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ABSTRACT

Synthesis, characterization and antimicrobial activities of an interesting class of biologically potent
macrocyclic complexes have been carried out. All the complexes have been evaluated for their antimicrobial
effects on different species of pathogenic fungi and bacteria. The testicular sperm density, testicular sperm
morphology, sperm motility, density of cauda epididymal spermatozoa and fertility in mating trails and
biochemical parameters of reproductive organs have been examined and dlscussed The resulting biologically
active [M(MaL"(R,)]Cl, and [Pb(MaL“)(Rz)Xz] (where, M = Pd" or Pt and X = Cl or NOs) type of
complexes have been synthesized by the reactions of macrocyclic ligands (MaL") with metal salts and
different diamines in 1:1:1 molar ratio in methanol. Initially the complexes were characterized by elemental
analyses, molecular weight determmatlons and conductmty megsurements. The mode of bonding was
established on the basis of IR, 'H NMR, °C NMR, Pt NMR, **Pb NMR, XRD and electronic spectral
studies. The macrocyclic ligand coordinates through the four azomethine nitrogen atoms which are bridged
by benzil moieties. IR spectra suggest that the pyridine nitrogen is not coordinating. The palladium and
platinum complexes exhibit tetracoordinated square-planar geometry, whereas a hexacoordinated octahedral
geometry is suggested for lead complexes.

INTRODUCTION

The chemistry of macrocyclic complexes has received much attention and such compounds have
been extensively studied in recent years' . Multidentate Schiff bases have been used extensively in the
preparation of various complexes of transition metals and main group elements, since such polydentate
ligands provide unusual stablization of different oxidation states as well as a rigid coordmatxon sphere for the
central element. The chemistry of these ligands is specially developed for transition metals® because of their
catalytic properties. The development of the field of bioinorganic chemistry has also been the other important
factor in spurring the growing interest in complexes of macrocychc compounds’. Macrocyclic ligand systems
often exhibit unusual properties and some times mimic related natural macrocyclic compounds. Transition
metal chelates of nitrogen donor ligands have been extensively screened for their antitumor activity. Most of
them showed some activity but significant activities were exhibited by palladium and platinum complexes. In
principle, coordination compounds offer a great variety of shapes and reactivities for use in drug design, the
most detailed advances having been in understanding how cis-diammine dichloroplatinum(Il) binds to DNA.

Macrocyclic complexes of transition metals having both oxo and aza grou ips in a ligand are well
known for the ligands having dioxotetraaza® , tetraoxooctaaza® and tetraoxotetraaza m01et1es which show
some interesting properties and biological func'uons such as being models for metalloproteins® . The interest
in the synthesis and characterization of transition metal complexes containing a Schiff base lies in their
biological and catalytic activity in many reactions’. Carbonyl complexes of transition metal ions, specially
those of ruthenium, galladlum and platinum, are important in homogenous catalysis such as carbonylation
and the oxo reaction”. Furthermore, tetradentate Schiff base complexes are important for designing metal
complexes related to synthetic and natural oxygen carriers’.

Polyazamacr 310110 ligands, in their protonated forms, have shown to bind certain natural molecules
and anions in solution'’ and in some instance, are able to catalyze these enzyme-mimetic reactions show
enhanced rate factors when compared with the same process in the absence of macrocycle.

The synthesis of homodinuclear complexes for the Schiff base macrocycles was first accomplished
by the condensation of 2,6-diacetylpyridine with 3,6-dioxaoctane-1,8-diamine in the presence of a Pb™
template. The homodinuclear complexation has stimulated interest in areas such as metalloenzymes,
homogenous catalysis, electrical conductance and magnetic exchange processes. The striking structural
features, diverse stereochemistry and appreciable agricultural, medicinal and industrial applications of
palladium (II), platinum (II) and lead (II) complexes of biologically active nitrogen donor ligands led us to
undertake systematic studies on the complexes of these metals. The synthesis of some new complexes of
palladium (II), platinum (II) and lead (II) with the following new ligands and their structural elucidation,
antifungal, antibacterial and antifertility activities are reported in the present paper.
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Ligands used are as follows:
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EXPERIMENTAL
The chemicals used were of AR grade. All the chemicals and solvents were dried and purified by
standard methods.
Preparation of the Ligands
The said ligands were prepared by dissolving benzil in approximately 30ml of ethanol in a 100 ml
round bottom flask. To this the ca?culated amount of diamines in ethanol (20ml) was added. The contents
were refluxed for 5-7 hours on a ratio head. It was then concentrated to half of the volume. The solution was
cooled and coloured crystalline compounds separated out was filtered. This was purified by recrystallization
in the same solvent and dried in vacuo.
Preparation of the Complexes
The macrocyclic complexes of palladlum(II) 3platmum(H) and lead(Il) were prepared by the
templated condensation reactions of MaL'!, MaL? or MaL* and 1 ,2-phenylenediamine or 2,6-diaminopyridine
in the presence of PdCl,, PtCl,, PbCl, or Pb(N03)2 in 1:1:1 molar ratio in dry methanol. The contents were
refluxed for about 6-10 hours on a ratio head. After refluxing, the solution was concentrated to half of the
volume by removing the solvent. The complexes crystallized on putting the contents at room temperature for
overnight. They were collected, washed repeatedly with hot water then with dry and cold MeOH so as to
ensure their purity and dried. The complexes were further purified by recrystallization from equimolar ratio
of methanol and benzene and dried again under reduced pressure over anhydrous CaCl,. The analyses of
these new complexes for nitrogen, chlorine and metal agreed with the theoretical values within the limits of
experimental error (Table 1).
Analytical Methods and Physical Measurements
Nitrogen and chlorine were determined by the Kjeldahl's and Volhard's methods, respectively'’
Palladlum and platinum were determined gravimetricall ;1 ? Lead was estimated as lead sulphate. Molecular
3ghts were, determined by the Rast camphor method" and conductivity measurements were carried out in
mol dm™ dimethyl formamide solution at 25°C using a Systronic type 305 conductivity bridge. Infrared
spectra were recorded on a model Nicolet Megna FTIR-550 spectrophotometer in KBr pellets. The Uv-
v1sxb1e spectra of the compounds were obtained on a Hitachi U-2000 spectrophotometer in DMSO. 'H and
3C NMR spectra were recorded on a JEOL FX 90Q spectrometer with Me,Si as an internal standard.
Chemical shifts were recorded in ppm. X-ray powder diffractogram of the compounds were obtained on a
Philip Model PW 1840 automatic diffractogram using Fe (Ka) target with Mg filter. The wavelength used
was 1.937355 A° and the reﬂectlons from 5-65 C were recorded 1n almost every case. The structure was
solved by the Hesse'* , Lipson'® and It'o'® methods. *’Pb NMR spectra were recorded on JEOL FX200
spectrometer with Me4Pb as an external reference.
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RESULTS AND DISCUSSION
The reactions of two molar equlvalents of benzil with diamines (one molar equivalent) gives high
yield of the ligands, MaL', MaL.? and MaL.>,
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The macrocyclic complexes have been synthesized by reacting PdCl,, PtCl,, PbCl, or Pb(NO3).
with MaL', MaL? or MaL? and 1,2-phenylenediamine or 2,6-diaminopyridine in 1:1:1 molar ratio in hot and
dry MeOH. These reactions are quite facile and the resulting coloured solids are stable at room temperature.
These are soluble in organic solvents, DMF and DMSO without change in colour. The molar conductance of
10™ M solutions of the compounds in anhydrous DMF lie in the range 12-30 ohm™ c¢m? mol™ mdlcatmg their
non-electrolytic behavxour wh11e these values for the palladnum(II) and platinum(IT) complexes appear in the

range (205-225 ohm™ cm* mol™) expected for 1:2 electrolytes'’

them to be monomeric. The physical properties and analytical data are given in Table 1.

Table 1. Physical Properties and Analytical Data of Ligands and their Corresponding Metal

. The molecular weight determinations show

Complexes.
Reactants (g) ProductFormed |  Physical Characteristics % isFound (Caled) | Mol Wt
Metal Salt Ligand Diamines (Molecular Molar | Colour | MP. Found
Formula) | Ratio ccp| N M A | (caed)

- CaoHN,0, - - - | Reddish | 8- | 592 - - 412

(MaL) Yellow | 89 | (630) (444)
PICl, CatoN;O, | CeHeN; | CaHpeNCLPt | 1:1:1 | Light | 138 | 675 2442 | 94 801
02911) (0.4865) (0.1183) Yellow (716) | @490) | (906) | (783)
P(Cl, CyoHaN,O; | CHN; | CyHpN&CLPt | 1:1:1 | Dak | 116 | 850 | 2437 | 863 762
(0.3501) (0.5850) (0.1436) Brown 89) | a8 | 00 | 784
- CadtaN0, - - - Light | 8- | 525 - - 461

(Mal?) Yellow | 84 | (568) (493)
PdCl, CaHhN;0, | CeHeN, | CaHpNCLPds | 1:1:1 | Light | 113 | 711 138 | 913 712
(0.1819) (0.5053) 0.1109) Brown (7.55) | (1434) | 9.56) | (742)
PdCl, CauthN,0; | CHN; | CypHyN«CLPd | L1111 | Brown | 125 | 904 1387 | 994 72
(02189) (0.6081) (0.1347) O8) | 1432 | 059 | 43
PbCl, CaHN;O, | CoHgN, | CuoHpeNChPb | L1 | Light | 137 | 622 | 2410 | 794 811
03782 (0.6698) (0.1470) Brown 665 | 458 | 841 | &43)
PbCl, CyuHoN,0, | CsHN; | CoHpN«CLPb | 1131 | Dak | 126 | 790 | 2408 | 79 821
(0.3986) (0.7059) (0.1564) Green (830) | (2455) | (840) | (844
- CyHuN;0, - - - Green | 99 | 809 - - 469

(Mal % 851 (494)
Po(NOs), | CxHnN3O, | CHsN, | CasHyN,OPb | 1:1:1 | Reddis | 131 | 1051 | 2263 - 872
(0.4209) 06273) | (0.1374) h (1093) | (23.10) (897)

Brown

Pb(NOs), | CxHuN;0, | CHZN; | CagHlgNgOPb | 1:1:1 | Dark | 118 | 1286 | 22.59 - 868
(0.5220) 07779) | (0.1719) Green (1248) | (23.07) (898)
IR Spectra

The IR spectra of the ligands and their metal complexes were recorded as KBr pellets in the range
4000-200 cm™. The IR spectra of the complexes compare well the spectra of ligands and confirmed the
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formation of macrocyclic complexes with the proposed coordination pattern. The IR spectra of the ligands
have bands due to v(C=0) at 1665-1680 cm™. The spectra of all the complexes do not contain any v(NH@
and v(C=0) vibrations, confirming that cyclization has occurred and characteristic bands of imine groups
v(C=N) occur at 1625-1595 cm™. The remarkable changes observed for the IR spectra of the macrocyclic
complexes are the absence of stretching and deformation vibrations of —NH, groups'® indicating the
deprotonation. The phenyl ring absorption appear in the 1465-1495 and 1355-1390 cm™ regions are assigned
10 Vasym CeHs and vy, CHs, respectively. The spectra do not show any changes in the pyridine ring vibrations
and 1t appears that in these complexes the nitrogen atom of pyridine does not participate in coordination.
Strong and sharp bands for C-H stretching and bending vibrations appear at ca 2816 and 1408 cm’,
respectively'®. The presence of an aromatic C-N band in the complexes confirmed at 835 cm™.

It is evident from the spectra that both the amino groups of diamines react with oxygen atom of
benzil, forming a two-carbon atom bridge between the two amino groups, similar to those reported in
coordinated amines. The far infra-red spectra of Pd(Il), Pt(II) and Pb(Il) complexes_showed absorption at
395-415, 430-455 and 410-440 cm™ due to v(Pd-N), v(Pt-N) and v(Pb-N) vibrations?, respectively, which
are absent in the spectra of the corresponding ligands. Appearance of these bands unequivocally support the
coordination of ligand molecule to the central metal atom. Further, a;;pearance of new bands in the regions
1240, 982 and 870 cm™ are in agreement with the monodentate nature of the nitrato group®'.

"H NMR Spectra

The bonding pattern in the resulting complexes has been further substantiated by the proton
magnetic resonance spectra of ligands and their respective metal derivatives. In the 'H NMR spectra of the
ligand MaL' and its metal complexes, a singlet observed at & 3.30-3.45 ppm may be assigned to methylene
protons adjacent to the nitrogen atom. The shift of the signal towards lower field is an indication of the
coordination of the macrocycles. The spectrum of the ligand does not show any signal corresponding to the
primary amino protons indicating that the proposed macrocyclic skeleton has been formed. The comzplex
pattern of the aromatic protons were observed at & 7.25 — 8.30 ppm in the tra of ligands MaL', MaL? and
MaL?. A down field shifting in the position of this complex pattern strongly support the coordination of the
azomethine nitrogens to the central metal.

Electronic Spectra

The electronic spectra of the ligand MaL' and its complexes were recorded in distilled DMSO. The
maxima at 282-290 and 328-340 nm in the spectra of the metal complexes are due to m-m* electronic
transitions. The position of these absorptions remain almost same as that of the ligand. However, a band
appearing at 400 nm in the spectrum of the ligand, due to n-n* transitions within the >C=N chromophore,
shows a shift due to the polanization in the >C=N band caused by the metal ligand electron interaction during
the chelation. The shift of this band (ca 10nm) in the spectra of the complexes suggest the coordination of the
nitrogen to the metal atom® .

The electronic spectra of palladium (II) and platinum (II) complexes are also recorded. Three d-d-
spin allowed transitions are expected in these complexes corresponding to the transitions from the three
lower lying 'd' levels to the empty dxz-y2 orbitals. The ground state is 'A;, and the excited states corresponding
to the above transitions are 'As,, 'By, and 'E; in order of increasing energy. Three d-d- bands are observed in
the regions 545-555, 473-485 and 408-415 nm in the present palladium(II) complexes and 530-540, 448-469
and 386-398 nm in the case of platinum(II) complexes. These bands are attributed to A = Ay, ‘A —
'Big and 'A,, — 'E, transitions, respectively’>** . The electronic spectra of these complexes indicate a
squarcle-plarzx‘?r geometry and the values obtained correspond to those reported earlier for the squar-planar
complexes”" .
1%pt NMR Spectra

19°pt NMR spectra of the derivatives [Pt(C3sHzN5s)]Cl, and [Pt(C3gHsN4]Cl; in DMSO have been
recorded. These display single sharp peaks at 8-2482 ppm and -2501 ppm, indicative to the tetracoordinated
state® of the metal in the said complexes.
3C NMR Spectra

The '3C NMR spectra of the macrocyclic complexes are comparable to those of their ligands and the
assigned peaks positions are listed in Table 2. The shifting in the positions of carbon resonances attached to
the azomethine nitrogen indicate the involvement of these atoms in coordination and support the formation of
macrocyclic framework, as reported earlier also™®>" .

X-Ray Powder Diffraction Studies

The possible geometry of the finely powdered products [Pd(C3gHp;Ns)]Cl; and [Pt(CssHzNs)ICl,
have been deduced on the basis of X-ray powder diffraction studies. The observed interplanar spacing
values ('d' in A°), have been measured from the diffractogram of these compounds and the Miller indices h, k
and 1 have been assigned to each d value and 26 angles are reported in Tables 3 and 4. The results show that
both the compounds belong to 'orthorhombic' crystal system having unit cell parameters as :

a=25761, b=17.535 ¢=10.257

max. dev. of 20=02; a=pg=y=90°

and a=25.775, b=17.542, ¢=10.297

max. dev. of 20=0.1; a=p=y=90° respectively.
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Table 2. 3C NMR Spectral Data (5, ppm) of Ligand and their Corresponding Metal Complexes.

Vol. 8 Nr. 3, 2001

Compound Chemical Shift Values R Aromatic Carbons
>C=0 >C=N -CHy-N< >C-N Cy C, C, C, Cy Cy

CsHaN,O, 176.62 16092 4237 - - - 12861 12720 | 12677 | 126.12

MaL})

CasHeN,ChPt - 157.89 46.19 143.09 133.58 13579 129.56 12841 12785 | 127.50

C3sHyNsCLPt - 15693 477 142.51 13291 136.53 12890 12868 | 12623 | 12594

C34H24N202 17552 15722 - 143.67 134.50 136.68 12767 12728 | 12651 | 125.79

(MaL?)

CoHzsN,CLPd - 15383 - 141.76 132.04 139.66 128.81 128.10 | 12760 | 12672

C3oHyNsChPd - 15340 - 142.10 13234 139.17 129.16 12855 | 128.11 12749

C4oHeN,CLPb - 15243 - 14120 131.08 138.06 12941 12917 | 12879 | 12866
_C$H27N5C12Pb - 15236 - 14147 13195 13833 12875 12840 | 12778 | 12749

CxHpN;O, 17448 156.72 - 14287 13121 13530 127.16 12660 | 12624 | 12532

(MaL?)

CaoHyN,OgPb - 15249 - 14028 133.98 138.16 129.66 12920 | 129.15 | 12891

CsgHpsNzOsPb - 151.86 - 14094 13255 136.56 12991 12933 | 12874 | 128.12

Table 3. X-Ray Powder Diffraction Data for the Compound [Pd(C;sH,,N5)]Cl,

S. 26 (Obs.) 26 Delta h k 1 d-Spacing (Obs.) A°
No. (Caled.)

1. 13.80 13.87 -0.07 2 0 1 8.063
2. 18.40 18.44 -0.04 4 1 0 6.059
3. 18.92 18.84 0.08 2 2 1 5.894
4. 22.20 2221 -0.01 1 0 2 5.031
5. 24.40 24.32 0.08 2 1 2 4.584
6. 26.40 26.22 0.18 3 1 2 4.242
7. 27.60 27.50 0.10 5 2 1 4.061
8. 28.30 28.31 -0.01 6 0 1 3.962
9. 28.92 29.04 -0.12 6 1 1 3.879
10. 30.48 30.52 -0.04 7 0 0 3.685
11. 31.20 31.20 -0.00 7 1 0 3.602
12. 31.80 31.98 -0.18 3 3 2 3.536
13. 32.60 32.51 0.09 6 3 0 3.451
14. 34.20 34.22 -0.02 6 0 2 3.294
15. 34.60 34.71 -0.11 2 1 3 3.257
16. 36.40 3647 -0.07 3 5 1 3.101
17. 41.80 41.79 0.01 6 5 0 2.715
Refined value of a = 25.761, b= 17.535, ¢ = 10.257 (Orthorhombic system)

Table 4. X-Ray Powder Diffraction Data for the Compound I!'t(C;_anNs)]Clz

20 (Obs.) 20 Delta h d-Spacing (Obs.)

No (Calcd.) A°

1. 15.36 1535 0.00 2 2 0 7.250
2. 16.91 16.89 0.02 3 0 1 6.590
3. 22.62 22.59 0.03 5 1 0 4.940
4. 25.85 25.85 0.00 4 3 0 4.330
5. 27.47 2747 0.00 5 2 1 4.080
6. 30.78 30.76 0.02 3 4 1 3.650
7. 31.95 31.91 0.04 3 3 2 3.520
8. 37.94 37.91 0.03 7 3 1 2.980
9. 42.21 42.22 -0.00 4 3 3 2.690
10. 44.65 44.65 0.00 10 1 0 2.550
11. 46.38 46.38 -0.00 2 7 0 2.460
12. 48.25 48.18 0.07 8 5 0 2.370

Refined value of a =25.775, b= 17.542, ¢ = 10.297 (Orthorhombic system)
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*7pp NMR Spectra
27ph Chemical shift values for CyHasN,CLPb, C3HN5sCLPb, CsoHaN,OgPb and C3gHeNgOgPb
have been observed at & 2225, 2203, 2197 and 2186 ppm, respectively, which indicated a hexacoordinated
env1ronment around the lead atom. These results are found to be in accordance with the results obtained by
West et.al*” and Godwin et.al*,
Thus, on the basis of the above spectral and analytical data, following structures (Z) and (2) for
palladium, platinum and lead macrocyclic complexes have been proposed.

/ "’\ N
HsCs CeHs HsCe \ | /
HsCq CeHs HsCe / ' \ CeHs

\R,J J

@ @
Where, M =Pd" or Pt X =Clor NO;
R2 = 1,2*051‘14 or 2,6-C5H3N

CeHs

BIOLOGICAL STUDIES

Biochemical applications have greater demand now-a-days. Activities of fungi and bacteria on
several compounds give more important information about complexes. So it is promoted us to screen all the
macrocyclic complexes and ligands to find out which part of the molecule is actually responsible for its
physiological activity.
Antifungal Activity

The antifungal activity of ligands MaL', MaL? and MalL? , alongwith that of their corresponding
palladium(II), platinum(Il) and lead(II) complexes has_been evaluated against Fusarium oxysporum, and
Macrophomina phaseolina by the agar plate technique > The compounds were directly mixed with the
medium in different concentrations. Controls were also run and three replicates were used in each case. The
linear growth of the fungus was obtained by measuring the diameter of the fungal colony after 96 hours
(Table 5). The percentage inhibition in all of the replicates was calculated by the equation :

Percentage inhibition = C’TCX 100
Where C is the diameter of the fungal colony in the control plate and T is the diameter of the fungal colony in
the test plate.
Table 5. Fungicidal Screening Data of the Ligands and their Corresponding Metal Complexes.

Compound Average percentage inhibition after 96 hours
(conc. in ppm)
Fusarium oxysporum Macrophomina phaseolina
25 50 100 200 25 50 100 200
C30H24N,0, 17 26 35 44 19 31 39 48
CaeHosN4CloPt 25 38 48 55 34 45 60 62
Ci5H,7NsCloPt 26 40 49 55 35 46 60 64
C3.H,4.N,0, 22 35 42 49 23 37 43 50
C4oHsN4Cl,Pd 26.5 41 46 56 27 43 49 58
CsoH,7NsCl,Pd 28 42 45 58 30 44 46 60
CaoHeN4C1,Pb 37 50 60 68 40 52 61 71
C3oH7NsClLPb 38.5 51 62 70 41 52 63 72
Ca3H,3N30, 24 41 46 52 30 44 50 56
Cs3oH,7N;0¢Pb 42.5 53 65 71 44 54 67 73
| CagHoeNgOPb 43 52 66 72 45 56 69 75
Standard (Bavistin) 83 86 100 100 80 82 100 100
Antibacterial Activity

The antibacterial activity of the ligands Mal', MaL? and MaL’® and their corresponding
palladium(II), platinum(Il) and lead(Il) complexes has also been tested agamst Escherichia coli,
Xanthomonas campestris and Staphylococcus aureus by the inhibition zone technique® . All the compounds
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were dissolved in methanol in 500 and 1000 ppm concentrations. Paper discs of Whatman No.1 paper with a
diameter of Smm, were soaked in these solutions. These discs were placed on the appropriate medium
previously seeded with organism in Petri dishes and stored in an incubator at 29 + 1°C. The inhibition zone
thus formed around each disc containing the test compound was measured (in mm) after 24 hours. The
results of these studies are shown in Table 6.

Table 6. Bactericidal Screening Data of the Ligands and their Corresponding Metal Complexes.

Compound Diameter of inhibition zone (mm) after 24 hours (conc. in ppm)

Escherichia coli Xanthomonas Staphylococcus aureus

campestris

500 1000 500 1000 500 1000
C30H24N,0, 4 6 5 6 6 8
C36HeN,Cl,Pt 6 8 7 9 8 10
C35sH,7NsClLPt 7 8 6 8 9 10
C34H24N,0O, 5 7 5 8 7 10
CaoHosN4ClPd 7 8 7 9 9 12
C3oH,/NsClPd 8 10 8 11 10 12
C4HsN,CLPb 12 15 8 12 13 14
C39H27N5C1,Pb 13 15 10 11 12 13
C33Ho3N50, 6 9 4 6 6 11
C30H27;N;04Pb 9 12 7 10 10 14
C3gH6NgOgPb 10 11 8 10 11 12
Standard (Streptomycin) 17 18 3 5 15 17

The above mentioned observations reveal that there is an increase in the toxicity of the complexes as
compared to the ligands and the inhibition of the growth of the microorganisms was found to be dependent
on the concentration of the complexes. The toxicity increases as the concentration and complexation
increases. The results recorded from the biological activity were also further compared with the standard
fungicide Bavistin and conventional bactericide Streptomycin. The mechanism of the toxicity of these
complexes to micro-organisms may be due to the inhibition of energy or ATP production®, for instance by
inhibition of respiration or by uncoupling of oxidative phosphorylation. The energy producing processes are
located partly in the cytoplasm and partly in the mitochondria. On comparing the influence of the metal ion
on the intrinsic fungitoxicity of the metal chelates, it has been inferred that lead (II) complexes are more
active as compared with palladium (II) and platinum (II). The activity of 7palladium(II) and platinam(II)
complexes are more or less of the same order. According to Lawrence et al.>” the biocidal properties of the
complexes against various microorganisms depend on the impermeability of the cell. The bactericidal
activity of complexes was greater towards gram positive strains as compared to the gram negative strains.
Antifertility Activity

Male rats obtained from ICMR, New Delhi, India, were used. Colony bred, sexually mature sprague
dawley albino rats (Rattus norvegicus) were housed in clean wiremesh cages and kept under controlled
laboratory conditions of temperature and illumination (12 h light/12 h dark cycle; 25 + 3°C, 35-60%
humidity) and provided with a standard pellet diet (Lipton India Ltd.) and water ad libitum. The male rats
proven fertility were divided into different groups containing equal number of animals. One group served
with vehicle (olive oil) was treated as control. In other groups, starting material, ligands and their complexes
(50 mg/kg body weight) suspended in 0.2 ml. olive oil, were given orally for a period of 60 days. At the end
of experimental period, the animals were screened for fertility test and autopsized for the study of
histological and biochemical changes. Reproductive organs were dissected out, cleaned of adhesing tissues
and blood, weighed and kept at —20°C for biochemical estimations. The testes were also fixed in Boun's fluid
for histological examination.

The sperm motility and density of cauda epididymal spermatozoa®® , the total cholesterol® , sialic
acid®® and fructose” were determined by the standard laboratory techniques.

The testicular morphology, testicular sperm density, sperm motility, density of cauda epididymal
spermatozoa and fertility in mating trails and biochemical parameters of reproductive organs with Mal?,
MaL® and their lead complexes in vivo have been examined and discussed (Tables 7-11). The results show
that the ligands alone were able to inhibit fertility but due to added synergistic effects of lead(II) complexes,
their activity got enhanced.

Evaluation of Male Fertility Potential

At the termination of experimentation, males from each group were cohabited individually with
proestrous females in the ratio of 1:3. Successful mating in each case was confirmed by the presence of a
copulation plug and spermatozoa in the vaginal smear. The day when spermatozoa were detected in the
smear was designated as day zero of pregnancy. Such females were laprotomized on day 15 post coitum and
the number of implantation sites, if any, in the uteri were recorded® .
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In the present study we investigated a variety of male reproductives and points following acute
exposure to ligands as well as their metal complexes and the results have been described under the following
headings :

Body and Genital Organ Weights

No significant change in the body weights of rats was observed in any experimental group when
compared with their initial body weights, after treatment with ligands and their complexes. However, the
weights of testes, epididymis, seminal vesicle and ventral prostate were decreased significantly in ligands and
metal derivatives treated rats, which was probably due to the demage of the spermatogonial cells. (Table 7).

Table 7. Alteration of Percent Organ Weight of the Genital Organs of Male Rat treated with Ligands
and their Corresponding Complexes.

Group Treatment Body Weight (g) Testes Epididymis Seminal Ventral
mg/100g mg/100g Vesicle Prostate
Tnitial Final bwt. bwt. mg/100gb.wt. | mg/100g b-wt.
A Control 190+10 | 208+9° | 1250+80 | 470+40 380+25 270+22
B PbCl, 180+8 | 192+10° | 925+35° | 300+30° | 305+10° 200+20°
C CaHoN,0, Mal?) 193+9 | 210+6° | 1010+50* | 325+40° | 315+20° 225+15°
D CoHxN,CLPb 198+7 | 215+8 | 640+70° | 205+10° | 198+25° 160 +30°
E Pb(NO,), 175+12 | 189+8° | 900+50° | 310+50° | 302+18° 205+18°
F CaHpN;O, (MaL?) 182+5 | 200+7° | 990+80° | 340+30° | 328+10° 230+ 10°
G C3oHxN;,0Pb 178+11 | 190+5° | 620+50° | 180+35° | 200+19° 170+25°

Sperm Motility and Sperm Density
A significant decline in sperm motility in cauda epididymis was observed in animals after treatment

with both the ligands and their compounds (Table 8).
Table 8. Sperm Dynamics after Treatment with Ligands and their Corresponding Complexes.

Group Treatment Sperm Motility (%) Cauda Sperm Density (million/ml)
Epididymis Testes Cauda epididymis
A Control 79+5.0 3.9+0.25 59+5
B PbCl, 62+8° 29+0.35° 42 +3°
C C34H,4N,0, (MaL?) 66+4.5° 3.2+0.20° 45+ 4°
D C4oH2eN4C1,Pb 51+4° 1.8+0.32° 25+7°
E Pb(NOs), 65.5+2° 2.8+0.5° 41+ 4
F C33H,3N50, (Mal?) 67 +3° 33+0.1° 44 +3°
G C39H27;N;06Pb 48 +5° 1.6+04° 20 +3°

Biochemical Parameters of Reproductive Organs

Sialic acid : Sialic acid contents of testes, epididymis, seminal vesicle and ventral prostate reduced
significantly after treatment with ligands and their complexes (Table 9). The reduction in sialic acid levels is
probably due to the inhibition of spermatogenesis in testes.

Table 9. Changes in Sialic Acid contents of Genital Organs after Treatment with Ligands and their
Corresponding Complexes.

Group Treatment Sialic Acid (mg/gm)
Testes Epididymis Seminal Ventral
Vesicles Prostate
A Control 8.9+0.8 7.5+0.9 82+0.7 8.4+0.5
B PbCl, 6.9+0.9° 59+08 6.6 +0.8° 6.7 +0.6"
C C34H4N,0, (MaL.?) 7.1+0.8° 57+0.7° 7.0+0.2° 6.9+0.5°
D C4oH2eN4C1LPb 43+0.5° 3.8+0.5° 3.5+0.8° 43+0.6°
E Pb(NO3), 6.0+0.7° 54+1.1° 6.0+1.0° 6.4+0.7°
F C33H23N30, (Mal.”) 6.8+0.8° 53+1.0° 6.7+0.6° 6.5+04°
G C3H27N;06Pb 4.1+0.3° 33+0.2° 3.2+0.9° 41+03

Testicular Cholesterol and Glycogen : Total cholesterol and glycogen contents of testes were reduced after
the treatment with various compounds (Table 10).
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Table 10. Changes in Tissue Cholesterol, Glycogen and Fructose Levels after Treatment with Ligands
and their Corresponding Complexes.

Group Treatment Cholesterol (mg/gm) | Fructose (mg/gm) Glycogen (mg/gm)
Testes Seminal Vesicle Testes
A Control 8.5+07 470 +20 57+05
B PbCl, 6.6 +0.5° 390 +25° 43+05°
C C34H,N,0, Mal.¥) 7.0+0.5° 410 +25° 42+06°
D CaoH2eN4C1,Pb 3.5+0.4° 210 +20° 3.1+03°
E Pb(NO3), 6.9+0.5° 415 +15° 44+04°
F C33H,3N30, (Mal®) 6.8+0.6° 420+ 10° 41+0.8°
G C30H,7N;06Pb 32+03 205 +18° 29+04°

Fructose : Fructose contents of seminal vesicle declined significantly in all experimental groups (Table 10).
Phosphatases : Acid and alkaline phosphate contents of various reproductive tissues were declined
significantly in all experimental groups (Table 11).

Table 11. Alteration in Acid and Alkaline Phosphatase Enzyme Activity of Male Genital Organs after
Treatment with Ligands and their Corresponding Complexes.

Group Treatment Acid Phosphatase (Bodansky unit = mg Pi/g/hr)
Testes Epididymis Seminal Vesicle Ventral Prostate

A Control 3.48+0.05 2.9+ 0.06 1.2+ 0.05 1.9+ 0.08
B PbClL, 2.0+0.6° 2.1+ 0.03° 0.8+0.02° 1.1+ 0.05°
C C34H24.N,0, (Mal®) 2.5+0.4° 2.0+0.03° 0.9+0.05% 1.2+0.03°
D C4oH2eN,Cl,Pb 1.5+0.1° 1.1+0.05° 0.6+0.02° 0.5+0.04°
E Pb(NOs), 2.2+0.3° 1.9+0.19° 0.9+0.06" 1.2+0.09°
F C33H23N30, (Mal™) 2.4+0.4° 1.8+0.18° 0.8+0.1° 1.3+0.09°
G C3gHz7N,0gPb 1.3+0.2° 1.2+ 0.06° 0.4+0.07° 0.4+0.05°
Group Alkaline Phosphatase (Bodansky unit = mg Pi/g/hr.

Testes Epididymis Seminal Vesicle Ventral Prostate
A 2.0+0.1 5.9+0.4 3.9+04 3.8+0.2
B 1.5+0.05° 4.5+0.5% 2.5+0.1° 2.9+0.2°
C 1.6+0.08° 4.8+0.3° 2.8+0.1° 3.0+0.3°
D 0.6+0.05° 2.1+04° 1.9+0.2° 1.1+0.2°
E 1.4+ 0.08° 4.7+0.1° 2.6+0.2° 2.8+0.4°
F 1.3+0.05° 4.6+0.1° 2.7+0.2° 2.7+0.5°
G 0.5+0.07° 3.1+0.2° 1.5+0.1° 1.3+0.2°

The study revealed that treatment with PbCl,, Pb(NOs),, ligands and their complexes resulted in a
significant reduction in the weights of testes, epididymis, seminal vesicle and ventral prostate. This may be
due to the altered level of clrculatmg androgens which adversely affects the structure, size and functional
integrity of the organs of reproduction*>*. This contention was also supported b Y, a consequent reduction in
motility in cauda epididymis and sperm densny in testes and cauda epldldyrms It has been reported that
lead acetate administration to male rats caused low production of testicular testosterone and structural
alteration in Leyding cell.

In the present studies reduction in total cholesterol, fructose, glyco gen contents and alteration in the
contents of androgen-sensitive enzymes, viz., acid and alkaline phosphatase in the male reproductive tissues
of experimental rats, is also indicative of nnpalrement of the functional integrity of the genital organs.
Further, a significant reduction in sialic acid contents of male reproductive organs after treatment with PbCl,,
Pb(NOs),, ligand and their complexes can also be related to the antiandrogenic nature of the test substance
since the concentration of sialic acid is dependent upon androgen production’’. Reduction in the fructose
concentration of seminal vesicle after treatment of ligands and complexes further support the antiandrogenic
nature of these compounds. The results of the present study estabhsh that the PbCl,, Pb(NOs), and their
complexes are more effective than their ligands, i.e., MaL? and MalL? in regulating fertility.
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