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Benzothiazoline derivative
metal complex

Anti-androgenic effect

New antibacterial and antifungal Schiff's base derived from substituted benzothiazoline (N"SH), as well as its main group
metal complexes incorporating antimony(111), bismuth(l1l) and arsenic(l1l) were synthesized with conventional as well as
microwave irradiation method, characterized and screened for their in-vitro antibacterial as well as antifungal activity
against Gram-negative (Escherichia coli), Gram-positive (Staphylococcus aureous) microbial strains and Fusarium
oxysporum and Aspergillus niger fungal strains. The metal complexes show more antimicrobial potency as compared to the
uncomplexed Schiffs' base. The ligand and its BiCI(N"S), and PhAs(N"S), compounds have been screened in vivo in male
albino rats to test their antifertility property and results indicated that the administration of aforesaid compounds in male
rats brought about an interference with spermatogenesis which ultimately caused infertility.
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irradiation in an unconventional method assist in reaction rate
acceleration, milder reaction conditions and higher chemical
yield."

Organoantimony compounds exhibit significant
antimicrobial as well as antitumor activities,” by their
associated cytostatic activity. In past few years organoantimony
complexes have been reported as antispermatogenic agents.’
Bismuth compounds have been used in medicine for more than
two centuries.* Their applications have been widespread, due to
antiseptic, astringent, protective, antacid, antisecretory, and
local gastrointestinal properties of Bismuth.® Antimicrobial
activities of some arsenic(l1l) complexes with Schiff bases

INTRODUCTION

Chemical synthesis using reduced amount of organic solvent
leads to a clean, efficient and economical technology (green
chemistry). Further, safety of handling reaction apparatus is
increased and work-up procedure is considerably simplified. In
addition, a rapid and homogenous heating using microwave
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have been evaluated. It has been found that an ideal male
contraceptive will effectively and reversibly arrest the
production of spermatozoa (or block their fertilizing potential)
without affecting hormonal status, libido, or accessory sex
organs and their functions.® Herein, we reported new range of
antimony, arsenic and bismuth Schiff base complexes using
conventional and microwave methods, a comparison have also
been reported. Further, metal complexes have been biologically
evaluated for their antimicrobial and antispermatogenic
activities.

EXPERIMENTAL

Reagents and materials

PhShCl,, BiCl; SbCl; and PhsAs and 2-aminothiophenol
were used for the synthesis of the complexes and ligand.
PhSbCl, was prepared by the reported method.” The
chlorostibane(l11) (SbCls) was purified by distillation before
use. All chemicals and solvents used were dried and purified by
standard methods.

Synthesis of the ligand

5-Nitro-1H-indol-2,3-dione

First Step: A solution of p-nitro aniline (0.01 mol) in HCI
(5.5 mL) was added to a solution of chloral hydrate (0.11 mol,
18.12 g) in water (250 mL) followed by addition of a solution
of hydroxylamine hydrochloride (0.33 mol, 22.0 g) in water
(amount). The reaction mixture was heated to start vigorous
boiling within 45 minutes. The boiling was continued for
further 10 minutes. The mixture was cooled when coloured
needles separated out. These were filtered and recrystalized
from ethanol. The synthetic procedure has been shown in
Figure 1.

NH; NHCOCH=NOH

Na,S0,
+HCI+ CCI,CH(OH), + NH,0H.HCl —2—%

+ NaCl + H,SO,4

NO, NO,

p-Nitro aniline
Figure 1

p-Nitro-isonitrosoacetanalide

Second Step: p-Nitro-isonitrosoacetanlaide (0.05 mol) was
added to the concentrated sulphuric acid (50 mL) in about 30
minutes with constant stirring. After the addition was complete,
the reaction mixture was heated at 80°C for 10 minutes and
poured into ten times of crushed ice. The resultant precipitate
was filtered after an hour and dried in air. It was purified by
recrystallization from glacial acetic acid. The cyclization
reaction has been shown in Figure 2.
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NHCOCH = NOH 0
HN 0
cyclisation
conc. H,SO,
O,
NO,

p-Nitro-isonitrosoacetanlaide
Figure 2

5-Nitro-1H-indol-2,3-dione

Synthesis of 5-nitro-1H-indol-2,3-dione benzothiazoline
(BztH)

Substituted benzothiazoline (BztH) was prepared by the
condensation  of  5-nitro-1H-indol-2,3-dione  with  2-
aminothiophenol in 1:1 molar ratio in alcohol. The reaction
mixture was stirred magnetically for 3-4 hours, separated out
solid was filtered, purified and recrystallized from alcohol and
dried in vacuo (Figure 2).

Preparation of sodium salt of the ligand (BztNa)

Sodium salt of 5-nitro-benzothiazoline (BztNa) was
prepared by mixing methanolic solution of BztH (0.81 g,
2.7090 mmol) and sodium metal (0.06g, 2.609 mmol) into 1:1
molar ratio. This mixture was refluxed in into a 100 mL R.B.
flask on a fractionating column for ~10 min.

I
[0} S
S
o
<K 10 10
N HN
H —
NO,
NO,
Ring form Azomethine form

Figure 3. Tautomeric forms of the BztH

BztH (CiHoN;0;S), Green Solid, 140°C, (%)Yield 85,
Found (Calcd.) (%), N 13.91 (14.04), S 10.16 (10.71), Mol. Wt.
Found (Calcd.), 286.13 (299.30).

Synthesis of the metal complexes

Synthesis of the amtimony(lll) and bismuth(lll)
substitution complexes

Conventional method

PhSbCl, (0.72g, 0.61g), SbCl; (0.92g, 0.82g) and BICl,
(1.27g, 1.31g) metal starting materials were mixed with sodium
salt of BztH in 1:1 and 1:2 molar ratios taken in ~15 mL of
methanol into a 100 mL round bottom flask. The reaction
mixture was refluxed for 10-12 hours and then cooled at the
room temperature. After the completion of the reaction the
excess of the solvent was distilled off and white precipitate of
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Tablel. Synthetic and analytical data of antimony(lll), bismuth(I1l) and arsenic(lll) complexes of 5-nitro-benzothiazoline

(BztH)
Molar Compounds / Product M.P - ropa a
S:No. Reactants in g ratio  Empirical formula and Color  (°C) Elemental Analysis (%) Mol. Wt
Starting .
. Ligand .
Matlerla CuaHo Sodium N S cl M
O3N;S
C-1  PhSbCl, ©081) (06 11 [PhSbCI(N"S)] nghtgreen, 10 (14 578 813 2243 52724
(0.72) (C20H1303N3SCI)Sh Solid (7.93)  (6.02) (6.66) (22.86) (532.59)
C-2  PhSbCl, 068 (010 12 [PhSb(N"S),] Dark green, , 1013 746 ) 1497  789.37
(0.61) ' ' ' (C34H2106N6S)Sb Solid (10.56)  (8.06) (15.31) (795.43)
C-3  ShCl, [ShCI,(N"S)] Brown, 804 631 2416  485.38
1.21 0.09 1:1 210
(0.92) (1.21)  (0.09) (C14HgO3N3SCl,)Sh Solid (8.56)  (6.53) (14.44) (24.80) (490.95)
C-4  ShCly Loy (016) 12 [SbCI(N"S),] Grey, 1045  8.16 436 1584  760.25
(0..82) ' ' ' (CH1606NeS,C)Sb  Solid 205 (11.15) (8.51) (4.65) (16.16) (753.39)
C-5  ShCl, _ [ShCly(N"SH)] Light 719 546 1943 2285 533.74
(1.59) - 1:1 brown,
(1.21) (C14H03N3SCl3)Sh Solid 199 (7.97)  (6.08) (20.17) (23.09) (527.41)
BiCl [BICI,(N"S)] Parrot 706 507 1183 3507 583.3
C-6 5 (1.20)  (0.09) 1:1 2 . green, 182
(1.27) (C14HgO3N5SCLy)Bi Solid (7.27)  (5.55) (12.26) (36.15) (578.17)
BiCl [BICI(N"S),] Light 916 7.6 398 2400 846.43
2 (124) (262 1:2 Ao brown, 179 ' ' ' ' '
C-7 (131 (C2gH1606N6S,Cl)BI Solid (9.99)  (7.63) (4.22) (24.85) (841.00)
BICl 1 06) ) 11 [BICly(N"SH)] F;fgsv'rfh g 00 513 1676 3376  610.39
c-8  (112) ' ' (C14H03N5SCl3)Bi Soli d’ (6.84)  (5.22) (17.30) (34.00) (614.63)
PhsAs 0.85) ) 11 [Ph,As(N"S)] Grey, L7gb 108 546 13.76  530.73
c-9  (0.87) ' ' (Ca6H1803N3S)As Solid (7.99) (6.10) - (13.88) (525.42)
PhaAs [PhAS(N"S),] Yellowish 1046  7.06 9.72 75339
C-10 1.78 - 1:2 o195
(0.91) (1.78) (Ca4H2106NeS;)As  green, solid (11.23) (8.56) - (10.00) (748.59)

*Calculated values are given in parentheses. “Decomposition temperature of the compounds.

sodium chloride was removed by filtering it through an alkoxy
funnel. Compound was repeatedly washed with n-hexane
followed by drying in vacuum for 2-3 hours to get the final
purified product. The purity was further checked by TLC using
silica gel-G. The physical properties and analytical data are
enlisted in Table 1.

Microwave method®

In microwave-assisted synthesis the reaction mixtures
(aforesaid) were taken in 50 mL conical flask, covered with
glass wool and then irradiated for 4-7 minutes inside the
microwave oven. Anhydrous conditions were attained by using
a beaker with silica gel or anhydrous CaCl, (the said beaker
filled with moisture absorbing substance is known as
“Dummy”) which was placed near the reaction vessel during
the synthesis. The products were recovered and dissolved in a
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1.0 mL dry methanol, where the white precipitate of sodium
chloride, formed during the course of the reaction, which
further removed by filtration. The products were dried under
reduced pressure after repeatedly washing (with n- hexane),
dried at 40-60°/ 0.5 mm of Hg pressure for 3-4 hour. The purity
was further checked by TLC using silica gel-G. A comparison
between two synthetic methods have been reported in Table 2.

Synthesis of antimony(l11) and bismuth(l11) addition
products (C-5 and C-8)

Conventional method

Antimony(lIchloride (1.21 g) and Bismuth(lIl)chloride
(1.12 g) were mixed with BztH in 1:1 molar ratios. The
reaction mixture dissolved in dry CCl, (~6 mL) was taken in
100 mL round bottom flask fitted with silica gel guard tube for
anhydrous condition and then stirred for ~12 h at room
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Table 2. Comparison between conventional and microwave method of synthesis and IR Spectral data (cm™) of (BztH) and its

corresponding compounds

Yield % Time
Compound ; ;

Thermal ~ Microwave —Thermal — Microwave (>C=N) vNH v(M-N) v(M-S)

(h) (min)

BztH - - - - - 3315 - -
[PhSbCI(N™S)] 45 69 12 7 1610 - 410 384
[PhSb(N™S),] 38 62 11 5 1620 - 417 387
[SbCI(NS),] 67 78 14 8 1605 - 426 375
[SbCI(N"SH)] 69 72 8 6 - 3296 450 -
[BIiCl(N"S)] 57 85 14 10 1617 - 320 235
[BICI(N"S).] 37 65 13 15 1545 - 328 256
[BiCl3(N"SH)] 60 85 9 6 - 3307 332 -
[Ph,As(N"S)] - - - - 1569 - 439 422
[PhAS(NS),] - - - - 1570 - 440 435

Table 3. '"H NMR spectral data (8, ppm) of BztH and its
corresponding complexes

Compound -NH -NH Aromatic
(Ring) (Free) proton (m) /
(bs) (bs) *Ph-M
BztH 12.02 4.25 6.65—7.20
[PhSbCI(N"S)] 11.98 - 6.74-8.02
[PhSb(N"S),] 11.61 - 6.72-8.00
[SbCI(N"S)] 11.23 - 6.78—8.09
[SbCI(N"'S),] 11.02 - 6.50 — 8.00
[ShCI5(N"SH)] 11.52 5.12 6.70-7.24
[BiCL,(N"S)] 12.11 - 6.78-8.35
[BiCI(N"S),] 12.01 - 6.64-8.24
[BiCl5(N"SH)] 12.02 5.02 6.78-8.67
[Ph,As(N"S)] 12.09 - 6.35-8.23
[PhAS(N"'S),] 12.08 - 6.89-8.36

Where, bs= broad signal

m= complex patter

* = merged with aromatic protons,
*Ph-M =Sh/ As
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temperature. Light brown colored solid adducts were
obtained which further purified and dried using previous
method.

Microwave method

Antimony and Bismuth adducts have also been synthesized
using microwave irradiations. Anhydrous conditions were
accompanied by applying the same procedure mentioned in
previous section. The completion of the reaction was examined
by TLC using silica gel-G. The resulting light brown colored
solid adducts were washed with dry n- hexane and dried in
vacuo for 3-4 h.

Synthesis of arsenic(111) complexes (C-9 and C-10)

These complexes prepared using triphenylarsine (0.87 g and
0.91 g) in dry benzene with equimolar and bimolar amounts of
the BztH (0.85 g and 1.78 g) dissolved in benzene. The reaction
mixture was heated under reflux for 10-15 hours. The
complexes were repeatedly washed with dry n-hexane and dry
pet-ether. They have been dried at 40-60°/ 0.5 mm of Hg
pressure for 3-4 hour. The purity was further checked by TLC
using silica gel-G. The analytical data and physical properties
were recorded in Table 1.
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Where, M = Sh / Bi, BztH behaving as monodentate donor
site
Figure 4 Proposed structure of the antimony/bismuth adduct

(C-5and C-8)

Z‘

hi

1:1 Complex 1:2 Complex
Figure 5-6 Proposed structures of the complexes (C-1 to C-4,
C-6 and C-7, C-9 and C-10) Where, M = Sb/Bi/ Asand S =
Sulphur, N = Nitrogen

Analytical and physical measurements

The molecular weights were determined by the Rast
Camphor method.*™ Sulphur and nitrogen were estimated
gravimetrically (Messenger’s method) as BaSO, and by
Kjeldahl's method, respectively.” Chlorine was determined by
Volhard's method. Bismuth was estimated complexometrically.
Antimony and arsenic were estimated iodimetrically.”
Electronic spectra of the complexes were recorded in methanol
on a UV-160A, Shimadzu spectrophotometer in the range 200-
600 nm. Infrared spectra of the BztH and its complexes were
scanned in the range 4000 — 200 cm™ with the help of a model
Nicolet Megna FTIR-550 spectrophotometer and a model
FTIR-8400 S spectrophotometer on KBr/CsCl pellets. NMR
spectra were recorded using a JEOL-AL-300 FT NMR
spectrometer in DMSO-dg using TMS as the internal standard.

Pharmacology

Fungicidal and bactericidal activities of the BztH and its
corresponding antimony, bismuth and arsenic complexes
against different fungi and bacteria have been carried out by the
methods reported earlier. The antifungal activity was tested
against Fusarium oxysporum and Aspergillus niger while
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antibacterial activity was checked against Gram-negative
(Escherichia coli) and Gram-positive (Staphylococcus aureous)
bacterial strains. Proper temperature (25-30°C), necessary
nutrients and growth media free from other micro organisms
were employed for the preparation of culture media of fungi
and bacteria using aseptic techniques.

In Vitro Study

Antibacterial activity

(Inhibition Zone Technique)™

For the evaluation of degree of inhibitory effects on the
growth of a wide spectrum of microorganisms, antibacterial
activity was performed. The compounds were dissolved in
methanol at 500 and 1000 ppm concentrations. Whatman No. 1
paper with a diameter 5 mm were soaked in these solutions.
These discs were placed on the appropriate nutrient medium (
0.5% peptone, 0.15% yeast, 0.15% beef extract, 0.35% sodium
chloride and 0.13% KH,PO, in 1000 cm® distilled water) was
autoclaved for 20 min at 15 psi before inoculation previously
seeded organisms in Petri dishes and stored in an incubator at
25 °C . The inhibition zone thus formed around each disc was
measured (in mm) after 24 h.

Antifungal activity

(Poisoned Food Technique)®

Potato dextrose agar medium was prepared in a flask and
autoclaved for 20 min at 15 psi before inoculation. The
compounds were directly mixed with the medium in 50,100
and 200 ppm (in methanol) concentrations. Aliquots of 15 mL
medium were poured in sterilized Petri plates. A culture of test
fungus was grown on PDA in 24 h at the 25 + 2°C temperature
for growth. A small disc of the fungus culture was cut with a
sterile cork borer and transferred aseptically in the centre of a
petri dish containing the medium and incubated for 4 days at
25°C. The colony diameter was measured after the incubation
period of growth. The percentage inhibition of growth was
calculated by,

(C-T)C*x 100

Where, C = growth in control, T = growth in treatment.

Antispermatogenic activity

The Sprague Dawley albino rats (Rattus Norvegicus)
obtained from Hamdard University, New Delhi were housed in
plastic cages at room temperature (22-25°C) and uniform light
(14:10:L:D). They were fed on standard laboratory chow
(Aashirwad Food Industries Ltd, Chandigrah, India) and fresh
water adlibitum access to certified rodent chow and water for
the duration of the study. All the procedures involving animals
were performed according to the guidelines of the Indian
National Science Academy (2000) and the study was approved
by the Institutional Animal Ethical Committee of University of
Rajasthan, Jaipur, India. Proven fertile healthy male rats
(weighing 170-200 g) were divided into four groups of six
animals each. In group-I Control animals received vehicle (0.5
mL olive oil per day) only; whereas the animals of groups-II
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were administrated orally with BztH (25 mg/Kg b. Wt gavage, employing the 25 mg per kg body weight per day dose
dissolved in 0.5 mL olive oil) in group Ill, rats were given level for similar durations.

Table 4. *CNMR spectral data (8, ppm) of the BztH and its antimony(111), bismuth(111) and arsenic(I11) complexes

H
N
Cs *Ph-Sh / *Ph-As
Cs o
Azomet C
hine Thiolo O N~ ™ ° c7\\
N

C
Cs
Compound
Carbon Carbon
C, _ /
Aromatic Carbon
Cy C, Cs C, Cs Cs C(i) C(0) C(m) C(p)
BztH 169.82 160.23 142.23 129.23 132.17 135.15 13274 131.23 - - - _

[PhSbCI(N"S)] 176.67  167.67 14258 129.94 13298 136.78 13289 13145 140.06 13426 13239 131.50
[PhSb(N"S),] 171.34 17045 14292 12938 13376 136.97 133.79 13241 14228 13362 13110 130.72
[BiCl,(N"S)] 17298  165.82 14345 12999 13268 136.79 13293 131.74 - - - -
[BiCI(N"S),] 169.92  163.26 143.78 130.11 132,69 136.69 132.89 131.79 - - - -
[Ph,As(N"S)] 182.79  171.37 14284 130.23 133.07 136.56 13292 13150 14130 13420 13149 130.59

[PhAS(N"S),] 183.77 17256 14290 130.09 132.28 136.43 133.06 13240 140.40 13250 130.39 13161

*Antimony / arsenic phenyl carbon values are given in order C(i), C(0), C(m) and C(p), respectively.

Table 5. Antifungal and Antibacterial screening data of BztH and its corresponding antimony(lIl), bismuth(lll) and
arsenic(l11) complexes.

Antifungal Screening Antibacterial Screening
Average inhibition (%) after 96 h Diameter of inhibition zone (mm) after 24 h
Compound (conc. in ppm.) (conc. in ppm)
Fusariumoxysporum Aspergillusniger Staphylococcus aureus (+)  Escherichia coli (-)
50 100 200 50 100 200 500 1000 500 1000
BztH 34 38 47 23 35 53 5 7 3 6
Cc-1 62 70 82 63 70 74 6 7 5 7
Cc-2 65 74 86 65 73 79 8 8 7 9
Cc-3 42 49 52 34 42 56 7 9 6 8
C-4 44 50 55 39 45 59 9 11 7 6
C-6 67 75 86 65 76 82 10 12 6 7
Cc-7 70 76 88 68 78 84 11 14 7 8
Cc-9 69 78 89 67 79 92 10 15 9 10
C-10 72 80 92 70 82 94 12 17 10 13
compound C-7 (25 mg per kg body weight per day) and in The fertility test of each experimental animal was done

group 1V, rats were given compound C-10 (25 mg per kg body before and on the 55" day of treatment, by a natural mating
weight per day) for the period of 60 days. Each test compounds exposure test. The male rats were cohabitated with proestrous
were dissolved in olive oil (vehicle) and was given by oral females in 1: 4 ratios. Vaginal smears were checked for

28
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Table 6. LDs, for the compounds

*Sample Dose (mg / No. of Death
No. day / b.wt) animals
1 100 10 10
2 90 10 10
3 80 10 10
4 70 10 5

*Sample No. showing the dose level of BztH and its complexes
(C-7 and C-10) given to different sets of animal group to check
their mortality rate (LDsp).

Table 7. Alternation in body weight of reproductive organs
after treatment with BztH and its C-7 and C-10 complexes.

Body weight Reproductive organs weight
Groupl/treatment (9) (mg/100 g b.wt)
Initial  Fina  Testes Epid Sem  Ventral
| idy inal prostat
mis vesi e
cle

Group-I / Control

(Vehicle treated) ~ 175+10 185+ 1220+ 490 375 260

oil/kg.b.wt./day
for 60 days
Group-Il / BztH
25mgin05mL 182+ 205+ 1025+ 395 300 210 +
Olive 9 10 45* + + 9*
oil/kg.b.wt./ day 40* 18*
for 60 days
Group-IIl/ C-7
25mgin05mL 190+ 210 815+ 300 230 170+
Olive 12 +9 60* + + 10*

oil/kg.b.wt./ day 30*  15*
for 60 days

Group-IV / C-10

25mgin05mL 185+ 198 720+ 240 160 140+
Olive 10 +7 62** + + 5=
oil/kg.b.wt./ day 28**  10**
for 60 days

(Mean + SEM of 6 animals) * = P< 0.05 = Significant
** = P < 0.001= highly significant ns = Non-significant
All groups compared with control

positive mating. The inseminated females were separated and
the number of litters delivered recorded. Fertility was
calculated in control as well as in treated groups. Individual
body weight data were recorded on the first day of the
treatment, weekly thereafter and on the day of autopsy.
Experimental male rats were autopsied on day 61 using light
ether anesthesia. Blood was collected from cardiac puncture;
serum was separated from blood by centrifugation at 3000 rpm
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and stored at —20°C for the serum hormonal assay. Sperm
motility in caudaepididymides and sperm density in testes and
caudaepididymides were observed by the method of Prasad et
al.’ The weights of the testes and other sex organs were
recorded after removing the adherent tissue and frozen for
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Figure 7-10. Altered sperm dynamics and fertility test after
treatment with BztH and its C-7 and C-10 complexes

and stored at —20°C for the serum hormonal assay. Sperm
motility in caudaepididymides and sperm density in testes and
caudaepididymides were observed by the method of Prasad et
al.’® The weights of the testes and other sex organs were
recorded after removing the adherent tissue and frozen for
cholesterol, protein, sialic acid and glycogen. The right testis of
each animal was placed into Bouin’s fixative for 48 h for
histopathological studies. After immersion in the fixative,
slabs, perpendicular to thelongest axis of the organ, were then
cut and dehydratedin graded series of alcohol and embedded in
paraffin and bee’s wax; 5 m-thick sections were cut and stained
with hematoxylin and eosin. Histological changes were studied
at microscopic level and were supplemented by histometric
study. The relative number of each variety of germ cells of the
seminiferous epithelium cycle was ascertained for the
histomorphological changes, according to the standard
method.”” The evaluation of cell population dynamics was
based on the count of each cell type per cross tubular section.
Various cell components were quantitatively analyzed using
spherically appearing sections. Testosterone concentration was
measured by radio immuno assay.'® The group count of all the
germ types was designated by Abercrombie.® Results are
expressed as arithmetic means with their standard error
(xSEM). The limit of significance set at p <0.01 was followed
by unpaired Student’s t-test.

Body and organ weights

The body weights of each animal were measured both before
and after the treatment.

Spermatozoa motility and count

The spermatozoa motility was determined according to the
method of Prasad et al using a WBC counting Neubauer
chamber of a haemocytometer and was expressed as million
spermatozoa / mL suspension.

Bio-chemical studies
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Protein was estimated by the reported procedure.”’ Sialic
acid was estimated by the procedure given by Warren.?
Cholesterol analysis was done as per the method of Zlatkis et
al.” Glycogen was estimated by the method of Montgomery.?®
The values for the body weight, organ weight, sperm dynamics
and biochemical estimations were averaged, standard error of
the mean values were calculated and student's 't' test was
applied for the standard comparisons. In these investigations
doses of the compounds mixed in vehicle (olive oil) were given
orally with the help of hypodermic syringe having pearl point
needle, for 60 days and withdrawal (recovery) for 30 days. The
LDs, is statistically derived single dose of a substance that can
be expected to cause death in 50% of the animals. In a
prohibited analysis method of LDs,, the selected dose levels
should bracket the expected LDs, value with at least one dose
level higher than the expected LDs, but not causing 100%
mortality and one dose level below the expected LDs, but not
causing 0% mortality. Toxicity of the complexes was
determined by calculating the LDs, values. Symptoms of
poisoning and mortality were observed and results of toxicity
were analyzed for determination of LDs, values of the
complexes.

RESULTS AND DISCUSSION

Complexes were colored, hygroscopic solids, stable. All the
derivatives were found to be soluble in common organic
solvents, moisture sensitive, and some of them found
decomposed on heating. Elemental analysis and spectral data
confirms their synthesis and proposed structures.

Uv-vis. spectra

The electronic spectra of BztH consists of two bands around
250-270nm and 300-325 nm attributable to ¢-¢* and n-n*
transitions which remain unchanged in the complexes. An
additional band is also observed around 370-395 nm due to n-
n* electronic transitions of the azomethine, which indicates
isomerization of the ligands on complexation. All the
complexes show absorption maxima at 545 nm in the visible
region, which probably arises from ligand to metal charge
transfer.

I.R. spectra

In IR spectra of the free BztH, the -NH stretching band
appear at 3315 cm™ The absence of v(SH) band* in the range
of 2600-2500 cm™ and v(C=N) band at 1545-1625 cm‘range, is
a strong evidence for the existence of benzothiazoline structure
rather than the Schiff base structure. In the spectra of metal
complexes v(NH) bands disappear suggesting the deprotonation
of the BztH on chelation. A strong and sharp band in the region
1545-1625 cm™ ascribed to v(C=N), is observed in the metal
complexes confirming that the ligand adopts the Schiff base
form in complexes.

In case of the adducts SbCl;.(N"SH), and BiCl;.(N"SH), the
presence of v(NH) mode of vibration indicates that
benzothiazoline ring remains intact” in the said adducts. This
band due to v(NH) mode appears with a lowering of ~20-25
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Table 8. Biochemical changes in the reproductive organs after oral administration of BztH and its C-7 and C-10

complexes.
Protein (mg / g) Sialic acid (mg / g) Testicul ~ Testicul
Group / ar ar
Cholest  Glycog
treatment Testes  Epididym  Ventral Seminal  Testes  Epididy Seminal  Ventral erol on
is Prostate  Vesicle mides Vesicle  Prostate /
(Mmg/9)  (mg/g)
Group-I / Control 195 260 245 235 8.4 7.4 7.7 8.2 8.5 2.50
+10 +10 +9 +6 +0.8 +0.7 +0.6 +0.9 +0.7 +0.6
Gro“'(olgl'm'slﬁ)'ga”d 145 205 185 175 7.3 6.1 6.3 6.9 103 1.9
+12* +8* +7* +8%%  40.5%  +0.5%  +04%%  +0.8%  +0.6*  +0.4%*
Group-I11/ 100 145 130 130 5.6 45 5.1 5.3 12.8 1.3
[BICI(N"S),] +7 +7** +6** +5** +0.4%*  +0.4%*  +0.3%*  +0.4%*  +05%* 403
Group-IV 102 120 105 108 4.1 3.8 3.7 3.2 12.9 1.2
[PhAS(N"S),] +6 +G* +3% HAFX O H0.3%% 403% 405FF 40.3%%F +0.0%F +0.2%*

(Mean + SEM of 6 animals)
All groups compared with control.

cm™ in its position in the synthesized adducts. This indicates
the participation of the —NH group in bonding. This is further
supported by the appearance of a new M<«N band. This
confirms the coordination in these adducts, taking place
through nitrogen only and also showing the monodentate
behavior of the BztH.

Some new bands observed in the regions 410-450, 375-
387, 320-332, 235-256, and 439-440 and 422-435c¢cm*
for v(Sb<«-N),v(Sb-S), v(Bi<—N), v(Bi-S) and v(As<N),
v(As-S),” respectively. The band in 450-470 cm™range may
be assigned to v(Sb-Ph)*® and v(As-Ph) vibrations in the
respective complexes. This may be interpreted in terms of the
benzothiazoline ring opening and the formation of Schiff base
complexes by the rearrangement of the ring.

'H NMR spectra

The 'H NMR spectrum of the free BztH and its metal
derivatives were recorded in DMSO-ds. The chemical shifts of
different proton are given in Table 3. The signal at 84.25 is
assigned to the —NH proton. The signal disappears in the metal
complexes, C-1, C-2, C-3, C-4, C-6, C-7, C-9 and C-10
indicating the deprotonation of this functional group on
complexation. The free BztH shows a complex multiplet at
66.65-7.20 ppm for the aromatic protons and it remains more or
less at the same position in the spectra of the complexes. The
spectra of free ligand display a broad signal at 12.02 ppm due —
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* = P< 0.05 = Significant ** = P < 0.001= Highly significant

ns = Non-significant

NH proton of indole ring which remain in the same position in
the complexes showing its non-involvement in the
complexation.

In the spectra of addition products C-5 and C-8 the -NH
proton in spite of disappearing, gets deshielded and shows a
downfield shift. This supports the formation of M<«-NH bond
during adduct formation. On the basis of these spectral studies
for the metal complexes, the pseudo-trigonalbipyramidal and
pseudo-octahedral — geometries  respectively have been
suggested.

B3C NMR spectra

3C NMR spectrum of BztH and its corresponding metal
complexes were also recorded in dry DMSO and assigned peak
positions are listed in Table 4. The noticeable shift in the
position of carbon attached to azomethine nitrogen and thiolic
sulphur in the spectra of metal complexes confirms the
inferences drawn earlier on the basis of IR and *H NMR spectra
concerning the participation of nitrogen and sulphur in bonding
with metal atom.

Antimicrobial activity

The synthesized BztH and its metal complexes have been
screened against some pathogenic fungi and bacteria, the
results are recorded in Table 5. The results reveal that there is
considerable increase in the toxicity of the complexes as
compared to the BztH. On giving a closer look at these results a

31

Inorg Lett 2014, 1(1), 23-35



common feature which appears is that the bioactivity enhances

due to the points given below:

1.The chelation reduces the polarity and increases the
lipophilic nature of the central metal atom, which
subsequently favours its permeation through the lipid layer
of the cell membrane. This can be well ascribed to Tweedy's
Chelation®””. Due chelation after complex formation,
complexes are showing better results than its BztH ligand.
Though C-2, C-4, C-7 and C-10 are showing considerable
good antimicrobial activity than C-1, C-3, C-6 and C-9
because they have more chelation.

2.1t has been found that the gram (+)ve bacteria are more
affected than the gram (-)ve bacteria. BztH showed better
antibacterial activity with gram positive bacteria and this
toxicity is further enhanced in the complexes. Lawrence et.
al.® have suggested that the toxicity of antibacterial
compounds against different species of bacteria depends
either on the difference in ribosome or the impermeability of
the cell to the antimicrobial agent. The bonding of the
chelated metals to the nitrogen bases of DNA, RNA and the
inhibition of DNA synthesis through the blockage of the
enzyme ribonucleotide diphosphate reductase (RDR).*

3. The results also indicated that complexes of different metals
behave differently towards these microorganisms taken for
the experiments. Bismuth complexes C-6 and C-7 are
showing better results® as compared to antimony complexes
(C-1 to C-4) while organoarsenic(l11) complexes (C-9 and C-
10) are best antimicrobial agents among the all reported
complexes.

Antispermatogenic activity

Male rats exposed to BztH and its bismuth(lll) and
arsenic(l11) complexes C-7 and C-10 (25 mg/ Kg b.Wt / day)
respectively for a period of 60 days showed following
alternation in reproductive function of male rats.

Effects on animal body weights

Oral administration of BztH (Group-I11) and its C-7 (Group-

111) and C-10 (Group-1V) complexes to male rats (25 mg/rat per

day) for the period of 60 days did not affect the body weights

of male rats during the period of exposure.

Effects on organs weights

However, the weights of testes, epididymis, seminal vesicle
and ventral prostate were reduced significantly. Weights of

accessory sex glands were also reduced significantly (Table 7).

In the BztH and compounds treated rats (groups Il and V),

reduction in the accessory sex glands was more than that of

control group and compound treated group. The significant

reduction in testes weight after the treatment with C-7 and C-10

can be attributed to decrease in number of spermatogenic

elements and spermatogonia that is cell death which leads to
regression in these organs.**

Antispermatogenic effects

A significant decrease in sperm motility in caudaepididymis
was noticed after treatment with BztH and its bismuth and
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arsenic complexes (C-7 and C-10). Sperm motility was
decreased by in groups II, Il and IV respectively, in
comparison to control animals (Figure 7). Sperm density in
testes and epididymides were also reduced after various
treatments (Figure 8-9). Sperm density was highly suppressed
in the testes and caudaepididymides of all the treated rats when
compared with the control group. The number of spermatozoa,
in group-1V animals, was lower than that in groups-Il and I1I
(Table 9). The marked reduction in sperm count in our
experiment also suggests a disturbed testicular and epididymal
microenvironment. The treatment with compounds C-7 and C-
10 exerted a strong inhibitory effect on epididymides, seminal
vesicle and ventral prostate.

Effects on cell population dynamics (Table 9)

The total humber of sertoli cells and seminiferous tubular
diameter were reduced after treatment with BztH and its C-7
and C-10 complexes. A significant decrease in spermatogonia,
proleptotene spermatocytes, pachytene spermatocytes and
secondary spermatocytes were observed after various
treatments. These compounds may have direct effect on sertoli
cell function which appears to be involved in the control of
spermiation and when disturbed caused epithelial
disorganization and subsequent tubular atrophy. Reduction in
the sertoli cell population and secondary spermatocytes may be
due to antiandrogenic nature of the compounds as these stages
are completely androgen dependent.*” Further, it is supported
by reduction in the serum testosterone levels which clearly
demonstrated the inhibitory effect of BztH and its bismuth and
arsenic complexes. Testicular glycogen contents were low.
Antifertility effects of complexes seemed to be mediated by
disturbances in testicular somatic cells functions (Leydig and
Sertoli cells) resulting in the physio-morphological events of
spermatogenesis.

Effects on testosterone, FSH and LH concentrations

Serum Testosterone concentration was significantly reduced
after treatment with BztH and its complexes C-7 and C-10
(Figurell). FSH and LH concentrations were also decreased
significantly in all the treated groups in comparison with
control animals (Figure 12-13). The reduced population of
leydig cells directly established that testosterone suppresses the
circulating levels of FSH and LH either by inhibiting the
synthesis or blocking the release.®® It is known that
differentiation of primordial germ cells into spermatogonia and
the consequent appearance of spermatogenic cycles are under
the control of gonadotrophins® and testosterone. These are
mediated possibly by sertoli cells, which regulate cell cycle
kinetics and influence both spermatogonia and preleptotene
spermatocyte. The quantitative production of sperm generally
requires the presence of FSH, LH and testosterone. The
regulation of spermatogenesis depends primarily on an
interaction between FSH and testosterone. FSH plays a key role
in the development of the immature testes by stimulating sertoli
cell proliferation and later progression of spermatogenesis.
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Testosterone alone can maintain complete spermatogenesis, but
the synergistic action of FSH is necessary to normalize
guantitative aspects of spermatogenesis. LH stimulates the
production of testosterone in leydig cells.

N
o
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Serum Testosterone (ng/ml)
-
(6]
%

O Group-I O Group-Il O Group-Iil O Group-IV

Figure 11
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Figure 12

Tissue biochemistry (Table 8)

Protein: Protein contents of testes, epididymis, seminal
vesicle and ventral prostate were reduced significantly in
compound treated rats when compared with control. Reduction
in the protein contents of testes and other accessory sex organs
may be due to the absence of spermatogenic stages® in the
testes. The accumulation of cholesterol in testes is a direct
evidence of antiandrogenic action.*

Sialic acid: Sialic acid contents of testes, epididymis,
seminal vesicle and ventral prostate were decreased after
treatment with BztH and its C-7 and C-10 complexes. These
declined levels of sialic acid may be correlated with the loss of
androgen.*” Reduced androgen production was reflected in low
levels of sialic acid in the testes, epididymides and seminal
vesicles.

Cholesterol: Testicular cholesterol contents were increased
significantly in rats treated with BztH and its C-7 and C-10
complexes.

Glycogen: Testicular glycogen level was found to be low.

Effects on fertility

Sperm motility and density directly correlate with fertility
and any change in them may cause infertility. The fertility
index was decreased by 70%, 88% and 92% in group I, 11l and
IV-treated rats respectively, in comparison with control animals
(Figure 8).

Table 9. Testicular cell population dynamics in rats
following BztH and its C-7 and C-10 complexes.

2

HH

=
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©
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|

O Group-I O Group-Il O Group-lll O Group-IV

Testicular Cell Counts (number / cross sections)

Figure 13
Figure 11-13. Testosterone, FSH and LH concentration

after oral administration of BztH and its C-7 and C-10
complexes.
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Sertoli Spermat  Spermt  Sperma  Sper  Sperma
Group / Cells ogonia ocytes tosytes  matid tozoa
treatment (primar  (Secon es
y) dary)

Group-1/ 6.2+0.62 109 + 48 + 85+ 58

Control 21 5.0 9.0 +50 ()
Group-II 51+ 75+ 102 + 19+ 28+
/ BztH 0.5** 1.2%* 1.2%* 0.8** 3.0%* (+)
Group- 42+03 6.3+ 6.8 + 5.0+ 22+
1n/c-7 1.1%* 1.5%* 0.3** 20** ()
Group- 39+0.2 6.1+ 6.4+ 3.0+ 20+
IV/ C-10 1.2%* 0.9** 0.2** 3.0%* @)

(Mean + SEM of 6 animals) *=P< 0.05 = Significant
** = P <0.001= Highly significant  ns = Non-significant
All groups compared with control.

Histopathology

The testes of rats (treated with BztH, C-7 and C-10
complexes showed marked histopathological changes and
spermatogenesis was disturbed. Testes showed disorganized
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seminiferous tubules. The tubular lumen had clear irregular
spaces devoid of sperm. The seminiferous tubules became
irregular in shape and size, and were reduced in diameter.
Decreased seminiferous tubular diameter reflects tubular
shrinkage which may occur due to cell death or sloughing of
epithelial cells. Treatment of compounds caused degeneration
in spermatogenic cells and in Sertoli cells. The count of Sertoli
cells decreased in all the treated groups. The number of
spermatogonia, primary and secondary spermatocytes and
rounded spermatids was also decreased. Following the
administration of BztH, C-7 and C-10 complexes in
comparison with the control group (Table 9). Diameter of
seminiferoustubules reduced when compared with control
animals (Figure 11). The quantitative production of sperm
generally requires the presence of FSH and testosterone. The
regulation of spermatogenesis depends primarily on an
interaction between FSH and testosterone. FSH plays a key role
in the development of the immature testis by stimulating Sertoli
cell proliferation and later progression of spermatogenesis.
Testosterone alone can maintain complete spermatogenesis, but
the synergisticaction of FSH is necessary to normalize
guantitative aspects of spermatogenesis. LH stimulates the
production of testosterone in Leydig cells. Administration of
the test compounds decreased the serum testosterone
concentration significantly in male rats, which might be due to
the altered hormonal milieu of the testes and simultaneously
testosterone inhibition affected the growth, maintenance and
development of male reproductive organs. Significant reduction

Figure 14. (A) Control: Micrograph of control (vehicle treated)
rat testis showing histological features, with all the successive
stages of spermatogenesis. Lumen filled with spermatozoa. Leydig
cells are also present (Final magnification 120X). (B) Histology of
rat testes treated with BztH showing degeneration. (C) & (D)
Histology of rat testes treated with C-7 and C-10 complexes for 60
days, showing lumen filled with debris.
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in the relative weights of the testes indicates low biosynthesis
of androgens, which would not be sufficient to maintain the
structural and functional integrity of male gonads and
accessory organs.

Seminiferous tubular diameter is one of the most important
indications of testosterone level. Decrease in diameter of
seminiferous tubules reflects tubular shrinkage. Seminiferous
tubules contain Sertoli cells and germ cells. Spermatogenesis
appears to be particularly dependent on the interaction between
germ cells and Sertoli cells. Therefore, reduced number of
Sertoli cells could affect the production of sperm. Reduced
count of germ cells, i.e. spermatogonia, primary and secondary
spermatocytes and spermatids, indicates low concentration of
FSH and LH. Decreased sperm production correlates well with
decrease in germ cells, testicular weight and disturbed testicular
microenvironment. Treatment of adult male rats with the test
compounds caused a reduction in the sperm motility in the
caudaepididymides. The epididymis contributes to the initiation
of sperm motility by providing them with a unique
environment along the length, by secreting proteins and ions.
Inhibition in sperm motility resulted in abnormal sperm
functions, which ultimately gave rise to complete sterility.

CONCLUSION

Microwave (MW) irradiation is an efficient method to
accomplish various inorganic syntheses to afford products in
higher yields in shorter reaction periods. All the complexes
obtained by 1:1 as well as 1:2 molar reactions were found to be
tetra-and penta-coordinated but, due to stereochemically active
lone pair of electrons present on the metal atom, pseudo-
trigonal bipyramidal and pseudo-octahedral geometries have
been tentatively proposed for the said complexes.
Antimicrobial activity of the complexes and the ligand showed
that the former are more active than the parent ligand. The
results of antiandrogenic studies indicated that the test
compounds are capable of suppressing the process of
spermatogenesis by inhibiting the serum testosterone, FSH and
LH levels. The fertility of male animals was suppresses by 70%
with BztH treated rats and 88%, 92% with C-7 and C-10
compounds treated rats respectively. In conclusion our study
suggested that the addition of the bismuth and arsenic metal
moiety to BztH enhances their antiandrogenic efficiency.
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