
ILDIKÓ SZABÓ 
 

 

Synthesis of GnRH-III derivatives to enhance its antitumor activity 

 

Ph.D. thesis 

 

Supervisor: 

D.Sc. Gábor Mező, research professor 

 

Research Group of Peptide Chemistry,  

Eötvös L. University - Hungarian Academy of Science 

 

  

 

 

 

 

 

 

 
Ph.D. School of Chemistry, Eötvös L. University  

School leader: Dr. György Inzelt professor of chemistry 

Synthetic Chemistry, Materials Science and Biomolecular Chemistry Ph.D. Program 

Head of the Program: Dr. Tamás István Horváth professor of chemistry 

 
 

 

Budapest, 2009 
 
 
 
 



 1 

INTRODUCTION 
 
Basised on WHO datas the mortality rate for the share of tumorous diseases is growing in the 

highest degree in Hungary. Cancer may affect people at all ages, even fetuses, but the risk for 

most varieties increases with age. Cancer causes about 13% of all deaths. Most cancers can be 

treated and some cured, depending on the specific type, location, and stage. Once diagnosed, 

cancer is usually treated with a combination of surgery, chemotherapy and radiotherapy. The 

surgery is used only in case of the solid tumors. The chemotherapy is generally used in 

cancer; it can be also applied in solid and liquid tumors. Furthermore it is the main procedure 

for treatment of advanced or metastatic cancers. Drug-cocktails are used in the treatment of 

cancers during the chemotherapy. These drugs include several types of cytostatic molecules in 

different amounts, and they can act in different manner. This method, however, is restricted 

by acquired or intrinsic multidrug resistance of cancer cells, the lack of selectivity, fast 

elimination of drugs from the blood circulation, and toxic side effects resulting from high 

doses required for the therapeutic efficiency. In recent years, cancer research has turned to a 

more selective, targeted approach that produced anticancer therapies with improved efficacy 

and fewer side effects. Receptors for peptide hormones, such as gonadotropin-releasing 

hormone (GnRH), are expressed on several tumor cells (breast, endometrium, ovary, prostate 

cancers, oral and laryngeal cancers, renal carcinomas, brain tumors, melanomas, liver, 

pancreatic, colon carcinomas, and non-Hodgkin lymphomas) in high concentration and serve 

as targets for peptide ligands that can be linked to various cytotoxic agents. Consequently, 

peptide hormones or hormone analogs can be used as carriers to deliver cytotoxic agents 

directly to tumor cells, thereby increasing the concentration of the drugs in the tumor tissue 

and sparing normal cells from unnecessary exposure.  

My aim was to synthesised GnRH derivatives, which have antiproliferative effect 

itself and they are feasible to link to cytotoxic agents.  

 
AIMS 
 

New GnRH-III derivatives were planned to be synthetised in order to enhance the 

antitumor activity of the native peptide. For this, dimer derivatives were designed, in which 

either two different GnRH molecules (asymmetric dimers) or two GnRH-III analogs 

(symmetric dimers) were coupled to each other. In the asymmetric dimer derivatives GnRH-I 

and GnRH-II peptides were modified with D-amino acids (D-cysteine or D-lysine) and they 

were coupled to GnRH-III molecule directly or via enzyme labile spacer through thioether 
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bond. Dimerization may lead to increased stability of the compound against degrading 

enzymes due to spatial inhibition. It can be speculated that each monomeric subunit of the 

dimer binds to a receptor molecule and thereby enhances microaggregation of receptors, 

complex formation and internalization. Otherwise, I propose to bind different drug molecules 

to the GnRH-III, in order to increase the antitumor effect of GnRH-III with the cytostatic 

agent.  

These GnRH-III analogs will  be used (native hormones, D-amino acid containing 

GnRH molecules, GnRH-III dimer derivatives, fluorescence labeled analogs, tritiated GnRH 

derivatives and drug containing GnRH-III conjugates) in vitro (cellular uptake, 

antiproliferative-, cytostatic effect on human and murine cancer cell lines), ex vivo (endocrin 

activity), and in vivo (toxicity and antitumor effect) experiments. 

 

METHODS 
 
Synthesis of GnRH derivatives The synthesis of GnRH derivetives was carried out manually 

by solid phase peptide synthesis on MBHA resin using mixed Boc/Bzl-Fmoc/tBu strategy. 

This method is suitable for synthesizing linear and branched peptides simply and at a low 

price with high yield.  

GnRH-III dimer derivatives 

Two types of GnRH-III derivatives were synthesised. One of them was the asymmetric dimer, 

in which GnRH-I or GnRH-II agonist were coupled to GnRH-III molecule directly or via 

enzyme labile spacer. Between two GnRH molecules thioether bond was formed in slightly 

alkalic conditions (0.1M pH 8.1 TRIS-buffer). In case of asymmetric dimers, thioether bond is 

more stable both chemically and biologically than the disulfide bond. In the same conditions 

two GnRH-III molecules can be coupled to each other via disulfide bond and form symmetric 

dimer derivatives.  

5(6)-carboxifluorescenceine labeled GnRH-III derivatives 

For the cellular uptake studies fluorescently labeled GnRH-III derivatives were prepared. For 

this 5(6)-carboxyfluoresceine penthachlorophenil ester was used in the presence of base 

(DIEA) in DMF. The native GnRH-III, truncated GnRH-III fragments and nonacetylated 

GnRH-III dimer were labeled among the GnRH-III derivatives.  

Drug containing GnRH-III conjugates 

Four different bond types (ester, hydrazone, oxime and amide) were used for the 
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conjugation. In every case the conjugation was performed in liquid phase.  

The drug molecules had to be modified to the amide and ester bond formation. In the first step 

the 14-OH position of doxorubicin molecules was altered for the synthesis of ester bond 

containing conjugates. In this drug compound the amino group is more reactive than the 

hydroxylic group. Therefore this amino group, which is in the carbohydrate part of the 

molecule, had to be protected with Fmoc-OSu in the presence of base. After that the 

hydroxylic group of the drug was reacted with glutaric anhydride in the presence of base. In 

this way the Fmoc-Dox-14-O-hemiglutarate, as a modified drug molecule was formed. This 

derivative of the doxorubicin was coupled to the GnRH-III via amide bond. After the 

conjugation Fmoc protecting group was removed from the sugar part of the drug molecule 

using 35% piperidine/ DMF solution. The drug had to be modified at the sugar part for amide 

bond containing conjugate formation. The free drugs (Dau and Dox) were reacted with 

glutaric anhydride and directly formed the N-hemiglutarate derivatives of cytostatic agents.  

In case of oxime and hydrazone bond containing conjugates, the side chain of GnRH-III 

molecules had to be functionalized. For this during the synthesis of GnRH-III aminooxy or 

hydrazone group was built up in the N-terminus of the peptide side chain. It permitted of the 

GnRH-III conjugation with the free drug molecules.  

In case of formation of oxime and hydrazone bond containing GnRH-III conjugates, 

the slightly acidic condition was optimal. On the other hand, ester and amide bond conjugates 

had to be prepared in presence of base and coupling reagents.  

Purification and chemical characterization of the peptides and conjugates 

Peptides and conjugates were purified by RP-HPLC and characterized by analytical RP-

HPLC and mass spectrometry (ESI-MS).  

LH-releasing assay The endocrine effect of GnRH-III dimer derivatives were investigated in 

superfused system using female Wistar rat pituitary cells. In case of symmetric dimers 10, 100 

and 1000 nM concentration, and from the asymmetric dimers 0.1, 1 and 1000 nM 

concentration was used. The level of LH was determined by RIA.  

Enzymatic digestion of drug containing GnRH-III conjugate The enzymatic stability of drug-

containing GnRH-III conjugate was investigated using chimptrypsin, 90% human serum and 

human liver cathepsin B. The conjugate was incubated at 37°C. The applied enzyme: 

substrate ratio was 1:50. The digested samples were separated by analytical RP-HPLC and 

were identified by MALDI-TOF mass spectrometry.  
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Binding assay The binding affinity of the GnRH-I, GnRH-II and GnRH-III peptides was 

determined on membrane fraction of T-47D, C26 and HT-29 cells using tritiated GnRH-II 

([(3H)Pro9]GnRH-II) and GnRH-III ([(3H)Pro9]GnRH-III) compounds. Specific binding was 

calculated as the difference between the radioactivity in the absence (total), or presence (non-

specific binding) of the appropriate unlabeled native GnRH peptide.  

Cellular uptake studies The cellular uptake of the 5(6)-carboxyfluoresceine labeled native 

GnRH-III, truncated GnRH-III fragments and non-acetylated GnRH-III dimer derivatives and 

the drug-containing GnRH-III conjugates were investigated on MCF-7, HT-29 and C26 cell 

lines by flow cytometry. The mechanism of cellular uptake was studied by a different manner.  

Interaction between DNA and GnRH-III conjugate determined by fluorescence spectroscopy 

The fluorescence intensity of free drug, daunorubicin, Dau=Aoa-OH and the oxime bond 

containing GnRH-III(Dau=Aoa-GFLG) conjugate was compared in the presence or absence 

of DNA. The intensity on the emission maximum was contrasted to the DNA containing 

samples with the ones not containing DNA.  

In vitro cytostatic effect of GnRH-III conjugates The in vitro antitumor activity of the 

conjugates was investigated on MCF-7, HT-29 and C26 tumor cell lines. The cells were 

treated with the conjugates in the 0.00051-100 μM concentration range for 6 hrs at 37°C. 

After incubation the cells were washed twice with serum-free medium and cultured for 3 days 

in complete medium. On the 4th day MTT-assay was carried out. The percent of cytostasis 

was calculated using the following equation: 

Cytostasis % = [1-(Atreated/Acontrol)]×100 

Where Atreated and Acontrol correspond to the optical densities of treated and control cells, 
respectively.  

Apoptotic effect of GnRH-III dimers Early apoptotic effect of GnRH-III symmetric and 

asymmetric dimer derivatives and their monomer analogs was studied on MCF-7 and HT-29 

cells. For this fluorescently labeled annexin-V (FITC-annexin-V) molecule was used. Cells 

were treated with GnRH monomer and dimer derivatives in the 10 μM concentration for 6 hrs 

at 37°C. After the treatment they were labeled with FITC-annexin-V and the change of the 

fluorescence intensity of the cells was measured by flow cytometry. And than 

propidiumiodide was added to each samples, and the fluorescence measurements were 

repeated.  
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In vitro antiproliferative effect of GnRH-III dimer derivatives During the treatment, MCF-7, 

T-47D and HT-29 cells were incubated for 5 days at 37°C. They were treated with GnRH-III 

dimers twice, on the first and third day. On day 5 cells were trypsinized and counted in a 

Neubauer-type hemocytometer. Decrease of proliferation of the treated culture was expressed 

in percentage, taking the proliferation value of the untreated controls as 100% 

In vivo antitumor activity of GnRH-III symmetric dimers The treatment of Balb/c mice 

bearing HT-29 tumor was started 10 days after inplantation of tumors and was continued for 6 

weeks. Groups of 7 mice were treated as follows: 1. Control, vehicle only; 2. [GnRH-III(Ac-

CGFLG)]2, 40 mg/kg body weight; 3. [GnRH-III(H-CGFLG)]2, 40 mg/kg body weight. The 

compounds were administered intraperitoneally (i.p.) every day till day 41. After the sixth 

week mice were kept alive for additional 20 days and the measurement of tumor volume was 

continued. Previously the toxicity of these dimer derivatives was determined.  

Determination of in vivo toxicity of daunorubicin and Dau containing GnRH-III conjugate 

In vivo toxicity of the free daunorubicin and Dau-GnRH-III conjugate was studied on healthy 

BDF-1 female mice (5 mice in each group) in our preliminary toxicological experiments. 

Mice were treated i.p. once using 15 mg (26.6 M)/kg body weight free daunorubicin or 

equivalent daunorubicin containing conjugate (62.5 mg/kg, 24% Dau content). The 

experiment lasted for 21 days.  

In vivo antitumor effect of daunorubicin and Dau-GnRH-III conjugate on Colon-26 carcinoma  

Tumor tissue fragments (Colon-26 mouse carcinoma, SRI, Birmingham, AL) were 

transplanted (3-4 mm,) into Balb/c female mice (~25 mg weight) subcutaneously (s.c.) into 

intrascapulare region of mice using tweezers. In the first trial the treatments started on day 7 

after tumor transplantation by i.p. administration of the compounds dissolved in d.i. water. In 

this experiment 5-5 mice/group were used. Except the control group, the mice were treated 

with either free daunorubicin (once 5 mg (8.86 mol)/kg body weight or 2 mg (3.55 mol)/kg 

5 times on every second day) or Dau-GnRH-III conjugate (once 15 mg (26.6 mol) Dau 

content/kg or 5 mg (8.86 mol)/kg 5 times on every second day). In the second experiment, 

tumor bearing mice (7 mice in each group) were treated twice with the conjugate using 15 mg 

(26.6 mol) Dau content/kg. Treatments were carried out either on days 4 and 7 or 7 and 10. 

In this case the antitumor activity of the free GnRH-III(H-GFLG) was also studied. The 

hormone derivative was injected i.p. on days 4 and 7 using 45 mg (26.6 mol)/kg body 
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weight concentration. The tumor growth inhibitory effect of various treatments was controlled 

7 times within three weeks following the tumor transplantation using a digital caliper.  

Tumor volume was calculated using the following formula:  

V = a2 x b x /6 (where „a” and „b” mean the shortest and the longest diameter, respectively 

of a given tumor). The changes of tumor volume and body weight were controlled and 

evaluated. Mean values and standard deviations were calculated.  

 

THESES AND CONCLUSIONS 

A. GnRH-III conjugates 

1. Two symmetric and six asymmetric dimer derivatives were synthesised in order to 

enhance the antiproliferative effect of the native GnRH-III. 

2. Drug molecules (Dau or Dox) were coupled to GnRH-III via ester, hydrazone, oxime 

or amide bond to increase the antitumor activity of GnRH-III.  

3. For the cellular uptake studies fluorescence labeled GnRH-III derivatives were 

synthesised using 5(6)-carboxyfluoresceine. 

B. Endocrine effect of GnRH-III dimer derivatives 

4. The symmetric dimers have no endocrine activity, therefore they are weak GnRH-I 

agonist derivatives.  

5. The asymmetric dimers have significant LH secretion effect. [D-Lys6]GnRH-I 

analogues were used in chemotherapy as superagonist GnRH-derivatives. Attachment 

of GnRH-III derivative to the [D-Lys6]GnRH-I molecule enhanced its superagonist 

effect. These dimer derivatives belong to the GnRH-I superagonists.  

C. In vitro experiments of GnRH-III derivatives 

6. The antiproliferative effect of GnRH-III dimers was cell type dependent. The 

symmetric dimers have significant antiproliferative effect on MCF-7 and HT-29 cells. 

The asymmetric dimers significantly inhibited the T-47D cell proliferation, but they 

had no effect on MCF-7 and HT-29 cells.  

7. Among the GnRH-III dimer derivatives the asymmetric dimers can induce early 

apoptotic processes, but none of the symmetric dimers has apoptotic effect on MCF-7 

cells.  
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8. The GnRH-III symmetric dimer and the drug containing conjugates can be taken up 

by MCF-7, HT-29 and C26 cells.  

9. The drug in the conjugate can retain the binding ability to the DNA, hence it can 

intercalate with the DNA after the internalization and it can inhibit the proliferation of 

the tumor cells.  

10.  The cytostatic effect of the GnRH-III conjugates was determined. The ester bond 

containing conjugates were the most effective, after them the hydrazone, oxime and 

finally the amide bond containing conjugates followed.  

D. In vivo antitumor activity of GnRH-III derivatives 

11. The GnRH-III symmetric dimers have significant (40%) in vivo antitumor effect. 

Although these dimers have different antiproliferative effect in vitro, this difference 

was not observed in vivo.  

12. The drug containing conjugate was not toxic in vivo. The maximal tolerated dosis 

(MTD) of conjugates was over 30 mg Dau content/ body weight kg. The free drug 

and the conjugate have the same inhibitory effect on the tumor growth in the applied 

dose, but the survival time was significantly lower in case of the free drug, than in 

case of the conjugate.  

 

Based on my results, the increasing of the antiproliferative effect of native GnRH-III 

molecule was successful by both dimerization and conjugation to drug compounds. 

Considering the endocrine activity of GnRH-III dimer derivatives, the symmetric GnRH-

III derivatives will be the promising carrier molecules in the targeted chemotherapy. The 

asymmetric dimers will be applied themselves in the treatment of breast cancers, because 

they have significant endocrine effect.  
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