost impossible, 
so that there is no possibility. To successfully treat liver metastases or brain tumors. Infrared laser beams penetrate a lot deeper into 
the body and can even penetrate liver and bone. A perfect one Photosensitizer should therefore have an absorption spectrum in the 
infrared range, in the market however, nothing is available. The new polymeric systems have reviewed in this review. 
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In vitro photocytotoxicity and cellular uptake of biodegradable 
polymeric nanoparticles loaded with photosensitizer mTHPP have 
been studied. As the first part of a continued research on conver-
sion of N-sulfonato-N, Ocarboxymethylchitosan (NOCCS) to useful 
biopolymer-based materials, large numbers of carboxylic function-
al groups were introduced onto NOCCS by grafting with polymeth-
acrylic acid (PMAA). The free radical graft copolymerization was 
carried out at 70◦C, bis-acrylamide as a cross-linking agent and 
persulfate as an initiator. These results show that the nanoparticles 
have high loading capacity and stability. These nanoparticles are 
suitable as carriers for photodynamic therapy in vivo [1]. mTHPP 
loaded NOCCS/PMAA nanoparticles by the classical method, which 
involves spreading a uniform layer of polymer dispersion followed 
by a drying step for removal of solvent system. Since the methodol-
ogy of nanoparticles preparation involved a heating step, it may 
have had a detrimental effect on the chemical stability of drug. 
Hence, the stability assessment of mTHPP impregnated in nanopar-
ticle was done using stability-indicating method. For this purpose, 

mTHPP was extracted from polymer and analyzed by HPLC. A sin-
gle peak at 14.8 minutes representing mTHPP (with no additional 
peaks) was detected in the chromatogram, suggesting that the mol-
ecule was stable during preparation of nanoparticles. The composi-
tion of the polymer defines its nature as a neutral or ionic network 
and furthermore, its hydrophilic/hydrophobic characteristics. Ion-
ic hydrogels, which could be cationic, containing basic functional 
groups or anionic, containing acidic functional groups, have been 
reported to be very sensitive to changes in the environmental pH. 
Hydrogels containing basic functional groups is found increased 
swelling activity in acidic conditions and reduced in basic condi-
tions. The pH sensitive anionic hydrogels shows low swelling activ-
ity in acidic medium and very high activity in basic medium. As 
observed from SEM photomicrographs, the crystals of mTHPP have 
a different appearance than recrystallized mTHPP. These nanopar-
ticles do not have clearly defined crystal morphological features in 
the SEM photomicrographs. Hence, it appears that the irregularly 
shaped particle are surface deposited with poloxamer, which gives 
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them an appearance resembling that of coated particles. The ther-
mal behavior of a polymer is important for controlling the release 
rate in order to have a suitable drug dosage form. The glass transi-
tion temperature (Tg) was determined from the DSC thermograms. 
The higher Tg values probably related to the introduction of cross-
links, which would decrease the flexibility of the chains and the 
ability of the chains to undergo segmental motion, which would 
increase the Tg values. On the other hand, the introduction of a 
strongly polar carboxylic acid group can increase the Tg value be-
cause of the formation of internal hydrogen bonds between the 
polymer chains. X-ray diffraction is a proven tool to study crystal 
lattice arrangements and it yields very useful information on de-
gree of crystallinity. X-ray diffraction technique is also used to 
study the degree of crystallinity of pharmaceutical drugs and ex-
cipients. A lower °2θ value indicates larger dspacings, while an in-
crease in the number of high-angle reflections indicates higher mo-
lecular state order. In addition, broadness of reflections, high noise, 
and low peak intensities are characteristic of a poorly crystalline 
material. A broad hump in the diffraction pattern of chitosan ex-
tending over a large range of °2θ suggests that modified chitosan is 
present in amorphous state in the nanoparticles. It was shown that 
mTHPP/polymer feed ratios up to 30%(w/w), the loading efficien-
cy was almost quantitative, resulting in loading capacities up to 
30% and an mTHPP concentration in the dispersion of 1.8 mg/mL, 
which is markedly higher than the aqueous solubility of mTHPP. At 
10% (w/w) loading, the dispersions stayed clear for more than a 
week. At higher loading of 20% and 30% (w/w), a precipitate was 
observed in the dispersions of loaded NOCCS/PMAA within 1 days 
after preparation, indicating that the loading capacity of these 
nanoparticles was exceeded. In contrast, the nanoparticles com-
posed of polymer remained clear for more than a week at 20% and 
2 days for 30% loading, which demonstrates that these end groups 
have a favorable effect on the loading and solubilization capacity of 
the nanoparticles. The in vitro photocytotoxicity effect of mTHPP 
loaded NOCCS/PMAA nanoparticles on 14C cells was determined 
after 6 h incubation and compared with free mTHPP. Either various 
dilutions of loaded nanoparticles at a fixed mTHPP/polymer ratio 
of 15%(w/w) were used, or the polymer concentration was fixed at 
0.5 mg/mL and the mTHPP loading was varied between 0.004% 
and 0.32%(w/w) in order to secure a polymer concentration of ~ 

100 times above its critical aggregation concentration. At a fixed 
high polymer concentration, the nanoparticles with various load-
ings were hardly toxic to cells even at the highest mTHPP concen-

tration used, as indicated by a cell viability of 80%. Loaded 
nanoparticles, and free mTHPP were diluted in medium to a con-
centration of 12 µM mTHPP and incubated with 14C cells for 6 h to 
determine the cellular uptake of mTHPP. The 15% (w/w) mTHPP 
loaded and polymer nanoparticles showed a lower cellular uptake 
of mTHPP compared to free mTHPP, by a factor of 2.8 and 3.7, re-
spectively. More importantly, hardly any mTHPP uptake was mea-
sured after incubation with the nanoparticles yielding a cellular 
uptake comparable of free mTHPP. The results of the photocytotox-
icity and cellular uptake of the different formulations suggest that 
when the concentration of polymer is kept well above, mTHPP re-
mains stably encapsulated in the nanoparticles even in the pres-
ence of serum, and that the intact nanoparticles are not taken up by 
the cells, which may be ascribed to the presence of a dense poly-
mer-layer. Only after dilution of the mTHPP-loaded NOCCS/PMAA 
nanoparticles to polymer concentrations below and after nanopar-
ticle degradation, the released mTHPP can be taken up by 14C cells 
and exert its cytotoxic effect upon illumination. Nano polymer 
bonded mTHPP (50 mg) were poured into 3 mL of aqueous buffer 
solution (pH 7.4). The mixture was introduced into a cellophane 
membrane dialysis bag. The bag was closed and transferred to a 
flask containing 20 mL of the same solution maintained at 37°C. 
The external solution was continuously stirred, and 3 mL samples 
were removed at selected intervals. The triplicate samples were 
analyzed by UV spectrophotometer, and the quantity of mTHPP 
were determined using a standard calibration curve obtained un-
der the same conditions. The primary mechanism for release of 
mTHPP from matrix systems in vitro are swelling, diffusion, and 
disintegration. In vitro degradation of chitosan beads were pre-
pared by solution casing method occurred less rapidly as the de-
gree 73% deacetylated showed slower biodegradation. Since the 
grade of chitosan used in the present study was of high molecular 
weight with a degree of deacetylation ≥85%, significant retarda-
tion of release of mTHPP from bead is attributed to the polymer 
characteristics. In addition, diffusion of mTHPP may have been hin-
dered by increased tortuosity of polymer accompanied by a swell-
ing mechanism. Also, Saboktakin., et al. have been developed car-
boxymethyl starch(CMS) and dextran sulfate(DS) hydrogels that 
are able to efficiently encapsulate 5, 10, 15, 20-tetrakis(meso-hy-
droxyphenyl) porphyrin (mTHPP), a porphyrin-based PS agent. 
The study showed that the lifetime of the triplet state for porphyrin 
PS is significantly increase when encapsulate into hydrogel. In ad-
dition to the possible enhancement of 1O2 generation, other advan-
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tages to incorporating porphyrin-based PS agents into hydrogel 
include the ability to solubilize these generally hydrophobic agents, 
the small and uniform size of hydrogels, and potential for passive 
targeting of solid tumors via the enhanced permeation and reten-
tion effect decreasing systemic photosensitization. This novel type 
of carboxymethyl starch (CMS) hydrogel using dextran sulfate (DS) 
as a polyanionic polymer was developed to achieve complex coac-
ervation for the incorporation and controlled release of an anti-
angiogenesis hexapeptide, this was the first report describing the 
use of DS to formulate CMS based hydrogels. The mTHPP loaded 
CMS-DS hydrogels were characterized by FESEM for their size and 
distribution. Data showed that hydrogel have a solid and near con-
sistent structure. These hydrogels have good spherical geometry. 
The results show that the surface of CMS-DS hydrogels shrank and 
a densely crosslinked gel structure was formed. The retardation of 
drug release from matrices of higher cross linker content. The aver-
age drug entrapment was found to be 92.18±0.10 % in the hydro-
gel. The size of CMS-DS hydrogels was estimated by scanning elec-
tron microscopy(SEM) of the dried hydrogel dispersions. The 
determination of hydrogel size by SEM under a dry state does not 
result in an accurate absolute value of the hydrated hydrogel size in 
dispersion, but only visualizes size range and particle shape. SEM 
analyses confirmed the relatively broad size distribution of the 
CMS-DS hydrogels, ranging from about 40-100 nm. The incorpora-
tion of mTHPP into the CMS-DS hydrogel produced a smooth sur-
face and compact structure. The CMS-DS hydrogels are hydrophilic 
and would be expected to swell in water, thus producing a large 
hydrodynamic size when measured by the Zetasizer. The particle 
size of hydrogels is measured. Loading content of mTHPP hydro-
gels with different theoretical loading densities were analyzed. 
Drug loading density, loading efficiency, and mTHPP and hydrogel 
yields of the hydrogel with 5, 10, 20% theoretical loading densities 
were calculated. Results show that mTHPP was effectively loaded 
into CMS-DS hydrogels, with high loading efficiency in all formula-
tions. mTHPP loading densities for 5, 10 and 20% theoretical load-
ing were 4.6±0.1, 9.8±0.2, 16.8±0.3%, respectively. Net loading ef-
ficiencies of 5, 10% theoretical loading were quantitative, whereas 
that of 20% theoretical loading was 89.26 ± 1.5%. The mTHPP and 
hydrogel yields were also sufficiently high to confirm hydrogel en-
capsulation of mTHPP as an effective strategy for solubilization of 
PS. The incorporation of mTHPP into the CMS–DS hydrogel result-
ed in a sharp increase in the particle size of the nanoparticle dis-
persion. mTHPP -loaded hydrogel was obtained spontaneously 
upon the mixing of the DS aqueous solution (0.1%, w/v) with the 

CMS solution (0.1%, w/v) under magnetic stirring, with mTHPP 
dissolved in CMS–DS solution. The incorporation of mTHPP into 
the CMS–DS hydrogel resulted in a sharp increase in the particle 
size of the nanoparticle dispersion. The significant increases in 
particle size give a good induction of the incorporation of mTHPP 
into CMS–DS hydrogel. A study was undertaken to investigate the 
effect of the order of mTHPP mixing with CMS and DS. The data 
obtained show that the order of mTHPP mixing had no effect on the 
size, entrapment efficiency, and yield of mTHPP - loaded hydrogel. 
The loading efficiency and loading capacity of the nanoparticle dis-
persions are presented. It was shown that mTHPP/polymer feed 
ratios up to 20%(w/w), the loading efficiency was almost quantita-
tive, resulting in loading capacities up to 20% and an mTHPP con-
centration in the dispersion of 1.3 mg/mL, which is markedly high-
er than the aqueous solubility of mTHPP. At 8% (w/w) loading, the 
dispersions stayed clear for more than a week. At higher loading of 
15% and 20% (w/w), a precipitate was observed in the disper-
sions of loaded hydrogel within 1 days after preparation, indicating 
that the loading capacity of these hydrogels was exceeded. In con-
trast, the hydrogel composed of polymer remained clear for more 
than a week at 20% and 2 days for 30% loading, which demon-
strates that these end groups have a favorable effect on the loading 
and solubilization capacity of the hydrogel. Mohammad Reza 
Saboktakin., et al. have been discussed some of the interesting find-
ings and applications of modified chitosan (MCS) and their deriva-
tives in different areas of drug delivery. This research highlights the 
important applications of MCS in the design of various novel deliv-
ery systems like liposomes, microspheres, microcapsules, and 
nanoparticles. In addition to their well-known effects on drug solu-
bility and dissolution, bioavailability, safety, and stability, their uses 
as recipients in drug formulation are also discussed. This book also 
focuses on various factors influencing inclusion complex formation 
because an understanding of the same is necessary for proper han-
dling of the seversatile materials. Some important considerations 
in selecting MCS in drug formulation such as their commercial 
availability, regulatory status, and patent status are also summa-
rized [2]. Photodynamic therapy (PDT) is a medical treatment in 
which a combination of a photosensitising drug and visible light 
causes destruction of selected cells. Over the past two decades, 
photodynamic therapy has enjoyed a period of intense investiga-
tion, both in the laboratory and in the clinic. Although still widely 
considered to be an experimental technique, its status and value 
within modern clinical practice continues to grow. The PDT field 
has, to date, been dominated by a small number of pharmaceutical 
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companies and inhabited almost exclusively by clinicians and those 
involved in fundamental scientific research. True pharmaceutical 
formulation development has been limited, to some extent, by fi-
nancial constraints. If PDT is to realize its undoubted potential in 
clinical practice it is important for appropriate photosensitiser de-
livery system is raised. Accordingly, this article deals with the in-
novations pertaining to drug delivery systems for photodynamic 
therapy as disclosed in recent patent literature [3]. Nano delivery 
systems have shown considerable promise in increasing the solu-
bility and delivery efficiency of hydrophobic photosensitizers for 
photodynamic therapy (PDT) applications. In this study, has been 
reported the preparation and characterization of polymeric mi-
celles that incorporate protoporphyrin IX (PpIX), a potent photo-
sensitizer, using non-covalent encapsulation and covalent conjuga-
tion methods. Depending on the incorporation method and PpIX 
loading percentage, PpIX existed as a monomer, dimer or aggregate 
in the micelle core.

The PpIX state directly affected the fluorescence intensity and 
1O2 generation efficiency of the resulting micelles in aqueous solu-
tion. Micelles with lower PpIX loading density (e.g. 0.2%) showed 
brighter fluorescence and higher 1O2 yield than those with higher 
PpIX loading density (e.g. 4%) in solution. However, PDT efficacy 
in H2009 lung cancer cells showed an opposite trend. In particular, 
4% PpIX-conjugated micelles demonstrated the largest PDT thera-
peutic window, as indicated by the highest phototoxicity and rela-
tively low dark toxicity. Results from this study contribute to the 
fundamental understanding of nanoscopic structure–property re-
lationships of micelle-delivered PpIX and establish a viable micelle 
formulation (i.e. 4%PpIX-conjugated micelles) for in vivo evalua-
tion of antitumor efficacy [4]. Given the ever increasing problem 
of antibiotic resistance in nosocomial pathogens it is important 
to promotealternate technologies that may be more effective than 
current antibiotics. The Photodynamic Antimicrobial Chemother-
apy (PACT), is a technology based on the use of a photosensitizer 
activated by visible light illumination and found to be effective 
against most types of microbial pathogens, including those resis-
tant to antibiotics. PACT nonetheless has certain limitations, par-
ticularly against internal and blood-borne infections. To this end, 
we are developing Chemiluminescent Photodynamic Antimicrobial 
Therapy (CPAT). The practical advantages of CPAT emphasize that 
this novel technique could expand efforts to control nosocomial 
pathogens, including those responsible for systemic infections [5]. 
Photodynamic therapy (PDT) is an emerging the ranostic modal-

ity for various cancer as well as non-cancer diseases. Its efficiency 
is mainly based on a selective accumulation of PDT and imaging 
agents in tumor tissue. The vascular effect is widely accepted to 
play a major role in tumor eradication by PDT. To promote this vas-
cular effect, we previously demonstrated the interest of using an 
active- targeting strategy targeting neuropilin-1 (NRP-1), mainly 
over-expressed by tumor angiogenic vessels. For an integrated vas-
cular-targeted PDT with magnetic resonance imaging (MRI) of can-
cer, we developed multifunctional gadolinium-based nanoparticles 
consisting of a surface-localized tumor vasculature targeting NRP-
1 peptide and polysiloxane nanoparticles with gadolinium chelated 
by DOTA derivatives on the surface and a chlorin as photosensitiz-
er. The nanoparticles were surface-functionalized with hydrophilic 
DOTA chelates and also used as a scaffold for the targeting peptide 
grafting. In vitro investigations demonstrated the ability of multi-
functional nanoparticles to preserve the photophysical properties 
of the encapsulated photosensitizer and to confer photosensitivity 
to MDA-MB-231 cancer cells related to photosensitizer concentra-
tion and light dose. Using binding test, we revealed the ability of 
peptide-functionalized nanoparticles to target NRP-1 recombinant 
protein. Importantly, after intravenous injection of the multifunc-
tional nanoparticles in rats bearing intracranial U87 glioblastoma, 
a positive MRI contrast enhancement was specifically observed in 
tumor tissue. Real-time MRI analysis revealed the ability of the tar-
geting peptide to confer specific intratumoral retention of the mul-
tifunctional nanoparticles [6]. In this research has been addressed 
a highly interdisciplinary field, the use of nanomaterials as carriers 
for singlet oxygen photosensitizers and their potential applications 
in photodynamic therapy. In particular, recent advances in the use 
of nanoparticles including inorganic oxide, metallic-, and polymer-
based nanocomposites as photo sensitizer carriers are highlighted. 
The advantages and shortcomings of these diverse has been ap-
proach as far as their application for photodynamic therapy is con-
cerned. Fullerenes and their derivatives are also included, focus-
ing on recent studies on their structure, properties, and ability to 
generate singlet oxygen [7]. The Photodynamic therapy (PDT) is a 
promising treatment modality for cancer. PDT is based on the con-
cept that photosensitizers, when exposed to light of specific wave-
length, generate cytotoxic reactive oxygen species (ROS) capable 
of killing tumor cells. The effectiveness of PDT has been limited in 
part by the lack of photosensitizers that accumulate sufficiently in 
tumor cells and poor yield of ROS from existing photosensitizers. 
In this report has been investigated whether aerosol OT-alginate 
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nanoparticles can be used as a carrier to enhance the therapeutic 
efficacy of a model photosensitizer, methylene blue. Methylene blue 
loaded nanoparticles were evaluated for PDT effectiveness in two 
cancer cell lines, MCF-7 and 4T1. Encapsulation of methylene blue 
in nanoparticles significantly enhanced intracellular ROS produc-
tion, and the overall cytotoxicity following PDT. It also resulted in 
higher incidence of necrosis. Greater effectiveness of nanoparticles 
could be correlated with higher yield of ROS with nanoparticle-en-
capsulated methylene blue. Further, treatment of tumor cells with 
nanoparticle-encapsulated methylene blue resulted in significant 
nuclear localization of methylene blue while free drug treatment 
resulted in its accumulation mainly in the endolysosomal vesicles. 
In conclusion, encapsulation of methylene blue in aerosol OT-algi-
nate nanoparticles enhanced its anticancer photodynamic efficacy 
in vitro. Increased ROS production and favorable alteration in the 
subcellular distribution contribute to the enhanced PDT efficacy of 
nanoparticle-encapsulated photosensitizer [8]. 

been successfully established to improve the delivery efficiency of 
PS drugs. However, few reported studies have investigated how the 
carrier micro environment may affect the photophysical properties 
of photosensitizer (PS) drugs and subsequently, their biological ef-
ficacy in killing malignant cells. In this study, has been described 
the modulation of type I and II photo activation processes of the 
photosensitizer, 5, 10, 15, 20-tetrakis(meso-hydroxyphenyl)por-
phyrin (mTHPP), by the micelle core environment. Electron-rich 
poly(2-

(diisopropylamino)ethyl methacrylate) (PDPA) micelles in-
creased photoactivations from type II to type I mechanisms, which 
significantly increased the generation of O2 •− through the electron 
transfer pathway over 1O2 production through energy transfer pro-
cess. The PDPA micelles led to enhanced phototoxicity over the 
electron-deficient poly(D,L-lactide) control in multiple cancer cell 
lines under argon-saturated conditions. These data suggest that 
micelle carriers may not only improve the bioavailability of photo-
sensitizer drugs, but also modulate photophysical properties for 
improved PDT efficacy [10]. Nano delivery systems have shown 
considerable promise in increasing the solubility and delivery effi-
ciency of hydrophobic photosensitizers for photodynamic therapy 
(PDT) applications. In this study, has been reported the prepara-
tion and characterization of polymeric micelles that incorporate 
protoporphyrin IX (PpIX), a potent photosensitizer, using non-co-
valent encapsulation and covalent conjugation methods. Depend-
ing on the incorporation method and PpIX loading percentage, 
PpIX existed as a monomer, dimer or aggregate in the micelle core. 
The PpIX state directly affected the fluorescence intensity and 1O2 
generation efficiency of the resulting micelles in aqueous solution. 
Micelles with lower PpIX loading density (e.g. 0.2%) showed 
brighter fluorescence and higher 1O2 yield than those with higher 
PpIX loading density (e.g. 4%) in solution. However, PDT efficacy in 
H2009 lung cancer cells showed an opposite trend. In particular, 
4% PpIX conjugated micelles demonstrated the largest PDT thera-
peutic window, as indicated by the highest phototoxicity and rela-
tively low dark toxicity. Results from this study contribute to the 
fundamental understanding of nanoscopic structure–property re-
lationships of micelle-delivered PpIX and establish a viable micelle 
formulation (i.e. 4% PpIX-conjugated micelles) for in vivo evalua-
tion of antitumor efficacy [11]. A new study describe to develop 
carboxymethyl starch(CMS) and dextran sulfate (DS) hydrogels 
that are able to efficiently encapsulate 5, 10, 15, 20-tetrakis(meso-
hydroxyphenyl) porphyrin (mTHPP), a porphyrin-based PS agent. 

Figure 1: AFM image of methylene blue-loaded nanoparticles 
in the tapping mode in air. The image is an amplitude image of a 

representative sample spot. Length of the bar is 500 nm. 

A novel process for the production of three-layer Composite 
Nanoparticles (CNPs) in the size range 100-300 nm has been re-
ported with an upconverting phosphor interior, a coating of porphy-
rin photosensitizer, and a biocompatible PEG outer layer to prevent 
clearance by the reticuloendothelial system. This report shows that 
these CNPs produce millimolar amounts of singlet oxygen at NIR 
intensities far less than other two-photon techniques [9]. Photody-
namic therapy (PDT) is an emerging clinical modality for the treat-
ment of a variety of diseases. Most photosensitizers are hydropho-
bic and poorly soluble in water. Many new nanoplate forms have 
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The study showed that the lifetime of the triplet state for porphyrin 
PS is significantly increase when encapsulate into hydrogel. In ad-
dition to the possible enhancement of 1O2 generation, other advan-
tages to incorporating porphyrin-based PS agents into hydrogel 
include the ability to solubilize these generally hydrophobic agents, 
the small and uniform size of hydrogels, and potential for passive 
targeting of solid tumors via the enhanced permeation and reten-
tion effect decreasing systemic photosensitization. This novel type 
of carboxymethyl starch (CMS) hydrogel using dextran sulfate (DS) 
as a polyanionic polymer was developed to achieve complex coac-
ervation for the incorporation and controlled release of an anti-
angiogenesis hexapeptide, this was the first report describing the 
use of DS to formulate CMS based hydrogels [12]. The development 
of new nanoscale drug carriers, chitosan-based nanoparticles 
(CNPs) shows that can be used for photodynamic therapy. These 
carriers could encapsulate a photosensitizer, protophorphyrin IX 
(PpIX), and deliver it to tumor tissue. It has been reported that 
CNPs presented the enhanced tumor target specificity in cancer 
therapy and imbibed various water insoluble anticancer agents 
into the hydrophobic multicores of nanoscale particles. In this 
study, has been prepared photosensitizer- encapsulated CNPs by 
self-assembling amphiphilic glycol chitosan–5b-cholanic acid con-
jugates in an aqueous environment and then encapsulating the 
water-insoluble photosensitizer (PpIX), with high drug-loading ef-
ficiency (>90%) by using a dialysis method. Freshly prepared PpIX-
encapsulated CNPs (PpIX-CNPs) had an average diameter of 290 
nm and were stable in aqueous solutions for 1 month. As nanoscale 
drug carriers, PpIX-CNPs exhibited a sustained release profile in 
vitro and were non-toxic to tumor cells in the dark. In a cell culture 
system, has been observed rapid cellular uptake of the PpIX-CNPs 
and the released PpIX from CNPs became highly phototoxic upon 
visible irradiation. In SCC7 tumor-bearing mice, PpIX-CNPs exhib-
ited enhanced tumor specificity and increased therapeutic efficacy 
compared to free PpIX. Taken together, these results indicate that 
PpIX-CNPs have potential as an effective drug delivery system for 
clinical photodynamic therapy [14]. Pancreatic cancer (PanCa) has 
a poor prognosis with a 5-year survival rate of only 5%. Photody-
namic therapy (PDT) has shown promising results in treating Pan-
Ca. Mechanism-based combinations with PDT have enhanced 
treatment outcome. Agents tested with PDT include Avastin, an 
antibody against vascular endothelial growth factor (VEGF) which 
is approved for treating various cancers. Simultaneous delivery of 
drugs in nano-constructs could improve the treatment response of 

mechanism based combination therapies. Here, has been investi-
gated the effect of neutralizing VEGF using nanotechnology for the 
delivery of Avastin in combination with PDT. For this has been used 
a construct called “nanocells” in which the photosensitizer was 
trapped inside polymer nanoparticles and these, with Avastin, 
were then encapsulated inside liposomes. In vitro, nano cells con-
taining Avastin (NCA) significantly enhanced cytotoxicity in PanCa 
cells. NCA based PDT also significantly improved treatment re-
sponse in mice that were orthotopically implanted with PanCa. 
Avastin delivered extra cellularly in combination with PDT did not 
show any improvement. Here a new paradigm for Avastin-based 
therapy by combining intracellular delivery of the antibody and 
PDT using nanotechnology has been showed for treating PanCa 
[15]. Although photodynamic therapy is considered as a noninva-
sive method, most photosensitizers are susceptible to ultrasound. 
Therefore, it is expected that the combination of two activation 
methods might have a synergistic effect. This probable effect has 
been investigated in this study. This study was conducted on colon 
carcinoma tumor in Balb/c mice. The tumors were induced by sub-
cutaneous injection of CT26 cells. Ultrasound and light irradiations 
were performed on tumors 24 hr after injection of liposomal Zn 
(II)-phthalocyanine. The treatment efficacy was evaluated using 
daily measurement of the tumor dimensions. Ten days post treat-
ment, relative tumor volumes of all groups were significantly re-
duced in comparison with the main control group. The best re-
sponse was observed when one of the two treatment methods had 
been applied. The longest doubling time of tumor was related to 
the treatment group namely photodynamic, sonodynamic and 
combination technique, while the shortest belonged to the control 
group. This study showed that liposomal Zn phthalocyanine is both 
photosensitizer and sonosensitizer. Photodynamic and sonody-
namic therapies can be efficient in retarding tumor growth rate. In 
this study, the combination of two methods didn’t show any im-
provement in therapeutic outcomes. It is predicted that latest re-
sults are related to the treatments sequence and could be opti-
mized in the future [16]. A novel post-loading approach for 
constructing a multifunctional biodegradable polyacrylamide 
(PAA) nanoplatform has been reported for tumorimaging (fluores-
cence) and photodynamic therapy (PDT). This approach provides 
an opportunity to post-load the imaging and therapeutic agents at 
desired concentrations. Among the PAA nanoparticles, a formula-
tion containing the photosensitizer, HPPH [3-(1′-hexyloxyethyl)
pyropheophorbide-a], and the cyanine dye in a ratio of 2:1 mini-
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mized the undesirable quenching of the HPPH electronic excitation 
energy because of energy migration within the nanoparticles and/
or Förster (fluorescence) resonance energy transfer (FRET) be-
tween HPPH and cyanine dye. An excellent tumor-imaging (NIR 
fluorescence) and phototherapeutic efficacy of the nano construct 
formulation is demonstrated. Under similar treatment parameters 
the HPPH in 1% Tween 80/5% aqueous dextrose formulation was 
less effective than the nano construct containing HPPH and cyanine 
dye in a ratio of 2 to 1. This is the first example showing the use of 
the post loading approach in developing a nano constructs for tu-
mor-imaging and therapy [17]. Nanoparticles can be targeted to-
wards, and accumulate in, tumor tissue by the enhanced permea-
bility and retention effect, if sequestration by the 
reticuloendothelial system (RES) is avoided. The application of 
nanoparticles in the field of drug delivery is thus an area of great 
interest, due to their potential for delivering high payloads of drugs 
site selectively. One area which may prove to be particular lyattrac-
tive is photodynamic therapy, as the reactive oxygen species (ROS) 
which cause damage to the tumor tissue are not generated until the 
drug is activated with light, minimizing generalized toxicity and 
giving a high degree of spatial control over the clinical effect. In the 
present study, has been synthesized two types of nanoparticles 
loaded with photodynamic sensitizers: polylysine bound tetrasul-
fonato-aluminum phthalocyanine entrapped nanoparticles (PCNP) 
and polylysine bound tetrasulfonato-aluminum phthalocyanine en-
trapped nanoparticles coated with a second, porphyrin based, 
photosensitizer(PCNP-P) to enhance the capacity for ROS genera-
tion, and hence therapeutic potential. The mean sizes of these par-
ticles were 45 (10 nm) and 95 (10 nm) respectively. Uptake of the 
nanoparticles by human Caucasian colon adenocarcinoma cells 
(HT29) was determined by flow cytometry and confocal microsco-
py. Cell viability assays using PCNP-P and PCNP corresponding to 
the minimum uptake time (<5 min) and maximum uptake time (25 
h) demonstrated that these cancer cells can be damaged by light 
activation of these photodynamic nanoparticles both in the exter-
nal media and after internalization. The results suggest that, in or-
der to induce photodynamic damage, the nanoparticles need only 
to be associated with the tumor cell closely enough to deliver sin-
glet oxygen: their internalization within target cells may not be 
necessary. Clinically, this could be of great importance as it may 
help to combat the known ability of many cancer cells to actively 
expel conventional anticancer drugs [18]. The rationales for the 
use of water soluble polymers for anticancer drug delivery include: 
the potential to overcome some forms of multidrug resistance, 

preferential accumulation in solid tumors due to enhanced perme-
ability and retention (EPR) effect, biorecogniz ability, and target 
ability. The utility of a novel paradigm for the treatment of ovarian 
carcinoma in an experimental animal model, which combines che-
motherapy and photodynamic therapy with polymer-bound anti-
cancer drugs is explained. Research and clinical applications as 
well as directions for the future development of macromolecular 
therapeutics are discussed [19]. The study of singlet molecular ox-
ygen production and reactivity has emerged as a rich and diverse 
are a with implications in fields ranging from polymer science to 
cancer therapy. In this study, has been addressed the photophysical 
properties of singlet oxygen and of the photosensitizers used in its 
generation. Photosensitizers based on organic molecules and coor-
dination compounds are examined and compared. Recent advanc-
es in the photosensitized production of singlet oxygen and its uses 
in photochemistry and photobiology are highlighted, with particu-
lar focus on its role in wastewater treatment, fine chemical synthe-
sis, and photodynamic therapy (PDT). Future directions in photo-
sensitizer development and singlet oxygen applications are also 
explored [20]. Herein, has been developed the photosensitizer, pro-
toporphyrin IX (PpIX), conjugated glycol chitosan (GC) nanoparti-
cles (PpIXeGCeNPs) as tumor-homing drug carriers with cellular 
on/off system for photodynamic imaging and therapy, simultane-
ously. In order to prepare PpIXeGCeNPs, hydrophobic PpIXs were 
chemically conjugated to GC polymer and the amphiphilic PpIXeGC 
conjugates formed a stable nanoparticle structure in aqueous con-
dition, wherein conjugated PpIX molecules formed hydrophobic 
innercores and they were covered by the hydrophilic GC polymer 
shell. Based on the nanoparticle structure, PpIXeGCeNPs showed 
the self-quenching effect that is ‘ off ’ state with no fluorescence 
signal and phototoxicity with light exposure. It is due to the com-
pact crystallized PpIX molecules in the nanoparticles as confirmed 
by dynamic light scattering and X-ray diffraction methods. Howev-
er, after cellular uptake, compact nanoparticle structure gradually 
decreased to generate strong fluorescence signal and singlet oxy-
gen generation when irradiated. Importantly, PpIXeGCeNPs-treat-
ed mice presented prolonged blood circulation, enhanced tumor 
targeting ability, and improved in vivo therapeutic efficiency in tu-
mor-bearing mice, compared to that of free PpIX treated mice. 
These results proved that this tumor homing cellular ‘on/off’ 
nanoparticle system of PpIXeGCeNPs has a great potential for syn-
chronous photodynamic imaging and therapy in cancer treatment 
[21]. A method based on mass spectrometry has been reported for 
the characterization of noncovalent complexes of proteins with 
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mixtures of ligands; this method is relevant to the study of drug 
leads and may be useful in screening libraries for tight-binding 
compounds. It is based on the ability of electrospray ionization 
(ESI)’s2 to generate ions of intact noncovalent complexes in the gas 
phase and of Fourier transform ion cyclotron resonance (FTICR) 
mass spectrometry to perform dz-selective ion accumulation, I0 
isolation, and multistage ion dissociation to obtain structural infor-
mation about these complexes (including the identification of the 
structure of the bound ligand). Here, has been described a study of 
the competitive binding of inhibitors derived from para-substitut-
ed benzene sulfonamides to bovine carbonic anhydrase I1 (BCAII, 
EC 4.2.1.1) using this technique. Relative binding constants and 
structural information for a mixture of inhibitors can be obtained 
in a single experiment using ESI-FTICR-MS [22]. Treatment of brain 
cancer remains a challenge despite recent improvements in sur-
gery and multimodal adjuvant therapy. Drug therapies of brain can-
cer have been particularly inefficient, due to the blood–brain bar-
rier and the non-specificity of the potentially toxic drugs. The 
nanoparticle has emerged as a potential vector for brain delivery, 
able to overcome the problems of current strategies. Moreover, 
multi-functionality can be engineered into a single nanoplatform 
so that it can provide tumor specific detection, treatment, and fol-
low-up monitoring. Such multi tasking is not possible with conven-
tional technologies. This research describes recent advances in 
nanoparticle-based detection and therapy of brain cancer. The ad-
vantages of nanoparticle based delivery and the types of nanopar-
ticle systems under investigation are described, as well as their ap-
plications [23]. The development of photosensitizer-conjugated 
gold nanorods (MMP2P-GNR) has been described in which photo-
sensitizers were conjugated onto the surface of gold nanorods 
(GNR) via a protease-cleavable peptide linker. It has been hypoth-
esized that fluorescence and phototoxicity of the conjugated photo-
sensitizers would be suppressed in their native state, becoming 
activated only after cleavage by the target protease matrix metal-
loprotease-2 (MMP2). Quantitative analysis of the fluorescence and 
singlet oxygen generation (SOG) demonstrated that the MMP2P-
GNR conjugate emitted fluorescence intensity corresponding to 
0.4% ~ 0.01% and an SOG efficiency of 0.89% ~ 1.04% compared 
to free pyropheophorbide-a. From the in vitro cell studies using 
HT1080 cells that overexpress MMP2 and BT20 cells that lack 
MMP2, we observed that fluorescence and SOG was mediated by 
the presence or absence of MMP2 in these cell lines. This novel ac-
tivatable photosensitizing system may be useful for protease-medi-
ated fluorescence imaging and subsequent photodynamic therapy 

for various cancers [24]. Intense research has led to a more com-
prehensive understanding of cancer at the genetic, molecular, and 
cellular levels providing an avenue for methods of increasing anti-
tumor efficacy of drugs while reducing systemic side effects. 
Nanoparticulate technology is of particular use in developing a 
new generation of more effective cancer therapies capable of over-
coming the many biological, biophysical, and biomedical barriers 
that the body stages against a standard intervention. Nanoparticles 
show much promise in cancer therapy by selectively gaining access 
to tumor due to their small size and modifiability. Typically, though 
not exclusively, nanoparticles are defined as sub microscopic par-
ticles between 1 and 100 nm. Nanoparticles are formulated out of 
a variety of substances and engineered to carry an array of sub-
stances in a controlled and targeted manner. Nanoparticles are 
prepared to take advantage of fundamental cancer morphology 
and modes of development such as rapid proliferation of cells, an-
tigen expression, and leaky tumor vasculature. In cancer treatment 
and detection nanoparticles serve many targeted functions in che-
motherapy, radiotherapy, immunotherapy, immunodetection, ther-
motherapy, imaging, photodynamic therapy, and anti-angiogenesis. 
Not only are modifying agents allowing for greater and more accu-
rate tumor targeting, they are also aiding in the crossing of bio-
physical barriers such as the blood brain barrier there by reducing 
peripheral effects and increasing the relative amount of drug 
reaching in the brain. Moreover, multifunctional nanoparticles per-
form many of these tasks simultaneously such as targeted delivery 
of a potent anticancer drug at the same time as an imaging material 
to visualize the effectiveness of the drug utilized for treatment fol-
low-up. In this book, several recent US and World patents develop-
ing and modifying nanoparticles for the detection, analysis, and 
treatment of cancer are discussed [25]. The utility of chitosan 
nanoparticles has been evaluated with an invitro model of acrole-
in-mediated cell injury using PC -12 cells. The particles effectively, 
and statistically, reduced damage to membrane integrity, second-
ary oxidative stress, and lipid peroxidation. This study suggests 
that a chitosan nanoparticle-based therapy to interfere with “sec-
ondary” injury may be possible. Hydralazine-loaded chitosan 
nanoparticles were prepared using different types of polyanions 
and characterized for particle size, morphology, zeta potential val-
ue, and the efficiency of hydralazine entrapment and release. Hy-
dralazine-loaded chitosan nanoparticles ranged in size from 300 
nm to 350 nm in diameter, and with a tunable, or adjustable, sur-
face charge [26]. A novel research have been developed superpara-
magnetic chitosan(CS) – dextran sulfate(DS) hydrogels as a intelli-
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gent drug system for effective carrying of Chlorin E6 
photosensitizer to cancer cells. This system can be detectable by 
magnetic Resonance Imaging technique. The study shows that the 
lifetime of the triplet state for chn E6 photosensitizer is significant-
ly increase when encapsulate into hydrogel. In addition to the pos-
sible enhancement of 1O2 generation, other advantages to incorpo-
rating chlorin E6 based PS agents into hydrogel include the ability 
to solubilize these generally hydrophobic agents, the small and 
uniform size of hydrogels, and potential for passive targeting of 
solid tumors via the enhanced permeation and retention effect de-
creasing systemic photosensitization. The chlorin E6 loaded CS-DS 
hydrogels were characterized by FESEM for their size and distribu-
tion. Data showed that hydrogel have a solid and near consistent 
structure [27-40]. These hydrogels have good spherical geometry. 
Figure 2 shows a representative SEM image of chlorin E6 hydro-
gels. Also, the results show that the surface of CS-DS hydrogels 
shrank and a densely cross-linked gel structure was formed. The 
retardation of drug release from matrices of higher cross linker 
content. The average drug entrapment was found to be 92.18±0.10 
% in the hydrogel. The size of CS-DS hydrogels was estimated by 
scanning electron microscopy(SEM) of the dried hydrogel disper-
sions. The determination of hydrogel size by SEM under a dry state 
does not result in an accurate absolute value of the hydrated hydro-
gel size in dispersion, but only visualizes size range and particle 
shape.. SEM analyses confirmed the relatively broad size distribu-
tion of the CS-DS hydrogels, ranging from about 40100 nm. The in-
corporation of chlorin E6 into the CS-DS hydrogel produced a 
smooth surface and compact structure. The CS-DS hydrogels are 
hydrophilic and would be expected to swell in water, thus produc-
ing a large hydrodynamic size when measured by the Zetasizer. 

The incorporation of chlorin E6 into the CS–DS hydrogel result-
ed in a sharp increase in the particle size of the nanoparticle dis-
persion. Chlorin E6 -loaded hydrogel was obtained spontaneously 
upon the mixing of the DS aqueous solution (0.1%, w/v) with the 
CS solution (0.1%, w/v) under magnetic stirring, with chn E6 dis-
solved in CS–DS solution. The incorporation of Chlorin E6 into the 
CS– DS hydrogel resulted in a sharp increase in the particle size 
of the nanoparticle dispersion. The significant increases in particle 
size give a good induction of the incorporation of Chlorin E6 into 
CS–DS hydrogel. A study was undertaken to investigate the effect of 
the order of Chlorin E6 mixing with CS and DS. The data obtained 
show that the order of Chlorin E6 mixing had no effect on the size, 
entrapment efficiency, and yield of chn E6 -loaded hydrogel. The 
loading efficiency and loading capacity of the nanoparticle disper-
sions are presented in Figure 3a and 3b, respectively. It was shown 
that Chlorin E6/polymer feed ratios up to 30%(w/w), the loading 
efficiency was almost quantitative, resulting in loading capacities 
up to 30% and an Chlorin E6 concentration in the dispersion of 
1.8 mg/mL, which is markedly higher than the aqueous solubility 
of Chlorin E6. At 10% (w/w) loading, the dispersions stayed clear 
for more than a week. At higher loading of 20% and 30% (w/w), 
a precipitate was observed in the dispersions of loaded hydrogel 
within 1 days after preparation, indicating that the loading capac-
ity of these hydrogels was exceeded. In contrast, the hydrogel com-
posed of polymer remained clear for more than a week at 20% and 
2 days for 30% loading, which demonstrates that these end groups 
have a favorable effect on the loading and solubilization capacity of 
the hydrogel. 

Figure 2: Morphology of ch E6 loaded CS-DS hydrogel  by emis-
sion scanning electron microscopy field. 

Figure 3: (a) Loading efficiency and (b) loading capacity of  CS-DS 
hydrogel  with  chlorin E6. 

The in vitro photocytotoxicity effect of Chlorin E6 loaded hydro-
gel on 14C cells was determined after 6 h incubation and compared 
with free chlorin E6. Either various dilutions of loaded nanoparti-
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cles at a fixed Chlorin E6/polymer ratio of 15%(w/w) were used, or 
the polymer concentration was fixed at 0.5 mg/mL and the chlorin 
E6 loading was varied between 0.004% and 0.32%(w/w) in order 
to secure a polymer concentration of ~100 times above its critical 
aggregation concentration. The results demonstrate that the effect 
on the viability of 14C cells of chlorin E6 – polymer hydrogel at a 
fixed chlorin E6/polymer ratio is comparable to that of free chlorin 
E6. At a fixed high polymer concentration, the nanoparticles with 
various loadings were hardly toxic to cells even at the highest chlo-
rin E6 concentration used, as indicated by a cell viability of 80%. 
Loaded hydrogel, and free Chlorin E6 were diluted in medium to 
a concentration of 12 µM chn and incubated with 14C cells for 6 
h to determine the cellular uptake of chlorin E6. The 15% (w/w) 
chlorin loaded and polymer nanoparticles showed a lower cellu-
lar uptake of chlorin E6 compared to free chlorin E6, by a factor 
of 2.8 and 3.7, respectively. More importantly, hardly any chlorin 
E6 uptake was measured after incubation with the hydrogel yield-
ing a cellular uptake comparable of free chlorin E6. The results of 
the photocytotoxicity and cellular uptake of the different formula-
tions suggest that when the concentration of polymer is kept well 
above, chlorin E6 remains stably encapsulated in the hydrogel even 
in the presence of serum, and that the intact nanoparticles are not 
taken up by the cells, which may be ascribed to the presence of a 
dense polymer-layer. Only after dilution of the chlorin E6 -loaded 
hydrogel to polymer concentrations below and after hydrogel deg-
radation, the released chlorin E6 can be taken up by 14C cells and 
exert its cytotoxic effect upon illumination. Nano polymer bonded 
Chlorin E6 (50 mg) were poured into 3 mL of aqueous buffer solu-
tion ( pH 7.4) (Figure 4). 

Figure 4: Release of chlorin E6 from CS-DS hydrogel at 37ºC. 

The mixture was introduced into a cellophane membrane dialy-
sis bag. The bag was closed and transferred to a flask containing 
20 mL of the same solution maintained at 37° C. The external so-
lution was continuously stirred, and 3 mL samples were removed 
at selected intervals. The triplicate samples were analyzed by UV 
spectrophotometer, and the quantity of Chlorin E6 were deter-
mined using a standard calibration curve obtained under the same 
conditions. The primary mechanism for release of chlorin E6 from 
matrix systems in vitro are swelling, diffusion, and disintegration. 
In vitro degradation of CS-DS hydrogels were prepared by solution 
casing method occurred less rapidly as the degree 73% deacety-
lated showed slower biodegradation. Since the grade of CS-DS used 
in the present study was of high molecular weight with a degree of 
deacetylation ≥85%, significant retardation of release of chlorin E6 
from bead is attributed to the polymer characteristics. In addition, 
diffusion of chlorin E6 may have been hindered by increased tortu-
osity of polymer accompanied by a swelling mechanism (Figure 5). 

Figure 5: Time-dependent swelling behavior of chlorin E6 loaded 
CS-DS hydrogel at 37ºC. 

Conclusion
Nano delivery systems have shown considerable promise in in-

creasing the solubility and delivery efficiency of hydrophobic pho-
tosensitizers for photodynamic therapy (PDT) applications.
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