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Abstract: Antibiotic resistance has been growing at an alarming rate and consequently the activity of antibiotics has dropped
dramatically day by day. Metal complex [Co (SB) (SCN)] (where, SB = 2-[(6-Amino-hexylimino)-methyl] phenol) have been
reported for the purpose of searching new antimicrobial agents. The Schiff base and it’s transition metal complex was
characterized by means of several physiochemical and spectroscopic methods. Several biomedical toxicological properties of
the complex has been determined by monitoring the parameters cell growth inhibition, survival time of tumour mice, time-
body relation, causing of intraperitoneal cells and macrophages, alkaline phosphatase activity, haematological effect and
biopsy of tumour. The synthesized Schiff base Co (II) complex was found to have anticancer and cytotoxic function.

Keywords: Transition Metal Complex, Antineoplastic, Bio-Chemical, Cytotoxic and Antimicrobial Studies

1. Introduction

Medicinal inorganic chemistry can exploit the unique
properties of metal ions for the design of new drugs. This has,
for instance, led to the clinical application of
chemotherapeutic agents for cancer treatment. Although
metals have long been used for medicinal purposes in a more
or less empirical fashion [1], the potential of metal-based
anticancer agents has only been fully realised and explored
since the landmark discovery of the biological activity of
cisplatin [2]. The use of cisplatin is, however, severely
limited by its toxic side effects. This has spurred chemists to
employ different strategies in the development of new metal-
based anticancer agents with different mechanisms of action.
Medicinal inorganic chemistry [3-5] is a field of increasing
prominence as metal-based compounds offer possibilities for
the design of therapeutic agents not readily available to
organic compounds. The wide range of coordination numbers
and geometries, accessible redox states, thermodynamic and

kinetic characteristics, and the intrinsic properties of the
cationic metal ion and ligand itself offer the medicinal
chemist a wide spectrum of reactivities that can be exploited.
Schiff base metal complexes constitute an essential class of
compounds with various pharmaceutical activities including
activity against several fungal and bacterial infections [6].
They have also been found to be active against HIV and
tumour cells, and as good anti-tubercular, anti-inflammatory,
anticoagulant and anticonvulsant for agents [7-9]. Large
number of Schiff base compounds and their metal complexes
have been synthesized and structurally characterized. The
chemistry of Schiff base ligands and their metal complexes
have attracted a lot of interest due to their facile synthesis
and wide range of applications including antifungal,
antibacterial, anticancer and catalytic fields [10-13].
Recently, we studied antineoplastic, bio-chemical,
cytotoxic and antimicrobial activity of Schiff base Cu (II) ion
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Complexes [14]. In present study, Co (II) complex containing
Schiff base ligand derived from 2-hydroxybenzaldehyde with
1, 6-diaminohexane, have been synthesized and characterized.
In addition, antineoplastic, bio-chemical, cytotoxic, toxicity
and for antimicrobial activities of the complex was studied.

2. Experimental
2.1. Physical Measurement

The physical measurements were done according to
literature method [14]. All other chemicals were commercial
products and were used as supplied.

2.2. Preparation of Schiff Base,
2-[(6-Amino-Hexylimino)-Methyl] Phenol (SB)

Salicylaldehyde (0.61 g, 0.005 mol) in absolute
methanol (20 mL) was added to an ethanolic solution (25
mL) of 1, 6 diaminohexane (0.58 g, 0.005 mol). The
mixture was heated to reduce the volume to 20 mL and
then it was cooled in an ice-bath. The black crystalline
product was filtered and washed with hot ethanol and
dried in vacuum over P40, . The structure of Schiff base
(SB-2) was shown in figure 1.
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Figure 1. 2-[(6-Amino-hexylimino)-methyl] phenol (SB).
2.3. Preparation of [Co(SB)(SCN)]

25 mL of an ethanolic solution of CoCl,.6H,O (0.005
mol) was added to 30 mL of an ethanolic solution of the
above prepared Schiff base (1.05 g, 0.005 mol). Then 20
mL of an ethanolic solution of potassium thiocyanate
(0.005 mol) was added to the metal salt-Schiff base
solution. It was boiled on a water-bath for 5 minutes and
after that it was cooled. The colored complex was
separated and washed with hot ethanol.

3. Results and Discussion
3.1. Elemental Analysis and Conductivity Measurement

The analytical data and their physical properties of the
complex are given in Table 1. The molar conductance in
DMSO indicates that the complex is 1:1 electrolyte [15, 16].

3.2. IR Studies

The Schiff base, 2-[(6-Amino-hexylimino)-methyl] phenol
(SB) is potentially tridentate, the available coordination sites
being the amino nitrogen, methane nitrogen and the oxo
anion. The free ligand shows characteristic bands at 3500 cm’
''v (OH), 3420 cm™, 3480 cm™ v (NH,) and 1613 cm™ v
(C=N). In the complexes, a broad band appears at 3400- 3600
cm’, in which v(NH,) bands of the complexes are probably
hidden. The NH, complexation is afforded from the
appearance of v(M-N) modes at 400-470 cm™ in the
complexes. We believe that the ligand deprotonates at the OH
end providing an oxo coordination, as is evident from the v
(M-O) bands at 435 cm™ in the complex. The v (C=N) band
observed at 1613 cm™ in the free ligand is shifted to 1600
cm indicating coordination by the methane nitrogen. The
ambidentate thiocyanate ligand can coordinate either through
the nitrogen or through the sulfur depending on the size of
the metal ions. In general, the v(C=N) modes appear at lower
frequencies in M-N=C=S complexes than those of M-S-C=N
complexes. The complex also display v(CN) at 2053 c¢cm’
characteristic of S-bonded thiocyanato moieties. In Pearson’s
terminology, these are soft acids. The v(CS) modes appear at
lower frequencies in the M-S-C=N complex than those of in
the M-N=C=S complex. Complex exhibit v(CS) at 738-762
em™ characteristic of M-S-C=N bonding sequence. This is
further apparent from the v (M-S) modes at 410 cm™ in the
far IR spectra of the complex [17-23].

3.3. Magnetic Moment and Electronic Spectra

The complex is paramagnetic and show magnetic moment
1.93. In electronic spectra three bands were observed at
15,350, 19,450 and 22,172 cm’! corresponding to the
transitions [*T;;— ‘Tog(F)], [*T1g— *Age(F)], ['T1e— T (P)]
respectively for compound which are in good agreement with
tetrahedral geometry [23-26]. The values found are given in
parenthesis.

Table 1. Analytical Data and Physical Properties.

Melting o o o o Molar conductance Magnetic moment
Complex Colour point °C) % M % C % H % N (Ohm' cm’mol™) M.(B.M)
[Co(Ci3H19N>) 17.74 46.93 5.31 11.73
(SCN)] Black 164 (1865  (4934) (558 (1233 0 1.93

4. Antineoplastic Activity of the Test Complex

4.1. The Effect of Test Compound and Bleomycin on Ehrlich Ascites Carcinoma (EAC) Cell Growth Inhibition

Treatment with test complex resulting in maximum cell growth inhibition on complex as evident from 95.52%, reduction of
tumour cell which was found to be equivalent to standard or nearly standard antitumour agent bleomycin which shows cell

growth inhibition is 94.90%. The results are shown in Table 2.
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Table 2. The effect of test compound and bleomycin on EAC cell growth inhibition.

No. of EAC cells/mouse on 5" day after tumour (EAC) cell

Experiment Drugs Dose . . % of cell growth inhibition
inoculation

EAC (9.61£1.63)x10’

EAC + Bleomycin 0.3 mg/kg (0.49+.77)x107 94.90

[Co(Ci3H19N>) (SCN)]  Synthetic 20 mg/ kg (0.43 +0.67) x 107 95.52

4.2. Effect of Test Complex on Survival Time of Ehrlich Ascites Carcinoma (EAC) Cell Bearing Mice

It was found that treatment of tumour induced test animals was the complex resulting the increase of life span 40.38%,
respectively when compared to control mice (life span 21.37 days). It was noticed that the anticancer antibiotic bleomycin
increases the life span by 87.17% when compared to control. The results are shown in Table 3.

Table 3. The Effect of test compound on survival time of EAC cell bearing mice.

Name of Experiment Drugs Dose Mean survival time % increase life span
Control (EAC bearing mice) 21+1.7)

EAC + Bleomycin 0.3 mg/kg 4012 87.17

[Co(C3H19N>) (SCN)] Synthetic 20 mg/ kg 30+21 40.38

4.3. Effect of Test Complex and Bleomycin on Average Tumour Weight

Treatement of the test animals with test complex, previously inculated with EAC cells, resulted in the inhibition of tumour
growth. In case of treated group the body weight was growing slowly and by 54.77% more less in complex compaired to
control group after 20 days of tumour inculation. But in case of bleomycin, this value is 52.63% compaired to control group.
DMSO does not show any change of body weight compaired to control group. The results are shown in Table 4.

Table 4. The Effect of test complex on survival time of EAC cell bearing mice.

Days Control (EAC) Bleomycin (0.3mg/kgi.p) DMSO 25 mg/kg [Co(Ci3H1sN3) (SCN)] 20 mg/ kg
0 00 00 00 00

2 0.77+.37 0.57+.17 0.76+.38 0.52+.31
4 0.98+.43 0.75£.22 0.97+.63 0.71%.23
6 1.30+.27 1.10+.24 1.31+£.33 1.02+.17
8 1.54+.32 1.24+.14 1.57+.23 1.18+.12
10 1.78+.18 1.44+.30 1.76x.16 1.23+.26
12 2.13+.17 1.63+.16 2.14£.17 1.41£.76
14 2.55+.67 1.80+.23 2.55+.63 1.64+.23
16 3.94+.55 2.05+.27 3.93+.53 1.89+.14
18 4.44+.43 2.20+.15 4.40+.42 2.06+.22
20 5.13+.63 243 +.11 5.14 +.62 2.32+.13

4.4. The Effect of Test Complex on Heamatological
Parameters in Normal and Tumour Bearing Mice

Hematological parameters were studied in normal and
tumour bearing mice. All were treated with test complexes
for 12 days of tumour transplantation and after 12 days they
were sacrificed and blood was collected for heamatological
examination. Numbers of mice were four. Results were
shown in mean = SEM (standard error of mean) and
compaired with normal (without EAC bearing mice) and
control (EAC bearing mice) group as shown in Table 5. Their
growth of tumour in mice induced by EAC cells effect in

acute condition as indicated by the significant decrease of the
Hb% when compaired to normal test animals under similar
condition on day 12. The total white blood cell (WBC) count
was also markedly decreased in the control group. In
differential count of WBC, lymphocyte count was also found
to be decreased and neutrophil count was increased on day 12
of tumour inoculation but no significant changes was
observed in monocyte count on day 12 of the tumour
inoculation as compaired with normal mice. Effect of test
complex on haematological parameters of normal mice was
also determined. No significant effect was found.

Table 5. The effect of test complex on heamatological parameters in normal and tumour bearing mice.

Name of experiment HB level g/dl RBC cell/mL WBC(TC) cell/mL Lymphocyte%  Neutrophil% Monocyte%
Normal mice 13.65+.4 (7.96£.57)x 10°  (6.35+.26) x10° 71.25+.91 19.19+.28 8.93+.23

N + Complex 12.50+.22 (6.89%.14)x 10°  (9.14+.22) x10° 75.20%.45 22.14+21 2.23+11
EAC (mice) 7.11£.23 (2.40£.10)x 10°  (25.63+.18) x10° 43.36+.43 38.23+.37 10+.28

EAC + Complex 11.92+.67 (7.10£.66)x 10°  (10.72+2.3) x10° 63.40+2.70 32.46+1.88 4.10+1.16
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4.5. The Effect of Test Complex on Serum Alkaline
Phosphate Activity

Serum alkaline phosphatase was studied in normal and
tumour bearing mice. Tumour bearing mice were treated with
test complexes for 5 days of tumour transplantation and after
5 days they were sacrificed and blood was collected for
determination of serum phosphatase. Serum alkaline

phosphatase activity level in tumour bearing was decreased
due to tumourogenesis when compared to the normal.
Treatment with the test compound restore the enzyme
activity towards normal significantly after the treatment as
shown in Table 6. In normal mice test compound showed
increase of serum alkaline phosphatase activity.

Table 6. The effect of test complex on serum alkaline phosphate activity determined on day 12 of tumor inoculation in normal and tumour bearing mice.

ALKP activity (numol of PNPP

Name of Experiment hydrolyzed/min/mL/serum

Name of Experiment

ALKP activity (umol of PNPP
hydrolyzed/min/mL/serum

EAC (8.56+.31) x 10 Normal value (28.33+.71) x 107
EAC + DMSO (28.96+.21) x 107 DMSO (29.13.14) x 107
EAC + Complex (2.46%.88) x 10° N+B (40.90+.23) x 10°

4.6. Effect of Test Complex on the Enhancement of Normal Peritoneal Cells and Macrophages of Life

Treatment with the test complex did not show any effect on the enhancement of number of peritoneal cells but the number of

macrophages increases as shown in Table 7.

Table 7. The effect of test complex on the enhancement of normal peritoneal cells and macrophages of life.

. Dose Total peritoneal macrophage (x/ 10° cells)/ mouse Total peritoneal cells (x/ 10°)/ mouse
Name of the Experiment e MeantSEM MeantSEM
Normal Tap water 3.23+2.0 23.76+.321
[Co(Ci3H19N,) (SCN)] 20 6.53£.10 23.22+.52

4.7. The Effect of Test Complex on Generation of MDA by
Lipid Peroxidation in Serum of Normal Mice

Table 8. The effect of test complex on generation of MDA by lipid
peroxidation in serum of normal mice.

Name of the Experiment mmol MDA/ mL serum

6.71 £0.32
12.88 +.44

Normal mice (control)
[Co(C13H19N2) (SCN)]

Animals were treated with test complex for 4 consecutive
days. Serums from mice were collected on day 5 and
malondialdehyde (MDA) concentration was measured. The
dose of the test complexes A and B was 16mg/kg and
20mg/kg respectively. Effect of test complex on normal mice
showed that there was markedly increase in MDA, which
indicates that there was release for free radical. The obtained

data are shown in Table 8.
4.8. Histopathological Effect of Test Complex

Ehrlich Ascites Carcinoma (EAC) cell induced tumour
at the site of injection was very prominent and showed
fast growth, increased in size, bulging out in skin. The
histological feature shows necrosis at the center and viable
growing cells in the periphery. Some inflammatory
reaction lymphocytic in nature with reduction of hair
follicle was observed. The number of mitosis was
observed which increases greatly. When treated with test
compound and bleomycin growth rate tumour is reduced,
inflammatory reaction increases in some extent (Table 9).
Necrotic area is increased and hair follicle appears their
normal appearance.

Table 9. Histopathological effect of test complex.

. Observation
Name of the Experiment - -
Size Number of Lymphocytes Necrotic area Inflammatory area
EAC Tt il
[Co(C13H19N2) (SCN)] g ) Tt Tt
Bleomycin Ly Tt Tt Tt
Where,

t =increase, 1 1 = moderately increase, 1 1 1 = greatly increase
| =decrease, | | =moderately decrease, | | | = greatly decrease

4.9. Effect of Test Complex on Total Protein in Peritoneal
Fluid

Inculation of Ehrlich ascites carcinoma (EAC) cell in
peritonenal cavity causes of accumulation of fluid which

is rich in protein. But when treated with test complexes,
the protein contain in the peritoneal fluid is reduced and
fluids accumulate in the peritoneal cavity very slowly
(Table 10).
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Table 10. Effect of test compound on total protein in peritoneal fluid.

Total protein

Name of the Complex Dose (mg/kg) mg/mL, P.F, meant SEM
Control (EAC) Tap water 174.73£2.81
[Co(C13H19N2) (SCN)] 20 163.51+4.20

5. Antifungal Activity of the Test
Compounds

The antifungal activity of the test complex against
different fungi was investigated by using the doses of 80 pg/
disc, where standard antibiotic disc of Nystatin (45ug/ disc)
was used for comparison purpose. The diameter was
evaluated 10 mm against tinea pedis, 13 mm against
asperigillus niger, 10 mm against collectrichum sp. for test
complex whereas diameter of zone of inhibition of Nystatin
was found to be 18 mm, 28 mm, 20 mm respectively against
those organism. The results of the antifungal activity (zone of
inhibition) of the test complex against respective fungai are
presented in Table 11. The minimum inhibitory concentration
of the test complex are 64 pg/ disc, 64 ng/ disc, 80 pg/ disc
against tinea pedis, asperigillus niger and collectrichum
respectively.

Table 11. Zone of inhibition of antifungal activity of test complex.

Diameter of zone of inhibition Nystatin
Test fungus (mm) of test complexes (45pg/ disc)
[Co(C13H19N2) (SCN)]
Tinea pedis
(Tricophyton) 10 18
Asperigillus niger 13 28
Conlitotrium sp. 10 20

6. Antibacterial Activity of the Test
Complexes

The antibacterial activity of the test complex was
determined by using the dose of 80ug/disc. The results of

antibacterial activity measured in terms of zone of inhibition
is shown in Table 12. The complexes showed minimum
sensitivity against the following number of both gram
positive and gram negative bacteria and the results were
compared with antibiotic disc of kanamycin.

Table 12. Result of antibacterial activity of test complex.

Diameter of Zone of

. R Kanamycin
Test Bacteria ;zzltll::)t:l);:o(;l:lr:ll) of (Ts/25ng/disc)
Bacillus subtilis 9 16
Streptococcus-B-haemolytica 10 25
Escharicia coli 10 17
Sarcina lutea 12 19
Klebsella 9 17
Shigella flexeri 10 14
Shigella voydii 10 24
Shigella dysenteriac 14 14
Pseudomonas aeruginosa 8 13

7. Toxicity of the Test Complex

The toxicity of the test complexes were determined by
using the dose of 10mg/kg. Mature male rats weighing 100-
120g were used through the study. Animals were maintained
in standard laboratory conditions. Treatment of the
experimental animals with the text complexes resulted in a
decrease in the amount of hemoglobin when compared with
the control animals. Total count of WBC was significantly
altered when treated with test complexes as shown in Table
13. In differential count of WBC, lymphocytes and platelet
count were significantly increased as compared to the control
group. Effect of text complex on some biochemical
parameters in normal rats are shown in Table 14. In this study
it was found that treatment with the test complex with the test
doses alter the all biochemical parameters compared to the
normal control group. So the test complexes are hepatotoxic
as well as nephrotoxic.

Table 13. Effect of test complex on haematological parameters in rats.

Name of experiment WBC (cells/mm®) Hb (g/dl) Lymphocyte (%) Neutrophil% Monocyte% Platelet (cell/ml)
Normal 8400 12.6+0.05 58.15+1.92 35.15+1.58 4.254£0.43 315000
DMSO 5200 12.1+1.10 62+2.03 34402 4+1.03 420000
Complex 6000 10.3+1.00 61£3.00 36102 3+1.00 360000
The number of rat in each group were 4. Results were shown in mean * Standard Error Mean
Table 14. Effect of test complex on Biochemical parameters in rats.
Serum Serum alkaline Serum total . . Serum
?I:lo?glg;:l;:j)e cholesterol phosphatase protein (g/100 (S;rl;:;; (():frle):'ot::ll)n ¢ ?l:lo‘;glyrea é;l;li) AST (U/L) bilirubin
s (mg/dl serum) U/L ml serum) s g (mg/dl)
Normal 104+1.63 67.09+0.84 78+4.15 6.6+.02 1.09+0.16 17.80+2.4 254422 60.76+4.7 0.34+0.11
Complex 69+3.2 32+1.3 144£3.3 3.6%2.2 5.7+1.1 42+2.1 186+£5.5 13233 6.8+2.2
DMSO  93+2 63+4.1 83+3.6 5.5¢1.5 1.1+0.06 41+2 39+4 89+3 0.4+0.1

The number of rat in each group were 4. Results were shown in mean * Standard Error Mean, ALT = Alanine aminotransferase, AST = Aspartate

aminotransferase
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8. Conclusion

Study on antitumor activity in EAC cell bearing mice
revealed that treatment with test complex prohibited the
increase in body weight as mentioned and increase the life
span in animals. The cytotoxic potency showed as
significant reduction in the number of EAC cells and their
viability support these data. However, our results on EAC
cell count and viability after treatment with test complex
are comparable to the effect of bleomycin observed in
present study. Test complex also increased the
concentration of MDA in blood and reduced the amount of
protein. In addition, transition metal complex are capable
of generating free radicals. Thus, it is suggested that it has
anticancer or cytotoxic function to be associated with the
increase in the load of free radicals. Furthermore,
supported by the histopathological investigation on the
tumour which showed a retardation of tumour growth,
increase the necrotic and inflammatory area and increased
their follicles, we definitely say that the test complex
possess cytotoxic property. Antimicrobial activity of the
test complex showed significant antimicrobial activity
when compared to control. This antimicrobial property
was correlate with anti-cancer property because
microorganism possesses some criteria which are same.
Toxicological studies reveal that the test complex is much
more toxic to liver and kidney. This altered all
biochemical parameters of rat blood. The exact mode of
action of test complex is not known to us. Further
investigation is appreciated to investigate detailed
mechanism of action and their effect in serum electrolyte
before any clinical use, especially of the effective doses.
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