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Abstract: Camptothecin-polylactide conjugates (CMPT-PLA) were synthesized by 

covalent incorporation of CMPT into PLA of different microstructure, i.e., atactic PLA and  

atactic-block-isotactically enriched PLA (Pm = 0.79) via urethane bonds. The kinetic release 

of CPMT from CMPT-PLA conjugates, tested in vitro under different conditions, is 

possible in both cases and notably, strongly dependent on PLA microstructure. It shows that 

release properties of drug-PLA conjugates can be tailored by controlled design of the PLA 

microstructure, and allow in the case of CMPT-PLA conjugates for the development of highly 

controlled biodegradable CMPT systems—important delivery systems for anti-cancer agents. 
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1. Introduction 

Camptothecin ((4S)-4-ethyl-4-hydroxy-1H-pyrano[3',4':6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-

dione, CMPT) belongs to the monoterpene indole alkaloid family, isolated from the tree Camptotheca 

acuminata [1]. CMPT and its derivatives like irinotecan and topotecan, commonly used in antitumor 

therapy, exhibit a broad range of antitumor and antileukaemia activity leading to the inhibition of 

topoisomerase I, subsequent damage of DNA and thus cell death, making them very effective in the 

treatment of multi-organ tumors. However, the clinical use of CMPT is limited by its low solubility in 

water, high toxicity and inactivation through lactone ring hydrolysis at a physiological pH [2]. These 

disadvantages could be overcome by attaching CMPT to a polymeric matrix. The polymeric conjugates 

of CMPT could act as a transport form for this drug and enhance its biodistribution [3]. In the past few 

years, CMPT has been covalently coupled to water-soluble polymers, i.e., poly(ethylene glycol),  

poly(L-glutamic acid), β-cyclodextrin-based polymers, poly[N-(2-hydroxypropyl)-methacrylamide], 

poly[(N-carboxybutyl)-L-aspartamide] and poly(amido-amine). The development of such conjugates could 

stabilize the active form of the lactone ring of CMPT as well as improve its water solubility [2,4–12]. 

Although covalent conjugates of polylactide (PLA), a biodegradable and biocompatible polymer with a 

wide range of applications are known, PLA has not been applied for the synthesis of drug-PLA 

conjugates, which is due to its physicochemical properties; e.g., poly(L-lactide) (PLLA) is highly 

crystalline and degrades slowly [13,14]. In order to modify the drug release properties of  

PLA-based conjugates, PLA copolymers with poly(ε-caprolactone) (PCL), polyglycolide (PGL) and 

poly(trimethylenecarbonate) (PTMC) have been recently synthesized by us and used as polymeric 

matrices for the preparation of CMPT conjugates [3].  

Although the properties of PLA depend strongly on its tacticity, the modification of microstructure 

of PLA in order to tailor its drug release properties has not been investigated so far, which results from 

the difficulty in modifying the PLA microstructure in a controlled way. To date a number of catalysts 

have allowed for the synthesis of atactic, isotactic (including isotactic stereoblock PLA), heterotactic 

or syndiotactic PLA in the polymerization of rac-lactide (rac-LA) or rac-lactide (meso-LA) [15,16] 

and recently isotactic-heterotactic stereomultiblock PLA [17], but fully controlled synthesis of PLA of 

a desired microstructure requires a catalyst which allows for easy switch of stereoselectivity, as we 

recently demonstrated for the catalytic system based on dialkylgallium alkoxides [18,19]. The latter 

allowed for the first time for the facile synthesis of PLA comprised of blocks of different tacticity, and 

showed that such a modification influences considerably the mechanical properties of PLA [19], and 

therefore could also influence the drug release profile.  

In this regard, we decided to investigate whether the drug release properties of PLA-drug 

conjugates depend on the microstructure of PLA. Using CMPT-(atactic PLA)100 and CMPT-(atactic 

PLA)50-b-(isotactic PLA-Pm=0.79)50 conjugates, hereby we demonstrate, for the first time, that  
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CMPT-PLA conjugates can be used for the controlled delivery of CMPT, while the CMPT release is 

strongly dependent on the PLA microstructure.  

2. Results and Discussion 

In our previous paper [3] biodegradable conjugates of CMPT obtained from various copolymers 

were described. The copolymers were synthesized from ε-caprolactone (ε-CL), glycolide (GL), rac-lactide 

(rac-LA) or trimethylene carbonate (TMC) and poly(ethylene glycol) (PEG). It was found that the 

rates of CMPT release depended on the nature of the copolymers used in the matrices synthesis.  

Now, we wanted to check whether the microstructure of polylactides (PLAs) substantially influences 

the release kinetics of CMPT from the matrices. 

In the first step (Scheme 1a), (atactic-PLA)100 (PLA-1) was synthesized, according to the literature, 

by the ring opening polymerization (ROP) of rac-LA in the presence of dimethylgallium alkoxide 

(S,S)-[Me2Ga(μ-OCH(Me)CO2Me)]2 [20]. For the synthesis of (atactic PLA)50-b-(isotactic PLA-Pm=0.79)50 

(PLA-2) (Scheme 1b) the (S,S)-[Me2Ga(μ-OCH(Me)CO2Me)]2/DBU catalytic system was applied [19]. 

Mn and tacticity of PLA-1 and PLA-2 were confirmed by 1H-, 13C-NMR and homonuclear decoupled 
1H-NMR (Figures S1–S6, Supplementary Materials), which was in agreement with literature data and 

confirmed the controlled nature of polymerization leading to PLA-1 (Scheme 1a) and PLA-2 (Scheme 1b). 

Of note, in light of the synthesis of PLA-CMPT conjugates, is the fact that the OH group used for the 

attachment of CMPT is connected in the case of PLA-1 to atactic PLA, while for PLA-2 it is to the 

isotactically enriched PLA block (Scheme 1).  

Scheme 1. (atactic-PLA)100 (PLA-1) (a) and (atactic PLA)50-b-(isotactic PLA-Pm=0.79)50 (b). 

 

In consideration of the potential biomedical applications of the obtained polymers, the problem of 

the toxicity resulting e.g., from the presence of catalyst residues is very important [21]. Thereby, the 

analysis of residual gallium content was determined using ASA and this revealed a residual gallium 

content of about 1 ppm. This is very satisfying result, as accordance with the guidelines of the 

European Pharmacopeia, whereby the metal content of polymers in contact with blood or blood 

components must not exceed 20 ppm.  

The cytotoxicity of the synthesized PLAs were evaluated with bacterial luminescence (V. fischeri) 

test and two protozoan assays (S. ambiguum and T. termophila). It was found that both PLAs were not 

toxic to the tested organisms in direct contact and extraction tests as the percent of endpoints was 

lower than 20% (Table 1).  
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Table 1. Toxicity of tested polymers. 

Sample 
Spirotox Protoxkit F Microtox 

DCT EX DCT EX DCT EX

PLA-1 0 0 1 4 −4 0 
PLA-2 0 0 6 10 −5 1 

DCT—direct contact test; EX—tests with extracts. 

In the next step, the polymeric conjugates of CMPT were obtained. The PLAs and CMPT were 

coupled via 1,6-diisocyanatohexane (HMDI) linker (Scheme 2). 

Scheme 2. The synthesis of polylactides and macromolecular conjugates of CMPT. 
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The structure of the CMPT-PLA conjugates was characterized by 1H-NMR spectroscopy, as 

presented in Figure 1. The characteristic signals of CMPT (without the δ = 6.30 ppm hydroxyl group, 
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which has reacted with the isocyanate group) indicates the successful formation of the CMPT-PLA 

conjugates. The chemical shifts at 5.15 and 1.57 ppm are assigned to the protons in PLA, while the 

signals at 8.45, 8.17, 8.13, 7.87, 7.72, 7.36, 5.43, 5.30, 1.88 and 0.86 ppm are associated with CMPT. 

The CMPT content in conjugates was about 2 mol %, as estimated by the comparison of the intensity 

of signals corresponding to aromatic protons (8.45 ppm) (for the CMPT) and methylene protons  

(5.15 ppm) (for the PLA).  

Figure 1. 1H-NMR spectrum of the CMPT-PLA conjugate.  

 

The in vitro kinetic rates for CMPT release from the CMPT-PLA conjugates was determined at  

pH 7.4 and 1, at 37 °C for 35 days (Figures 2 and 3). The degradation process is rather slow and regular, 

in comparison with the degradation rates of similar polymeric conjugates. This fact is due to the 

hydrophobic properties of the PLAs (Mn of the PLAs between 13.5 and 14.0 × 103 Da). CMPT-PLA-1 

(obtained from PLA-1) released CMPT faster compared to CMPT-PLA-2 (obtained from PLA-2) 

(Figures 2 and 3) as 20% of CMPT was released for CMPT-PLA-1 and 6% for CMPT-PLA-2 after 

35 days of incubation at pH 1 (Figure 2). At pH = 7, 7% and 4% of CMPT was released after 35 days 

from CMPT-PLA-1 and CMPT-PLA-2, respectively (Figure 3). The lower degradation and 

hydrolysis rate of CMPT-PLA-2 is a logical consequence of the increase in crystallinity due to the 

presence of isotactically enriched PLA blocks. Moreover, as shown in Figures 2 and 3, at pH 1 CMPT 

is released faster than under neutral conditions, which is attributed to the expected higher hydrolysis 

rate of the ester groups in this environment. The crucial result presented in Figure 2 concerns the 

release of CMPT from CMPT-PLA-1 and CMPT-PLA-2, at pH 1. The percentage of CMPT released 

was about 5% for CMPT-PLA-1 for first 11 days and reached 20% after following 14 days (between 

19–35 days) of incubation process. Noteworthy is the fact that degradation rates of CMPT-PLA-2, 

after initial release of 3.8% of CMPT after 2 days is essentially constant and slow, which shows clearly 

that microstructure of PLA is crucial for CMPT release kinetics. 
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Figure 2. Release of CMPT from the CMPT-PLA conjugates at pH 1.  

 

Figure 3. Release of CMPT from the CMPT-PLA conjugates at pH 7. 

 

3. Experimental Section 

3.1. General Information 

Syntheses of PLA was carried out under dry argon using standard Schlenk techniques. Solvents  

and reagents for PLA syntheses were purified and dried prior to use. Solvents were either dried  

over potassium (toluene—CHROMASOLV®, for HPLC, 99.9% Sigma-Aldrich, Co., Poznan, Poland, 

hexane—CHROMASOLV®, for HPLC, ≥97.0% (GC), Sigma-Aldrich, Co.) or calcium hydride 

(CH2Cl2—puriss. p.a., ACS reagent, reag. ISO, ≥99.9% (GC) Sigma-Aldrich, Co.), or purified using a 

MBRAUN Solvent Purification Systems (MB-SPS-800, MBRAUN, Garching, Germany). rac-Lactide 

was purchased from Aldrich (Poznan, Poland) and further purified by crystallization from anhydrous 

toluene. 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) was purchased from Aldrich, dried over molecular 

sieves and distilled under argon. (S,S)-[Me2Ga(μ-OCH(Me)CO2Me)]2 was synthesized according to the 
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literature [20]. (S)-(+)-Camptothecin ((4S)-4-ethyl-4-hydroxy-1H-pyrano[3',4':6,7]indolizino[1,2-b]quinoline- 

3,14-(4H,12H)-dione, ≥90% (HPLC), Sigma Co., Poznan, Poland), 1,4-diazabicyclo[2.2.2]octane 

(ReagentPlus®, ≥99%, Sigma-Aldrich, Co.) and 1,6-diisocyanatohexane (≥98.0% (GC), Fluka Co., 

Poznan, Poland) were used without further purification. Dichloromethane (anhydrous, ≥99.8%, POCh, 

Gliwice, Poland), diethyl ether (anhydrous, 99.5%, POCh, Gliwice, Poland) and ethanol (anhydrous, 

99.9%, POCh) were used as received. Phosphate-citrate buffer solution (1.0 M, pH 7.00 (25 °C), 

Na2HPO4/C6H8O7·H2O) and glycine buffer solution ((0.6 M, pH 1.00 (25 °C), NH2CH2COOH·HCl/NaCl), 

Chempur Co., Warsaw, Poland) were also used as received. The polymerization products were 

characterized in the CDCl3 or DMSO-d6 solution by means of 1H-NMR (200, 300 or 400 MHz, Varian, 

Palo Alto, CA, USA). The FTIR spectra were measured from KBr pellets (model, Perkin-Elmer, 

Waltham, MA, USA). The amount of released CMPT was quantitatively determined by UV-Vis 

spectrophotometry (UV-1202, Shimadzu, Duisburg, Germany) in aqueous buffered solutions at the 

adsorption maximum of the free drug (λ = at 355 or 368 nm) using a 1 cm quartz cell. The 

concentration of gallium in the obtained PLAs was determined by atomic absorption spectrometry 

(Avanta Ultra GPC Z, equipped with an electrothermal atomizer and PAL 4000 autosampler, GBC, 

Dandenong, Victoria, Australia). 

3.2. Synthesis of PLA Matrices 

(Atactic PLA)100 [20] and (atactic PLA)50-b-(isotactic PLA-Pm=0.79)50 [19] were synthesized according 

to the literature. The structure of (atactic-PLA)100 and (atactic PLA)50-b-(isotactic PLA-Pm=0.79)50  

was verified by 1H-NMR, 13C-NMR and homonuclear decoupled 1H-NMR spectroscopy (see 

Supplementary Materials). 

(Atactic-PLA)100 1H-NMR (CDCl3, 400 MHz); (a) PLA signals: 1.54–1.59 (m, 3H, CHCH3),  

5.12–5.27 (m, 1H, CHCH3); (b) end groups: 3.73, 3.74 (s, 3H, OCH3), 4.36 (br, 1H, CH(CH3)-OH).  

Mn (determined by 1H-NMR) 13,400 Da, Pm = Pr = 0.5—calculated on the basis of homonuclear 

decoupled 1H-NMR spectra according to Chemberlain et al. [22] and on the basis of 13C-NMR spectra 

according to Kasperczyk et al. [23] and Abbina et al. [24]. (Atactic PLA)50-b-(isotactic PLA-Pm=0.79)50 
1H-NMR (CDCl3, 400 MHz); (a) PLA signals: 1.54–1.58 (m, 3H, CHCH3), 5.12–5.24 (m, 1H, CHCH3); 

(b) end groups: 3.73, 3.74 (s, 3H OCH3), 4.34 (br. Q, 1H, CH(CH3)-OH). Mn (determined by 1H-NMR) 

13,900 Da, Pm = 0.65—calculated on the basis of homonuclear decoupled 1H-NMR spectra according 

to Chemberlain et al. [22] and on the basis of 13C-NMR spectra according to Kasperczyk et al. [23] 

and Abbina et al. [24]. For further preparation of CMPT-PLA conjugates PLA was precipitated from a 

cold diethyl ether and dried under vacuum for 7 days. 

3.3. Toxicity Assays 

3.3.1. Microtox®  

The Microtox® assay with the luminescent bacteria Vibrio fischeri was performed with the 

lyophilized bacteria purchased from SDI (Newark, DE, USA). The test was performed using 

disposable glass cuvettes. Samples were incubated at 15 °C for 15 min and the light output of the 
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samples was recorded with a Microtox® M500 analyzer (New Castle, DE, USA). As a diluent and a 

control 2% NaCl was used. 

3.3.2. Protoxkit FTM 

Protoxkit FTM is a multigeneration protozoan growth inhibition bioassay with the ciliate 

Tetrahymena thermophila. The test is based on the turnover of the substrate (food suspension) into 

ciliate biomass. While normal proliferating cell cultures clear the substrate suspension in 24 h, 

inhibited culture growth is reflected by remaining turbidity. The test is based on optical density 

measurements. The protozoa and the food were obtained from MicroBioTests (Deinze, Belgium). The 

test was performed in disposable spectrophotometric cuvettes according to the standard operational 

protocol of the producer. As a diluents and a control deionised water (Milli-Q quality) was used. 

3.3.3. Spirotox  

Spirotox test with the protozoan Spirostomum ambiguum was performed according to the standard 

protocol. The test was carried out in disposable, polystyrene multiwell plates (24 wells). Ten organisms 

were added to each well of the multiwell. The samples were incubated in the darkness at 25 °C for 24 h. 

Afterwards test responses: different deformations such as shortening, bending of the cell, etc., and 

lethal response were observed with the use of dissection microscope (magnification of 10). As a diluents 

and a control Tyrod solution (medium containing microelements: NaCl, KCl, CaCl2, MgCl2 and 

NaHCO3, NaH2PO4) was used. In the direct contact test 1 mg of the tested sample was weighted 

directly to the test containers and poured with 1 mL of appropriate diluent. The organisms were 

incubated with the suspension of the tested sample. In the extraction test 10 mg of the polymers were 

incubated with 10 mL of Tyrod solution at 37 °C for 24 h. The organisms were incubated only with 

extract. One mL of the extract refers to 1.0 mg of the polymer.  

3.4. Synthesis of Camptothecin Conjugates 

CMPT-PLA conjugates were synthesized under an argon atmosphere using two-step process [3].  

In the first step, PLA (1 g) was mixed with 1,4-diazabicyclo[2.2.2]octane (0.0025 g) and dissolved in 

CH2Cl2 (20 mL). After ca. 1 h, 1,6-diisocyanatohexane (0.015 mL) was progressively added into the 

reactor. Next, the content of the flask was vigorously stirred for 4 h. After this time, the solution of 

CMPT in CH2Cl2 was added dropwise into the reactor with the prepolymer under vigorous stirring (at 

the molar ratio of CMPT to prepolymer equal to 2:1). Next, the reaction mixture was left stirring for an 

additional 24 h at reflux. Then, it was washed with dilute hydrochloric acid (5% aqueous solution) and 

distilled water. The product isolated from the organic phase solution were kept under vacuum at room 

temperature for 2 days. 

3.5. Camptothecin Release Study from the Macromolecular Conjugates 

The in vitro release study of CMPT from the synthesized conjugates was investigated by measuring 

the concentration of CMPT released at pH 1 or 7. Macromolecular conjugates have been dispersed  

in buffer solutions. All experiments were carried out in triplicate. 20 mg of dried macromolecular 
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conjugate was immersed into 10 mL of buffer solution and incubated at 37 °C, with continuous orbital 

rotation at 50 [cycles/min]. At predetermined time intervals, a 10 mL samples were withdrawn from 

the release medium using the filter followed by replace with a 10 mL of a fresh buffer solution. The 

products were separated by centrifugation (10,000 rpm). The absorption of buffer solution was 

determined by a UV-Vis spectrophotometer at the absorbance peak with a wavelength at 355 (lactone 

form) or 368 nm (carboxyl form) [25,26]. The absorbance peak correlated very well with the 

concentration of CMPT. A linear calibration curve was obtained by measuring the absorption of 

solutions with predetermined CMPT concentrations. For all the measurements in this study, the 

absorbance readings were within the calibration range. 

4. Conclusions 

Camptothecin-polylactide conjugates (CMPT-PLA) were synthesized and characterized as 

macromolecular biodegradable prodrug systems. Polylactides of different microstructures—atactic 

PLA and (atactic PLA)-block-(isotactic PLA)—were used as polymeric matrices in the synthesis of 

macromolecular conjugates. The rate of release of CMPT from the obtained conjugates depends 

strongly on the PLA microstructure as well as the pH of the environment. Our results show that 

modification of PLA microstructures can be a good solution for the modification of the drug-release 

properties of polymer-drug conjugates, while the rate of release of CMPT from CMPT-PLA 

conjugates indicates the possibility of using the obtained conjugates for medium- or long-term  

anti-cancer drug delivery systems. Our present research is focused on a deeper explanation of the 

influence of PLA microstructure on the drug release properties of PLA based drug conjugates and the 

synthesis of PLA based conjugates for controlled drug delivery systems. 

Supplementary Materials  

Supplementary materials can be accessed at: http://www.mdpi.com/1420-3049/19/12/19460/s1. 

Acknowledgments 

This work was financially supported by National Science Centre of Poland (OPUS-5 research scheme, 

grant number DEC-2013/09/B/ST5/03480 entitled: “Elaboration of anti-cancer drug implantational 

delivery system immobilized on polymer matrix”). P.H. thanks National Science Centre of Poland 

(SONATA BIS2 Programme, Grant No. DEC-2012/07/E/ST5/02860) for financial support. 

Author Contributions 

The contributions of the respective authors are as follows: E.O., P.H. and M.S. conceived the work, 

participated in all steps of the research, interpreted the results and wrote the whole article, including 

the discussion and conclusions. Z.G. and A.P. participated in some steps of the research, helped in the 

synthesis of the polymers or conjugates. G.N.-J. performed the cytotoxicity analyses. All authors have 

seen and approved the manuscript. 



Molecules 2014, 19 19469 

 

 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Wu, S.-F.; Hsieh, P.-W.; Wu, C.-C.; Lee, C.-L.; Chen, S.-L.; Lu, C.-Y.; Wu, T.-S.; Chang, F.-R.; 

Wu, Y.-C. Camptothecinoids from the seeds of Taiwanese Nothapodytes Foetida. Molecules 

2008, 13, 1361–1671. 

2. Fan, H.; Huang, J.; Li, Y.; Yu, J.; Chen, J. Fabrication of reduction-degradable micelle based on 

disulfide-linked graft copolymer-camptothecin conjugate for enhancing solubility and stability of 

camptothecin. Polymer 2010, 51, 5107–5114. 

3. Sobczak, M.; Oledzka, E.; Kwietniewska, M.; Nalecz-Jawecki, G.; Kołodziejski, W. Promising 

macromolecular conjugates of camptothecin—The synthesis, characterization and in vitro studies. 

J. Macromol. Sci. Pure Appl. Chem. 2014, 51, 254–262. 

4. Warnecke, A.; Kratz, F. Maleimide-oligo(ethylene glycol) derivatives of camptothecin as 

albumin-binding prodrugs: Synthesis and antitumor efficacy. Bioconjugate Chem. 2003, 14,  

377–387. 

5. Greenwald, R.B.; Zhao, H.; Xia, J. Tripartate poly(ethylene glycol) prodrugs of the open lactone 

form of camptothecin. Bioorg. Med. Chem. 2003, 11, 2635–2639. 

6. Bhatt, R.; de Vries, P.; Tulinsky, J.; Bellamy, G.; Baker, B.; Singer, W.; Klein, P. Synthesis and  

in vivo antitumor activity of poly(L-glutamic acid) conjugates of 20(S)-camptothecin. J. Med. Chem. 

2003, 46, 190–193. 

7. Singer, J.W.; Bhatt, R.; Tulinsky, J.; Buhler, K.R.; Heasley, E.; Klein, P.; de Vries, P. Water-soluble 

poly-(L-glutamic acid)-Gly-camptothecin conjugates enhance camptothecin stability and efficacy 

in vivo. J. Control. Release 2001, 74, 243–247. 

8. Cheng, J.J.; Khin, K.T.; Jensen, G.S.; Liu, A.; Davis, M.E. Synthesis of linear, β-cyclodextrin-based 

polymers and their camptothecin conjugates. Bioconjugate Chem. 2003, 14, 1007–1017. 

9. Caiolfa, V.R.; Zamai, M.; Fiorino, A.; Frigerio, E.; Pellizzoni, C.; D’Argy, R.; Ghiglieri, A.; 

Castelli, M.G.; Farao, M.; Pesenti, E.; et al. Polymer-bound camptothecin: Initial biodistribution 

and antitumour activity studies. J. Control. Release 2000, 65, 105–119. 

10. Fan, N.; Duan, K.; Wang, C.; Liu, S.; Luo, S.; Yu, J.; Huang, J.; Li, Y.; Wang, D. Fabrication of 

nanomicelle with enhanced solubility and stability of camptothecin based on α,β-poly[(N-

carboxybutyl)-L-aspartamide]-camptothecin conjugate. Colloids Surf. B 2010, 75, 543–549. 

11. Zhang, W.; Huang, J.; Fan, N.; Yu, J.; Liu, Y.; Liu, S.; Wang, D.; Li, Y. Nanomicelle with  

long-term circulation and enhanced stability of camptothecin based on mPEGylated α,β-poly  

(L-aspartic acid)-camptothecin conjugate. Colloids Surf. B 2010, 81, 297–303. 

12. Chun, C.; Kuh, H.-J.; Song, S.-C. Injectable poly(organophosphazene)-camptothecin conjugate 

hydrogels: Synthesis, characterization, and antitumor activities. Eur. J. Pharm. Biopharm. 2012, 81, 

582–590. 

13. Ignatius, A.A.; Claes, L.E. In vitro biocompatibility of bioresorbable polymers: Poly(L,DL-lactide) 

and poly(L-lactide-co-glycolide). Biomaterials 1996, 17, 831–839. 



Molecules 2014, 19 19470 

 

 

14. Jelonek, K.; Kasperczyk, J.; Li, S.; Dobrzyński, P.; Jarząbek, B. Controlled poly(L-lactide-co-

trimethylene carbonate) delivery system of cyclosporine A and rapamycine—The effect of copolymer 

chain microstructure on drug release rate. Int. J. Pharm. 2011, 414, 203–209. 

15. Dijkstra, P.J.; Du, H.; Feijen, J. Single site catalysts for stereoselective ring-opening polymerization 

of lactides. Polym. Chem. 2011, 2, 520–527. 

16. Słomkowski, S.; Penczek, S.; Duda, A. Polylactides—An overview. Polym. Adv. Technol. 2014, 

25, 436–447. 

17. Zhao, W.; Wang, Y.; Liu, X.; Chen, X.; Cui, D.; Chen, E.Y.-Z. Protic compound mediated living 

cross-chain-transfer polymerization of rac-lactide: Synthesis of isotactic (crystalline)-heterotactic 

(amorphous) stereomultiblock polylactide. Chem. Commun. 2012, 48, 6375–6377. 

18. Horeglad, P.; Szczepaniak, G.; Dranka, M.; Zachara, J. The first facile stereoselectivity switch in the 

polymerization of rac-lactide-from heteroselective to isoselective dialkylgallium alkoxides with the 

help of N-heterocyclic carbenes. Chem. Commun. 2012, 48, 1171–1173. 

19. Horeglad, P.; Litwińska, A.; Żukowska, G.Z.; Kubicki, D.; Szczepaniak, G.; Dranka, M.; Zachara, J. 

The influence of organosuperbases on the structure and activity of dialkylgallium alkoxides in the 

polymerization of rac-lactide: The road to stereo diblock PLA copolymers. Appl. Organomet. Chem. 

2013, 27, 328–336. 

20. Horeglad, P.; Kruk, P.; Pécaut, J. Heteroselective Polymerization of rac-lactide in the presence  

of dialkylgallium alkoxides: The effect of Lewis base on polymerization stereoselectivity. 

Organometallics 2010, 29, 3729–3734. 

21. Sobczak, M.; Plichta, A.; Oledzka, E.; Jaklewicz, A.; Kuras, M.; Cwil, A.; Kołodziejski, W.L.; 

Florjanczyk, Z.; Szatan, K.; Udzielak, I. Some spectrometric determination of metals in aliphatic 

polyester and polycarbonate biomedical polymers. Polimery 2009, 54, 114–119. 

22. Chemberlain, B.M.; Cheng, M.; Moore, D.R.; Ovitt, T.M.; Lobkovsky, E.B.; Coates, G.W. 

Polymerization of lactide with zinc and magnesium β-diiminate complexes: Mtereocontrol and 

mechanism. J. Am. Chem. Soc. 2001, 123, 3229–3238. 

23. Kasperczyk, J.E. Microstructure analysis of poly(lactic acid) obtained by lithium tert-butoxide as 

initiator. Macromolecules 1995, 28, 3937–3939. 

24. Abbina, S.; Du, G. Zinc-catalyzed highly isoselective ring opening polymerization of rac-lactide. 

ACS Macro Lett. 2014, 3, 689–692. 

25. Amna, T.; Hassan, M.S.; Nam, K.-T.; Bing, Y.Y.; Barakat, N.A.M.; Khil, M.-S.; Kim, H.Y. 

Preparation, characterization, and cytotoxicity of CPT/Fe2O3-embedded PLGA ultrafine composite 

fibers: A synergistic approach to develop promising anticancer material. Int. J. Nanomedicine 

2012, 7, 1659–1670. 

26. Zhao, H.; Lee, C.; Sai, P.; Choe, Y.H.; Boro, M.; Pendri, A.; Guan, S.Y.; Greenwald, R.B. 20-O-

acylcamptothecin derivatives: Evidence for lactone stabilization. J. Org. Chem. 2000, 65, 4601–4606. 

Sample Availability: Samples of the obtained compounds are available from the authors.  

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NSimSun
    /Nyala-Regular
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUI-Semilight
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


