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ABSTRACT KEYWORDS
A huge world of inorganic drugs is waiting to be discovered. The inor- Iron(l1) complexes,
ganic drugs can be metal complexes wherein some of the ligands remain Lead(11) complexes
bound to the metal even on reaching the target site or where the ligands macrocyclic;
simply act asavehiclefor delivery and or not critical for activity. In some Spectral studies;
cases the ligands themselves may be the active species. A few inorganic Bioactivity.

compounds are already successful drugs. However, some more still needs
to be done. Achieving optimal chemopreventive potency with lowest tox-
icity continues to be our primary goal in designing and developing Iron
(I1) and Lead (11) complexes. Tetraazamacrocyclic complexes of Iron (11)
and Lead (Il) have been synthesized by template condensation of
FeCl,4H,0 and PbCl with dicarboxylic acid (malonic, succinic, glutaric or
adipic acid) and 9,10-diaminophenantherenein 1:2:2 molar ratios. The new
products with octahedral geometry have been characterized by elemental
analyses, molecular weight determinations, molar conductance, magnetic
moment and spectral studies viz, infrared and electronic. On the basis of
the spectral studies the binding sites are proposed as the nitrogen atom of
the macrocycles. Theformulation of the complexesas[M(Mac")Cl,] (where
M= Fe or Pb and n=1 - 4) has been established on the basis of chemical
composition. To assess the growth inhibiting potential of theiron (I1) and
lead complexeshiological screening have been undertaken. Particular at-
tention has been paid to the antifertility activity. The testicular sperm
density sperm morphology, sperm motility, density of cauda epididymis,
spermatozoaand fertility in mating trial and biochemical parameters of the
reproductive organs of the male albino rats were examined.

© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION human beingsand environment. Green chemistry asap-

pliedto chemica processescan beenvironmentaly be-

Traditiondly, synthesisof moleculesinvolvesuseof  nign (intermsof reduction of energy, auxillaries, waste
chemicals, which are hazardous and put at risk both  etc) and should aways|ead to ssimplification of pro-
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cessesintermsof chemicalsused and stepsinvolved.
Recently, theacceleration of awiderange of chemical
reactionsusing microwavedie ectric heating has been
reported?, Thisin situmode of energy conversion has
many attractionsto the chemist, becauseitsmagnitude
depends on the properties of the molecules?. Studies
of new typesof chemotherapeutically important mac-
rocyclicligandsand meta coordinated drugsare now
atracting much attention®. Themultifariousroleof tran-
sition metalsin biochemistry®*® suggested that consid-
eration potential exists for the development of new
chemistrieswiththese metalsinligand systems specifi-
cally designed to servetheseroles. Theenormousin-
terest inthesynthesisof thetrangtion metal complexes
of the nitrogen donor ligands arises dueto the wide
rangeof pharmacol ogical activitiesof thesecompounds,
which in several cases are known to have been en-
hanced by the presence of transition metal§%". Mac-
rocyclicligandsdisplay anumber of featuresof chemi-
ca interest. Researchinto the synthesis, structureand
propertiesof transition metal macrocyclic complexes
tomoded awidevariety of metdloprotein activesitesor
to mimic their chemistry is well established®9.
Macrocycleshavewide applicationsin medicine, can-
cer diagnosig'® and in the treatment of tumorg™. A
variety of lead complexes have a so been reported to
possessfungicidal aswell asbactericidal activities??4
. Thiophenyl tri-phenyl -lead compounds possess anti-
inflammatory property!*®. It has al so been suggested
that these aresuitablefor thetreatment of variousaller-
giesasthmaand influenza. Several organolead com-
poundsfind useasgood agicides, herbicidesand a'so
asanticancerous agentg*¢19

Macrocyclic complexes of Ph(l1) exhibit abroad
spectrum of biological activity**2l. Further, it hasbeen
reported that iron salts (chloride, nitrate and acetate)
cause loss of testicular germ cellsin ratsand rabbits
and decreased libido and impotency werenoted inmen
occupationally exposed to transition metal 2223, No
work has been reported on Fe(ll) and Pb(ll) com-
plexeswith suchtype of tetraazamacrocyclicligands.
Therefore, theimportance of the metal -nitrogen bond-
ingandtheir prominencein agriculture, medicind and
industrid activity led usto synthesizeand screen these
compoundsfor their antifungal and antibacterial and
antifertility activities. The complexes show good anti-
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fertility activity and may be useful for medicinal pur-
pose.

EXPERIMENTAL

Thechemicasinclude, malonicacid, succinicacid,
glutaric acid and adipic acid (Fluka), 9,10-diamino
phenentherene (E.Merck), FeCl, 4H,0/PoCl, (BDH).

Synthesis of the complexes[M (Mac")Cl]
(A) Traditional method

Thereactioniscarried out in 1:2:2 molar ratios.
For the preparation of metal complexes, anice cold
solution of FeCl..4H,0/PoCl, inmethanol (50ml) was
reacted with 9,10-diaminophenanthreneat 0°C and put
inmagneticaly stirred 100ml round-bottom flask. This
isfollowed by the addition of methanolic solution of
malonic, succinic, glutaric or adipicacid). Thereaction
mixturewas stirred continuously at room temperature
for 10h. Theresulting solid product was recovered by
filtration, washed with methanol and dried in vacuo.
Thesewererecrystallized fromaZ:1 solution of metha-
nol and chloroform.

The purity of thecompoundswas checked by TLC
on SilicaGel-G using anhydroustetrahedrofuranasa
solvent. Each of the compound movesasasingle spot
indicating thepresence of only onecomponent and hence
ther purity.

(B) Ecofriendly method

Theunimolar and bimolar reaction mixturewere
takenin anopen borosil besker andirradiated insidea
microwave ovenuntil reaction getscompleted. A dras-
tic reductioninreaction timewasthusobserved dueto
thergpid hegting capability of microwaves. Thecomple-
tion of thereactionwasexamined by TLC and the prod-
uct wasworked up asdescribed in method A.

Analytical methodsand physical measurements

Conductivity messurementsof 10°M solutionswere
madewith aSystronic Model 305 conductivity bridge
indry dimethylformamidea room temperature (28°C).
Molecular weightswere determined by the Rast Cam-
phor Method. IR spectrawereobtained asK Br pellets
on aPerkin-Elmer 577 grating spectrophotometer in
therange 4000-200 cm™ and far IR spectrawere aso
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recorded onthe same spectrophotometer inNujol Mulls
using Csl cdll. Electronic spectrain dimethyl sulphoxide
wererecorded on aHitachi W-2000 spectrophotom-
eter. Magnetic moment of the complexeswere deter-
mined by the Gouy’s method at the room temperature.
H NMR spectrawere recorded on aJEOL FX-90Q
spectrometer in CDCI, usng TM Sastheinternd stan-
dard. **C and ?"Pb NM R spectrawere al so recorded
on the same spectrometer using MeOH asthe solvent
at 22.49 MHz 33.35MHz., respectively. Nitrogenand
chlorinewereestimated by theKje dahl’s and Volhard’s
method, respectively. The mass spectra of the com-
plexes were recorded on aJEOL FX 102/DA-6000
mass spectrometer/data system using argon/xenon (6
KV, 10 mA) asthe FAB gas. Lead was estimated as
lead oxidegravimetricdly. Carbon and hydrogen andy-
seswereperformed at Central Drugs Research Insti-
tute (CDRI) Lucknow.

Biochemical procedure
(A)Antifungal activity

Antifunga activity of thecomplexeswasstudied on
variousfungi, nameyAlternariatriticina(ATCC 698),
Fusarium udum (ATCC 10245), Alternaria
brassicag(ATCC 1050) Curvularia species(ATCC
12097), Helminthosporium oryzae(ATCC 11779),As-
pergillus flavus, (ATCC 17884), Alternaria
brasicicola( ATCC 29739) and Curvularialunata(ATCC
10021) by using the spore germination technique,

M ethod

A drop of compound solution was placed on a
grease-free glass slide and 50-100 spores of the test
fungi were placed with thehelp of asterilized inocula-
tion needleonthesolution. Thedideswerethen placed
inamoisture chamber and incubated at 25 + 2°C, for
24 hours. After incubation, the sporeswerefixed and
stained with lectophenol cotton blue, and sporegermi-
nation was observed under alight microscope. Similar
spore numbersof each fungusweremixedin sterilized
distilled water, which served as control. For measure-
ment of inhibition, the percentage germination was sub-
tracted by ahundred to get percentage inhibition.

All the experimentswere conducted intriplicate.
Thedatawere subjected to students ‘t” test for statisti-
cd sgnificance.

—== Py Paper

Mycdid growthof fivefungi, with or without chemi-
cals, was observed by taking dry weight of fungi grown
in 150ml conicd flask. All thechemicd flaskswerefilled
with 50ml potato dextrose broth. Required amounts of
the chemicalswerethen added to the broth to get the
desired concentrations (100, 200 and 400 ppm) indi-
vidually and in the mixture and dissol ved and mixed
thoroughly by shaking the flasksafter autoclaving for
15min. (at 121°C) thebroth wasalowed to cool down
and 5mm disc of fungal mycelium wastaken fromthe
border of an actively growing fungal colony andincu-
bated into thebroth. Theflaskswereincubated at 25 +
2°C for oneweek, Potato dextrose broth without the
chemicals served ascontrol . After oneweek, thebroth
with thefungal colony was determined by deducting
theweight of thefilter pgper fromthetota weight of the
filter paper and mycelium. All the experimentswere
conducted intriplicate. Thedataweresubjected to stu-
dent *t’ test for statistical significance.

Satistical analysis

Thedatarecorded for different concentrations of
the compoundswere subjected to thefollowing Satis-
ticd anaysis.

Analysisof variance (ANOVA)

Theanaysisof variancewas carried out separately
for each fungus against al the compounds at various
concentrationsaccording to the procedure of Random-
ized Block DesignAnalysis®,

(B) Antibacterial activity

In order to compare the antibacterial activity of
iron(l1) and lead(11) complexes, thisactivity was per-
formed by paper disc plate method using Inhibition zone
technique. Thebacteriawhich wereused inthismethod
arenamely P.cepacicola (ATCC 1079), E.coli, (ATCC
1920), Saureus (ATCC 1450) and K.aerogenous
(ATCC 793).

Theactivity against bacteriawas eval uated by pa-
per disc platemethod (composition : peptone 5gm, beef
extract 5gm, NaCl 5gm, agar-agar 20gm and distilled
water 1litre) wasused for newly synthes zed complexes
and thereference drug used was streptomycin. All the
compoundsweredissolvedin methanol indifferent con-
centrations. Paper discsof Whatman paper no.1; with
adiameter of 5mm were soaked in these solutions.

——, @ Cromolecules
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These discs were placed on the medium previously
seeded with theorganismsinthePetri discs. Thesediscs
werestored in anincubator at 35+ 2°C. Theinhibition
zonearound each disc was measured (inmm) after 24-
30 hoursand activity index was calcul ated.
Activity index=Inhibition zoneof thecompound/I nhibition zone
of thestandard

Usinginhibition zonetechnique, the antibacteria
activity of the complexeswere evaluated against the
organismsPcepaciola, Escherichiacoli, Staphylococus
aureus and K .aerogenous and their results have been
enlistedinTABLEO.

Antifertility activity
Experimental design

Theratsweredivided into 3 groups containing 6
animalsinesch

Groups  Treatment given

Group-l  Control or vehicletreated (0.5 ml oliveoil)

Group-Il  [Fe(Mac?)Cl,] (5gmin 0.5 ml oliveoil/day for 60
days

Group- 111" [Fe(Mac?)Cl,] (5gmin0.5ml olive il /day for 60
days)

Thedosewasadministered ordly and animaswere
weighed beforeand after thetreatment.

Fertility test

Themating exposuretest of control and treatment
group were performed on day 55 using the method of
WHO (W.H.O protocol 1983). The mated females
were separated and theimplantation siteswererecorded
onthe 16" day of pregnancy through laparotomy , num-
ber and weight of litterswererecorded.

Autopsy

Theanimaswerewe ghed and autopsied under light
ether anesthesia24 hoursafter thelast doseof thetreat-
ment.

Body and organ weight measur ements

Initial and final body weights of theanimalswere
recorded. Autopsy thereproductive and accessory sex
organs (Testes, epididymus, seminal vesicle, ventral
prostate and vasadeferens) along with liver weredis-
sected out, freed from adherent tissuesand weighed up
tothenearest 0.01 gm.

Sperm motility and sper m density(?"#

After anesthesizing theratsthe epididymuswas
exposed by scrotal incision, and spermatozoa were
expressed out by cutting the distal end of the cauda
epididymal tubule spermatozoawith epididyma fluid
wasdiluted with physiological salineand placedona
thinglassdideand forwarded motility of 100 sperma-
tozoa per rat was observed under microscope using
pre-calibrated micrometer .

Spermatozoawere counted by placing the sperm
suspension on both sides of Neubauers hemocytom-
eter and allowed to settlein ahumid chamber for 1
hour. The number of spermatozoain the appropriate
squares of hemocytometer was cal cul ated under the
microscopeat 100 X magnification.

Hematology!®

Blood was collected through cardiac punctureand
thevauesof RBC and counts, haematocrit, haemoglo-
bin%, MCV, MCH and M CHC were cal cul ated.

RESULTSAND DISCUSSION

Thephysica propertiesand analytical dataof the
complexesaregivenin TABLE 1. All the complexes
aredightly solubleincommon organic solventsbut highly
solublein DMF and DM SO. Themolecular conduc-
tancein anhydrousDMF areintherange 15-29 ohm'!
cm? mol~! showing them to be non-electrolytes. Mo-

TABLE 1: Physical propertiesand analytical dataof thelron(l1) and Lead(I) macrocyclic complexes

Compound M.p.°C Analysis, Found (Calcd.) % Mol. Wt.

and colour C H N Cl M found(Calcd.)
[Fe(Mac)Cl,], 166Brown 60.00(60.10) 3.46(3.56) 7.48(8.25) 10.02(10.44) 7.73(822)  656(679.44)
[Fe(Mac’)Cl,], 178Brown 61.00(61.12) 3.79(3.99) 7.13(7.92) 9.56(10.02) 7.44(7.89)  688(707.50)
[Fe(Mac®)Cl,], 154 Brown 62.00(62.05) 4.30(4.38) 6.90(7.62) 9.18(9.64) 7.12(7.59)  711(735.55)
[Fe(Mac’)Cl,], 158Brown 62.70(62.91) 4.70(4.75) 6.55(7.34) 8.84(9.29) 6.86(7.31)  741(763.61)
[Po(Mac)Cl,], 218White 49.0(49.16) 2.70(2.91) 5.94(6.74) 8.14(8.54) 24.49(24.91) 803(830.75)
[Po(Macd)Cl,], 207 White 50.10(50.35) 3.18(3.29) 5.81(6.52) 7.80(8.26) 23.65(24.10) 836(858.80)
[Pb(Mac®)Cl,], 210 White 51.30(51.46) 3.58(3.64) 5.56(6.32) 7.52(8.00) 22.92(23.34) 867(886.86)
[Po(Mach)Cl,], 214 White 52.30(5251) 3.88(3.97) 5.41(6.12) 7.26(7.75) 22.15(22.63) 890(914.91)

Macromolecules « —
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TABLE 2: *"H NM R spectral data (3, ppm) of thelead (11) com-
pounds

Phenanthrene CO-(CHy),-
Compound moiety (-CO-NH-) CO-
[Pb(Mach)Cl,], 7.41-9.10 7.90 2.80
[Pb(Mac?)Cl,], 7.53-9.15 7.99 3.09
[Pb(Mac®Cl,], 7.55-9.16 8.11 311
[Pb(Mac’)Cl,], 8.50-9.10 8.17 3.20

TABLE 3 : X-Ray diffraction data of the compound
[Fe(Mac’)ClL]

Peak

d-spacing

no. 20 obs 20 calcd obs h k I
1. 1790 17.86 6.227 5 0 1
2. 1790 18.04 6.227 0 2 1
3. 19.10 19.01 5.839 5 1 0
4. 19.10 19.29 5.839 2 2 1
5. 21.60 21.50 5.170 3 1 3
6. 2240 2251 4,987 0 0 4
7. 26.10 25.97 4.290 7 1 1
8. 26.90 26.73 4,165 7 1 1
9. 28.60 28.43 3.922 0 2 4
10. 3220 32.22 3.493 8 0 3
11. 3470 3453 3.248 0 3 4
12. 3470 34.76 3.248 10 0 1
13. 3470 34.70 3.248 1 3 4
14. 4250 42.34 2.673 1 2 2

Refined Values,a=32.872, b=13.001 and ¢=19.850, a=f=y=90° re-
spectively max dev. of 26=0.9

lecular weights of the compl exesindicate the mono-
meric natureof thecomplexes. Elementd anadysisagree
well with the stoichiometry and chemica formulaof the
compound [M (Mac")CL].

I nfrared spectra

Theinfrared spectraof the starting materialsand
their metal complexeswere studied and someimpor-
tant featuresmay be summerized asfollows:

TheIR spectraof 9,10-diaminophenanthreneand
dicarboxylic acids show the bandsdueto hydroxyl and
amino group, which disappear in corresponding metal
complexes, indicating thecondensation of amineswith
thedicarboxylic acids and formation of the proposed
macrocyclic framework. The spectraof all thecom-
plexes show amedium intensity band at 3134-3280
cm! whichisassigned to v(NH) mode of theamide
group®. Theamidel, amidell, amidelll and amide
IV bands appear at 1647-1788, 1430-1475, 1245-
1278 and 639-671 cnm!, respectively®Y. Thebandsin
theregion 312-358cm™! inthe spectraof al the com-
plexes may beattributed to theM-N stretching vibra-
tiong®*4. TheM-Cl stretching vibrationshave been as-

—= Pyl] Peper
signed at 430-461 cm! asreported by others al sol*2.
Electronic spectra

The electronic spectra of iron (I1) tetraazama
crocyclic complexesexhibit aweak intensity band in
theregion 845-889 nm, which may beassigned tothe

Spo: trangitions consi stant with an octahedrd ge-
ometry[3%1

5’Fe M ossbauer spectra

The mossbauer spectraof theiron (11) complexes
have been recorded. The chemical isomer shift values
(8) relativeto natural ironfoil, which are sensitiveto
both the oxidation and spin states of iron, arein agree-
ment with the structural assgnmentsmadeonthebasis
of above spectra evidences. Thevaueof isomer shift
(0.25-0.30 mm s?) and quadrupol esplittings (0.65 mm
s1) at the room temperature are characteristic of six-
coordinated low spiniron (11) complexes®.

'H NMR spectra

The *H NMR spectra of the lead(ll) complexes
wererecorded in DM SO-d, and thechemica shift val-
ues o for thedifferent protonsaregivenin TABLE 2.
Thefallowing points, which confirm thesuggested struc-
turesfor thelead(Il) complexes, areworth mentioning.
The*H NMR spectra of the complexes do not show
any signal corresponding to the amino and hydroxy
groups. Thebroad signal observedindl thecomplexes
at 6 7.90-8.17 ppmisdueto theamide (CO-NH) pro-
tons.

B3C NMR spectra

The conclusiondrawn fromthe IR and *H NMR
spectraare parallel with the carbon-13 spectral data
regarding the authenticity of the proposed skelton.

X-Ray diffraction spectra

In order to ascertain thelattice dynamics of these
compounds X-ray diffraction of the compound
[Fe(Mac?)Cl,] has been recorded. The observed
interplanar spacing values (‘d’ in A) have been mea-
sured fromthe diffractogram of the compound and the
miller indicesh, k and | have been assignedtoeach d
valueand 20 anglesarereportedin TABLE 3. There-
sultsshow that the compound, belongsto ‘orthorhom-
bic’ crystal system having unit cell parameters as

—r—,  \lBCromolecules
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a=32.872,b=13.001 c=19.850. and a. = =y = 90°,
respectively, max. dev. of 26=0.9.

Mass spectra

The mass spectrum of the [Pb(C,H.,N,O,)Cl]
complex showed the molecular ion peak at m/z 915
[M]*. Theoneand two coordinated chlorideionsare
removed with amass|ossof m/z 35 and 70. Themo-
lecular cations during fragmentation processlossthe
coordinated exocyclicligandsunder FAB conditionsto
givespeciessuchas: 803 [Pb(C,H.,N OA)CI2]+; 691
[Pb(C_,H,,N,0,CI, ] 747 [Pb(C34 ,sN,O,)CL]*
and 707 [[Pb(C,H,,N,O,)CL,]* from the loss of the
CH, CH,, CHO, and C H N, fragments, re-

4" '8’ T8 16’ 14" 12

Spectively.
27Ph NMR spectra

The?"Pb NMR spectraof the complexesgivesig-
nalsat $62222-2240 ppm, indi cating coordination num-
ber six inthe complexesaround lead atom. Thesere-
sultsarefound tobein accordance with the results by
West et all®),

Themost suitable structuresfor these derivatives
condderingtheir physica measurements, andyticd data
and spectra evidencesaredepictedin Figure 1.
Biological aspects
(A)Antifungal activity

Antifungal activity measuredis presented inthe
TABLES4-8.Theresults showed that the spore ger-
mination inhibited significantly even at thelowest con-
centration T, (50 ppm). Similar resultswere obtained
when 4 selected fungi were taken for their mycelial

growth on potato dextrose broth supplemented with
the chemicals. The sporeswhich showed sensitivity

(CH z)x

NH NH
NH NH

(CHz)x
whereM =Fe(l1)and Pb(I1) X =1,2,30r 4
Figurel: Proposed structuresof the complexes
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TABLE 4: Effect of [Fe(Mac®)Cl,] on sporeger mination of
somefungi

R: R, Rs
Fungus/ Treatment Host Control 250 125 62.5
ppm ppm__ ppm

Fusarium udum Canfanus - o "
(ATCC 10245) cajan 96.73 251** 11.25** 18.86
Alternaria triticina Triticum " " x
(ATCC 698) aestivum 99.27 18.03** 24.43** 70.15
Alternaria brassicae  B.campestris - . -
(ATCC 1050) var. capitata 9953 200 418 1737
Curvularia lunata ) -
(ATCC 10021) Oxyza sativa 97.33 68.89 8273 8754
Curvularia sp. Brassica o . .
(ATCC 12007), campesris  90:72 297" 567" 659
Helminthosporium
oryzae Oxyzasativa 96.82 2.99** 5.98** 6.88**
(ATCC 11779),
Aspergillus flavus x . .k
(ATCC 17884), Saprophyte  80.33  3.17** 833** 1583
Alternaria
brasicicola B.Campestris  92.63  7.56** 11.24** 27.25**
(ATCC 29739)

Row data with **are significant at P> 0.01
TABLE5: Effect of the[Fg(M ac®)Cl.] on sporeger mination of
somefungi

S S S

Fungus/Treatment Host Control 500ppM 250 ppm 125 ppm
Fusarium udum Canfanus ok - x
(ATCC 10245) cajan 98.63 9.78** 15.22%* 41.25
Alternaria triticina Triticum o o o
(ATCC 698) aestivum 99.27 49.39** 71.83** 87.87
Alternaria brassicae B.campestris x Lk Lk
(ATCC 1050) var. capitata 953 141 2169 3349
Curvularia lunata ) -
(ATCC 10021) Oxyzasativa 96.44 73.00 8273 8754
Curvularia sp. Brassica . o o
(ATCC 12097), campestris 96.33 13.21** 24.86** 36.72
Helminthosporium
oryzae Oxyzasativa 97.29 6.57** 9.28** 52.15**
(ATCC 11779),
Aspergillus flavus ok 5 * o
(ATCC 17884), Saprophyte  80.33  7.67** 24.83** 47.00
Alternaria
brasicicola B.Campestris  92.63  24.89** 34.40** 41.87**
(ATCC 29739)

Row data with ** are significant at > 0.01.
agang the chemicasd so showed asmilar trendinthe
production of mycelia dry weight. Out of the4 tested
fungi, Alternariatriticinashowed maximum sensitivity
when the chemica sweremixed, followed by Alterna-
riabrass cae and Fusariumudum (TABLE 4).
Theresultsof the present experimentsshowed the
probabl e synergistic effect of the two compoundsin
themixture. Such compounds may inhibit devel opment
of res stlances ncethey havemultisiteaction mgority in
comparisontowiddy used fungicideswithsnglesteof
action. Further experimentati on with these compounds
in glasshouse and under field conditionsis suggested
for practica application of plant disease control.
Incaseof Fusariumudum and Aspergillusniger the
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TABLE 6: Effect of [Fe(M ac?)Cl,] complex on sporeger mina-
tion of somefungi

T,
Fungus/ Host Control T, (400 T, (200 T3 (100 (50
Treatment ppm) ppm) ppm) ppm)
Fusarium udum Canfanus % % xx <k
(ATCC 10245) cajan 98.63 4.72** 9.54** 17.34** 24.08
Alternariatriticina  Triticum ok o ok *%
(ATCC 698) aetivum 93.32 0.60** 10.72** 27.31** 63.11
Alternaria .
brassicae \E/‘fmpﬁfgt'g 9247 2.18** 4.92** 12.53** 20.16%*
(ATCC 1050) - cap
Curvularia lunata : *k % * % ik
(ATCC 10021) Oxyzasativa 91.39 3.94** 11.19** 23.32** 37.23
Curvularia sp. Brassica % % xx * %
(ATCC 12097), stris 86.39 1.18** 3.37** 10.74** 20.59
Helminthosporium
oryzae Oxyzasativa 84.78 344 4.93** 8.58** 17.97**
(ATCC 11779),
Aspergillus flavus ok o . o
(ATCC 17884), Saprophyte  94.32 6.17** 13.86** 26.06** 29.20
Alternaria
brasicicola B.Campestris 92.63 11.52** 21.58** 29.95** 37.76**
(ATCC 29739)

Row data with ** are significant at p > 0.01
TABLE 7: Effect of the[Fe(Mac?)Cl,], [Fe(Mac®)Cl ] and
[Fe(Mac’)Cl.] complexeson mycelial growth of somefungi

CurvulariaFusarium Alternaria Alternaria
Conc. lunata udum brassicae ftriticina
(ppm) (ATCC (ATCC (ATCC (ATCC
10021) 10245) 1050) 698)
0.2301 0.2195 0.2170 0.2486
0.1889 0.1487** 0.1299** 0.1440**
0.1320** 0.1138** 0.1140** 0.1145**
0.1024** 0.1015** 0.0982** (0.1021**
0.1772** 0.1576** 0.2277** 0.2135**
0.1488** 0.1266** 0.2212** 0.1875**
0.0996** 0.1075** 0.2100** 0.1477**
0.1455** 0.1185** 0.1010** 0.1245**
200 0.1241** 0.0983** 0.8260** 0.0930**
400 0.0857** 0.0481** 0.0496** 0.0230**
Column data with ** are significant at P > 0.01.

Treatment

Control

100
200
400
100
200
400
100

[Fe(Mac?)Cl,]

[Fe(Mac®)Cl,]

[Fe(Mach)Cl,]

—= Py Paper

effect of the [Fe (Mac®)CL] ,[Fe (Mac’)Cl,] and [Fe
(Mac*)Cl,] werevery significant showinginhibition upto
100% in many these cases (TABLED5).

From an overall study of the effect of the [Fe
(Mac®)Cl], [Fe(Mac®)ClL,] and [Fe(Mac’)Cl,] inferred
that dl the complexesaregood fungicidd agent. Again
in certain casesthe complex, [Fe(Mac?)Cl,] ismore
effectivei.e., show morefungi-toxicity in comparison
totheindividua [Fe(Mac?)Cl.] or the[Fe(Mac®)Cl,
For practica utility of thiscompound, theinhibiting ca-
pacity of the complex was compared with the com-
mercidly availablefungicide, dithane— M-45 (a broad
fungicde) whichisusedintheinhibition of sporegermi-
nationinthe0.1-0.2% in thefield condition limit for
many fungi. It was found that in the case of Ph,SnL
aganst Fusarium udum and Curvulariaspecies, theef-
fect of the complex wasfound to be better than that of

TABLE 9: Antibacterial screening data of theiron(l1) and
Pb(l1) complexes. Diameter of inhibition zone (mm

P.cepacicola (i.l(fgé S('i#rgés K.aerogenous
Compound (ATCC 1079) 1920)  1450) (ATCC 793)
500 1000 500 1000 500 1000 500 1000
[Fe(MacHCl], 9 10 11 12 11 12 12 13
[Fe(Mac’)Cl,], 5 7 3 7 4 6 3 7
[FeMac®Cl], 10 13 13 14 12 14 13 14
[FeMachCl], 11 12 11 13 11 13 10 11
[Pb(MachCl,), 11 13 13 13 12 14 13 15
[Pb(MachCl,], 9 12 8 10 9 14 5 8
[Pb(MacdCl,], 12 13 12 14 12 14 11 12
[Pb(MachCl,], 13 14 14 15 13 14 12 14
Sandad 45 46 47 18 15 17 13 15
(Streptomycin)

TABLE 8: Effect of the[Fe(Mac’)Cl.], [Fe(Mac®)Cl_] and [Fe (M ac?)Cl.] complexeson spor e ger mination of somefungi (%

inhibition)
[Fe (Mac’)Cl,] [Fe (Mac®)Cl,] [Fe (Mac’)Cl,]

Fungus/Treatment Host Control 1000 500 1000 500 1000 500
Fusarium udum .
(ATCC 10245) Canfanus cajan 135 98.65 90.0 99.37 88.2 100.0 95.4
Alternaria brassicae ~ B.campestris
(ATCC 1050) var. capitata 7.35 26.0 45 15.0 34 86.6 78.6
Curvularia lunata .
(ATCC 10021) Oxyza sativa 32.20 99.05 92.6 96.2 825 100.0 96.2
Curvularia sp. Brassica
(ATCC 12097), campestris 3.65 98.77 85.19 99.4 85.3 100.0 98.8
Helminthosporium
oryzae Oxyza sativa 1.18 100.0 98.4 26.2 4.3 91.3 77.6
(ATCC 11779),
Aspergillus flavus
(ATCC 17884), Saprophyte 19.80 99.7 92.27 56.7 274 99.2 94.8
Alternaria brasicicola .
(ATCC 29739) B Campestris 22.24 99.5 925 48.2 224 77.2 54.2
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TABLE 10: Body and organsweight

Body weight(gm) Tissue Weight (mg/100 gm body weight)
Treatment . . - . Seminal Ventral Vas . .
Initial Final Testes  Epididymis vesicle prosiate  deferencs Kidney Adrenal Liver
O(;rr?]lljrz)l-i\lle 19250+ 21250+ 103209 20813 23721+ 16048+ oo o 49006 2041+ 373464
oillday 5.45 451  +1250 +4.86 8.33 4.32 RESY 11436 044 +181.23
GS“r’r‘jg/l;” 186.70+ 206.00+ 64L09* + , 0o, oo 207.21% + 12802*+ 4004* + 378.28" + 27.23%+ 3711.11°4
g 1800 1704  26.87 EEY 14.28 1.34 0.89 1413 062 10545
b.w.t./day
Géorﬁg/;( g' 186.25+ 20800+ 545.16** 208.21**+ 158.97** 127.27%*+ 37.30** 33326** 23.36* + 3310.54* +
3.35 862  +12.19 9.20 +8.00 5.05 +032  +520 094 33673
b.w.t./day
Ggor‘:]z/;('v 19050+ 212.00 489.03** + 191.95%*+ 138.43** + 9541** + 42.05+* + 331.22** 20.07** + 2871.11**
g 884  +987 1250 4.86 8.33 3.82 150  +436 044  +181.90
b.w.t./day
Gs“r’;‘g”;v 18500+ 20275+ 549.35* + o000 oo 14967 100497+ 3341**  35478% + 2123 +3130.64"
g 6.96 8.70 8.62 REESS 1407 0.93 +273 1622 069 61.09
b.w.t./day
D e 18750 20500: 4SLOB™ i 162754 12873 97454 41247y 28799 2058 + 278860°*
g 538  17.38 6.23 1.86 +4.82 3.29 080  +1343 089  +11817
b.w.t./day
(mean + SEM of 6 Animals), ns=Non-significant, *=P < 0.01=Significant, **=P < 0.001=Highly-Significant, Group-1=Control,
Group-l1== [Fe (Mac)Cl,], Group-Il1== [Fe (Mac®)Cl,], Group-1V== [Fe (Mac*)Cl ], Group-V= [Pb (Mac’Cl ], Group-VI= [Pb (Mac*)Cl]
TABLE 11: Spermdynamicsand fertility test [Fe(Mac*)Cl,] isbetter fungi toxic than commercial
Sperm  Sperm products, showing greater possibility of gpplicability of
No. No.of  motility density - - e
Treatment of fgg'al();pregnant (Cauda  (Cauda 't:;t'(!)'/g the complex under field conditions.
males females epididymis) epididymis) : : -
%) (million/ml) (B) Antibacterial activity
Group - | Theantibacterid activity of thefew representative
Odﬁ\?: 12 12012 66.73+1.33 5450+0.49 (182) ligands and their metal/metall oid complexeshas been
oil/day screened against various bacteriaand theresultsare
recorded in TABLE 9. The experimenta results show
Group - 1 " L
smgkg 6 12 812 48591167 31'2638 * 35 (ve) that themaz?i chd ateﬁ.aremorepoteptlln mhl bitingthe
b.w.t./day ' growth of microorganism thantheorigina ligands. The
Group- Il enhanced antimicrobid activity of themeta cheatesover
5mgkg 6 12 512 38.84+236 18.17+33960(-ve) their corresponding chelating agentsmay beexplained
bw.t./day by the chelation theory. Chelation reducesthe pol arity
Group - IV [ 1 [ i
A5 1450 of themeta ion mainly becauseof thepartid sharing of
b5wmtg/’§§y 6 12 12 ot T PV jtspositivechargewith thedonor groupsand possible
n-electron del ocali zation over thewholechelatering.
Group - V x il i ili _
smoka 6 12 412 3085:366 17,3269 + 7000 Thlsmcreese. thellpophlllcchaagter of themad com
b.w.t./day : plexes, which subsequently favour itspermeetionthrough
e v the semi permeabl e defenses of cell membrane of mi-
roup - . . ..
5 mg/kg 6 12 112 26-15%’;* + 10-(‘)312*2* * go(ve) Croorganismandthereby, impairingthenorma cell pro-
b.w.t./day ’ ) Cess.

(Mean + SEM of 6 Animals, **=P < 0.01=Hihgly-significant., All
Groups Compared with the control, Group-1=Control , Group-
II=[Fe (Mac?)Cl,], Group-lll1= [Fe (Mac®)Cl,], Group-I1V= [Fe
(Mac*)Cl,], Group-V= [Pb (Mac)Cl,], Group-VI= [Pb (Mac*)Cl,]

commercidly availablefungicidedithaneM-45.
Thisobservationisquitesignificant and opens, upa
new field of research as the metal complex

(C) Antifertility activity
TheresultsreportedinTABLES 10and 11 reveded
that thereisahighly significant reduction (P<0.001) in

thespermmoatility. A severeimpairment of sperm den-
sity in cauda epididymus was observed after 60 days
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of treatment as compared to the control group. Asthe
caudaepididymal sperm suspension of control rat re-
vedled that the spermswere actively motile, showing
forward progression .Thesperm motility of compound
treated rats showed that the spermswere sluggishly
motilewithout forward progression.

Body and or gan weight

Theora treatment of complexesdid not causeany
sgnificant changein thebody weight of thetreated rats
withrespect toinitia body weight. However theweight
of testes, epididymus, semind vesicle, ventrd prosirate
and vasa deferens decreased highly significantly
(P<0.001) with respect to theweightsof control group
animas
Sperm motility and sperm density

Theresultsreported in TABLE 11 reved that there
isahighly significant reduction (P<0.001) inthesperm
motility. A severeimpairment of spermdensity in cauda
epididymus was observed after the 60 days of treat-
ment as compared to the control group. As the
caudaepididymal sperm suspension of control rat re-
vedled that the spermswere actively motile, showing
forward progression. Thesperm motility of compound
treated rats showed that the spermswere sluggishly
motilewithout forward progression.

Biochemical parameter %

Theora administration of complexesin maleal-
bino ratscaused ahighly significant (P<0.001) increase
inthetestescholesterol levelsintherats. Theliver cho-
lesterol level wasunaffected in all thetreated groups.
A highly significant decrease (P<0.001) was observed
inthetestesglycogen level of theanimastreated with
thecomplexes.

A non- significant changein theliver glycogenwas
observedinall thetreated groups

Hematology

Thevauesof RBC and WBC counts, Hemoglobin
and hematocrit® vauesremained undtered indicating
normal blood physiology. Thevauesof M.C.H,M.C.V
and M.C.H.Cwered so unaffected following thetreat-
ment.

—= Pyl] Peper
CONCLUSION

The present resultsdemongtratethe effectsof these
compounds on the mal e reproductive system of rats
and other physiological parameters. Further, the cur-
rent study strongly demondtratethat the[ Pb (Mac’)Cl]
complex ismoreeffectiveantimicrobid and antifertility
agent than the other compounds.
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