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ABSTRACT: The present paper deals with synthesis and characterization
of some new chromium (I11) Schiff base complexes using microwave irradiation
technique as well as conventional heating. The S"N donor benzothiazolines, 1-
(2-furanyl) ethanone benzothiazoline (Bzt;N"SH), 1-(2-thienyl) ethanone
benzothiazoline (Bzt,N"SH) and 1-(2-pyridyl) ethanone benzothiazoline

(BztsN"SH) were prepared by the condensation of ortho-aminothiophenol with
respective ketones in ethanol. The chromium (I1I) complexes have been
prepared by mixing CrCl;.6H,0 in 1:1 and 1:2 M ratios with benzothiazolines.
The structure of the ligands and their transition metal complexes were
confirmed by the elemental analysis, melting point and molecular weight
determinations, IR, *H NMR, electronic, EPR spectral studies. On the basis of
these studies an octahedral environment around the chromium (I11) ion has been
proposed. The in vitro antimicrobial and in vivo antifertility activities of Schiff
base ligands and their respective chromium (l11) complexes were performed on
pathogenic bacterial and fungal strains and male albino rats respectively. The
results indicated that the complexes showed higher activity than the parent
ligands.
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INTRODUCTION: Over the past few years,
pharmaceutical and chemical industry is
continuously searching for technologies that make
synthesis easier and faster in large scale. The
present day industrialization has led to immense
environmental deterioration.

The increasing environmental consciousness
throughout the world has put a pressing need to
develop an alternate synthetic approach for
biologically  and synthetically important
compounds.
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This requires a new approach, which will reduce
the material and energy intensity of chemical
processes and products, minimize or eliminate the
dispersion of harmful chemicals in the environment
in a way that enhances the industrially benign
approach and meets the challenges of green
chemistry . Green chemistry is defined as the
utilization of a set of principles that reduces or
eliminates the use or generation of hazardous
substances in the design, manufacture and
application of chemical products.

Microwave-assisted synthesis is a branch of green
chemistry. Microwave synthesis represents one of
the important dimensions of modern chemistry
attracting a considerable amount of attention %. The
use of microwave ovens in chemical synthesis and
analysis has increasingly grown in importance, due
to its ability to dramatically reduce reaction times,
improve yield, and simplify procedures *.
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Schiff bases and their complexes have numerous
applications, e.g., anticancer, antibacterial,
antiviral, antifungal, and other biological properties
*  Benzothiazole and their derivatives are well
known biologically active compounds * °. 2-
Arylbenzothiazoles are a class of molecules which
Egsses an interesting variety of biological activities
~. They are a class of potent and selective
antitumor agents which exhibit nanomolar
inhibitory activity against a range of human breast,
ovarian, colon and renal cell lines in vitro *°.

Much research has been devoted **3 to study the
metalloorganic and biological behavior of such
derivatives containing the azomethine (>C=N)
linkage. The biological activity of these compounds
may be connected to their ability to form
complexes with certain metal ions which may lead
to a “‘locked geometry’’ via the coordination
mechanism so that only certain substances are able
to become attached to the framework of this
interaction. The metal complexes of such type of
ligand systems exhibit interesting metal-nitrogen
and metal-sulfur bonding features with increased
electron delocalization which may lead to improved
biological activity ',

Biological roles of chromium are surrounded by
controversy *°. By contrast, most nutritionists
regard chromium (111) as an essential micronutrient,
acting as an insulin activator **’. In order to
understand in more detail the biological behavior of
the same Schiff bases we have coordinated these

R HS

2-mercaptoaniline

benzothiazoline
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with other transition metal Cr (I1I). It is expected
that this alteration may result in achieving new
targets in synthesizing and designing new metal-
chelated compounds that could fight more
aggressively antibiotic resistant strains.

In this paper, we therefore wish to report the
synthesis, characterization and antimicrobial
properties of some new chromium (I11) complexes
of biologically potent S"N donor azomethines.

MATERIALS  AND METHODS: The
CrCl;.6H,0 was purchased from Alfa Aesar. All
the reagents were dried and distilled before use. 1-
(2-furanyl) ethanone, 1-(2-thienyl) ethanone, 1-(2-
pyridyl) ethanone and ortho-aminothiophenol were
purchased and used as such.

Preparation of the ligands: The benzothiazoline
ligands, 1-(2-furanyl)ethanone benzothiazoline
(Bzt;N"SH), 1-(2-thienyl)ethanone benzothiazoline
(Bzt,N"SH) and 1-(2-pyridyl)ethanone benzothia-
zoline (BztsN"SH) were prepared by the
condensation of 1-(2-furanyl)ethanone (0.02 mol),
1-(2-thienyl)ethanone (0.02 mol) and 1-(2-
pyridyl)ethanone (0.02 mol) with 2-mercapto-
aniline (0.02 mol) in 1:1 M ratio using ~100 mL
alcohol as a solvent. The reaction mixture was
stirred for 3-4 h, and the resulting product was
filtered off, recrystallized from ethanol, and dried
in vacuum. The structures of ligands are shown in
Fig. 1.
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FIG. 1: STRUCTURE OF THE LIGANDS
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Preparation of the complexes: The complexes
were prepared by two different routes.

(A) In microwave assisted synthesis, the complexes
were prepared by irradiating the reaction
mixture of CrCl;.6H,0 (0.002 mol) and
respective ligands (0.002 and 0.004 mol) in 1:1
and 1:2 molar ratios using NaOH in appropriate
stoichiometric proportions in methanol. A
drastic reduction in the reaction time was
observed due to the rapid heating capability of
microwaves. Finally, the products were
recovered from the microwave oven and
dissolved in a 2-4 mL of dry methanol, where
the precipitate of sodium chloride formed
during the course of the reaction was removed
by filtration and the filtrate was concentrated
under reduced pressure. The resulting
compounds were washed with cyclohexane and
recrystallized in methanol.
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(B) These complexes were also synthesized by the
thermal method where instead of 7-9 min,
reactions were completed in 12-16 h and the
yield of the products was also less than that
obtained by the microwave assisted synthesis.
In this method the methanolic solution of
CrCl3-6H,O (0.002 mol) was added to the
methanolic solution of ligands (0.002 and 0.002
mol) in 1:1 and 1:2 M ratios using NaOH in
appropriate stoichiometric proportions. The
resulting mixture was heated under reflux for
12-16 h, the precipitate of sodium chloride
formed during the course of the reaction was
removed by filtration and the solvent was
concentrated under reduced pressure. The
product was dried in vacuum.

The resulting compounds were washed with
cyclohexane and recrystallized in methanol. The
purity was further checked by TLC using silica
gelG. A comparison between thermal method and
microwave method is given in Table 1.

TABLE 1: COMPARISON BETWEEN CONVENTIONAL AND MICROWAVE METHODS OF SYNTHESIS

Compounds Yield (%) Solvent (mL) Time
Thermal Microwave Thermal Microwave Thermal (h) Microwave (Minutes)
[Cr(Bzty).Cl, (H,0),] 79 82 50 2 15 8
[Cr( Bzty),..Cl.(H,0] 70 79 50 3 16 8
[Cr(Bzty).Cl,(H,0),] 76 88 40 3 15 9
[Cr( Bzt,),.Cl.(HO] 72 82 45 4 12 7
[Cr(Bzts).Cl,(H,0),] 68 80 50 3 12 8.5
[Cr( Bzt;),.Cl.H,0] 76 89 40 4 15 7.3

Physical measurements and analytical method:
The molecular weights were determined by the
Rast Camphor method®. The metal contents were
analysed gravimetrically. Sulfur and nitrogen were
determined by Messenger’s”® and Kjeldahl's
methods®® respectively. Carbon and hydrogen
analyses were performed at the Central Drug
Research Institute (CDRI), Lucknow. Infrared
spectra were recorded on a Nicolet Magna FTIR-
550 spectrophotometer using KBr pellets. *H NMR
spectra were recorded on a JEOL-AL-300 FT NMR
spectrometer in DMSO-d6. The electronic spectra
were recorded on a  Varian—Cary/5E
spectrophotometer at SAIF, IIT, Madras, Chennai.
EPR spectra of the complexes were monitored on
Varian E-4X band spectrometer at SAIF, IIT,
Madras, Chennai. Molar conductance was
measured on CC601 digital conductivity meter.

Anti-microbial studies:

Anti-fungal studies: Bioefficacies of the ligands
synthesized by thermal method and their matel
complexes synthesized by thermal as well as
microwave methods were checked in vitro. The in
vitro antifungal activities of the ligands and their
complexes have been evaluated against two
pathogenic fungi, Aspergillus niger and Fusarium
oxysporum by the agar plate technique®. The
potato dextrose agar (PDA) medium was prepared
in the laboratory to maintain the fungal growth. For
PDA preparation, 20 g potato was extracted with
distilled water (100 mL) at 100°C for 1 h and it was
filtered off by cotton filter. The potato juice was
then mixed with 2 g dextrose and 1.5 g agar and
finally the pH of the prepared PDA media was
adjusted at 7.
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Solutions of the test compounds in methanol at 100
and 200 ppm concentrations were prepared and
then were mixed with the medium. The medium
then was poured into petri plates and the spores of
fungi were placed on the medium with the help of
inoculum’s needle. These petri plates were
wrapped in the polythene bags containing a few
drops of alcohol and were placed in an incubator at
25+2°C. The activity was determined after 96 h of
incubation at room temperature (25°C). The
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 four days and the percentage
inhibition was calculated as 100x(C-T)/C, where
C=diameter of the fungus colony in the control
plate after 96 h and T=diameter of the fungal
colony in the test plates after the same period. The
antifungal screening data of compounds were
compared with the standard (Fluconazole).

Antibacterial screening: In vitro antibacterial
screening is generally performed by disc diffusion
method “*. The antibacterial activity of the ligands
and their chromium (I111) complexes were evaluated
against bacteria Staphylococcus aureus and
Escherichia coli. The nutrient agar medium having
the composition peptone 5 g, beef extract 5 g, NaCl
5¢, agar-agar 20 g and distilled water 1000 mL was
pipetted into the petri dish. When it solidified, 5
mL of warm seeded agar was applied. The seeded
agar was prepared by cooling the molten agar to 40
°C and then added the 10 mL of bacterial
suspension. The compounds were dissolved in
methanol in 500 and 1000 ppm concentrations.
Paper discs of Whatman No.1 filter paper
measuring diameter of 5 mm were soaked in these
solutions of varied concentrations.

The discs were dried and placed on the medium
previously seeded with organisms in petri plates at
suitable distance. The petri plates were stored in an
incubator at 28+2°C for 24 h. The diameters of the
zone of inhibition produced by the compounds
were compared with the standard antibiotic
(Streptomycin). The zone of inhibition thus formed
around each disc containing the test compounds
was measured accurately in mm.
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Determination of minimum inhibitory
concentration (MIC):  Minimum Inhibitory
Concentration, MIC, is the lowest concentration of
test agent that inhibited visible growth of bacteria
after 18 h incubation at 37°C. The determination of
the MIC involves a semi quantitative test
procedure, which gives an approximation to the
least concentration of an antimicrobial needed to
prevent microbial growth. The minimum inhibitory
concentration was determined by liquid dilution
method 2. Stock solutions of chromium (II1)
complexes with 10-50 pg/mL concentrations were
prepared with aqueous methanol solvent. Inoculum
of the overnight culture was prepared.

In a series of tubes, 1 mL each of chromium (1)
complex solutions with different concentrations
were taken and 0.4 mL of the inoculum was added
to each tubes. Further 3.5 mL of the sterile water
was added to each of the test tubes. These test tubes
were incubated for 24 h and observed for the
presence of turbidity. The absorbance of the
suspension of the inoculum was observed with
spectrophotometer at 555 nm. The end result of the
test was the minimum concentration of
antimicrobial (test materials) which gave a clear
solution, i.e., no visual growth.

Antifertility activity: The estimation of potency of
the  synthesized  compounds and their
antiandrogenic effects on male albino rats were
studied and the emphasis has been given on the:

= Body and organ weights
= Sperm dynamics and fertility
= Biochemical parameters

MATERIAL AND METHODS:

Animals used: The sexually mature healthy male
albino rats (Ratus norvegicus) with an average
body weight between 185-208 g (80-100 days old)
were used for the present study. They were housed
in an air conditioned animals room at 24+2°C with
14 h light and water and food was given ad libitum.
The animals were fed with food pellet procured
from Ashirwad Industries, Chandigarh as well
sprouted gram and wheat seeds as an alternative
feed. Tap water was supplied ad libitum.
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Preparation of Animals for the Study: The
weighed rats were divided into 10 groups and each
group composed of 3 rats. The first group (group
A) was selected as control and treated with olive oil
0.5 mL / day, which was chosen as the vehicle to
administer the synthesized compounds. In rest of
the groups (groups B, C, D, E, F, G, H, | and J),
ligands and the complexes were given for 55 days.

Mode of Administration of the Compound: In
the group B, C and D the ligand 35 mg/kg body
weight suspended in olive oil was given orally
through the mouth by pearl point needle for a
period of 55 days. The animals of groups E, F, G,
H, | and J received same doses of respective
compound for the same period. It was then
administered orally through the mouth by pearl
point needle.

Fertility Test: The fertility test of individual rat
was done before the experiment and after 55 days
of the experiment. Each rat was cohabited with
progesterone female in 1:2 ratios. Vaginal smear
was examined every morning for positive mating
and numbers of litters delivered were recorded. The
rats were sacrificed within 24h after the last
administration of the compounds, i.e. on 55" days
of the experiment.

Sperm Motility: The epididymis is exposed by a
scrotal incision. Then a cut is made at the distal end
of the cauda epididymis and spermatozoa were
expressed out by gentle pressure in a measured
amount of physiological saline to make sperm
suspension. Sperm suspension was then placed on a
glass slide and observed for forward motility. At
least 100 spermatozoa per rat were observed under
microscope using pre-calibrated micrometer.
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Sperm Density: The sperm suspension made as
above is placed on Neubauers chamber of
haemocytometer and allowed to settle for 1 h. The
number of spermatozoa in appropriate squares
counted under light microscope at 100 X
magnification lens. Then with the help of standard
formulae counts/mL were calculated.

Biochemical Estimations: Biochemical estimations
of protein, sialic acid, Fructose and cholesterol were
carried out in testes and seminal vesicle by standard
laboratory techniques. Student‘t’ test was used for
the assessment of significance of variations and the
data were presented as mean + SEM.

Body and Organ Weight Measurements: The
rats were weighed weekly and change in the body
weight was recorded. The animals were sacrificed
under light ether anesthesia. The testes, epididymis,
seminal vesicle and ventral prostate were removed,
cleared off fat, blood vessels and connective tissue
before weighing. Sperm motility and sperm density
were assessed in cauda epididymis and testes. Liver
was also dissected and separated. The weight of
each organ was measured with an electronic
weighing machine, which has sensitivity of 0.01 g.

RESULTS AND DISCUSSION: The reactions of
CrCl3-6H,0O with the ligands, and stoichiometric
amount of NaOH, were carried out in 1:1 and 1:2
M ratios in methanol. The successive replacement
of chloride resulted in the formation of products
[CrCl,(BztN"S)(H,0),] and  [(CrCI(BztN"S),
(H.0)]. The overall reaction of 1:1 and 1:2
complexes are as follows:

CrCl; 6H,0 + B tN[ )SH + NaOH 11 @)
' z —_—
3-0M2 Niethanol [CrCly(BztN S)(H,0),] + NaCl + 5H,0
) 1:2 O
CrCl3.6H,0 +2BztN SH + 2NaOH ya——- » [CrCI(BztN S),(H,O)] + 2NaCl + 7H,0
ethano

Where, BztN"SH is the ligand molecule

International Journal of Pharmaceutical Sciences and Research

2825



Fahmi, et al., IJPSR, 2014; Vol. 5(7): 2821-2833.

A suggested structure for chromium complexes in
molar ratio 1:1 and 1:2 is shown in Fig. 2 and 3
respectively.

The physical properties and analytical data of the
ligands and their metal complexes, synthesized by
conventional method are enlisted in Table 2.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

All the chromium (I11) complexes are solids dark
green in colour, stable at ambient temperature.
Molecular weight determinations indicate their
monomeric nature. Measured molar conductance
(10-15 ohm™ cm?mol™) of 10 M solution in DMF
shows the non-electrolytic behaviour of the metal
complexes.

TABLE 2: ANALYTICAL DATA AND PHYSICAL PROPERTIES OF THE LIGANDS AND COMPLEXES

SYNTHESIZED BY CONVENTIONAL HEATING

Melting Found (Calculated.) (%) Molar mass Magnetic
Compounds Color Point Found Moment
‘c) C H N S M (Calculated) (B.M) ()
6617 481 623 1461 200.23
il Yellow 73 (6633) (5.10) (6.44) (1476) (217.29)
6144 444 572 2734 226.30
s Yellow 88 (g176) (475) (6.00) (27.48) (233.35) -
- Light g4 6824 512 101 1379 218.27 _
3 yellow (6839 (529) (12.27) (14.04) (228.31)
3822 344 342 831 1360 367.18
[Cr(Bzty) Clo(H0);]  Green 148 (35'41) (376) (3.73) (8.54) (13.85) (375.21) 1
5332 381 488 1151 948 527.01
[Cr(Bzt)2.CL.(H,O]  Green 154 5a5ey 412) (521) (11.92) (9.66) (538.02) i
3635 337 343 1616  13.09 382.25
[Cr(Bzt) Clo(H0);] ~ Green 103 35734y (360) (3.57) (16.39) (13.28) (391.27) S
5032 356 449 2224 911 557.11
[Cr(Bzt). CL(H0]  Green 119 55550 (388) (4.91) (22.49) (9.20) (570.15) Sl
3900 358 615 803 1321 374.21
[Cr(Bzts) Clo(H0);] ~ Green 114 4h54) (391) (7.25) (8.28) (13.46) (386.24) i
5526 402 971 1110 943 551.01
[Cr(Bzt:), CLH0]  Green 126 5575y (431) (10.00) (11.44) (9.28) (560.07) 09

UV spectra: The nature of the ligand field around
the metal ion and the geometry of the metal
complexes have been deduced from the electronic
spectra and magnetic moment data of the
complexes. The electronic spectra of the complexes
were recorded in DMSO. In case of chromium (111)
complexes the three transitions are expected and
are also observed experimentally. Three bands at
15650-16630, 21000-23560 and 29110-32000 cm™
are observed due to the “*A,g—*T.g(vy),
“Arg—*T1g(v2) and *A,g—T1g(P)(vs) transitions,
respectively, suggesting an octahedral geometry
around the Cr** ion *?°. Various ligand field
parameters like Dg, B and B have been calculated
and given in Table 3. Energy of the first spin
allowed transition [*A.g (F) —*Tog (F)] directly
gives the value of 10Dq. Electronic repulsion
parameter is expressed in terms of Racah parameter
and ‘B’ has been evaluated during these studies.
The nephelauxetic ratio [ indicates that the
complexes have appreciable covalent character.
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ESR spectra and magnetic moment: The ESR
spectra of 1:1 and 1:2 chromium (I11) complexes
synthesized by different routes were recorded at
room temperature. These consist of a single broad
peak in each case and from which the Lande
splitting factor (‘g’ values) has been calculated.
For the present complexes, the g values lie in the
range 1.9433-1.9867 which is characteristic of
octahedral geometry 2°. The room temperature
magnetic moment of the chromium (I11) complexes
(Table 2) was found in the range 3.70-3.80,
indicative 2’ of three unpaired electrons on
chromium (Ill) ion in an ideal octahedral
environment.

IR spectra The significant IR bands of the ligands
and their metal complexes wused for the
establishment of the mode of the coordination of
bidentate ligands towards the metal ion are reported
in Table 4.
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TABLE 3: ELECTRONIC SPECTRAL DATA (cm™) OF THE CHROMIUM (I11) COMPLEXES

Compounds Transitions Spiﬁf{f‘('n?ﬁ‘)” as Dq B E?/Ig" Vo V1
*Aog(F)—"T4(F) 16630 (601)
[Cr(Bzty).Cl,(H,0),] “Aogy(F)—*T14(F) 23560 (424) 1663 703 0.76 1.41
“Agg(F)—"T14(P) 29600 (337)
TAs4(F)—"T4(F) 16000 (625)
[Cr( Bzty),.Cl.(H,0] “PAoy(F)—*T14(F) 21000 (476) 1600 470 0.51 1.31
“Asy(F)—"T1o(P) 29110 (343)
TAsy(F)—"T14(F) 15650 (638)
[Cr(Bzt,).Cl,(H,0),] “Aoy(F)—*T14(F) 21856 (457) 1565 619 0.67 1.39
*Ag(F —*T14(P) 32000 (312)
Ao (F)—"Too(F) 16610 (602)
[Cr( Bzty),.Cl.(H,0] *Aoy(F)—"T14(F) 23235 (430) 1661 661 0.72 1.40
*Ao(F)—T14(P) 31997 (312)
*Agq(F)—*Toq(F 15995 (625
CIEE) el 4A2:EF;—>4T1:EF3 22560 54433 1509 662 072 141
“Agy(F)—*T14(P) 30855 (324)
Ao (F)—> T (F 16540 (604
[Cr( Bzts),.Cl.H,0] 4A2:EF;—>4T1:EFg 22440 54453 1654 570 062 135
“Poy(F)—*T14(P) 29215 (342)
TABLE 4: IR (cm™) SPECTRAL DATA OF THE LIGANDS AND THEIR METAL COMPLEXES
Compounds IR spectral data (cm™)
v(NH) v(OH) v(C=N) v(M—N) v(M—S)
Bzt,H 3300 - - - -
Bzt,H 3260 - - - -
Bzt;H 3255 - - - -
[Cr(Bzt,).Cl,(H,0),] 3445 1600 450 345
[Cr( Bzty),.Cl.(H,0] - 3450 1593 473 342
[Cr(Bzt,).Cl,(H,0),] - 3450 1598 470 350
[Cr( Bzt,),.Cl.(H,0] - 3430 1590 450 352
[Cr(Bzt3).Cl,.(H,0),] - 3400 1606 465 355
[Cr( Bzts),.Cl.H,0] - 3440 1610 475 358

In the spectrum of the free ligands absence of the
v(SH) mode at 2595-2550 cm * and the presence of
v(NH) mode at 3300-3255 cm™ indicates the
presence of the benzothiazoline ring structure %8 in
the ligand. The v(NH) absorption bands disappear
in the spectra of the complexes, suggesting the
deprotonation of the ligands on chelation. A sharp
and strong band observed at 1610-1590 cm™ due to
the azomethine group in the spectra of metal
complexes, these bands are not observed in the
spectra of ligands, is the strong evidence for the
existence of benzothiazoline structure rather than
the Schiff base structure in the ligands and
confirming that the ligands adopt the Schiff base
form in complexes.

International Journal of Pharmaceutical Sciences and Research

In the spectra of chromium (I11) complexes a band
is observed in the range 885-840 cm™ which may
be attributed to the coordinated water molecule.
Further, a broad band around 3450-3400 cm™ may
be due to v(O-H) of water molecule.

The far IR spectra of these metal complexes
exhibited new bands, which are not present in the
spectra of the ligands. On the basis of the foregoing
discussion, an octahedral environment around the
metal atom has been proposed and the structures
shown in Fig. 2 and 3 have been proposed for the
chromium (I11).
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FIG. 2: SUGGESTED
CHROMIUM 1:1 COMPLEXES

STRUCTURES FOR

Ny

FIG. 3 SUGGESTED
CHROMIUML1:2 COMPLEXES

STRUCTURES

'H- NMR spectra: The *H NMR spectral data of
the ligands Bzt;N"SH, Bzt,N"SH, Bzt;N"SH were
recorded in DMSO-dg taking TMS as an internal
standard (Table 5).

TABLE 5: 'H NMR SPECTRAL DATA (8, PPM) OF
THE BENZOTHIAZOLINES

|
N=C-CH,

Ligands N promatie
(bs) (s)
Bzt;N'SH  5.44 3.40 6.40 — 7.24
Bzt,N'SH  4.32 a 6.44 - 7.36
Bzt;N'SH  5.40 1.80 6.36 - 7.28
# Merged with —NH proton.
Antimicrobial assay: The ligands and their

chromium (111) complexes synthesized through
thermal as well as microwave methods were
evaluated for their antimicrobial activity against
bacteria, Staphylococcus aureus and Escherichia

International Journal of Pharmaceutical Sciences and Research
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coli, and fungi, Aspergillus niger and Fusarium
oxysporum. The results are summarized in Tables 6
and 7.

The results were compared with those of the
standard drug Streptomycin for bacteria and
Fluconazole for fungi. All the ligands and their
respective  chromium (111) complexes were found
to be sensitive against all the fungal and bacterial
strains.

The MIC values calculated for the ligands and their
chromium (I11) complexes as shown in Table 8
indicated that the ligands and their metal
complexes were the most active in inhibiting the
growth of the tested organisms between 18-37
minimum inhibitory concentration (ug/mL) against
selected bacteria and fungi.

The results reveal that there is a considerable
increase in the toxicity of the complexes as
compared to the ligands. On giving a closer look at
these results, a common feature, which appears is
that the bioactivity enhances due to the following
points.

1. The chelation reduces the polarity % and

increase the lipophilic nature of the metal
complex, which subsequently favors its
permeation through the lipid layer of the cell
membrane. This can be well ascribed to
Tweedy’s chelation theory *°

2. Solubility and concentration of the
compounds also play an important role in
biological activity. It is seen that lower
concentration of compounds can check the
sporulation in  fungi, and a higher
concentration inhibits the growth of
organisms almost completely.

3. The toxicity of antibacterial compounds
against different species of bacteria depends
either on the difference in ribosomes, or the
impermeability of the cell to the
antimicrobial agent **
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TABLE 6: ANTIBACTERIAL SCREENING DATA FOR THE LIGAND AND THEIR COMPLEXES

Antibacterial activity {Diameter (mm) of inhibition zone after 24h (conc. in ppm)}

Compounds E. coli Staphylococcus aureus
500 1000 500 1000

Bzt,H 6.3£0.01 8.0£0.03 7.6£0.10 8.940.06
Bzt,H 6.7+0.02 9.0+0.01 8.1+0.05 9.610.07
Bzt;H 7.0£0.01 8.4+0.06 9.0£0.01 10.1+0.04
[Cr(Bzt,).Cl, (H,0),] 13.0+0.02 15.0+0.07 13.6+0.06 15.2+0.12
[Cr( Bzt,),..Cl.(H,0] 13.1+0.02 17.0+0.05 14.0+0.05 16.6+0.03
[Cr(Bzt,).Cl, (H,0),] 12.5+0.02 14.940.01 13.0£0.08 17.3+£0.03
[Cr( Bzt,),.Cl.(H,O] 13.8+0.01 16.8+0.11 13.7+0.05 18.2+0.04
[Cr(Bzt;).Cl, (H,0),] 12.740.03 18.0£0.12 15.6£0.10 18.0£0.04
[Cr( Bzts),.Cl.H,0] 14.0£0.03 19.0+0.03 15.740.03 19.5+0.03
Streptomycin 18.4+0.10 20.5+0.11 21.940.10 22.0+0.06

TABLE 7: ANTIFUNGAL SCREENING DATA FOR THE LIGANDS AND THEIR COMPLEXES

(Antifungal activity)

Percentage inhibition after 96 h (conc. in ppm)

Compounds Aspergillus niger Fusarium oxysporum
100 200 100 200

Bzt,H 41.0+0.3 47.240.9 40.0+0.4 46.3+0.7
Bzt,H 50.0+0.2 55.6+0.1 53.5+0.8 57.60.6
Bzt;H 37.5+0.2 42.3+0.2 40.2+0.1 47.8+0.7
[Cr(Bzt,).Cl,.(H,0),] 63.1+0.1 67.1+0.3 55.3+0.9 69.8.£0.7
[Cr( Bzty),..Cl.(H,0] 63.620.5 71.4+0.3 57.0+0.4 65.3+0.1
[Cr(Bzt,).Cl,.(H,0),] 66.0%0.8 74.3+0.6 61.1+0.1 70.8+0.3
[Cr( Bzt,),.Cl.(H,0] 66.7+0.5 81.4+0.7 70.0+0.6 78.0+0.3
[Cr(Bzts3).Cl,.(H,0),] 58.5+0.2 66.0+0.6 62.7+0.1 65.3+0.2
[Cr( Bzts),.Cl.H,0] 61.0+0.6 67.2+0.3 64.4+0.2 70.9+0.9
Fluconazole 90.0+0.8 96.2+1.1 93.7+0.1 99.0+0.2

TABLE 8: MINIMUM INHIBITORY CONCENTRATION (UG/ML) OF THE LIGANDS AND THEIR COMPLEXES

Compounds E. coli S. aureus A. niger F. oxysporum
Bzt;H 32.0+0.3 30.0+0.2 34.0+0.1 31.0+0.2
Bzt,H 36.0+0.1 37.0+0.2 37.0+0.2 34.0+0.1
Bzt;H 29.0+0.3 31.0+0.2 33.0+£0.4 30.0+0.3
[Cr(Bzt;).Cl, (H,0),] 19.0+0.1 21.0+0.3 20.0+0.2 21.0+0.2
[Cr( Bzty),..Cl.(H,0] 20.0+0.4 23.0+0.3 22.0+0.3 22.0+0.2
[Cr(Bzt,).Cl, (H,0),] 24.0+0.1 26.0+0.2 25.0+0.1 23.0+0.1
[Cr( Bzt,),.Cl.(H,0] 27.0+0.1 29.0+0.1 30.0£0.1 26.0+0.1
[Cr(Bzt3).Cl, (H,0),] 18.0+0.2 19.0+0.2 21.0+0.2 18.0+0.1
[Cr( Bzts),.Cl.H,O] 19.0+0.2 20.0+0.3 22.0+0.3 22.0+0.3

Antifertility test results: The treatment with
ligands (Bzt;N"SH, Bzt,N"SH, Bzt;N"SH) and
their chromium (I11), complexes at the dose level of
35 mg/kg b.wt for a period of 55 days showed
following variation in the different end point.

Body and Organ Weight Administration of
ligands and their corresponding chromium (I11)
complexes did not bring about any significant
change in the body weight of the treated rats. The
weights of testes, epididymis, seminal vesicle and
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ventral prostate were decreased significantly in all
experimental groups when compared with vehicle
treated controls (Tables 9).

Sperm Motility and Sperm Density: A significant
(P < 0.001) decrease in sperm motility in cauda
epididymis was observed in rats treated with
ligands and corresponding chromium  (l11)
complexes. Sperm density in testes and cauda
epididymis were also reduced significantly in
treated rats (Table 10).
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TABLE 9: EFFECT OF LIGANDS AND ITS CORRESPONDING METAL COMPLEXES ON REPRODUCTIVE
ORGANS WEIGHT OF MALE RATSs

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Body Weight (g) Organ Weight (mg/100g b. weight)
Grou Treatment :
P Initial Final Testes Epididymis Sem_mal VEITEL
vesicle prostate
A Control 185.0+ 7.5 2050+ 6.7° 139504285  4700+7.8  440.0+94 418.0+85
B Bzt,H 208.0+87  218.0+95 1150.0#15.0° 400.0+5.40° 370.0+10.7%°  345.0+9.5°
C Bzt,H 194.0+ 650  209.0+ 5.0° 121205(31 410.0+6.9°  385.0+9.9°  365.0+11.4°
D Bzt,H 200.0+ 9.5 212.0+9.6° 1250.0+20.6°  390.0+6.3°  380.0+104°  360.0+7.7°
E [Cr(Bzt,).Cl,.(H,0),] 210.0+9.7 225.0+6.7°  850.0+19.7°  2400+7.1°  248.0+7.4° 220.5+9.7°
F [Cr( Bzty),.Cl.(H,0] 198.8+10.6 2280+9.8°  860.0+286°  2350+9.8"  242.0+6.2° 225.0+7.9°
G [Cr(Bzt,).Cl,(H,0),]  190.0+¢10.5  212.0#9.0°  700.0+20.0°  285.0+9.0°  210.0+7.8° 170.0+6.4°
H  [Cr(Bzt),CL(H,0]  192.0:95  2020¥103 g5q0.156°  380.0+8.6°  265.0854°  210.06.0°
I [Cr(Bzts).Cl,.(H,0),] 195.0+8.3 leg.gci 905.0+17.4°  285.0+6.8°  269.0+6.9° 275.0+7.8
J [Cr( Bzts),.Cl.(H,0] 188.0+8.8 199.0+9.3°  890.0+165°  260.0+81°  238.0+5.7" 247.0+7.9°
TABLE 10: SPERM DYNAMICS AND FERTILITY AFTER THE ADMINISTRATION OF LIGANDS ITS
CORRESPONDING METAL COMPLEXES
I : —
Group Treatment Sperm mqtl_llty /0 Sperm density (m|II|_or_1/mL_) Fertility %
(Cauda epididymis) Testes Epididymis
A Control 75.1+2.0 47+0.9 540+ 3.9 100 (+ve)
B Bzt;H 459 +2.8° 3.86 +0.48" 48.1+3.1° 75.0 (+ve)
C Bzt,H 58.0 + 1.5 3.70+05" 47.0+3.2° 78.0 (-ve)
D Bzt;H 53.7 +1.75° 2.78 +0.28"° 28.0+1.7° 78.0 (-ve)
E [Cr(Bzt,).Cl,.(H,0),] 38.6 +1.35° 1.87 +0.15° 100+1.1° 95.0 (-ve)
F [Cr( Bzt,),.Cl.(H,0] 40.2 +1.10° 1.82 +0.13° 12.0+1.6° 92.8 (-ve)
G [Cr(Bzt,).Cl,.(H,0),] 30.0 +1.15° 1.30 +0.12° 9.40 +1.1° 98.2 (-ve)
H [Cr( Bzt,),.Cl.(H,0] 34.7 +1.19° 1.38 +0.17° 9.70 +1.2° 97.0 (-ve)
| [Cr(Bzts).Cl,.(H,0),] 39.0+1.7° 2.0+0.19° 9.80+1.1° 88.0 (-ve)
J [Cr( Bzts),.Cl.(H,0] 38.6+24°" 1.78 £0.24° 27.91+21° 87.8 (-ve)

Biochemical Changes (Table 11):

Protein: Protein contents of testes, epididymis,
seminal vesicle and ventral prostate were reduced
significantly (P < 0.01 to 0.001) in all experimental
groups.

Sialic acid:  Sialic acid contents of testes,
epididymis, seminal vesicle and ventral prostate
were depleted in ligands and their chromium (111)
complexes.

Cholesterol: Testicular cholesterol content was
increased significantly in rats treated with ligands
and their chromium (I11) complexes.

International Journal of Pharmaceutical Sciences and Research

Glycogen: A significant decrease in testicular
glycogen content was observed in all experimental
groups.

DISCUSSION:

a) The administration of the ligands and their
corresponding chromium  (I1I) complexes
brought about marked reduction in weight of
testes and other sex accessories. Testes,
epididymis and other accessory sex organs are
androgen dependent for their growth and
function. Thus reduction in weights of these
sex accessories may reflect that the synthesis
of androgen has been decreased .
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TABLE: 11 BIOCHEMICAL CHANGES IN THE TESTES OF MALE RATS AFTER TREATMENT WITH THE
LIGANDS WITH THEIR CORRESPONDING METAL COMPLEXES

Testicular . Testicular . .
Group Treatment Sialic acid Pr-(l)—fesitlic(u*agr/g) cholesterol éi/ggg:]v(er;g/lge)
(mg/g) (mg/g)

A Control 78+06 250 + 20 86+0.7 440+ 16
B Bzt,H 42+ 06° 134 +18° 48+05° 320+ 15°
C Bzt,H 65+05 160 + 25° 58+05 356 + 12
D BztsH 50+ 0.6° 144 +20° 6.0+05" 346 +13°
E [Cr(Bzt,).Cl,.(H,0),] 2.8+06° 100 + 12° 36+0.6° 204 +12°
F [Cr( Bzty),.Cl.(H,0] 21+03° 102 + 10° 27+0.7° 196 + 17"
G [Cr(Bzt,).Cl,.(H,0),] 49+04° 122 +18° 46+04° 220 + 18"
H [Cr( Bzt,),.Cl.(H,0] 45+08° 115+ 15° 40+06° 207 + 14°
I [Cr(Bzts).Cl,.(H,0),] 34+06° 109 + 19° 41+02° 210+12°
J [Cr( Bzts),.Cl.(H,0] 32+08° 108 + 16° 39+08° 208 + 16"

b) The decreased sperm density in testes and
cauda epididymis is an indicator of reduced
spermatogenesis and  reduced sperm
motility may be due to altered enzymatic
activity of oxidative phosphorylation
process®. Thus decrease in sperm motility
and density after oral administration of
ligands and their corresponding chromium
(1) complexes may be due to androgen
deficiency which caused impairment in
testicular function by altering the enzymatic
activities responsible for the
spermatogenesis, suggesting thereby an
antiandrogenic effect of these compounds.
The decrease in male fertility could be
explained by the fact that the ligands and
their metal complexes acted directly on the
testes and influenced the androgen
biosynthesis pathway®*. Ligands and their
chromium (111) complexes also induce
biochemical changes in testes and sex
accessory organs.

c) Sialic acids are concerned with changing
the membrane surface of maturing
spermatozoa and with the development of
their fertilizing capacity. Thus decreased
sialic acid in testes and sex accessory
organs may inhibit the fertilizing capacity
of sperm.

d) Increased testicular cholesterol is attributed
to decreased concentration of androgen

which resulted in impaired spermatogenesis
35

International Journal of Pharmaceutical Sciences and Research

Similarly, the elevation in the testicular
protein contents after treatment with ligands
and their metal complexes may be due to
the hepatic detoxification activities caused
by these compounds which results in the
inhibitory effect on the activities of
enzymes involved in the androgen
biotransformation

e) Marked reduction in testosterone content in
association with highly reduced circulating
level of this hormone confirmed alteration
in the reproductive physiology of rat.

These results suggested that the ligands and their
chromium (111) complexes exert inhibitory effects
on testicular function and lead to infertility in male
rats. Further, addition of metal ion to the ligands
enhances their activity.

CONCLUSIONS: Biologically relevant ligands
and their Cr (IIl) metal complexes have been
synthesized and characterised. Based on various
physicochemical and spectroscopic investigations,
a hexacoordinated environment around the metal
ion has been proposed.

Antimicrobial and antifertility activities of the
ligands and complexes showed that the Cr (11I)
complexes are more active than the parent ligands.
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