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4.1. INTRODUCTION

In this chapter, synthesis, characterization, DNA binding studies along with the cleavage
studies and cytotoxicity studies of mixed organotin complexes with guanosine (H.GuO) (H
represents proton; only used for clarity purpose) and 1,10-phenanthroline (phen), and enzyme
assays of two selected complexes have been discussed. Synthesis and biological studies of titled
complexes have not been reported till now. The literature reports on the organotin(lIV)
complexes of nucleotides have already been described in literature review of chapter 1. The
studied complexes are characterized via elemental analysis, molar conductance, and
spectroscopic techniques such as IR, far-IR, NMR (*H, *3C, 1'°Sn) spectroscopy. The binding
affinity of the studied complexes with DNA has been investigated by using ultraviolet-visible
(UV-Vis) and fluorescence spectroscopy. Results of cleavage experiments conducted using
submarine agarose gel electrophoresis are also being discussed. Cytotoxicity profile of the titled
complexes against human embryonic kidney (HEK293), mammary (MCF7), liver (HepG2),
prostrate (DU145) and cervical (HeLa) cancer cell lines of human origin via MTT assay is
screened and the ICsp values are determined. Only those organotin(IV) mixed ligand complexes
having very high anti-tumor activity in MTT assay are selected, and in vivo DNA fragmentation
studies, staining studies such as acridine orange/ethidium bromide (AO/EB) studies, comet
assay, enzyme assays i.e., lipid peroxidase assay and lactate dehydrogenase assays have been
carried out and discussed in detail in this chapter.

4.2. EXPERIMENTAL SECTION
4.2.1. Synthesis of Dimethyltin(1V) Derivative of Guanosine and 1,10-Phenanthroline (1)

An aqueous methanolic (20 mL, 1:1) solution of dimethyltin(1V) dichloride (0.220 g, 1.0
mmol) was stirred for half an hour. The resulting solution was added to the aqueous methanolic
solution of guanosine (H2GuO) (0.566 g, 2.0 mmol) (pH maintained at 2-3 by adding few drops
of conc. HCI) and constantly stirred for ~ 20 h under nitrogen atmosphere. 1,10-phenanthroline
(0.18 g, 1.0 mmol) in aqueous methanol (20 mL, 1:1) was added to the resulting solution and
stirred for another ~ 3 h. The resulting product was chilled, filtered and washed with water-

methanol or methanol-hexane mixture (1:3 v/v), and dried under vacuum.
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4.2.2. Synthesis of Diphenyltin(1V) Derivative of Guanosine and 1,10-Phenanthroline (2)

Guanosine (0.566 g, 2.0 mmol) was dissolved in minimum amount (20 mL) of aqueous
methanol (1:1 or 50%) under nitrogen. The pH of the solution was maintained at 2—-3 by adding
few drops of conc. HCI. To this was added an aqueous methanol (20 mL, 1:1) solution of
diphenyltin(1VV) dichloride (0.344 g, 1.0 mmol). The resulting solution was refluxed with
constant stirring for ~ 20 h under nitrogen atmosphere. An aqueous methanolic (20 mL, 1:1)
solution of 1,10-phenanthroline (0.18 g, 1.0 mmol) was added to the resulting solution and was
refluxed for another ~ 3 h with constant stirring. After chilling, a pale red solid product thus
obtained was washed with water and methanol-hexane or methanol-petroleum ether (b.p. 40—-60

°C) mixture (1:3 v/v), and dried under vacuum.

2 1 10 9

1,10-phenanthroline

3 "
Guanosine

Fig. 4.1. Structure and numbering scheme of the ligands: guanosine (H2GuO) and 1,10-

phenanthroline.

4.2.3. Synthesis of Dibutyltin/Dioctyltin(IVV) Derivatives of Guanosine and 1,10-
Phenanthroline (3)/(4)

Dibutyltin/dioctyltin(1\VV) derivatives were prepared under nitrogen atmosphere by the
drop-wise addition of aqueous methanolic (20 mL, 1:1) solution of dibutyltin (0.286 g, 1.0
mmol)/dioctyltin(1VV) oxide (0.342 g, 1.0 mmol) to the aqueous methanolic (20 mL, 1:1) solution
of guanosine (0.566 g, 2.0 mmol) at pH ~ 2—-3. The reaction mixture obtained was refluxed with

constant stirring for at least 20 h with simultaneous azeotropic removal of water. Further to this
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solution, an aqueous methanolic (10 mL, 1:1) solution of 1,10-phenanthroline (0.18 g, 1.0 mmol)
was added drop wise and refluxed for ~ 3 h with constant stirring. The solution was chilled,
filtered and the solid product thus obtained was washed with water and methanol-hexane or

methanol—petroleum ether (b.p. 40-60 °C) mixture (1:3 v/v), and dried under vacuum,
4.2.4. Synthesis of Triphenyltin(IV) Derivative of Guanosine and 1,10-Phenanthroline (5)

Similar procedure as described in section 4.2.2. has been adapted for the triphenyltin(IV)
derivative, except triphenyltin chloride was used instead of diphenyltin dichloride, and varying
the ratio of organotins and the ligands. Triphenyltin(1VV) chloride (0.385 g, 1.0 mmol), guanosine
(H2GuO) (0.283 g, 1.0 mmol) and 1,10-phenanthroline (0.18 g, 1.0 mmol) were employed for the
synthesis in the ratio of 1:1:1.

4.2.5. DNA Binding Studies

Absorption spectral titration experiments were performed in 10% DMSO/Tris—HCI
buffer by diluting an appropriate amount of metal complex solution and DNA stock solutions
while maintaining the total volume constant. The concentration of the complexes were
maintained constant (2 x 10° M) and the DNA concentration (2-20 x 10 M) is varied,
resulting in a series of solutions. Absorbance (A) was recorded with successive addition of CT
DNA to both the compound solution and the reference solution to eliminate the absorbance of
the DNA itself. The intrinsic binding constant Ky of the complex to CT DNA was determined
from Eqg. (4.3) through a plot of [DNA]/(ea — er) vs [DNA], where [DNA] is the concentration of
the DNA in base pairs; ea, ef and ey, the apparent extinction coefficient (Aobs/M), the extinction
coefficient for the free metal (M) and the extinction coefficient for the metal complex in the fully
bound form, respectively [126-133]. In plots of [DNA]/(ea — ef) vs [DNA], Ky is given by the

ratio of the slope to the intercept.

Fluorescence spectral measurements were carried out by using Tris—=HCI/NaCl buffer as
a blank to make preliminary adjustments. The excitation wavelength was fixed and the emission
range was adjusted before measurements. The fluorescence quenching constants ‘Ks,’ [126-131,
133] were obtained by titrating the fixed amount of ethidium bromide (EB)-bound CT DNA
with increasing amount of metal complexes (1 — 10) x 10° M. An excitation wavelength of 263

nm was used and the total fluorescence emission was monitored at 603 nm. The measured
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fluorescence was normalized to 100% relative fluorescence.
4.2.6. Gel Electrophoresis

DNA cleavage experiments [126-133] executed using pBR322 plasmid DNA where
the supercoiled DNA in buffer solution (5:50 mM Tris—HCI/NaCl, pH 7.2) was treated with
different concentrations of complexes (5-50 uM, r = 1-20, where r = [complex]/[DNA]) and
diluted with the buffer to a total volume of 10 pL. After incubating the samples at 37 °C for 2.5
h, loading buffer was added and were loaded onto agarose gel containing EB and run in 0.5X
TBE buffer at 50 V/cm for 2 h. Bands were visualized and photographed.

4.3. RESULTS AND DISCUSSION
4.3.1. Synthetic Aspects

Reaction(s) of Me2SnClz, PhoSnClz, Bu2SnClz, Oct2SnCl2  (Eg. (4.1)) and PhsSnCl (Eq.
(4.2)) with guanosine (H2GuO) and 1,10-phenanthroline (phen) in aqueous methanol (50%) at
1:2:1/1:1:1, led to the formation of new mixed ligand complexes of general formulae,
[R2Sn(HGuUO)2(phen)] and [R3Sn(HGuUO)(phen)]. All the complexes obtained are pale red solid
and are stable towards air and moisture. In common organic solvents, they are insoluble but
readily soluble in DMSO.

R,SNCl, + 2H,GuO—HeMondihen 1R Sn(HGUO), (phen)] + 2HCI (4.1)

(Where, R = Me, Ph, Bu, Oct; H.GuO = Guanosine; phen = 1,10-phenanthroline)

R.SNCl + H,GuO— 1Mo @ihen IR Sn(HGUO)(phen)] + HCI (4.2)

(Where, R = Ph; HoGuO = Guanosine; phen = 1,10-phenanthroline)

102 M solutions (in DMSO) of the synthesized complexes were used to measure the
conductance, and the solvent’s conductance values was deducted. The resultant values are in the

range of 2-11 ohm™ cm? mol, which suggests that the complexes are non-electrolytic in nature.
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Table 4.1. Characteristic Physical Properties and Analytical Data of Tri- and Diorganotin(IV) Derivatives of Guanosine and 1,10-
Phenanthroline

Complex  Complex CoI0|_r & Yield Decomposition Analysis (%) Observed (Calculated)
No (Empirical Formula) Physical (%) temperature (°C)
' state C H N Sn
1. [Me2Sn(HGuO)2(phen)] Pale red 42 210-212 4495  4.62 18.26 13.43
(Cz4H38N12010SN) solid (45.71) (4.29) (18.81) (13.28)
2. [Ph2Sn(HGuUO)2(phen)] Pale red 75 208-210 52.42 4.18 15.84 11.95
(C44H42N12010SN) solid (51.94) (4.16) (16.52) (11.66)
3. [Bu2Sn(HGuUO)2(phen)]  Pale reddish 77 90-95 50.25 5.29 16.70 12.12
(C40H50N12010SN) white solid (sub.) (49.14) (5.16) (17.19) (12.14)
4. [Oct2Sn(HGUO)2(phen)] Pale reddish 62 180-183 52.70  6.68 15.23 10.95
(C48HeeN12010SN) white solid (52.90) (6.10) (15.42) (10.89)
5. [PhaSn(HGuO)(phen)] Paleredsolid 94 150-152 5456  4.26 15.48 10.59
(Cs0H47N12010Sn) (54.86) (4.33) (15.35) (10.84)

Sub.: sublimation
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4.3.2. IR and Far IR Spectroscopy

The characteristic IR and Far IR frequencies (cm™) of the titled complexes and ligands
are presented in Table 4.2. In all the complexes, the v(OH) (3465-3571 cm™) peaks are
broadened. A negligible shift in v(NH2) (3115-3211 cm™?) and v(C=0) (1733 and 1694 cm™;
except for complex (1), 1701and 1656 cm are observed) frequencies of the nitrogen base unit is
observed, indicating the non-involvement of base ring of guanosine moiety in complexation. A
significant shift towards higher wave number for v(C=N) at 1620 + 6 cm™ is observed. The C—H
in plane deformation peaks corresponding to phenanthroline moiety are observed in the region
1250-1210 cm™? and the v(C-N) stretching frequency which is absent in phenanthroline
spectrum is observed at 1226 + 3 cm attesting the ring deformation due to complex formation.
The v(C-0) stretching frequencies corresponding to ribose —OH of the guanosine moiety are
observed in the range 1180-1046 cm™. A notable change in finger print region in comparison to
the spectra of ligands is observed. Further, the v(ring) characteristic of the ribose pucker (882—
836 cm™) shows a considerable shift from that of the ligand suggesting that furanose —OH of
guanosine may be involved in bonding with tin. The Sn—C bond frequencies in the ranges 584
560 cm™ (vas(Sn—C)) and 549-524 cm™ (vs(Sn—C)) for (1), (3) and (4) complexes and in the
ranges 289-210 cm™ (vas(Sn—C)) and 273-211 cm™ (vs(Sn—C)) in far IR region of (2) and (5)
complexes are observed. Further, the appearance of new v(Sn—0) (510-446 cm™?) and v(Sn—N)/
v(Sn«N) (366-335 cm™!) bands indicate that the coordination occurs possibly via oxygen of
guanosine moiety and nitrogen of phenanthroline moiety. The ring deformation peaks (427-409
and 262-239 cm™) of o-phenanthroline are appeared which clearly shows that a change in
phenanthroline ring might have occurred due to bond formation.

4.3.3. NMR Spectroscopy

The *H, 3C and °Sn NMR spectra of the complexes were recorded in DMSO-d6
solvent and the data are presented in Tables 4.3, 4.4 and 4.5, respectively. Some representative
'H, 13C and °Sn NMR spectra of the titled complexes are presented in the Figs. 4.2, 4.3, 4.4,
4.5, 4.6 and 4.7. The chemical shift values of the protons and carbons of the ligands and the
alkyl/phenyl groups attached to the tin atom are found to be consistent with the literature. The
coupling of the alkyl protons with the tin nucleus results in the formation of satellites and the

heteronuclear coupling constants 2J [*°Sn-1H] and 1J [°Sn-t3C] have been calculated from H
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and 13C spectra, respectively. The ~C-Sn—C angles have been calculated with the help of 2J
[11%Sn-tH] and 1J [*°Sn-13C] using Lockhart and Manders equation [123]. The N(1)H chemical
shift of guanosine base moiety drifted downfield (6 10.67-10.69 ppm) compared to that of the
ligand. The H-8 (~ ¢ 7.95 ppm) and NH: (~ ¢ 6.45 ppm except for dibutyltin complex) showed
almost negligible upfield shift, except a minor shift towards downfield is observed for complex
(5) (0 7.98 ppm, H-8). Similarly, a negligible shift is observed for H-1 proton, except for the
splitting of the signal (J = ~ 6 Hz) due to the interaction of tin with the ribose sugar. One of the
hydroxyl protons (OH-2’) of furanose ring is absent in the complexes’ spectra, which clearly
indicates the coordination of tin to guanosine via the oxygen (O-2’) of ribose sugar. The
chemical shifts of (OH-3") and (OH-5") hydroxyl protons of the ribose sugar were broadened.
All the furanose ring protons showed upfield shift along with the signals splitting due to the
long-range heteronuclear coupling occurring due to the presence of the tin atom in the
complexes, except the H-5" protons where a downfield shift is observed. The phenanthroline ring
protons underwent downfield shift indicating that electron fluctuation might have occurred due
to reorganisation to form new Sn-N (phen) bond. The alkyl/aryl-Sn resonances appeared in
multiplet pattern, hence, 2J [**°Sn-'H] could not be resolved except for complex (1)
(dimethyltin(IV) complex) where the heteronuclear coupling constant 2J [9Sn-H] s
determined (111 Hz) and the C-Sn—C bond angle is calculated (4 = 163.16°). Similarly, in *C
NMR, a negligible downfield shift is observed for all carbon atoms and 1J [*'°Sn-13C] value
could not be determined, except the dimethyltin(IV) complex (}J = 998.6 Hz, 6 = 164.35°) which
is also in accordance with the *H NMR data. In order to confirm the coordination and geometry
around the tin nucleus, °Sn NMR spectrum is incumbent. All the complexes showed '°Sn
NMR chemical shifts in between 6 —200 to —400 ppm, which may suggest an octahedral

geometry around tin.
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Table 4.2. IR and Far-IR Spectral Data of Tri- and Diorganotin(IV) Derivatives of Guanosine and 1,10-Phenanthroline in KBr (v/cm™?)

Ligand/ v(OH)/ v(C=0)/ v(C=C)/ v(C-0)/ Voutplane  Vas(SN—-C) v(Sn— v(Sn—N)/  ring
Complex v(NH?2) v(C=N) v(ring) v(C-N)/ (ring) Ivs(Sn—C) 8)_/\’8(2;1— v(Sn—N) gg?nrm-
(C—H)inplane
Guanosine? 3465sbr, 1733s, 1569 m, 11305, 838 w - - - -
3315sbr, 1688s, 15365, 1085 m,
3115sbr 16385 1486 s, 1045 w
1425 s,
1394 m,
1388 m
1,10-phen- - 1618, 1503, 1250 br”, 850 s - - - 409 m,
anthroline® 1589s, 1420s 1125 br” 259 w,
1560 s 242 s
1,10-phen- — 1619s, 1502s, 1210 w, 849s - - — -
anthroline® 1599s 1416, 1137 w,
1345 sh 1090 w
1. 3483 shr, 1701s, 1482s, 1252 m, 836 w 580 sh, 475 m 364 w 412 m
3371sbr, 1656s,  1371s 1166 s 530 m
3144 sbr 1614 s 1004 mbr
2. 3564 sbr, 1731s, 1578 sh, 1250 sh, 850 s 289 s, 460 s 370 w 425 w,
3466 sbr, 1694 s, 1537 s, 1223 s, 210 m 262s
3328 shr, 1624 s 1484 s, 1178 s,
85 Contd.



3213 shr 1427 s, 1130 s,
1393 m, 1084 s,
1344 m 1047 s

3. 3571sbr, 1733s, 15735, 1225, 855s 581 s, 506 s 366 m 416 s
3465sbr, 1693s, 1537s, 1180 s, 549 m
3324 sbr, 1629 1487 s, 1131 s,
3207 sbr 1426 s, 1084s,
1397 s, 1046 s
1342's
4. 3567 sbr, 1730s, 15265, 1227 s, 861s 584 s, 510s — 416 m
3464 sbr, 1693s, 1477 s, 1180 s, 540's
3326 sbr, 1627 s 1421 s, 1132 s,
3217 sbr 1345s 1036 s
5. 3571 s, 1733s, 15715, 1250 s, 883 s 273 s, 446 s 335s 427 m,
3469sbr, 1694s, 1537 s, 1180 s, 211s 260 sh,
3323sbr, 1627 m 1486, 1130, 243's
3211 sbr 1425 s, 1084 s,
1396 s, 1046 sh
1338 sh

aref [37], P observed, ¢ ref [28]; s = strong; br = broad; m = medium; sh = shoulder; w = weak.” both the bands merged together and appeared as a broad band.

Complex numbers as indicated in Table 4.1.
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Table 4.3. 'H NMR Spectral Data of Tri- and Diorganotin(1V) Derivatives of Guanosine and

1,10-Phenanthroline

Ligand/Complex

o ppm (DMSO-d6)

Guanosine?

1,10-
phenanthroline®
1,10-
phenanthroline®
1.

10.09 s, 1H (N1-H); 7.97 s, 1H (H-8); 6.50 s, 2H (NH>);5.70 s, 1H, (H-
1°); 5.45 s, 1H (OH-2’); 5.20 s, 1H (OH-5°); 5.10 s, 1H (OH-3"); 4.40 s,
1H, (H-2’); 4.10's, 1H, (H-3’); 3.90 s, 1H, (H-4’); 3.60, 3.48 s, 2H, (H-
5%).

8.81s, 2H, (H-2, H-9); 8.00 s, 2H, (H-4, H-7); 7.55 s, 2H, (H-5, H-6) 7.26
s, 2H, (H-3, H-8).

9.17 s, 2H, (H-2, H-9); 8.76 s, 2H, (H-4, H-7); 8.44 s, 2H, (H-5, H-6) 7.26
s, 2H, (H-3, H-8).

guanosine unit: 10.67 s, 2H (N1-H); 7.95s, 2H (H-8); 6.49 s, 4H (NH>);
5.71d, 2H, J = 6Hz (H-1"); 5.15 sbr, 5.07 sbr, 4H (OH-3’,0H-5"); 4.40 q,
2H, J = 5.1 Hz (H-2’); 4.09 s, 2H, (H-3’); 3.87 q, 2H, J = 3.8 Hz (H-4");
3.63-3.60 dd, 2H, J = 3.2 Hz and 3.54-3.51 dd, 2H, J = 9 Hz (H-5");
phenanthroline unit: 9.27 d, 2H, "J = 3.5 Hz (H-2, H-9); 8.70 d, 2H, "J =
8 Hz (H-4, H-7); 8.13 m, 2H (H-5, H-6); 7.98 m, 2H (H-3, H-8); Sn-
methyl: 0.89 m, 6H, 2J = 111 Hz, = 163.16°.

guanosine unit: 10.64 s, 2H (N1-H); 7.94s, 2H (H-8); 6.40 s, 4H (NH>);
5.69d, 2H, J =5.95 Hz (H-1"); 5.40 sbr, 2H (OH-3"); 5.09 sbr, 2H (OH-
5°);4.39t, 2H, J = 5 Hz (H-2’); 4.08 t, 2H, J = 3.9 Hz (H-3"); 3.86 q, 2H,
J=3.7Hz (H-4"); 3.62-3.59 dd, 2H, J = 3.9 Hz and 3.53-3.50 dd, 2H, J
= 3.8 Hz (H-5’); phenanthroline unit: 9.32 d, 2H, "J = 1.5 Hz (H-2, H-9);
8.70 s, 2H (H-4, H-7); 7.98 m, 2H (H-5, H-6); 7.84 s, 2H (H-3, H-8); Sn-
phenyl: 8.15-8.58 m, 4H, (H-B); 7.27-7.50 m, 6H (H-y, H-9).

guanosine unit: 10.67 s, 2H (N1-H); 7.96s, 2H (H-8); 6.48 sbr, 4H (NH>);
5.69d, 2H, J = 6Hz (H-1"); 5.42 d, 2H, J = 6Hz (OH-3"); 5.15d, 2H, J =
4.6Hz (OH-5%); 4.40 dd, 2H, J = 5.7 Hz (H-2"); 4.08 dd, 2H, J = 4.5 Hz
(H-3%); 3.87 dd, 2H, J = 3.6 Hz (H-4"); 3.61 dd, 2H, J = 4.65 Hz and 3.5
(H-5"); phenanthroline unit: 9.37 d, 2H, "J = 3.5 Hz (H-2, H-9); 8.82 d,
2H,"J = 7.4 Hz (H-4, H-7); 8.21t, 2H, ") = 11.5 Hz (H-5, H-6); 8.08 dd,
2H, "J = 4.6 Hz (H-3, H-8); Sn-butyl: 1.52-1.40 m, 4H, (H-o); 1.35-1.29
m, 4H, (H-B); 1.10-1.03 m, 4H (H-y); 0.66-0.33 t, 6H, J=7.3 Hz (H-3).

Contd.
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guanosine unit: 10.69 s, 2H (N1-H); 7.95s, 2H (H-8); 6.49 s, 4H (NH>);

4, 5.70 d, 2H, J = 6Hz (H-17); 5.50-5.0 s br,4H, (OH-3’,0H-5"); 4.40 t, 2H,
J=5.5Hz (H-2); 4.09 t, 2H, J = 4 Hz (H-3"); 3.87 q, 2H, J = 3.5 Hz (H-
4%); 3.63-3.59 dd, 2H, J = 4 Hz and 3.54 d, 2H, J = 4 Hz (H-5);
phenanthroline unit: 9.4 d, 2H, "J = 3.5 Hz (H-2, H-9); 89 d, 2H, "J =7
Hz (H-4, H-7); 8.26 s, 2H (H-5, H-6); 8.14 q, 2H, "J = 3.7 Hz (H-3, H-
8); Sn-octyl: 1.29-1.30 m, 4H, (H-a); 1.42-1.39 m, 4H, (H-B); 1.13-1.07
m, 4H (H-y); 0.97 m, 16H (H-8, H-f, H-g, H-h); 0.75-0.72 t, 6H, J = 15.5
Hz (H-i).

5. guanosine unit: 10.69 s, 1H (N1-H); 7.98 s, 1H (H-8); 6.50 sbr, 2H (NH>);
5.70 d, 1H, J = 5.95 Hz (H-17); 5.60—4.90 br, 2H (OH-5" and OH-3");
439t, 1H, J = 5.4 Hz (H-2"); 4.08 t, 1H, J = 4.2 Hz (H-3"); 3.88-3.85 g,
1H, J = 3.75 Hz (H-4’); 3.62-3.59 dd, 1H, J = 4.0 Hz and 3.53-3.50 dd,
1H, J = 4.0 Hz (H-5"); phenanthroline unit: 9.21 d, 2H, "J = 2.95 Hz (H-2,
H-9); 8.8 d, 2H, "J = 8.0 Hz (H-4, H-7); 8.22-8.13 m, 2H (H-5, H-6);
8.02-7.99 m, 2H (H-3, H-8 ); Sn-phenyl: 7.87-7.79 m, 6H (H-B); 7.44—
7.38 m, 9H (H-y, H-9).

aref [37], P observed data, ¢ref [28], * numberring of carbons and protons are as mentioned in Fig.

4.1.; s = singlet; d = doublet; t = triplet; m = multiplet; br = broad, angle 6 calculated from Eq: Z/C-Sn-C =
By
o a P v B a B v & fF 9 h i g 5

0.0161[JP — 1.32PJ| + 133.4.; -CHg . -CHy-CHy-CHy-CHj - -CHy-CHy-CHy-CHy-CH,-CHy-CH,-CH - b
Complex numbers as indicated in Table 4.1.
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Table 4.4. 3C NMR Spectral Data of Tri- and Diorganotin(IV) Derivatives of Guanosine and
1,10-Phenanthroline

Ligand/Complex 6 ppm (DMSO-d6)

156.70 (C-6); 153.50 (C-2); 151.10 (C-4); 135.50 (C-8); 116.40 (C-5);

Guanosine?
86.20 (C-1°); 85.10 (C-4°); 73.50 (C-2°); 70.20 (C-3"); 61.20 (C-5°).
) 156.36 (C-6); 149.25 (C-2); 140.45 (C-4); 135.00 (C-8); 113.43 (C-5);
GuanosineP
83.78 (C-1); 82.31 (C-4’); 71.39 (C-2"); 68.31 (C-37); 60.87 (C-5°).
1,10- 149.20 (C-9, C-2); 136.75 (C-4, C-7); 125.95 (C-6, C-5); 123.20 (C-3, C-
phenanthroline® 8); 129.10 (C-4a, C-6a/C-4b, C-6b).
1,10- 149.20 (C-9, C-2); 136.75 (C-4, C-7); 125.95 (C-6, C-5); 123.23 (C-3, C-
phenanthroline® 8); 132.74 (C-4a, C-6a/C-4b, C-6b).
1. guanosine unit: 157.20 (C-6); 154.13 (C-2); 151.77 (C-4); 136.03 (C-8);

117.12 (C-5); 86.76 (C-1°); 85.64 (C-4’); 74.15 (C-2’); 70.82 (C-3’);
61.84 (C-5"); phenanthroline unit: 149.62 (C-9, C-2); 138.36 (C-4, C-7);
127.56 (C-6, C-5); 124.76 (C-3, C-8); 129.44 (C-4a, C-6a/C-4b, C-6b);
Sn-methyl: 24.14 (C-0) 1J = 998.6 Hz, 6 = 164.35°.

2. guanosine unit: 156.70 (C-6); 153.65 (C-2); 151.26 (C-4); 135.58 (C-8);
116.53 (C-5); 86.36 (C-1°); 85.17 (C-4’); 73.67 (C-2’); 70.32 (C-3’);
61.35 (C-5”); phenanthroline unit: 148.75 (C-9, C-2); 134.13, 133.91 (C-
4, C-7); 127.70, 127.43 (C-6, C-5); 125.01, 124.90 (C-3, C-8); 129.00
(C-4a, C-6a/C-4b, C-6b); Sn-phenyl: 129.00 (C-a), 137.50 (C-B), 128.80
(C-y, C-9).

3. guanosine unit: 156.75 (C-6); 153.62 (C-2); 151.28 (C-4); 135.59 (C-8);
116.60 (C-5); 86.29 (C-1°); 85.16 (C-4’); 73.65 (C-2’); 70.33 (C-3’);
61.35 (C-5"); phenanthroline unit: 148.93 (C-9, C-2); 139.09 (C-4, C-7);
127.35 (C-6, C-5); 124.89 (C-3, C-8); 129.23 (C-4a, C-6a/C-4b, C-6b);
Sn-butyl: 17.41 (C-a), 27.59 (C-B), 25.32 (C-y), 13.47 (C-5).

4. guanosine unit: 157.21 (C-6); 154.13 (C-2); 151.73 (C-4); 136.08 (C-8);
117.02 (C-5); 86.84 (C-17); 85.66 (C-4%); 74.17 (C-2); 70.82 (C-3°);
61.84 (C-5"); phenanthroline unit: 149.18 (C-9, C-2); 141.13, 140.21 (C-
4, C-7); 127.94 (C-6, C-5); 125.68 (C-3, C-8); 129.87 (C-4a, C-6a/C-4b,
C-6b); Sn-octyl: 41.14 (C-a) , 25.68 (C-B), 32.54 (C-y), 28.78 (C-9),
28.77 (C-f), 31.55 (C-g), 22.43 (C-h), 14.31 (C-i).

Contd.
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5. guanosine unit: 156.59 (C-6); 153.68 (C-2); 151.20 (C-4); 135.54 (C-8);
116.32 (C-5); 86.38 (C-17); 85.16 (C-4’); 73.67 (C-2"); 70.28 (C-3’);
61.30 (C-5’); phenanthroline unit: 148.59 (C-9, C-2); 136.05 (C-4, C-7);
127.13 (C-6, C-5); 124.56 (C-3, C-8); Sn-phenyl: 129.04 (C-a), 139.13
(C-B), 128.19 (C-v), 128.81 (C-d).

aref [37], P observed data, ¢ ref [28]," numberring of carbons and protons are as mentioned in Fig.

By
o a B v 8 a p v & fF 9 h i g 5
4.1, “CHa.-CHyCHyCHy-CHg . -CHy-CHy-CHp-CHy-CHo-CHp-CH-CHs . 57 Complex numbers as indicated in
Table 4.1.

Table 4.5. *°Sn NMR Spectral Data of Tri- and Diorganotin(lV) Derivatives of Guanosine
and 1,10-Phenanthroline

Complex?@ o ppm (DMSO-d6)
1 -224.83
2 -362.28
3. —237.46
4 —251.63, -150.36
5. -253.11

@ Complex number as indicated in Table 4.1.
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Fig. 4.2. 'H NMR spectrum of [Bu2Sn(HGuO)2(phen)].

Fig. 4.3. *H NMR spectrum of [PhaSn(HGuO)(phen)].
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Fig. 4.4. °C NMR spectrum of [Me2Sn(HGuO)2(phen)].

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Fig. 4.5. 13C NMR spectrum of [Oct2Sn(HGuO)2(phen)].
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=200 -250 ppml

Fig. 4.6. 1°Sn NMR spectrum of [Me2Sn(HGuO)2z(phen)].

=200 -250 -300 ppm

Fig. 4.7. 119Sn NMR spectrum of [Oct2Sn(HGuO)2(phen)].
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OH

Fig. 4.8. Proposed structure of [R2Sn(HGuO)2(phen)].

Fig. 4.9. Proposed structure of [RsSn(HGuO)(phen)].
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4.3.4. In Vitro Cytotoxicity Studies
4.34.1. MTT assay

The studied diorgano- and triphenyltin(IV) complexes of guanosine and 1,10-
phenanthroline have been screened for in vitro anti-tumor activity against HEK293 (human
embryonic kidney) and a panel of four cancer cell lines of human origin, viz, MCF7
(mammary), HepG2 (liver), DU145 (prostrate) and HelLa (cervical). The inhibitory
concentration (ICso) values are calculated for the titled complexes using the best fit linear
regression model [35, 57, 58]. Table 4.6 presents the ICso values of the studied complexes
along with standard reference drugs, cis-platin (CPT) and 5-fluorouracil (5-FU). The ICso
values of complexes (1) and (4) against all cell lines are found to be above 40 pg/mL,
therefore, they are considered to be inactive [35, 57, 58]. From the table 4.6, it can be inferred
that the complexes (2) and (3) are more active against all cell lines compared to that of cis-
platin, but less active than 5-fluorouracil against HepG2 cell line. The complexes (2), (3) and
(5) against DU145 cell line exhibit comparable cytotoxicity with cis-platin, but their activity
is lower than that of 5-fluorouracil. Complex (5) displayed less activity than cis-platin against
HEK293, MCF7 and DU145 cell lines, but more active against HepG2 cell line. Furthermore,
it is much less active than 5-fluorouracil against all cell lines. Finally, complex (3)
(dibutyltin(1VV) complex) is more active out of all the complexes, but also adversely affect
normal cell lines, hence, complexes (2) and (5) are selected for the further studies.

Table 4.6. Screening of Di- and Triorganotin(I\V) Derivatives of Guanosine and 1,10-
Phenanthroline for Their Cytotoxic Properties (MTT assay). The Results are Expressed as
ICs0 (ug/mL +£ SEM) Values

Complex/Drug HEK293 MCF7 HepG2 DU145 HelLa
1. >40.0 >40.0 >40.0 >40.0 > 40.0
2. 7.29+0.05 3823+£0.01 4.65+0.05 20.73+0.05 8.71%0.12
3. 345+£0.02 2199+0.03 2.88+0.06 20.85+0.06 1.28+0.04
4. >40.0 >40.0 > 40.0 > 40.0 > 40.0
5. 27.53 £0.02 > 40.0 11.61+£0.03 21.27+0.10 6.63%0.03
CPT? 1544 £512 29.79+0.10 19.83+0.10 19.89+0.05
5-FU? 2.06 £0.23 <4.97 <4.97 10.78 £ 0.05
aref [35]
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4.3.4.2. Enzyme assays

There are two ways by which the cell death can occur; necrosis and apoptosis.
Apoptosis is a programmed cell death (PCD), while necrosis is premature cell death (PMCD)
[35, 57, 58]. Usually antitumor compounds arrest the cell growth via apoptosis [35, 57, 58].
A common method to ensure the apoptosis is through enzyme assays [35, 57, 58]. Lipid
peroxidase and lactate dehydrogenase assays were performed in order to determine whether
the cell death occur via apoptosis or necrosis. In lipid peroxidase assay, a series of oxidative
reactions (free radical chain mechanism) trigger the oxidative degradation of lipid membrane,
which leads to the generation of reactive oxygen species (ROS) upon the treatment of the
drug with the cancer cells [134]. This excessive generation of reactive oxygen species disrupt
the cell membrane causing cell damage. The end products of the lipid peroxidase assay are
malondialdehyde (MDA) and 4-hydroxynonenal (HNE).  Malondialdehyde (MDA)
quantification can be done by utilizing thiobarbituric reactive substances assay (TBARS), in
which the OD of the fluorescent end product is measured [134] and thus, the 1Cso values are
calculated. The complexes (2) and (5) showed a slight decrease in lipid peroxidase (one-fold)
(Table 4.7 and Table 4.8), which shows that the cell membrane remained intact throughout
the apoptosis process. Hence forth, it can be concluded that the cell death is via apoptosis.
However, a possibility of very small amount necrosis could not be ignored. A sudden and
marginal increment in lactate dehydrogenase (LDH) concentration results during the necrosis
process. Both the complexes (2) and (5) showed a very small increment (0.7 to 0.9-fold) in
LDH concentration, hence can be said that the apoptosis is the major cause but necrosis also

plays vital role in cell death.
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Table 4.7. Enzyme Assays of Complex (2) Against HepG2 (liver) Cancer Cell Line

Enzymes Control/Untreated Treated IF
Lipid peroxidase® 7.2x10°? 6.7 x 1072 1.07
Lactate dehydrogenase® 3.2x10% 452 x 107t 0.708

& uM/pg protein; ° IU/mg protein; Induction fold (IF): mean of treated/mean of untreated; the experiment was
performed in triplicate and mean values are shown here.

Table 4.8. Enzyme Assays of Complex (5) Against HeLa (cervical) Cancer Cell Line

Enzymes Control/Untreated Treated IF
Lipid peroxidase? 6.4 x 107 5.7 %107 1.12
Lactate dehydrogenase® 43x10? 473 x 10 0.91

3 uM/ug protein; ® 1U/mg protein; Induction fold (IF): mean of treated/mean of untreated; the experiment was
performed in triplicate and mean values are shown here.
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Fig. 4.10. Lipid peroxidase assay of Complex (2) against HepG2 (liver) cancer cell line.
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Fig. 4.11. Lipid peroxidase assay of Complex (5) against HeLa cancer cell line.
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Fig. 4.12. Lactate dehydrogenase assay of Complex (2) against HepG2 (liver) cancer cell
line.
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Fig. 4.13. Lactate dehydrogenase assay of Complex (5) against HeLa cancer cell line.

4. 3.4.3. Acridine orange assay

Acridine orange assay is a fluorescent staining assay by which the morphological
changes can be visualized. Depending upon the percentage intake of Acridine orange
AO/Ethidium bromide EB stains, the live and apoptotic cells can be distinguished. AO
permeates all the live cells hence appear green; where as the EB is taken up only by the cells
which have lost their cytoplasmic membrane integrity, therefore appear red [35, 57, 58]. The
cancer (HepG2 and HelLa) cells were incubated with the ICso value of the test compound and
the vehicle control. After the nuclear staining, they were visualized under fluorescent
microscope (Ziess, Axiovert 25, Germany). From Figs. 4.14 (a) and 4.115 (a), it can be
clearly observed that the live cells with green nucleus were predominant in the control
compared to that of the test compound (Figs. 4.14 (b) and 4.15 (b)). The apoptotic cells with
orange nucleus were substantial in the test compound treated cells. Along with the apoptosis,

small amount of necrosis is also observed.

4.3.4.4. Comet assay

Cytotoxicity leading to DNA damage can be validated by single cell gel
electrophoresis. A simple yet sensitive technique like comet assay or single cell gel
electrophoresis detects the DNA damage at cellular level [35, 57, 58]. The nuclei of HepG2
and HeLa cells treated with the test compound alongside the control were stained with EB
and visualized under fluorescent microscope. Figs. 4.16 and 4.17 represent the single cell gel
(alkaline) electrophoresis showing DNA fragmentation in test compounds treated HepG2 and
HelLa cells, respectively. The fragmentation or DNA disintegration in an individual cell is
observed as comet tails [35, 57, 58]. However, vehicle treated cells (control) do not show any

fragmentation.
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(a) (b)

Fig. 4.14. Acridine orange assay for: (a) control, (b) complex (2) treated HepG2 cells.
Green and orange colors indicate live and apoptotic cells, respectively.

€Y (b)

Fig. 4.15. Acridine orange assay for: (a) control, (b) complex (5), treated HeLa cells.

Green and orange colors indicate live and apoptotic cells, respectively.
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(@) (b)

Fig. 4.16. Comet assay for: (a) control, (b) complex (2), treated HepG2 cells.

€Y (b)

Fig. 4.17. Comet assay for: (a) control, (b) complex (5) treated HeLa cells.
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4.4.5. DNA Binding Studies by UV-Visible Absorption Spectrometry

The absorption spectra of the complexes show intense absorption bands arising from
the intraligand transitions [41, 88, 89, 91, 133] located in the range 250-260 nm and 330 nm.
Upon increasing the concentration of DNA, a considerable change in the absorptivity with
apparent red or blue shift (~ 2 nm) was observed (as shown in Fig. 4.18). The hyperchromism
in the spectra of the complex (2) was found to be correlated with the non-classical
electrostatic binding mode with DNA and may arise due to the preferential binding of the
Sn(IV) to dinegative phosphate group of DNA backbone because of its hard Lewis acidic
property [41, 88, 89, 91, 133]. The complex does not exhibit any pronounced sequence or
base preference while interacting with DNA which elicits electrostatic binding of the
complex. For complexes (1), (3), (4) and (5), a decrease in the intensity suggests that the
complex can unwind DNA helix and leads to the loss of helicity, perturbing the secondary
structure of DNA [41, 88, 89, 91, 133]. As complexes (2) and (5) are non-planar, the presence
of two/three phenyl groups induces steric effects which also promote partial intercalative
binding of complexes to DNA. The intrinsic binding constant determined according to Eq.
4.3 for the complex (2) (Fig. 4.18 (b)) and (5) (Fig. 4.22 (b)) were found to be 2.33 x 10° M!
and 2.46 x 10° M1, respectively, while for the complexes (1) , (3) and (4) (Figs. 4.19 (a),
4.19 (c) and Fig. 4.19 (d)), it is 1.13 x 10° M%, 2.78 x 10° M! and 251 x 10° MY,
respectively indicating pronounced binding with DNA.

[DNA] _ [DNA] 1

lea —ef|  len—ef| e —efKs

(4.3)
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Fig. 4.18. Variation of UV-Visible absorption for complexes (1): (a), (2): (b), (3): (c), and
(4): (d), respectively, with increase in the concentration of CT DNA (2-20 x
10 M) in buffer (5 mM Tris-HCI/50 mM NaCl, pH = 7.2) at room
temperature. [Complex] = 2 x 10> M. Arrows indicate increment or

decrement in absorbance.
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(2): (a), (2): (b), (3): (c), and (4): (d), respectively.
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4.3.6. Fluorescence Studies

The binding of the complexes to CT DNA was studied by evaluating the fluorescence
emission intensity of the ethidium bromide (EB)-DNA system upon the addition of series of
concentrations of the complexes [41, 88, 89, 91, 133]. The emission spectra of (2) and (5) in
the absence of DNA and presence of DNA and Stern-volmer plots are presented in Fig. 4.20,
Fig. 4.21 and Fig. 4.22 (c), when excited at 263 nm and the emission wave length is 603 nm.
As evident from the spectra, the intensity of the emission (A = 603 nm) decreases for (2)
because it replaces the EB. Emission intensity increases in case of (5) appreciably in presence
of DNA indicative of the binding of the complex (2) to the hydrophobic pockets of DNA.
This is due to the fact that the metal complex is bound in a relatively non-polar environment
compared to water [41, 88, 89, 91, 133]. Although the emission enhancement could not be
regarded as criterion for binding mode, they are related to the extent to which the complex
gets into the hydrophobic environment inside the DNA and avoid or reduce the accessibility

of solvent molecules to the complex.

Furthermore, the relative binding propensity of the complexes to CT DNA was
determined by the classical Stern-Volmer equation (Eq. 4.4) where, | and lo are fluorescence
intensities in absence and presence of quencher, respectively; Ksy is the linear Stern-Volmer
quenching constant, dependent on rye (the bound concentration of EB to the [DNA]) and r is
the ratio of [quencher] to that of [DNA].

I
70 =1+Kg,r (4.4)

The Stern-Volmer quenching constants can be used to evaluate the nature of DNA-
binding modes; a value above 10° M is an indication of intercalation, while values in the
range 10°-10° M imply the groove binding mode [129]. The Stern-Volmer quenching
constant (Ksv) of complex (2) (Fig. 4.21 (b)) and (5) (Fig. 4.22 (d)) is 9.74 x 10° Mt and 2.9
x 10° M2, respectively, while for the complexes (1), (3) and (4) (Figs. 4.21 (a), 4.21 (c) and
4.21 (d), respectively), it is 6.38 x 10* M2, 1.50 x 10° M* and 1.86 x 106 M, respectively.
Therefore, from Ky, values, the DNA-binding mode of (2) might be by the groove binding
and that of (5) by intercalation.
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Fig. 4.21. Stern-Volmer quenching plots of EB bound to DNA with complexes (1): (a),
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presence of CT DNA.
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Fig. 4.22. (a) Variation of UV-visible absorption for complex (5) with increase in the

concentration of CT DNA (2-20 x 10-° M) in buffer (5 MM Tris—HCI/50 mM
NaCl, pH = 7.2) at room temperature. [complex] = 2 x 10° M. Arrows
indicate increment or decrement in absorbance; (b) Plot of [DNA]/(ea — ef) vs
[DNA] for the titration of CT DNA with complex; (c) Emission spectra of
complex (5) in Tris—HCI buffer (pH = 7.2) in the absence and presence of CT
DNA. [Complex] = 1-10 x 10° M, [DNA] = 10-° M; and (d) Stern-Volmer
guenching plot of EB bound to DNA with complex (5).
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4.3.7. Gel Electrophoresis

To assess the DNA cleavage ability of the (2) and (5), pBR322 DNA was incubated
with different concentrations of the complexes (5-50 uM) in 5 mM Tris—HCI/50 mM NaCl
buffer at pH 7.2, for 2.5 h. When circular plasmid DNA was subjected to gel electrophoretic
mobility assays, relatively fast migration was observed for intact supercoiled form I.
However, if scission of DNA occurs at one strand, the supercoiled DNA converted in to a
slower moving open/nicked circular form Il. If both strands are cleaved, a linear form 111 was
generated [130]. In all the complexes, upon gel electrophoresis, there is an enhancement of
the intensity of form Il upon increasing concentration from r = 1 to r = 20, where r =
[complex]/[DNA]), a slight increase in form Il is observed as depicted from Fig. 4.23. This
indicates that these complexes promotes the conversion of DNA from supercoiled form 1 to
nicked circular form I1, which clearly implicates the role of organotin in the process of DNA

cleavage.
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Fig. 4.23. Agarose gel (0.8%) electrophoretograms of cleavage of pBR322 DNA plasmid
with complexes (1): (a), (2): (b), (3): (c), (4): (d), and (5): (e), respectively,
incubated for 2.5 h at 37 °C in 5:50 mM Tris—HCI/NaCl buffer, pH 7.2. From
left to right: DNA control; lane 1, r=1; lane 2, r =2; lane 3, r =5; lane 4, r =
10; lane 5, r = 15; lane 6, r = 20; r = [Complex]/[DNA].
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5.1. INTRODUCTION

Inosine monophosphate (5’-1IMP) or inosinic acid is a ribonucleoside monophosphate
of hypoxanthine [135, 136]. Derivatives of 5’-IMP are found in nucleic acids, muscle and
other tissues [135, 136]. Inosinate ((5’-IMP)?) is the first intermediate formed in the
synthesis of purines, AMP and GMP. Replacement of carbonyl group at C6 position with an
amino group results in AMP, whereas, GMP is formed by the inosinate oxidation to
xanthylate (XMP) followed by the addition of an amino group at C2 [135, 136]. Inosine
monophosphate dehydrogenase (IMPDH) enzyme catalyses this step, thus it is a key enzyme
in de novo GMP biosynthesis. The diseases and physiological processes could be affected
with the expression and activity of IMPDH [137]. Prevention of this step inhibits cancer cell
proliferation and induction of apoptosis, hence could be a possible target for cancer
chemotherapy [137]. 5’-IMP and its salts (e.g. disodium inosinate) are also used as flavor
enhancers in food industry [136]. Organotin(IV) complexes of 5’-IMP and their biological
activities have not been reported till now, however, their solution studies are available in
literature. Chapter 1 literature review gives a brief report on 5’-IMP and its organotin(1V)
solution studies. Synthesis and characterization of diorganotin complexes with (5’-IMP)*
have been discussed in the current chapter. It has been reported that the disodium-5’-inosinate
consists of ~ 7.5 molecules of water of crystallization [136], however, it varies depending
upon the source and purification method. The disodium-5’-inosinate ligand utilized in the
present study is procured from Sigma-Aldrich with water not more than 25% (approximately
5.5 H20 molecules). The presence of phenanthroline moiety may have pronounced influence
(increase/decrease) on the biological activities of organotin—(5’-IMP) complexes, therefore,
mixed diorganotin(IV) complexes of (5’-IMP)* and 1,10-phenanthroline (phen) were also
synthesized and characterized by using spectroscopic techniques such as IR, far-IR, NMR
(*H, 3C, 11¥Sn). In vitro anti-tumor activity (by MTT assay) against mammary (MCF7), liver
(HepG2) cancer cell lines of human origin have been screened and ICso values of the titled
complexes have been determined. Furthermore, to view the insight on the mode of action of
the studied complexes, acridine orange and comet assays have been done. DNA binding
affinity studies of the complexes by using ultraviolet-visible (UV-Vis), fluorescence
spectroscopy and cleavage experiments by submarine agarose gel electrophoresis have been
carried out and the results are discussed in detail in this chapter.
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5.2. EXPERIMENTAL SECTION
5.2.1. Synthesis of Dimethyltin(IV) Derivative of (5’-IMP)> (1)

An aqueous methanolic (20 mL, 1:1 or 50%) solution of dimethyltin(IV) dichloride
(0.220 g, 1.0 mmol) was stirred for half an hour. An aqueous methanolic solution of 5’-
inosine monophosphate disodium salt hydrate (5’-IMP-Naz.xH20, also referred as 5’-IMP-
Naz) (0.392 g, 1.0 mmol) was added to the resulting solution and constantly stirred for ~ 5 h
under nitrogen atmosphere. The resultant was centrifuged and filtered to remove the NaCl
formed during the reaction. Excess solvent was removed under reduced pressure and allowed
to chill. The fluffy white solid product obtained was washed with methanol-water mixture

(1:1 v/v) followed by methanol-hexane mixture (1:3 v/v), and dried under vacuum.
5.2.2. Synthesis of Diphenyltin(IV) Derivative of (5’-IMP)? (2)

5’-IMP-Naz (0.392 g, 1.0 mmol) was dissolved in minimum amount (20 mL) of hot
aqueous methanol (1:1) under nitrogen. An aqueous hot methanolic (20 mL, 1:1) solution of
diphenyltin(IV) dichloride (0.344 g, 1.0 mmol) was added and the resultant was further
refluxed with constant stirring for at least ~ 24-26 h under nitrogen atmosphere. The
resulting solution was centrifuged and filtered to remove the NaCl formed during the
reaction. The excess of solvent was removed under reduced pressure and chilled. The solid
cream product obtained was washed with methanol-hexane or methanol-petroleum ether (b.p.

40-60 °C) mixture (1:3 v/v), and dried under vacuum.
5.2.3. Synthesis of Dibutyltin (IV) Derivative of (5°-IMP)? (3)

Dibutyltin(IV) derivative was prepared under nitrogen atmosphere by the drop-wise
addition of aqueous hot methanolic (20 mL, 1:1) solution of dibutyltin dichloride (0.304 g,
1.0 mmol) to the aqueous hot methanolic (20 mL, 1:1) solution of 5’-IMP-Na> (0.392 g, 1.0
mmol). The reaction mixture was further refluxed with constant stirring for at least 24-26 h.
Centrifugation of the resultant and the removal of NaCl was carried out by filtration. Excess
solvent was reduced and chilled, and the white solid product thus obtained was washed with
water followed by methanol-hexane or methanol—petroleum ether (b.p. 40-60 °C) mixture

(1:3 v/v), and dried under vacuum.
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5.2.4. Synthesis of Mixed Dimethyl/Diphenyl/Dibutyltin(IV) Derivatives of (5’-IMP)%*-
and 1,10-Phenanthroline (4)/(5) and (6)

Similar procedures discussed in subsections 5.2.1., 5.2.2 and 5.2.3., respectively,
were adapted initially to synthesize the dimethyl/diphenyl/dibutyltin(IV) derivatives of 5’-
IMP in 1:1 ratio. In situ addition of 1,10-phenanthroline (0.18 g, 1.0 mmol) in aqueous
methanol (20 mL, 1:1) to the above mixtures was carried out. Dimethyltin(IV) derivative was
stirred for ~ 3 h, whereas the diphenyl/dibutyltin(I\V) derivatives were refluxed for another ~
20 h. The products were centrifuged and the NaCl was removed by filtration. The filtrate was
reduced and allowed to cool followed by washing with water-methanol (1:1 v/v) and

methanol-hexane (1:3 v/v) mixtures, and dried under vacuum.

Fig. 5.1. Structure and numbering scheme of sodium salt of inosine monophosphate (5°-
IMP-Naz2.xH20).

5.3. RESULTS AND DISCUSSION

5.3.1. Synthetic Aspects

Reaction(s) of Me2SnClz, Ph2SnClz, BuzSnClz with 5°-IMP-Na2.xH20 (x ~ 5.5) (Eqg.
(5.1)) in aqueous methanol (50%) in 1:1 ratio led to the formation of new diorganotin(IV)
inosinates ((1), (2) and (3), respectively) of general formulae, [R2Sn(5’-IMP.4H20).H20]x
and the in situ reaction(s) of Me2SnCl,, Ph2SnClz, Bu2SnCl, with 5°-IMP-Naz.xH20 (X ~ 5.5)
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and 1,10-phenanthroline (phen) (Eg. (5.2)) in aqueous methanol (50%) in 1:1:1 ratio led to
the formation of new ligand complexes ((4), (5) and (6), respectively) of general formulae,
[R2Sn(5°-IMP.5H.0)(phen)]. All the complexes obtained are white or cream solids (Table
5.1) and are stable towards air and moisture. Dimethyltin(I\V) inosinate complex (1) is
sparingly soluble in hot DMSO and insoluble in all organic solvents. Mixed dimethyltin(1V)
derivative of inosinate and 1,10-phenanthroline (4) is insoluble in all organic solvents.
Complexes (2), (3), (5) and (6) are readily soluble in hot DMSO, but insoluble in other

organic solvents.

R,SNCl, + 5-IMP-Na,.xH ,0 —H2MOH @) 1R Sn(5-IMP4H,0).H,0], + 2NaCl (5.1)
(Where, R = Me, Ph, Bu; 5’-IMP-Naz.xH20 = 5’-Inosine monophosphate disodium salt

hydrate, X ~ 5.5; n > 2)

R,SnCl, +5-IMP- Na,. xH ,0 —HeMeridhlhen_,1p on(5'-IMP5H,0)(phen)]+ 2NaCl (5.2)
(Where, R = Me, Ph, Bu; 5’-IMP-Naz.xH20 = 5’-Inosine monophosphate disodium salt
hydrate, X ~ 5.5; phen = 1,10-phenanthroline)

All the complexes were decomposed instead of melting, indicating their polymeric
nature. The analytical data of all the synthesized derivatives suggests that the diorganotin
inosinate complexes (1), (2) and (3) are crystallized in 1:1 stoichiometry (Table 5.1) with 5
H20 molecules. It has been proposed that one water molecule is involved in coordination
with the tin atom and four water molecules of the ligand (5’-IMP.xH20; x ~ 5.5) staying
intact (on the basis of spectral studies discussed in the later sections), whereas the mixed
diorganotin(IV) derivatives of inosinate and 1,10-phenanthroline (4), (5) and (6) were
observed in 1:1:1 stoichiometry (Table 5.1) with five ligand water molecules remaining
intact.
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Table 5.1. Characteristic Physical Properties and Analytical Data of Diorganotin(IV) Derivatives of (5’-IMP)?~ and Their Mixed 1,10-
Phenanthroline Complexes

Color &

Decomposition

Analysis (%) Observed (Calculated)

Complex _C_omplex Physical state Yield temperature
No. (Empirical Formula) (%) °C) C H N sn
1. [Me2Sn(5’-IMP.4H20).H20]n  White solid 85 178-180 2395 462 926 1943
(C12H27N4O13PSN)n (24.64) (4.65) (9.58) (20.29)
2. [Ph2Sn(5°-1IMP.4H20).H20]x Cream solid 75 170-175 36.42 458 798 1595
(C22H31N4O13PSN)n (37.26) (4.41) (7.90) (16.74)
3. [Bu2Sn(5°-IMP.4H20).H20], ~ White solid 77 280-282 3125 529 870 1850
(C18H39N4O13PSN)n (32.31) (5.87) (8.37) (17.74)
4. [Me2Sn(5°-IMP.5H.0)(phen)]  White solid 31 180-182 3770 468 9.23  16.95
(C24H35N6O13PSN) (38.37) (4.70) (9.32) (15.80)
5. [Ph2Sn(5°-IMP.5H.0)(phen)] ~ White solid 48 238-240 4556 426 848 1459
(CsaH39N6O13PSN) (46.65) (4.49) (8.00) (13.56)
6. [Bu2Sn(5°-IMP.5H20)(phen)] ~ White solid 33 240-242 4437 640 945 1592
(C30H47N6O13PSN) (43.13) (5.67) (8.38) (14.21)
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5.3.2. IR and Far IR Spectroscopy

Table 5.2 presents the characteristic infrared and far-infrared frequencies (cm™) of
the titled complexes and ligands. Some representative IR spectra of the studied complexes
are presented in Figs. 5.2 and 5.3. In the IR spectra of all the complexes, the v(OH) in 3414—
3321 cmregion are broadened due to the presence of water molecules which may result in
various degrees of hydrogen bonding. In all the complexes, a sharp band at 1685 + 5 cm™
corresponding to v(C=0) of hypoxanthine unit of (IMP)?>~ is shifted towards higher
frequencies (0-10 cm™) as compared to that of the ligand (1680 cm™). The high frequency
shift is attributed to the intermolecular hydrogen bonding of water molecules with the
carboxyl oxygen group ((C=0)---H-0). The v(CO) of ribose of (IMP)?>" unit shows
significant shifts in the range 1259-1209 cm in all the complexes, attributed to the change
in ribose conformation. The in plane C—H vibrations of phenanthroline ring in the mixed
diorganotin(IV) derivatives ((4), (5) and (6)) show significant shifts in the region 1217-1127
cmt, which can be attributed to phenanthroline ring deformation. Further, the v(ring)
characteristic of the ribose pucker (~ 850 cm [38]) shows a considerable shift in the range
896-826 cm, suggesting that the ribofuranose of (IMP)?~ is involved in complexation with
tin. The shifts in the asymmetric and symmetric stretching frequencies of phosphate group
(vas(PO3)*Ivs(PO3)?") of ribofuranose at 1090-900 cm indicate the bonding of phosphate
group with the organotin moiety. Further, the appearance of the new v(Sn—O- Sn)/v(Sn—O)
bands at 551-508 cm™ in all the complexes and v(Sn—N)/v(Sn«<N) at 508-453 cm™ in
complexes (4), (5) and (6), indicate that the coordination occurs possibly via oxygen of
(PO3)? of (IMP)* moiety and nitrogen of phenanthroline moiety, respectively. Very weak to
medium Sn—C bond frequencies in the ranges 695-603 cm™ (vas(Sn—C)) and 607-558 cm*
(vs(Sn—C)) for (1), (3), (4) and (6) complexes, and in the ranges 289-210 cm (vas(Sn—C))
and 273-211 cm™ (vs(Sn—C)) in far IR region for (2) and (5) demonstrate a modest prospect
of cis-disposition of alkyl/aryl groups around tin. The ring deformation peaks in ranges 427—
416 cm for complexes (4), (5) and (6) clearly shows the conformational changes in the

phenanthroline ring moiety.
5.3.3. NMR Spectroscopy

The H, BC and °Sn NMR spectra of the studied complexes were recorded in
DMSO-d6 solvent and the data are presented in Tables 5.3, 5.4 and 5.5, respectively. Some
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Table 5.2. IR and Far-IR Spectral Data of Diorganotin(IV) Derivatives of (5’-IMP)?~ and Their Mixed 1,10-Phenanthroline Complexes in
KBr (v/cm™)

v(C-0)/ _
LU WO WC0) VGO wCHy s RS MEROL A G,
v(ring) vas(PO3)?/ ation
vs(PO3)*-
5’-IMP-Naz 3355sbr 1680s 15925, 1218 s, 827m, - — — -
1549 s, 1069 br 704 m
1477 s,
1422 s,
1374 m,
1337 m
phen - — 1619 s, 1210 m, 849s - - - 409 m
1599 s, 1137 m
1502 s,
1416 s,
1345 sh
1 3406 br 1688s 15905, 1206 m, 896 m, 6335, 524 m, - —
1547 s, 1128 mbr, 792's 558 s 492 w
1516's, 1001sbr
1418 s,
1380 m,
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1345 m

3414br 1690s  1537m, 1209 w, 826 m, 289s, 508 m, — -
1515m, 1127 s, 741m  210m 455 w
1459 m, 1020 s,
1421m, 903 w
1377 m,
1348 m
3411br 1693s 1533 sh, 1231m, 825w, 603 w, 508 w, - -
1483s, 1177m, 777 m 585w 446 m
1401 s 1129 m,
1075m,
1045 m,
1008 m
3335Dbr 1681 shr 15915, 1259 sh, 828 s 635 w, 5155 490 w 416's
1548 s, 1217 s, 594 w
1519 s, 1060 mbr,
1478 s, 979 w
1422 s,
1374 s
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5. 3424 br 1685s 1630 m, 1209 m, 833m, 273 m, 509 m 453 m 416 m

1588 s, 1126 s, 726 m 211 m
1516sh, 1012 s,
1405 s, 900 w
1341 sh
6 3339br 1688s 1627 sh, 1218 m, 882 mbr, 695 m, 551 m 508 s 427 m
1558 s, 1176s, 787 m 607 m
1427 s, 1126,
1376 s, 1090 mbr
1338 sh

& Complex number as indicated in Table 5.1; phen = 1,10-phenanthroline; s: strong; br: broad; m: medium; sh: shoulder; w: weak
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Table 5.3. TH NMR Spectral Data of Diorganotin(IV) Derivatives of (5’-IMP)?~ and Their
Mixed 1,10-Phenanthroline Complexes

Ligand/

Complex®

o ppm (DMSO-d6)

5’-IMP-Naz

phen

10.64 s, 1H (N1-H); 8.27 s, 1H (H-2); 7.94 s, 1H (H-8); 5.87 s, 1H (H-1"); 5.45 s,
1H (OH-2°); 5.10 s, 1H (OH-3"); 4.50 s, 1H, (H-2"); 4.18 s, 1H, (H-3"); 4.00 s, 1H,
(H-4°); 3.92, 3.79's, 2H, (H-5").

9.17 s, 2H, (H-2, H-9): 8.76 s, 2H, (H-4, H-7); 8.44 s, 2H, (H-5, H-6) 7.26 s, 2H,
(H-3, H-8).

IMP unit:; 12.44 s, 1H (N1-H); 8.31 s, 1H (H-2); 7.95s, 1H (H-8); 5.89 s, 1H (H-1");
5.56-5.07 sbr, 2H (OH-2’, OH-3"); 4.60 s, 1H (H-2); 4.19 s, 1H, (H-3"); 4.10 s, 1H,
(H-4"); 4.00, 3.41 s, 2H (H-5);) 3.16 s, 10H (H20); Sn-methyl: 0.93 m, 6H, 2J =
106.02 Hz, 8 = 175.53°.

IMP unit; 12.38 s, 1H (N1-H); 8.28 s, 1H (H-2); 7.98 s, 1H (H-8); 5.90 s, 1H, (H-
1°); 5.54— 5.46 sbr, 2H (OH-2°, OH-3"); 4.57 s, 1H, (H-2"); 4.13 s, 1H, (H-3"); 4.00
s, 1H, (H-4); 3.36-3.59 m, 2H (H-5); 3.35 s, 10H (H20); Sn-phenyl: 7.19-8.25 m,
10H (H-B, H-y, H-3).

IMP unit; 12.35 s, 1H (N1-H); 8.27 s, 1H (H-2); 8.00 s, 1H (H-8); 5.87 s, 1H, (H-
1°); 5.66— 5.14 sbr, 2H (OH-2’, OH-3"); 4.55 s, 1H, (H-2"); 4.15 s, 1H, (H-3"); 4.08
s, 1H, (H-4%); 3.98 m, 2H (H-5"); 3.30 s, 10H (H20); Sn-butyl: 0.53-1.72 m, 18H
(H-0, H-B, H-y, H-5).

IMP unit: 12.37 s, 1H (N1-H); 8.05 s, 1H (H-2); 7.92 s, 1H (H-8); 5.89 s, 1H, (H-
1°); 5.56, 5.52 sbr, 2H (OH-2’, OH-3"); 4.57 s, 1H, (H-2’); 4.11 s, 1H, (H-3"); 4.09
s, 1H, (H-4’); 4.04, 4.03 s, 2H (H-5"); 3.34 s, 10H (H20); phenanthroline unit: 9.10
s, 2H, (H-2, H-9); 8.51, 8.49 s, 2H (H-4, H-7); 8.00 m, 2H (H-5, H-6); 7.84, 7.78 s,
2H (H-3, H-8); Sn-phenyl: 7.21-7.44 m, 10H (H-B, H-y, H-9).
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6. IMP unit: 12.34 s, 1H (N1-H); 8.14 s, 1H (H-2); 7.83 s, 1H (H-8); 5.87 s, 1H, (H-
1°); 5.66, 5.12 s, 2H (OH-2’, OH-3’,); 4.48 s, 1H, (H-2); 4.15 s, 1H, (H-3"); 4.08 s,
1H, (H-4%); 3.99, 3.31 2H (H-5"); 3.30 s, 10H (H20); phenanthroline unit: 9.15 s, 2H
(H-2, H-9); 8.56, 8.54 s, 2H, (H-4, H-7); 8.27 s, 2H (H-5, H-6); 8.02, 8.00 s, 2H (H-
3, H-8); Sn-butyl: 0.53-1.73 m, 18H (H-o, H-B, H-y, H-9).

2 Complex number as indicated in Table 5.1.;"numberring of carbons and protons are as mentioned in

Fig. 5.1.; s: singlet; d: doublet; t: triplet; m: multiplet; br: broad; angle é calculated from Eq: £C-Sh—
B
a a B Y 8 Sn= \ 5

C = 0.0161]2)]2 — 1.32]4| + 133.4; “CHs; -CHyCHyCHCHs: 5 v : phen = 1,10-phenanthroline; H
NMR of complex (4) couldn’t be determined due to its insolubility in DMSO-d6.

121



Table 5.4. 13C NMR Spectral Data of Diorganotin(IV) Derivatives of (5’-IMP)>~ and Their
Mixed 1,10-Phenanthroline Complexes

Ligand/

Complex®

6 ppm (DMSO-d6)

5’-IMP-Naz

phen

1P,

4>,

156.90 (C-6); 150.80 (C-2); 145.60 (C-4); 144.80 (C-8); 117.60 (C-5); 80.90
(C-4); 79.10 (C-1°); 75.30 (C-3); 74.80 (C-5); 74.00 (C-2").

149.20 (C-9, C-2); 136.75 (C-4, C-7); 125.95 (C-6, C-5); 123.23 (C-3, C-8),
132.74 (C-4a, C-6a/C-4b, C-6Db).

IMP unit: 157.83 (C-6); 155.78 (C-2); 147.67 (C-4); 137.12 (C-8); 122.07 (C-
5); 86.51 (C-4’); 84.76 (C-1°); 82.12 (C-3’); 76.36 (C-2’); 71.18 (C-5"); Sn-
methyl: 12.27 (C-a).

IMP unit; 156.06 (C-6); 152.73 (C-2); 149.39 (C-4); 141.96 (C-8); 116.15 (C-
5): 89.48 (C-4°); 84.70 (C-1°); 78.29 (C-3"); 74.27 (C-2’); 71.37 (C-5"); Sn-
phenyl: 126.66 (C-a); 131.94 (C-B); 123.07, 125.72 (C-y, C-3).

IMP unit: 155.63 (C-6); 152.90 (C-2); 147.09 (C-4); 146.06 (C-8); 113.59 (C-
5); 81.11 (C-4°); 76.58 (C-1°); 75.04 (C-3"); 72.74 (C-2’); 70.00 (C-5"); Sn-
butyl: 12.97 (C-a); 37.96 (C-p); 31.21, 32.91 (C-y, C-5).

IMP unit: 157.21 (C-6); 154.13 (C-2); 151.73 (C-4); 136.08 (C-8); 117.02 (C-
5); 86.84 (C-4’); 85.66 (C-1°); 74.17 (C-37); 70.82 (C-2°); 61.84 (C-5);
phenanthroline unit: 149.18 (C-9, C-2); 141.13, 140.21 (C-4, C-7); 127.94 (C-
6, C-5); 125.68 (C-3, C-8); 129.87 (C-4a, C-6a/C-4b, C-6b); Sn-methyl: 14.14
(C-0)

IMP unit: 157.67 (C-6); 153.68 (C-2); 146.35 (C-4); 135.49 (C-8); 115.16 (C-
5); 87.13 (C-4’); 86.24 (C-1"); 74.90 (C-3’); 70.98 (C-2’); 65.81 (C-5°);
phenanthroline unit: 147.19 (C-9, C-2); 138.38 (C-4, C-7); 135.38 (C-6, C-5);
135.19 (C-3, C-8); 128.02 (C-4a, C-6a/C-4b, C-6b); Sn-phenyl: 128.24 (C-a),
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130.06 (C-B), °129.06 (C-y, C-9).

6. IMP unit: 158.45 (C-6); 152.64 (C-2); 148.02 (C-4); 144.60 (C-8); 119.14 (C-
5); 89.83 (C-4°); 86.07 (C-1); 77.18 (C-3’); 76.41 (C-2°); 72.48 (C-5);
phenanthroline unit: 141.44 (C-9, C-2); 136.06° (C-4, C-7, C-6, C-5); 129.05¢
(C-3, C-8, C-4a, C-6a/C-4b, C-6b); Sn-butyl: 3.26 (C-a), 37.01(C-B, C-y),
31.38 (C-3).

aComplex number as indicated in Table 5.1. ® determined through solid state **C NMR at 10 KHz; ¢
B
(&3 o B Y & sn= \ 3

merged; “numberring of carbons are as mentioned in Fig. 5.1.; “CHa;-CHyCH-CHyCHs - 57 - phen
= 1,10-phenanthroline
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Fig. 5.2. IR spectrum of dimethyltin(IV) inosinate.
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Fig. 5.3. IR spectrum of diphenyltin(IV) inosinate.
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Fig. 5.4. 'H NMR spectrum of dimethyltin(IV) inosinate.
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Fig. 5.5. Solid state 3C NMR spectrum of dimethyltin(1V) inosinate.
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Fig. 5.6. °Sn NMR spectrum of mixed diphenyltin(1V) derivative of (5°-IMP)> and
1,10-phenanthroline.

representative *H, $3C and 1°Sn NMR spectra of the titled complexes are presented in the
Figs. 5.4, 5.5 and 5.6. Complex (1) is sparingly soluble in DMSO-d6, therefore, only the
solution state *H NMR could be recorded. Complex (4) is insoluble in all the organic
solvents, therefore, acquisition of *H NMR spectra could not be obtained. The chemical shifts
of the protons are observed at the expected position as compared to the ligands, 5’-IMP-Na>
and 1,10-phenanthroline. The N(1)H chemical shift of (5’-IMP) base moiety drifted
downfield (¢ 12.34 —12.44 ppm) indicating the hydrogen bonding with water molecules. The
H-2 (~ 6 8.31 ppm) and H-8 (~ ¢ 7.95 ppm) showed almost negligible downfield shift for
diorganotin(IV) inosinate derivatives, where as a minor upfield shift is observed for the
mixed diorganotin(IV) derivatives of (5’-IMP)* and phenanthroline. Similarly, a negligible
downfield shift for H-1" proton (~ ¢ 5.87 ppm) is observed indicating the non-involvement of
base unit in complex formation. The (OH-2") and (OH-3") hydroxyl protons chemical shifts
of the ribose sugar were broadened. All the furanose ring protons are observed at respective
chemical shifts, but the H-5 resonances are shifted considerably indicating the involvement
of (PO3)* group in bonding with organotin moiety. The phenanthroline ring proton
resonances in complexes (4), (5) and (6) underwent upfield shift indicating that electron
fluctuation might have occurred due to reorganization to form new Sn—N (phen) bond. The
alkyl/aryl-Sn resonances are appeared in multiplet pattern for all the complexes, hence, 2J
[*1°Sn-1H] could not be resolved except for the complex (1) (dimethyltin(IV) inosinate),
where the heteronuclear coupling constant 2J [**°Sn-tH] is determined to be 106.02 Hz and
the C-Sn—C bond angle is calculated (¢ = 175.53°) using Lockhart and Manders equation
[123].
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Fig. 5.7. Proposed structures of: (a) (i) and (ii) diorganotin(l1V) inosinate derivative, (b)

mixed diorganotin(IV) derivative of (5’-IMP)? and 1,10-phenanthroline.
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Due to low solubility, the *C NMR spectra of complexes (1) and (4) are obtained by using
solid state NMR spectroscopy at 10 KHz in a 4 mm diameter tube. The *C NMR spectral
data suggests that a negligible shift is observed for all base carbon atoms but, a considerable
shift is observed for the ribose carbon atoms especially for C-5°, further confirms the
involvement of phosphate group of furanose ring in bonding with the tin. The *°Sn NMR
spectra of complexes (1) and (4) could not be recorded owing to their poor solubility in all
the solvents. The 1°Sn NMR chemical shifts of complexes (2), (3), (5) and (6) are observed
at 0 —240.49, -270.02, —219.62 and —284.76 ppm, respectively, suggesting a distorted

octahedral geometry around tin [32].
5.3.4. In Vitro Cytotoxicity Studies
5.3.4.1. MTT assay

Owing to the poor solubility of complexes (1) and (4), only complexes (2), (3), (5) and (6)
have been screened for in vitro anti-tumor activity against two cancer cell lines of human
origin, viz. MCF7 (mammary), HepG2 (liver). The inhibitory concentration (ICso) values are
calculated for the titled complexes using best fit linear regression model [35]. Table 5.6
presents the 1Cso values of the studied complexes along with the standard reference drugs, cis-
platin (CPT) and 5-fluorouracil (5-FU). From the table 5.6, it can be inferred that the test
compounds (3), (5) and (6)) are found to be much more active against MCF7 cell lines
compared to that of cis-platin, in fact their activities are comparable to that of 5-fluorouracil.
The complex (2) is slightly more active against MCF7 as compared to that of cis-patin but it
shows very less activity in comparison to 5-fluorouracil. The dibutyltin(IV) complexes (3)
and (6) are found to be very active against HepG2 cell lines in comparison to that of cis-platin
but they show comparable activity with respect to 5-fluorouracil. The ICso values of the
diphenyltin(IVV) complexes (2) and (5) against HepG2 cell line are found to be above 40
ug/mL, hence considered to be inactive for the reason unknown. The presence of
phenanthroline moiety induces the cytotoxicity, hence, the mixed complexes (5) and (6) are
more active compared to that of respective diorganotin(IV) inosinates. However, the
dibutyltin(IV) inosinate (3) is found to be the most active complex against both (MCF7 and
HepG2) cell lines.
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Table 5.5. 119Sn NMR Spectral Data of Diorganotin(IV) Derivatives of (5’-IMP)? and Their
Mixed 1,10-Phenanthroline Complexes

Complex@ 6 ppm (DMSO-d6)
2. —240.49
3. —270.02
5. —219.62
6. —284.76

@ Complex number as indicated in Table 5.1; *°Sn NMR complexes (1) and (4) could not be
determined due to low solubility.

Table 5.6. Screening of Diorganotin(lV) Derivatives of (5’-IMP)?~ and Their Mixed 1,10-
Phenanthroline Complexes for their In Vitro Cytotoxic Properties (MTT assay). The Results
are Expressed as ICso (ug/mL = SEM) Values

Complex@/Drug MCF7 HepG2
2. 23.31+9.19 > 40.0
3. 1.05+£0.70 545 +1.88
5. 2.62+1.89 > 40.0
6. 1.15+£0.79 6.80 + 2.49
cis-platin 15.79 £ 0.10 12.83+0.10
5-Fluorouracil <497 <4.97

& Complex number as indicated in Table 5.1. ICso < 4 pg/mL: most active; ICso in between 4 — 40
ng/mL moderately active; ICso> 40 pg/mL: inactive [35].
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5.3.4.2. Acridine orange assay

The cancer MCF7 cells were incubated with the 1Cso value of the test compounds (3)
and (6) and the vehicle control (DMSO). As already mentioned in chapter 4, depending upon
the percentage intake of Acridine orange AO/Ethidium bromide EB stains, the live and
apoptotic cells can be distinguished [35]. AO permeates all the live cells hence appear green;
where as the EB is taken up only by the cells which have lost their cytoplasmic membrane
integrity, therefore appear red [35]. The acridine orange assay results of the control,
complexes (3) and (6) are represented in the Figs. 5.8 (a), 5.8 (b) and 5.8 (c), respectively.
From the Figs. 5.8 (a), 5.8 (b) and 5.8 (c), it can be clearly observed that the live cells with
green nucleus were predominant in the control compared to that of the test compounds. Out
of both the test compounds, it has been observed that the apoptotic cells are substantial for
complex (3) (dibutyltin(I\V) inosinate) compared to that of mixed complex (6) (Bu2Sn(5’-
IMP.5H,0)(phen)). Therefore, apoptosis is the main cause for the cytotoxicity of the test
compounds. Along with the apoptosis, a small amount of necrosis can also be considered.

5.3.4.3. Comet assay

The nuclei of MCF7 cells treated with the test compounds ((3) and (6)) alongside the control
were stained with EB and visualized under fluorescent microscope. Figs. 5.9 (a), 5.9 (b) and
5.9 (c) represents the single cell gel (alkaline) electrophoresis showing DNA fragmentation in
MCF7 cell treated with the control, test compounds (3) and (6), respectively. The
fragmentation or DNA disintegration in an individual cell is observed as comet tails [35].
However, vehicle (control) treated cells do not show any fragmentation. This also confirms

that the cytotoxicity of complexes (3) and (6) is mainly due to apoptosis.
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(@) (b)

Fig. 5.8. Acridine orange assay for: (a) control, (b) complex (3), and (c) complex (6),
treated MCF7 cells. Green and orange colors indicate live and apoptotic cells,

respectively.
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Fig. 5.9. Comet assay for: (a) control, (b) complex (3), and (c) complex (6), treated
MCFT7 cells.
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Fig. 5.10. Variation of UV-visible absorption for complexes (2): (a), (3): (b), (5): (c), and

(6): (d), with increase in the concentration of CT DNA (2-20 x 10> M) in
buffer (5 mM Tris—=HCI/50 mM NaCl, pH = 7.2) at room temperature;

[Complex] = 2 x 10> M. Arrows indicate increment or decrement in

absorbance.
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