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Evaluation of FLUORENHYMUSTINE as a Rationally designed NOVEL Anticancer Agent S. Samanta, A. Pain, M. Ghosh, S. Dutta, U. Sanyal* Department of Anticancer Drug Development, Chittaranjan National Cancer Institute, Calcutta 700026, India Aim: To develop a rationally designed new nitrogen mustard namely Fluorenhymustine (compound 2), where N,Nʹ-bis(2‑chloro ethyl)amino group, the established anticancer functionality, is attached to the 2-ethyl fluorenone hydantoin moiety. Materials and Methods: Starting from fluorenone hydantoin, a 3-step synthetic procedure was followed to obtain the title compound. 4‑(4‑Nitrobenzyl)pyridine was used to assess its chemical alkylating activity. Murine tumors (Ehrlich ascites carcinoma (EAC) and Sarcoma-180 (S-180)) were used to assess its in vivo activity. Its cytotoxicity was determined in vitro in MCF-7 human breast tumor cell line, toxicity — in vivo in normal and EAC bearing mice. 3H-Thymidine and 3H-Uridine were employed to study its inhibitory effect on DNA and RNA synthesis respectively in S-180 tumor cells in vitro. Results: Alkylating activity of fluorenmustine exceeded that of N-di(2-chloroethyl)amine used as a standard alkylating compound. It has displayed an excellent and reproducible antitumor activity in vivo against EAC and S-180 comparable to that of 5-fluorouracil judging by the increase in median survival times of treated animals. It also significantly increased the life span of mice bearing advanced tumors for 6 days before the drug challenge. However in vitro screening in MCF-7 did not reveal any significant cytotoxicity. The compound did not adversely affect hematopoiesis at its optimum dose. Drug-induced hepatotoxicity and nephrotoxicity were also not detected. It inhibited the synthesis of DNA and RNA in S-180 tumor cells at 8 �M concentration. Conclusion: Results indicated promising chemotherapeutic potential of Fluorenhymustine. Key Words: mustine derivative, anticancer agent, screening, mice.



Nitrogen mustards (mustines) as mechlorethamine (HN 2), cyclophosphamide (Fig. 1, Structure A), ifosphamide, chlorambucil, melphalan etc [1] are important alkylating agents that contain the established anticancer functionality N, Nʹ-bis(2-chloroethyl)amino group. New mustines are being synthesized in various laboratories with a view to developing compounds that may possess better therapeutic efficacy [2]. Literature study reveals that although several other structural patterns have been used as the carrier molecules for mustine group, fluorenone hydantoin ring directly attached to such functionality has not yet been explored, to our knowledge. This structural pattern is particularly interesting since it was earlier reported [3, 4] that a number of fluorene compounds like N-2-(1,3,4,7-tetrachlorofluorenyl)acetamide, N-2-(7-fluoro-1,3,4-trichlorofluorenyl)acetamide, N-2-(1,3-dichloro-7-nitrofluorenyl)acetamide, N-2(3-bromo-7-fluorofluorenyl)acetamide, 1,3-dibromo7-nitro-2-fluorenamine, 9-bromo-2,3,7-trichloro-fluorene had exhibited anti-tumor activity in S-180 and adenocarcinoma-755. Further substituted fluorenone hydantoins as 1 were evaluated in S-180 and Lewis lung carcinoma and compounds as 1b and 1c (Fig. 1, Structure B), have shown some activity against Lewis lung carcinoma [5]. Some other fluorenone compounds have also exhibited interesting biological Received: September 2, 2005. *Correspondence: Fax: +91-33-2475-7606 E-mail: [email protected] Abbreviations used: 5-FU — 5-fluorouracil; BUN — blood urea nitrogen; Fluorenhymustine — 3-[2-{Bis(2´-chloroethyl)amino}ethyl] spiro[5,9´-fluorenyl-1,3-imidazolidine-2,4-dione]; MST — median survival time; SAKP — serum alkaline phosphatase; SGOT — serum glutamic oxaloacetic transaminase; SGPT — serum glutamic pyruvic transaminase.



properties e.g. immunomodulatory drug Tilorone [6], an interferon inducer and a DNA binder. Based on the above consideration and our drug development program, it is thought worth to prepare the model compound 2 (Fig. 1, Structure C). We describe herein the synthesis, anticancer and toxicological evaluation of the new compound Fluorenhymustine, 3-[2-{Bis(2ʹ-chloroethyl)amino}ethyl]spiro[5,9ʹ-fluorenyl-1,3-imidazolidine-2,4-dione]. It is hypothesized that upon in vivo enzymatic degradation, compound 2 having two different functionalities in the same molecule may display synergistic activity because the fluorenone portion may inhibit DNA and RNA synthesis while the mustard chain will exert alkylating property through alkylation of biological nucleophiles.



Materials and methods Chemical synthesis. New compounds were cha racterized by 1HNMR spectra measured in a Bruker 300-DPX spectrometer with the solvents as indicated and chemical shifts were expressed in δ units (ppm) using tetramethylene silane as internal standard. IR spectra were recorded in a Perkin Elmer RX-1 FT-IR spectrophotometer in KBr pellet. Melting points were determined on a Thomas-Hoover Unimelt capillary melting point apparatus and were uncorrected. TLC analysis was carried out with glass plates coated with Silica gel G (Solvent system CHCl 3 – MeOH, v/v 90 : 10). Purity of the compound 2 was further checked with Waters HPLC system at ambient tempe rature (�-bondapak C18 steel column, 30 cm × 3.9 mm; isocratic mobile phase acetonitrile-water in varying proportions (up to 40 : 60) at a flow rate of 1.0 ml/min; UV detection at 250 nm). 3H-thymidine (specific activity 1.0 mCi/cm3) and 3H-uridine (specific activity 1.0 mCi/cm3) were obtained from Board of Radiation



280 and Isotope Technology (Mumbai, India). Radioactivity was measured in a liquid scintillation counter (Model no LKB 1209 Rack-Beta).



Fig. 1. Structure of Fluorenhymustine and related compounds



To a stirred solution of 9-fluorenhydantoin (1.25 g, 5 mmol, compound 1a) [7] dissolved in a solution of KOH (0.33 g, 5 mmol) in absolute ethanol (15 ml) was added 1,2-dibromoethane (1.9 g, 10 mmol) in one portion. The reaction mixture was refluxed for 10 h and concentrated to give an oily residue. This was dissolved in ethyl acetate, washed with 10% aqueous NaHCO3



Experimental Oncology 27, 279-285, 2005 (December) solution followed by brine and dried. Evaporation of the solvent furnished a solid residue (1.3 g), which was column chromatographed over silica gel. Elution with benzene – chloroform (1 : 1) furnished bromo compound as a white solid (1.0 g, 56%, m.p. 225–230 o). IR (KBr): 3227 (NH), 3107 (CH), 1777, 1718 (CO), 1448 (arom. ring), 574 (C-Br) cm-1. PMR: (CDCl3) 3.77 (t, 2H, J = 6.5 Hz, CH2N), 4.06 (t, 2H, J = 6.5 Hz, CH2Br), 5.63 (s, 1H, NH) and 7.30–7.80 (m, 8H, arom. H). A mixture of the above bromo compound (500 mg, 1.4 mmol), freshly distilled diethanolamine (440 mg, 4.2 mmol), anhydrous NaI (200 mg, 1.3 mmol) was dissolved in dry DMF (4 ml) and heated for 12 h at 90 °C. The reaction mixture was concentrated in vacuum and treated with saturated aqueous NaHCO3 solution. The solution was repeatedly extracted with EtOAc. The extract was washed with brine, dried (Na2SO4) and evaporated to give an oily residue (520 mg). Purification by silica gel column chromatography with chloroform – methanol (95 : 5, v/v) as eluent furnished the corresponding dihydroxy compound (350 mg, 66%) as a highly viscous oil homogeneous in TLC (Rf 0.40 in chloroform – methanol (95 : 5, v/v) as irrigating solvent. IR (KBr): 3367 (OH), 2950, 2877 (CH), 1775, 1714 (CO), 1448 (arom. ring) cm-1. A mixture of the dihydroxy compound (700 mg, 1.84 mmol) and phosphorus oxychloride (5 ml) was heated at 80–90 °C for 15 h and phosphorus oxychloride was evaporated to dryness in vacuum. The resultant oily residue was treated with concentrated hydrochloric acid (3 ml). After the initial exothermic reaction, the mixture was heated in a steam bath for 10 min and allowed to cool. It was then treated with saturated NaOAc solution and extracted with EtOAc. After washing with brine followed by drying and concentration, an oily residue was obtained which solidified on maintaining at 0 °C. It was crystallized from ether-petroleum ether to furnish 2 as a white solid (380 mg, 50%), m.p. 155 o. IR (KBr): 3105, 2961 (CH), 1772, 1712 (CO), 1439 (arom. ring), 739 (C-Cl) cm-1. PMR (CDCl3) 2.97 (t, 6H, J = 6.5 Hz CH2N and CH2Cl), 3.53 (t, 4H, J = 6.5 Hz, (CH2)2N), 3.73 (t, 2H, J = 6.5 Hz, (CO)2NCH2), 5.63 (s, 1H, NH) and 7.26–7.83 (m, 8H, arom. H). It was found that the compound is stable and can be stored under moisture-free condition in amber-colored screw-cap glass vessels in the dessicator for indefinite period of over 4 months. HPLC analysis confirmed that following this method of sto rage the purity remained almost unchanged. Determination of chemical alkylating activi ty. The procedure described earlier was essentially followed [8]. Thus a solution of Fluorenhymustine or N‑di(2-chloroethyl)amine [HN(CH2CH2Cl)2] in different concentrations as indicated in acetone (1 ml), distilled water (2 ml) and acetate buffer (1 ml, 0.25 M, pH 6.0) were incubated at 100 °C for 20 min with a solution of 4-(4-nitrobenzyl)pyridine (5% w/v) in acetone (0.4 ml) and cooled to 25 °C. After the addition of acetone (2 ml), EtOAc (5 ml) and sodium hydroxide solution (0.25 M, 1.5 ml), the reaction mixtures were vortexed



Experimental Oncology 27, 279-285, 2005 (December) and allowed to stand to separate the organic layers. The absorbance in the organic layers was immediately determined (within 2 min of NaOH addition) at 540 nm. The experiments were carried out in triplicate. The results were expressed in optical density values (mean ± S.E.M., n = 3 in all cases) (Table 1). Table 1. Determination of chemical alkylating activity* Concentration (µmol/ml) Compound 0.25 0.50 Fluorenhymustine 0.50 ± 0.03 0.90 ± 0.06 N-di(2-chloroethyl)amine 0.43 ± 0.03 0.62 ± 0.12 Blank 0.04 ± 0.01 0.04 ± 0.01 *Expressed in OD values (see Materials and Methods).



In vivo screening. All in vivo experiments were conducted following CPCSEA, India, ethical committee guidelines. Closed colony bred Swiss albino male mice (6–7 weeks age, 24 ± 2 g) were obtained from the Institute’s vivarium, housed in cage and maintained on standard mouse food and tap water ad libitum. EAC and S-180 cells freshly obtained from National Center for Cell Sciences (NCCS), Pune, India were used. Tumor cell suspensions in physiological saline were prepared as described [8] to final concentrations of 5.0 · 106 cells/ml. Mice were inoculated with 1.0 · 106 viable cells/mouse in 0.2 ml on day 0. Mice were divided in two groups as control (untreated) and treated. At least 6 animals were used for a particular group in an experiment. Physiological saline containing 2% Tween‑80 (Sigma Inc, USA) was used for drug administration in respective doses through intraperitoneal (i.p.) route to each mouse in treated groups. The drug solutions were prepared daily just prior to the injection. The control groups received an equal volume of above solvent (0.2 ml) on those days. Median Survival Time (MST) of drug-treated (T) and control (C) tumor bearing animals was calculated and expressed as T/C percentage value [9]. T/C percen tage value ≥ 125 is considered as significant. Endoxan (Cyclophosphamide) and 5-FU were used as positive controls for comparison. In vitro screening in human tumor cell lines. MCF-7, a human breast adenocarcinoma cell line, also obtained from NCCS was maintained in DMEM with 10% FBS and 100 IU/ml penicillin and 100 µg/ml streptomycin solution. 0.2 · 105 cells/well were plated in 96-well cell culture plates and allowed to attach for 24 h. Next day drug solution prepared in DMSO was filtered for cell culture studies and serially diluted prior to use. Different concentrations of the drug solution in 10 µl DMSO followed by the addition of the respective medium (90 µl) were added to the wells in triplicate (total volume 200 µl). All vehicle controls contained the same concentration of DMSO. Plates were incubated for 96 h at 37 °C, 3% CO2/97% air with humidity. After removal of 100 µl of media from each well, 10 µl of a 5 mg/ml solution of MTT in Dulbecco’s PBS (GIBCO BRL) was added to each well and incubated for 4 h at 37 °C. Subsequently 100 µl of acid isopropanol solution (0.04 N HCl in isopropanol) was added to the wells and the formed formazan crystals were dissolved by repeated pipetting. The 96-well plate was then read at 540 nm in a microplate reader. The percent survival



281 was calculated as usual by using standard protocol [10]. Each compound was tested in triplicate sets of experiments at concentrations up to 10-6 M. The tumor growth inhibition value > 50 at 10-5 M concentration is considered as significant. In vivo toxicological assay. The optimum dose of 14.0 mg/kg was administered in normal and EAC bearing mice from day 1 to 6. Various parameters were measured sequentially after 48 h (day 8) for noting immediate effects, after 192 h (day 14) for intermediate effects and after 336 h (day 20) for late effects. For hematological studies, blood samples were collected from tail veins or by cardiac puncture from recently sacrificed animals under deep exposure to pentothal sodium for counting erythrocytes, thrombocytes or leukocytes in an improved Neubauer bright field counting chamber by standard procedures using freshly prepared RBC and WBC counting fluids. Hemoglobin concentrations were measured by the standard method. Sera were obtained from blood samples collected as above. Standard methods and reagents were used [11] to measure SAKP, SGOT, SGPT activities and BUN content (Fig. 3). Femoral marrow cells were obtained by the stan dard procedure from sacrificed mice. The ends of the femur bone were snipped open immediately thereafter with scissors and the marrow plug was flushed out by forcefully injecting cold HBSS (Ca++ and Mg++ free) through the bone cavity by inserting a 22 gauze needle. The marrow plug was dissociated into single cell suspension by repeatedly passing this suspension through 22 gauze needles and the total volume was measured. Total number of nucleated cells per femur was counted in a hemocytometer after treating the cells with 2% glacial acetic acid. After removing from sacrificed mice, the whole spleen was minced similarly in cold HBSS and the resultant mixture was passed repeatedly through 22 gauze needles to make a single cell suspension. The total number of nucleated cells in the spleen was counted in a hemocytometer after treatment with 2% glacial acetic acid. Abbreviations used for groups of mice: NC — normal control; NT — normal treated; EC — EAC control; ET — EAC treated. n = number of animals. 3 H-Thymidine and 3H-Uridine incorporation in S-180 cells in vitro. The assay was conducted as per the procedure described earlier [8]. Briefly the tumor cells aspirated from a mouse bearing S-180 at the log phase of growth (7th day tumor) after transplantation were washed twice in Hank’s balanced salt solutions and re-suspended in RPMI-1640 medium supplemented with 10% heat inactivated fetal calf serum, streptomycin (100 µg/ml) and penicillin (100 units/ml) following a viable cell count. Cell suspensions taken in glass tubes were made and adjusted in such a fashion so that the final cell count became 1.0 · 106/100 µl after the addition of 3H-thymidine or 3H-uridine (activity 10 µCi each) dissolved in 10 µl sterile saline and addition of Fluorenhymustine at 8 µM concentration. For
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Fig. 2. Sequential changes in hematological parameters, femoral bone marrow and splenic cellularity in normal and EAC bearing mice after treatment with Fluorenhymustine from day 1–6



comparison the same concentration of Mitonafide [12], a DNA binder, was used. The tubes were incubated at 37 °С for 30 min and 60 min. Cell viability assessed by trypan blue dye exclusion test was of the order of 98%. The cells were harvested at 0, 30 and 60 min of incubation and absorbed onto 25-mm discs of Whatman 3MM filter papers. Discs were dried, washed twice with ice-cold 10% trichloroacetic acid followed by with absolute alcohol. Discs were again dried in air, placed in scintillation vials containing scintillation fluid and the radioactivity was counted. For background counts, filter papers were soaked with 10 µl of 10 µCi of 3H-thymidine or 3H-uridine and washed as described before and the radioactivity counted. Actual incorporation of the isotopes in the drug-treated groups was calculated by subtracting the background count from the observed counts. The results are expressed as a percentage of the incorporation in the appropriate control without drug (Fig. 4). Statistical analysis. Values were recorded as the mean ± S.D. Experimental results were analyzed by Student’s t-test. P < 0.05 was considered as the level



of significance for values obtained for treated groups, compared with the control group.



RESULTS AND DISCUSSION It is hypothesized that there is a correlation between the chemical alkylating activity and anti-tumor activity [13]. Chemical alkylating activity of Fluorenhymustine was shown to exceed that of N-di(2-chloroethyl)amine as a standard alkylating compound (see Table 1). The LD50 and LD100 values of compound 2 were found to be 200 and 300 mg/kg respectively by single i.p. injection. The optimum dose for obtaining maximum survival rate of mice inoculated with EAC and treated with compound 2 was found to be 14 mg/kg for the schedule 1–6 days with maximum T/C value of 257 (Expt. No. 1, Table 2). Comparable T/C value was obtained in S-180 with this optimum dose (T/C value of 285, Expt. No. 5, see Table 2). The lower dose range of 3–6 mg/kg showed rather marginal increase in the life span of the tumor bearing mice. It was found that under similar treatment schedule and route (days 1–7, i.p.) cyclophosphamide did not display appreciable



Experimental Oncology 27, 279-285, 2005 (December) activity in S-180 and EAC at the dose levels of 6 to 12 mg/kg, while higher doses of cyclophosphamide were toxic for the animals. On the other hand, the clinical drug 5-FU has also demonstrated excellent anticancer activity in these tumor systems having long-term survivors (T/C values in EAC and S-180 are 238 and 233 respectively, see Table 2). Thus in these two tumors compound 2 has shown much greater anticancer activity than cyclophosphamide through i.p. route as well as comparable or slightly better anticancer activity than 5-FU. Meanwhile cyclophosphamide differs from other compounds requiring a multistep activation [14]. It is also noteworthy that 2 has displayed curative effects in different schedules with 1–3 of 6 animals having survival rates of > 60 days. In the treated mice total ascites cells were counted and ascitic fluid volume were measured with the optimum dose of the drug (data not presented). It was found that the highly significant (P < 0.01) inhibition of tumor growth was in full agreement with the excellent T/C values obtained (see Table 2). Table 2. In vivo screening data



InjecSurvivors Expt. Dose No. of MST T/C tion > 60 No. (mg/kg) Inject (days) in% days days FluorenEAC 1 14.0 6 1–6 56.5 3 257 12.0 7 1–7 49.0 3 223 hymustine Control 22.0 100 2 12.0 7 1–7 59.0 3 227 6.0 7 1–7 42.0 162 3.0 7 1–7 37.0 142 Control 26.0 100 3 14.0 6 6–11* 40.0 1 157 12.0 7 6–12* 39.5 1 155 Control 25.5 100 Endoxan 4 12 7 1–7 31.0 138 20 7 1–7 53.5 2 238 5-FU Control 22.5 100 Fluoren- S-180 5 14.0 6 1–6 57.0 4 > 285 12.0 7 1–7 46.5 2 235 hymustine Control 20.0 100 6 14.0 6 6–11* 39.0 1 162 Control 24.0 100 Endoxan 7 6 7 1–7 33.0 143 20 7 1–7 53.5 3 233 5-FU Control 23.0 100 % T/C value > 125 is considered as significant. *Advanced tumor. Compound



Tumor



Its efficacy was also evaluated at different doses in mice bearing advanced EAC and S-180 tumor for six days before the drug challenge. Comparable to other doses, the same dose of 14 mg/kg with the schedule of 6–11 days was found to be more effective in tumor regression and significant T/C values of 157 and 162 with 1 of 6 mice survival were obtained in the respective groups (Expt. No. 3 and 6, see Table 2). The compound did not exhibit cytotoxic effect in vitro against the MCF-7 human tumor cell line since the growth inhibition value > 50 at 10-5 M drug concentration which is considered as significant was not reached. To study the hematological changes associated with drug application, hemoglobin level, RBC, WBC and platelet counts were determined in the peripheral blood of NT, ET and EC groups (n = 6 for each group) at the dose of 14 mg/kg from day 1 to 6. Femoral bone marrow and splenic cellularity were also determined.



283 The detailed data obtained for each parameter in these groups are given in Fig. 2 as the percentage of the values (Hemoglobin — 14.5 ± 1.07 g/dl; RBC — 7.7 ± 0.80 · 106 /µl; WBC — 8.2 ± 1.1 · 103 /µl; platelets — 6.9 ± 0.58 · 105 /µl; femoral bone marrow cell count — 12.2 ± 0.98 · 106 /µl; splenic cell count — 15.2 ± 1.68 · 107 /µl) obtained for NC mice (n = 20). Present study demonstrated slight (12–15%) decreases initially in the hemoglobin levels in NT and ET groups on day 8, which gradually reached NC value later on. Similar trends in RBC counts were noted in NT and ET groups since the RBC counts fell by 8–12% on day 8 followed by recovery by day 20. There was only mild initial decrease (16%) in total WBC counts in the treated groups (see Fig. 2). On day 8, mild thrombocytopenia (15%) occurred in the NT group. Initial decrease in the femoral marrow (18%) and splenic cell count [35% (p < 0.05)] were noted in ET group on day 8 followed by recovery within day 20 in each case (Fig. 2). Thus on day 8, except the splenic cellularity other parameters were within the host tolerance limit. Since splenic cellularity count tended to reach normal value by day 20, hence the results indicated that compound 2 at the optimum dose did not adversely affect hematopoiesis. Results obtained for the EC group (see Fig. 2) supported the earlier observation that the growth of tumors is accompanied with the gradual decrease in hemoglobin content, RBC count and bone marrow cellularity, the gradual increase in leukocytes and thrombocytes and splenic cellularity [8]. In order to evaluate the drug-induced hepatotoxi city and nephrotoxicity, SAKP, SGPT, SGOT, and BUN values obtained for the treated groups were compared with those of NC mice (see Fig. 3). It is well known that liver disorders as well as hepatocellular damages caused by a number of agents are accompanied by the significant increase in SAKP and SGPT levels [11]. An increase in SGOT level is also observed in patients with cardiac damage due to myocardial infarction and with liver disorders. An increase in BUN level is noted [11] in cases of renal diseases and damage (BUN level > 30.0 mg/dl is considered significant for toxicity). For NC mice (n = 20), the values recorded are 16.0 ± 1.84 IU/l, 6.5 ± 0.77 IU/l, 6.6 ± 0.79 KA unit and 12.0 ± 1.36 mg/dl respectively. Since the values in the NT and ET groups remained within the normal range, compound 2 has not displayed hepatotoxicity or nephrotoxicity. At its optimum dose, no significant depressions in body weights of treated animals were noted. Toxic symptoms were not externally observed in animals in general appearance, with respect to skin and hair texture and normal behavioral patterns. 3 H-Thymidine and 3H-uridine uptake by S-180 cells harvested from untreated mouse in presence of compound 2 were evaluated after treating the cells in vitro. The untreated S-180 cells demonstrated an almost linear pattern of 3H-thymidine and 3H-uridine uptake over a period of 60 min incubation. Simultaneous exposure of tumor cells to 2 at the concentration of 8 µM resulted
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Fig. 3. Sequential changes in biochemical parameters in normal and EAC bearing mice after treatment with Fluorenhymustine from day 1–6



Fig. 4. Effects of compounds on the synthesis of DNA and RNA in S-180 tumor cells. For details refer to the Experimental Section



in gradual and marked inhibition of 3H-thymidine and 3 H-uridine uptake. Thus, at the end of 1 h incubation time inhibition 2 inhibited 94% of DNA synthesis. It was also noted that 2 and Mitonafide have exhibited greater inhibitory effect on DNA synthesis compared to RNA synthesis. The respective values for Mitonafide, Fluorenhymustine are as the following 94 and 89% in respect of RNA synthesis (see Fig. 4). Exposure to lower drug concentration (4 µM) of Fluorenhymustine caused lesser inhibition as expected (data not presented). Thus our presumption Fluorenhymustine would inhibit the synthesis of the DNA and RNA was supported from the data obtained (see Fig. 4). In conclusion, the above results indicated promising chemotherapeutic potential of Fluorenhymustine.
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ИССЛЕДОВАНИЕ ФЛУОРЕНИМУСТИНА — НОВОГО ПРОТИВООПУХОЛЕВОГО СОЕДИНЕНИЯ Цель: синтезировать и исследовать противоопухолевые свойства флуоренимустина (соединение 2), в котором N,Nʹ-бис(2‑хлор этил)аминогруппа с доказанной противоопухолевой активностью присоединена к остатку 2-этил-флуоренонгидантоина. Материалы и методы: на базе 2-этил-флуоренонгидантоина в 3 этапа был проведен синтез указанного соединения, a для оценки его алкилирующей активности был использован 4-(4-нитробензил)пиридин. Для оценки активности соединения in vivo использовали асцитную карциному Эрлиха (EAC) и саркому-180 (S-180), цитотоксичность in vitro определяли в отношении клеток линии MCF-7, а токсичность исследовали in vivo на здоровых животных и животныхопухоленосителях. Ингибирующий эффект соединения на синтез ДНК и РНК в клетках S-180 in vitro оценивали по включению 3H‑тимидина и 3H-уридина. Результаты: алкилирующая активность флуоренимустина превышала таковую N-ди(2-хлорэтил)амина. По результатам анализа средней продолжительности жизни животных установлена высокая противоопухолевая активность соединения in vivo в отношении экспериментальных опухолей EAC и S-180, сопоставимая с таковой 5-фторурацила. В то же время в экспериментах in vitro флуоренимустин ингибировал синтез ДНК и РНК при отсутствии выраженной цитотоксичности соединения. Введение соединения в оптимальной дозе не влияло на гемопоэз, не вызывало гепатотоксичности и нефротоксичности. Выводы: результаты свидетельствуют о перспективности дальнейшего исследования свойств флуоренимустина in vivo и in vitro как противоопухолевого агента. Ключевые слова: производный мустина, противоопухолевый агент, срининг, мыши.
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