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Abstract:



This investigation involved the synthesis of metal complexes to test the hypothesis that structural changes and metal coordination in pyridine thiosemicarbazones affect cell growth and cell proliferation in vitro. Thiosemicarbazones are well known to possess antitumor, antiviral, antibacterial, antimalarial, and other activities. Extensive research has been carried out on aliphatic, aromatic, heterocyclic and other types of thiosemicarbazones and their metal complexes. Due to the pronounced reactivity exhibited by metal complexes of heterocyclic thiosemicarbazones, synthesis and structural characterization of di-2-pyridylketone 4N-phenyl thiosemicarbazone and diphenyl tin (Sn) and platinum (Pt) complexes were undertaken. Shewanella oneidensis MR-1, a metal ion-reducing bacterium, was used as a model organism to explore the biological activity under aerobic conditions. A comparision of the cytotoxic potential of selected ligand and metal-complex thiosemicarbazones on cell growth in wild type MR-1 and mutant DSP-010 Shewanella oneidensis strains at various concentrations (0, 5, 10, 15, 20 or 25 ppm) was performed. The wild type (MR-1) grown in the presence of increasing concentrations of Sn- thiosemicarbazone complexes was comparatively more sensitive (mean cell number = 4.8 × 108 ± 4.3 × 107 SD) than the DSP-010, a spontaneous rifampicillin derivative of the parent strain (mean cell number = 5.6 × 108 ± 6.4 × 107 SD) under comparable aerobic conditions (p=0.0004). No differences were observed in the sensitivity of the wild and mutant types when exposed to various concentrations of diphenyl Pt- thiosemicarbazone complex (p= 0.425) or the thiosemicarbazone ligand (p=0.313). Growth of MR-1 in the presence of diphenyl Sn- thiosemicarbazone was significantly different among treatment groups (p=0.012). MR-1 cell numbers were significantly higher at 5ppm than at 10 to 20ppm (p = 0.05). The mean number of DSP-010 variant strain cells also differed among diphenyl Sn- thiosemicarbazone complex treated groups (p=0.051). In general, there was an increasing trend in the number of cells from about 5.0 × 108 cells (methanol control group) to about 6.0 × 108 cells (25ppm). The number of cells in methanol control group was significantly lower than cell numbers at 20ppm and 25ppm (p = 0.05), and numbers at 5ppm treatment were lower than at 20 and 25ppm (p = 0.05). Furthermore, a marginally significant difference in the number of MR-1 cells was observed among diphenyl Pt- thiosemicarbazone complex treatment groups (p = 0.077), and an increasing trend in the number of cells was noted from ~5.0 × 108 cells (methanol control group) to ~5.8 × 108 cells (20ppm). In contrast, the DSP-010 variant strain showed no significant differences in cell numbers when treated with various concentrations of diphenyl Pt- thiosemicarbazone complex (p = 0.251). Differences in response to Sn- metal complex between MR-1 and DSP-010 growing cultures indicate that biological activity to thiosemicarbazone metal complexes may be strain specific.
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Introduction


This investigation involves the synthesis of metal complexes to test the hypothesis that structural changes and metal coordination in pyridine thiosemicarbazones affects growth and cell proliferation in vitro. Shewanella oneidensis MR-1[1], a metal ion-reducing bacterium, and DSP-010, a spontaneous rifampicillin derivative of the parent strain, were used as model organisms to explore the biological activity of newly synthesized metal complexes of α-N-heterocyclic carboxaldehyde thiosemicarbazones (HCT) in vitro. Studies of metal complexes of thiosemicarbazones have shown that they can be more active in cell destruction, as well as in the inhibition of DNA synthesis, than the uncomplexed ones. Thiosemicarbazones are a class of compounds obtained by condensing thiosemicarbazide with suitable aldehydes or ketones and are well known to possess antitumor [2], antiviral [3], antibacterial [4], antimalarial [5], and other activities. They belong to a large group of thiourea derivatives, the biological activity of which are a function of parent aldehyde or ketone.



Extensive research has been carried out on aliphatic, aromatic, heterocyclic and other types of thiosemicarbazones and their metal complexes [6–13]. Efforts to evaluate structural features essential for biological activity have included:



	1)

	
Exchange of the sulfur atom of thiocarbonyl group by oxygen or selenium.




	2)

	
Changing the point of attachment of the thiosemicarbazone moiety in the parent aldehyde or ketone.




	3)

	
Substitution on the terminal 4N position.




	4)

	
Variation of the parent aldehyde or ketone.







The thiosemicarbazone moiety (Figure 1) acts as a chelating agent for metal ions by binding through the sulfur atom and the hydrazine nitrogen atom. Thiosemicarbazone molecule can exist in tautomeric form in solution as thione or thiol (Figure 2). The thione form can act as a neutral bidentate ligand, while the thiol form can be a singly charged bidentate ligand due to loss of its proton. In metal complexes, thiosemicarbazones can act as a tridentate ligand with a donor atom apart from thione/thiol sulfur atom and azomethine nitrogen. The possible ligation in metal complexes can be either as a neutral molecule or as a monobasic anion due to loss of hydrogen from azomethine nitrogen atom.


Figure 1. Thiosemicarbazone uncomplexed ligand moiety.
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Figure 2. Thiosemicarbazone molecule as thione or tautomeric forms in solution.



[image: Ijerph 02 00170f2]






The molecular features essential for such activities can be ascertained by designing synthetic routes to modify, replace, or substitute the derived thiosemicarbazone ligand. In this direction, the phenyl and ethyl derivatives of cyclopentanone thiosemicarbazones were synthesized and characterized [14]. Recently, attention was focused on the derivatives of di-2-pyridylketone thiosemicarbazones as a ligand for tin [15] and other metals. As only a few tin (IV) complexes of these ligands have been reported, the synthesis and chelating behavior of dibutyl and diphenyl tin (IV) along with platinum (IV) complexes of di-2-pyridylketone phenyl thiosemicarbazones and its reactivity in Shewanella oneidensis. It is anticipated that data obtained from this study will provide information on the interactions of metal complexes in vivo and the development of better therapeutic agents for translational research.




Materials and Methods


Preparation and Characterization of Thiosemicarbazones


Preparation of Di-2-pyridyl Ketone 4N-phenyl Thiosemicarbazone, (C5H4N)2C=NNCSNC6H5


A solution of di-2-pyridyl ketone (1.84g, 10 mmol) in 50mL ethanol was slowly added with stirring to a solution containing 4-phenyl-3-thiosemicarbazide (1.67g, 10mmol) in ethanol (50 ml) and five drops of concentrated hydrochloric acid. The reaction mixture was refluxed for 2 hours. A yellow solid resulted on cooling. The crude sample was filtered and re-crystallized in ethanol (yield ca.70%) with a melting point 138–140°C. Melting points were determined using mel-temp II apparatus. IR spectra were obtained in 4000–400 cm−1 range in KBr pellets on a Nicole 670 FT-IR spectrophotometer [νN-H 3150 cm−1 (br); νC=N 1588 cm−1(sh), 1531 cm−1(sh), 1480 cm−1(sh),1455 cm−1(sh); νC=S 999 cm−1 (sh), 917 cm−1 (sh)]. The absorption spectra recorded on Cary 3E UV-Vis spectrophotometer using 1 cm quart cuvettes in DMSO as solvent. The visible spectra of the ligand showed strong absorbance at 345 nm, and 280 nm indicating π-π* transition of pyridyl ring and imine function of thiosemicarbazone moiety, and their n-π* transitions.




Preparation of Metal Complexes


A typical method of preparation involved either refluxing or stirring the metal salts dissolved in anhydrous ethanol in 1:1mole ratio.




Diphenyltin Dichloride Complex


The tin complex of di-2-pyridylketone 4N-phenyl thiosemicarbazone was prepared by the following procedure: to a hot ethanolic solution (50 mL) of the ligand (5 mmol, 1.67g) was added a solution in ethanol (50 mL) of diphenyltin dichloride (5 mmol, 1.72g). The mixture was refluxed for about 30 minutes and the resulting solution cooled to obtain a yellow solid (yield ca. 65%) with a melting point 138°C–140°C. A comparison of IR spectrum with the ligand showed a shift of the band from ~3300 cm−1 to 3450 cm−1(br) is attributable to νN-H. This indicates that the ligand is coordinated in its deprotonated form. The shift of imine νC=N band from ~1530 cm−1 to ~1550 cm−1 indictes the coordination of azomethine nitrogen N(2) to the metal ion. The band νC=S at about ~850 cm−1 of the ligand is shifted to lower frequencies by ~40–50 cm−1 suggests the coordination of metal through sulfur atom. The bands at about ~510 cm−1 can be assigned to the metal nitrogen binding. The absorption spectrum of the tin complex was similar to that of the ligand. Conductivity measurements of the metal complexes were determined in DMSO using YSI model 35-conductance meter. The low molar conductance values (< 10Smol−1cm2) of the tin and Pt-complexes indicate the non-electrolytic nature.




Dichloroplatinum (II) Complex


To a suspension of platinum (II) dichloride (g) in methanol (50 mL) was added 5.0 mmol methanolic solution (50 mL) of the ligand (1.67g), and the mixture was refluxed for about 1 hour. The resulting mixture was left to air at room temperature to obtain a dark red colored solid (yield 80%) with a melting point 102°C–103°C. The IR spectrum has shown a shift of 10–30cm−1 for ν(C=N) absorption band indicating the positive involvement of the azomethine nitrogen in bonding to the metal ion. Similarly the ν(C=S) band shifted by 5–10cm−1 indicating the coordination of thiocarbonyl sulfur to the metal ion. The molar conductivity of the complex in DMSO indicated that the platinum complex (~50Smol−1cm2) is nonpolar in nature.






Bacterial Strains


Wild-type Shewanella oneidensis MR-1 and DSP-010, a spontaneous rifampicillin derivative of the parent strain (a kind gift from the Environmental Science Group at Oak Ridge National Laboratory) were grown under aerobic condition in Luria-Bertani (LB) medium at 37ºC. This species of Shewanella is gram-negative, facultative anaerobes. Bacterial cell concentrations used in the experiments were equivalent to an optical density of 0.4 at 600 nm (approximately 8 × 108 cells/mL = 0.18 g/L). The optical densities of the cell suspensions were measured spectrophotometrically at 600 nm using a Bio-RAD Smart Spec instrument. To an exponentially growing culture of MR-1 and DSP-010 cells, uncomplexed ligand, Pt- and Sn- complexes were added at 0, 5, 10, 15, and 25 ppm (μg/ml). Negative controls containing media alone or solvent controls (methanol) were included in each growth curve experiments. Cells were incubated for 48 h at 37ºC and the bacterial growth was measured at 600nm. Mean cells per milliliter and optical densities at 600nm [OD600nm] were plotted against Ligand, Pt- and Sn-metal concentrations for Shewanella oneidensis MR-1 and DSP-010 cells.




Statistical Analysis


A one-way analysis of variance (ANOVA) test was used to determine whether there are significant differences in mean numbers of S. oneidensis cells exposed to the test chemicals. The Fisher’s PLSD test was used for pair-wise comparisons among treatment groups. The Student’s t-test was applied for comparing paired data sets (significance at a p-value ≤ 0.05).




Results


In this study, wild-type Shewanella oneidensis demonstrated biological activity when exposed to newly synthesize Pt-, and Sn- complexes of α-N-heterocyclic carboxaldehyde thiosemicarbazones. Wild type (MR-1) grown in the presence of increasing concentrations of Sn- thiosemicarbazone complexes was comparatively more sensitive (mean cell number = 4.8 × 108 ± 4.3 × 107 SD) than the DSP-010, a spontaneous rifampicillin derivative of the parent strain (mean cell number = 5.6 × 108 ± 6.4 × 107 SD) under comparable aerobic conditions (Unpaired t-test, t-value=−4.003, df =28; p=0.0004; n=15). No differences were observed in the sensitivity of the wild and mutant types when exposed to various concentrations of diphenyl Pt- thiosemicarbazone complex (Unpaired t-test, t-value = −0.81; p= 0.425) or the thiosemicarbazone ligand (Unpaired t-test, t-value=−1.03, p=0.313).



Growth of MR-1 in the presence of diphenyl Sn- thiosemicarbazone was significantly different (ANOVA, df=6,14; F-value=4.259; p=0.012) among treatment groups (Figure 3). MR-1 cell numbers were significantly higher at 5ppm than at 10 to 20ppm (Fisher’s PLSD test, p = 0.05). The mean number of DSP-010 variant strain cells also differed among diphenyl Sn- thiosemicarbazone complex treated groups (ANOVA, df=6,13; F-value = 2.897; p = 0.051) (Figure 3). No differences were observed in the number of cells in the negative control and methanol control groups (Fisher’s PLSD test, p > 0.05). In general, there was an increasing trend in the number of cells from about 5.0 × 108 cells (methanol control group) to about 6.0 × 108 cells (25ppm). The number of cells in methanol control group was significantly lower than cell numbers at 20ppm and 25ppm (Fisher’s PLSD test, p = 0.05), and numbers at 5ppm treatment were lower than at 20 and 25ppm (Fisher’s PLSD test, p = 0.05).


Figure 3. Effects of various concentrations of diphenyl Sn- thiosemicarbazone metal complex on Shewanella oneidensis MR-1 and DSP-010 grown aerobically in LB broth. Mean cell/ml was determined at 37ºC after a 48 hour time period for three independent experiments. Error bars are for standard deviation.
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Furthermore, a marginally significant difference in the number of MR-1 cells was observed among diphenyl Pt- thiosemicarbazone complex treatment groups (ANOVA, df=6,14; F-value=2.464; p = 0.077), and an increasing trend in the number of cells was noted from ~5.0 × 108 cells (methanol control group) to ~5.8 × 108 cells (20ppm) (Figure 4). In contrast, the DSP-010 variant strain showed no significant differences in cell numbers (Figure 4) when treated with various concentrations of diphenyl Pt- thiosemicarbazone complex (ANOVA, df=6,14; F-value=1.492; p = 0.251).


Figure 4. Effects of various concentrations of diphenyl Pt- thiosemicarbazone metal complex on Shewanella oneidensis MR-1 and DSP-010 grown aerobically in LB broth. Mean cell/ml was determined at 37ºC after a 48 hour time period for three independent experiments. Error bars are for standard deviation.
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MR-1 cells showed no significant differences in numbers (Figure 5) when treated with various concentrations of the uncomplexed thiosemicarbazone ligand alone (ANOVA, df=6,14; F-value=0.235; p = 0.235). A similar observation was noted when DSP-010 variant strain was treated with various concentrations of the ligand (ANOVA, df=6,14; F-value=2.004; p-value = 0.133) (Figure 5).


Figure 5. Effects of various concentrations of uncomplexed thiosemicarbazone ligand on Shewanella oneidensis MR-1 and DSP-010 grown aerobically in LB broth. Mean cell/ml was determined at 37ºC after a 48 hour time period for three independent experiments. Error bars are for standard deviation.
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Discussion


Micro-organisms require the presence of a number of metals that play essential biochemical roles such as catalysts, enzyme co-factors, activity in redox processes and stabilizing protein structures [16]. Metals may accumulate above normal physiological concentrations by the action of unspecific, constitutively expressed transport systems, whereby they become toxic. Intracellular metals can exert a toxic effect by forming coordinate bonds with anions blocking functional groups of enzymes, inhibiting transport systems, displacing essential metals from their native binding sites and disrupting cellular membrane integrity [17]. There are five basic mechanisms that convey an increased level of cellular resistance to metals: (1) efflux of the toxic metal out of the cell; (2) enzymic conversion; (3) intra- or extracellular sequestration; (4) exclusion by a permeability barrier; and (5) reduction in sensitivity of cellular targets. Our study indicates that S. oneidensis MR-1 is susceptible to growth inhibition by tin complex. In contrast, DSP-010, a spontaneous rifampicillin derivative of the MR-1 parent strain, demonstrates marked growth in the presences of di-2-pyridylketone 4N phenyl thiosemicarbazone as a ligand and tin or platinum complexes. For diphenyl Sn- thiosemicarbazone, untreated and methanol solvent controls groups were not significantly different (Fisher’s PLSD test; p=0.114) therefore, the observed differences of DSP-010 cell growth among treatments as compared to MR-1 are most likely due to the effect of Sn on Shewanella mutant bacteria.



Growth comparison of Shewanella oneidensis MR-1 and DSP-010 strains in the presence of thiosemicarbazone ligand, diphenyl Pt- and Sn- thiosemicarbazone complexes demonstrated strain specific differences under aerobic conditions. No significant change occurred with MR-1 or DSP-010 strains grown in the presence of the uncomplexed ligand. Similarly, wild type and mutant strains of S. oneidensis did not demonstrate significant growth differences in the presences of diphenyl Pt- thiosemicarbazone. However, an unpaired t-test indicated significant difference between MR-1 and DSP-010 after 48-hour growth in the presence of increasing concentrations of diphenyl Sn- thiosemicarbazone. Differences in response to Sn- metal complex, between MR-1 and DSP-010 growing cultures indicate that biological activity to thiosemicarbazone metal complexes may be strain specific.



The possible reduction of inorganic Sn(IV) to Sn(II) may explain the growth advantage of DSP-010 mutant strain over wild-type MR-1 with di-2-pyridylketone thiosemicarbazone derivatives. In literature, microbial resistance mechanisms have been widely studied [18,19]. However, very little is known about the reduction of inorganic Sn(IV) to Sn(II) in microbes. It may be hypothesized that heavy metal complexes such as diphenyl tin (IV) thiosemicarbazone are unable to escape sequestration, metal efflux or metal reduction systems thereby causing toxicity in Shewanella oneidensis MR-1. In contrast, DSP-010 may be able to effectively reduce inorganic Sn(IV) to Sn(II) thus allowing growth in increasing concentrations of Sn- metal complexes. Alternately, DSP-010, may be able to mobilize and remove di-2-pyridylketone 4N-phenyl thiosemicarbazone, diphenyl tin and platinum complexes more efficiently through membrane transport systems. Future binding studies should address the uptake and binding affinities of diphenyl thiosemicarbazones in Shewanella oneidensis MR-1 and DSP-010.



















Acknowledgments


This work was financially supported in part by a grant from “ONR Interns in Biomolecular Sciences” grant #00014-03-1-0317, National Institutes of Health-Research Centers for Minority Institutions (NIH-RCMI) Core Facilities grant #1G12RR12459-01, and Jackson State University Center for Scholar’s Award Program. Shewanella oneidensis MR-1 and DSP-010 strains were a kind gift from The Environmental Science Division-Oak Ridge National Laboratory (ESD-ORNL), Oak Ridge, Tennessee.




References


	1. 
Thompson, D. K.; Zhou, J. Functional Genomic Analysis of Bacterial Pathogens and Environmentally Significant Microorganisms. In Microbial Functional Genomics; Zhou, J., Thompson, D. K., Xu, Y., Eds.; John Wiley & Sons Inc.: U.S.A, 2004; Volume 1, Chapter 12. [Google Scholar]

	2. 
Blanz, E. J.; French, F. A. The Carcinostatic Activity of 5-Hydroxy-2-formylpyridine thiosemicarbazone. Cancer Research 1968, 28, 2419. [Google Scholar]

	3. 
Logan, C. J.; Fox, P. M.; Morgan, H. J.; Makohon, A. M.; Pfau, C. J. Arenavirus inactivation on contact with N-substituted isatin beta-thiosemicarbazones and certain cations. J. Gen. Virol 1975, 28, 271–283. [Google Scholar]

	4. 
Dobek, A. S.; Klayman, D. L.; Dickson, E. T., Jr.; Scovill, J. P.; Tramont, E. C. Inhibition of Clinically Significant Bacterial Organisms In vitro By 2-Acetylpyridine Thiosemicarbazones. Antimicrob Agents and Chemotherapy 1980, 18, 27–36. [Google Scholar]

	5. 
Klayman, D. L.; Bartoservich, J. E.; Griffin, T. S.; Marion, C. J.; Scovill, J. P. 2-Acetylpyridine thiosemicarbazones. 1. A new class of potential antimalarial agents. J. Med Chem 1979, 22, 855–862. [Google Scholar]

	6. 
Pavon Cano, J. M. Analytical applications of N-phenylthiosemicarbazones. Microchem. J 1981, 26, 155–163. [Google Scholar]

	7. 
Garg, B. S.; Jain, V. K. Analytical applications of thiosemicarbazones and semicarbazones. Microchem. J 1988, 38, 144–169. [Google Scholar]

	8. 
Wang, Y.; Liu, M. C.; Lin, T. S.; Saratorelli, A. C. Synthesis and antitumor activity of 3-and 5-hydroxy-4-methylpyridine-2-carboxaldehyde thiosemicarbazones. J. Med. Chem 1992, 35, 3667–3671. [Google Scholar]

	9. 
Liu, M. C.; Lin, T. C.; Sartorelli, A. C. Synthesis and antitumor activity of aminoderivatives of pyridine-2-carboxaldehyde thiosemicarbazone. J. Med Chem 1992, 35, 3672–3677. [Google Scholar]

	10. 
French, F. A.; Blanz, E. J.; Shaddix, S. C.; Brockman, R. W. Alpha-(N)-Formylheteroaromatic thiosemicarbazones. Inhibition of tumor-derived ribonucleoside diphosphate reductase and correlation with in vivo antitumor activity. J. Med. Chem 1974, 17, 172–181. [Google Scholar]

	11. 
French, F. A.; Blanz, E. J.; DoAmaral, J. R.; French, D. A. Carnostatic activity of thiosemicarbazones of formyl heteroaromatic compounds. VII. 2-Formylpyridine derivatives bearing additional ring substituents. J. Med Chem 1970, 13, 1124–1130. [Google Scholar]

	12. 
Agrawal, K.; Booth, B. A.; DeNuzzo, S. M.; Sartorelli, A. C. Potential antitumor agents. 14. 4-substituted 2-formylpyridine thiosemicarbazones, J. Med Chem 1976, 19, 1209–1214. [Google Scholar]

	13. 
Blanz, E. J.; French, F. A. The carcinostatic activity of 5-hydroxy-2-formylpyridine thiosemicarbazone. Cancer Research 1968, 28, 2419–2422. [Google Scholar]

	14. 
Venkatraman, Ramaiyer; Davis, Kriste; Shelby, Akilah; Zubkowski, Jeffrey D.; Valente, Edward J. Syn, E-1-cyclopentano-4-ethyl-3-thiosemicarbazone and Syn, E-1-cyclopentano-4-phenyl-3-thiosemicarbazone. J. of Chem. Crystallograph 1999, 29, 429–434. [Google Scholar]

	15. 
Venkatraman, Ramaiyer; Ray, Paresh Chandra; Fronczek, Frank R. The Tetrachlorodiphenylstannate (IV) salt of Protonated di-2-Pyridylketone N4 ethylthiosemicarbazone. Acta Cryst 2004, E60, m1035–m1037. [Google Scholar]

	16. 
Bruins, M. R.; Kapil, S.; Oehme, F. W. Microbial resistance to metals in the environment. Ecotoxicol Environ Saf 2000, 45, 198–207. [Google Scholar]

	17. 
Nies, D. H. Microbial heavy-metal resistance. Appl Microbiol Biotechnol 1999, 51, 730–750. [Google Scholar]

	18. 
Shi, J.; Vlamis-Gardikas, A.; Aslund, F.; Holmgreen, A.; Rosen, B. P. Reactivity of glutaredoxins 1,2, and 3 from Escherichia coli shows that glutaredoxin 2 is the primary hydrogen donor to ArsC-catalyzed arsenate reduction. J. Biol. Chem 1999, 51, 36039–36042. [Google Scholar]

	19. 
Zhou, T.; Radaev, S.; Rosen, B. P.; Gatti, D. L. Structure of the ArsA ATPase: the catalytic subunit of a heavy metal resistance pump. EMBO J 2000, 19, 4838–4845. [Google Scholar]





© 2005 MDPI. All rights reserved.







media/file4.png
Mean Cell Number/ml

8.00E+08
7.00E+08
6.00E+08
5.00E+08
4.00E+08
3.00E+08
2.00E+08
1.00E+08
0.00E+00

«

$

N
&
& &
&

‘:Q@

o v
&

@ MR-1 Sn-Complex
@ DSP-010 Sn-Complex






nav.xhtml


  ijerph-02-00170


  
    		
      ijerph-02-00170
    


  




  





media/file1.png
NR ,

O—Ww0

N—2NH —3

1






media/file2.png





media/file7.png
Mean Cell Number/ml

8.00E+08
7.00E+08
6.00E+08
5.00E+08
4.00E+08
3.00E+08
2.00E+08
1.00E+08
0.00E+00

O MR-1 Pt-Complex
m DSP-010 Pt-Complex






media/file9.png
Mean Cell Number/ml

8.00E+08

7.00E+08

T

6.00E+08

5.00E+08 -
4.00E+08
3.00E+08 -
2.00E+08

1.00E+08 -
0.00E+00 -

N
&
&

&

&

N
00

& &

& & & &
f & &
NN RO AN

&
K
AR

O MR-1 Ligand alone
@ DSP-010 Ligand alone






media/file5.png
Mean Cell Number/ml

8.00E+08

7.00E+08
6.00E+08

5.00E+08 -
4.00E+08 -
3.00E+08 -

2.00E+08

1.00E+08 -
0.00E+00 -

&
&

Vv

&
&

&
Q
AR

O MR-1 Sn-Complex
B DSP-010 Sn-Complex






media/file3.png





media/file0.png





media/file8.png
Mean Cell Number/ml

8.00E+08
7.00E+08 i
6.00E+08
5.00E+08
4.00E+08
3.00E+08
2.00E+08
1.00E+08
0.00E+00

O MR-1 Ligand alone
@ DSP-010 Ligand alone

> & & $ RS
S & ¢ \5@“ o






media/file6.png
Mean Cell Number/ml

8.00E+08
7.00E+08
6.00E+08
5.00E+08
4.00E+08
3.00E+08
2.00E+08
1.00E+08
0.00E+00

&

&
&

& &

&

& @QQ@

&

AP

&

&

O MR-1 Pt-Complex
DSP-010 Pt-Complex






