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ABSTRACT: A series complexes of

hypoglycemic sulphonylurea drug, glibenclamide 1-[[2-(5-chloro-o-anisamide)-

ethyle]phenyl]sulphonyl]-3-cyclohexylurea with VO(IV), Mn(ll), and Ag(l) have been synthesized. Characterization of these
complexes was carried out on the basis of different spectroscopic and analytical techniques. These complexes were tested for
their hypoglycemic activity in alloxan diabetic rabbits. VO(IV) complex have shown remarkable hypoglycemic activity
compared to Mn(ll), and Ag(l) complexes and the parent drug ligand itself. These complexes were also tested for their
antibacterial activity and minimum inhibitory concentration (MIC) determination.
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The Role of metal elements in biological and biochemical
systems have been increasingly recognized.[1,2]. Metals play
a basic role in one third of the enzyme systems[3] Some
antidiabetic potential metals such as chromium, zinc,
vanadium, copper, selenium, etc., reduces blood sugar level
(Hypoglycemic activity)

Vanadium “an Insulin-Mimetic”; with some synthetic
compounds shows DNA-binding, antitumor and antidiabetic
properties due to their influence in tyrosine phosphorylation
via the insulin receptor [4]. Vanadate and vanadyl, two
oxidized forms of the trace mineral vanadium, appear to have
an insulin like action.They stimulates hexose transport in rat
adipocytes and glucose oxidation (glycemic effect) in
experimental animals. [5-8].

Manganese containing compounds protect the cells from
oxidative damage in diabetic nephropathy and inhibit
cytotoxicity in R-cell [9-10]. Silver nanoparticles are
beneficial against delayed wound healing in diabetic patients
and protect them from many secondary infections. These
nanoparticles cause an early wound healing with minimal
scars [11].Silver possesses antibacterial, antiviral, antifungal
and anti-inflammatory action.[12-14].Complexes of Amino
acid derivatives with silver (1) exhibited effective
antimicrobial activities against Gram-negative bacteria
(Escherichia coli and Pseudomonas aeruginosa) and yeasts
(Candida albicans and Saccharomyces cerevisiae) [15]
Sulfonylurea class of compounds has the ability to reduce
blood sugar levels without affecting glucose tolerance and
have been used effectively as oral antidiabetic drugs for non-
insulin dependent diabetes mellitus (NIDDM) which are
effective even at lower dose due to their enhanced absorption
through B-cell membrane in the liver. Moreover hundreds of
(arylsulfonyl) wureas have been prepared and their
hypoglycemic activity is monitored [16-17]. Two generations
of sulphonylureas have been differentiated according to
substitution pattern. The second generation sulphonylureas
have much greater intrinsic activity due to both pancreatic
and extrapancreatic effects, whereas biguanides have
predominantly extrapancreatic actions [18]. Investigation of
metal complexes of sulfonylurea plays an important role in
researching the cooperation between the metal ions and the

ligand and exploring the mechanism of the molecular biology
[19-20]. Metal complexes of first generation hypoglycemic
sulphonylureas have been investigated [21] But complexes of
second generation sulphonylureas have rarely been reported
in literature. However some studies on the coordination
chemistry as well as the way of action and drug transmission
of sulphonylureas with some other metal ions have been done
[22,23]. Extensive investigation of the later complexes is the
focus of our research due to their pharmacological
importance. Based on the extensive use, hypoglycemic action
of sulfonylurea drugs and importance of metal based drugs in
biomedical processes, we report the results of our studies
regarding synthesis and pharmacology of complexes of
Glibenclamide with some antidiabetic potential metals.

MATERIAL AND METHODS

General procedures: All chemicals and reagent used in
experimental work were of analytical grade. Pure
glibenclamide drug was imported from E. Merck Co
Germany. In order to induce diabetes in experimental
animals, alloxan was obtained from Sigma-Aldrich Co.,
US.A

IR spectra (in KBr) were recorded on a Shimadzu FTIR 4200
infrared spectrophotometer. Mass Spectra of the compounds
were carried out at MAT-312; *H- and *C-NMR (in DMSO-
ds ) spectra were taken on NMR spectrometer, Bruker model
14.1T. This spectrometer operates at 600 MHz frequency.
Elemental analysis was done on CHNS analyser Exeter
Analytical CE-440. Atomic absorption spectrophotometer
model AA-680 was used for metal analyses. This was fitted
with ASA Arsenic analyzer and Graphite Furnace Atomizer
GFA-4B. Melting and decomposition points of complexes
were recorded Mel-Temp MP-D apparatus. Sealed capillary
method was used for this purpose. Absorption spectra were
recorded on Perkin-Elmer Lambda 20 spectrometer.
Measurement of magnetic moments of complexes was carried
out on Chyo Balance model MSB-10 [24].

Hypoglycemic activity of ligand and complexes was checked
by administration of these compounds orally to alloxan
diabetic rabbits (~1.75-2 kg body weight). Blood glucose
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level was monitored after regular intervals and data was
analyzed by using computer programme Microsoft Excel.
MIC(Minimum inhibitory concentrations) for different
concentrations of compounds as well as blank solvent
(DMSO/water) was determined against different gram
positive and gram negative strains grown on MacConkey agar
and blood agar, respectively [25] In order to account for
solvent inhibitory action, test organisms were sub-cultured
and re-identified by screening methods using a loopful of
growth from a single colony and were inoculated in 10 mL of
Mueller-Hinton broth, maintaining the concentration to
human body. Antibacterial activity of metal complexes was
tested against different strains of gram +ve and gram —ve
bacteria. Only one concentration (100 mg/cm?®) of complexes
was used in this study. Further their activity was compared
with streptomycin sulphate taken as standard antibiotic drug
[26] Results obtained from MIC were also involved in this
study.

SYNTHESIS OF METAL COMPLEXES OF
GLIBENCLAMIDE

Vanadyl(1V)-Glibenclamide Complex (111) :

A mixture of Glibenclamide (I,11),8 mmol, (3.95 g) and
KOH,8 mmol, (0.448 g), dissolved in ethanol (50 mL) by
stirring with reflux. To the boiling ligand solution  was
added dropwise an aqueous solution of hydrated vanadyl (1V)
sulphate, 4 mmol (1.01g). Instantly, a green product appeared
which was further refluxed for two hours to complete the
reaction. Resulting volume of the mixture was reduced to
about 35ml at room temperature and kept it in the freezer
overnight. The final product was washed using ethanol,
acetone and ether respectively. The product was then dried
under vacuum at room temperature. Yield: 74 %. mp 148-
150°C (dec.). m/z 1167= (1203-2H,0). IR: (KBr, cm™) (s,
NH, str.)3370, (C=0, str.)1741, (C-N, str.) 1526, (SO,, asym,
sym str.)1337,1160, (M-0)704, (M-N str) 485. UV (Amax
DMSO/H,0, nm), (e x 10%): 0.31(20202), 0.21 (12077). pess
(B.M) 2.33. Anal. Calcd for
[VO(C23H28CIN305S)2(OHz)] SO4H20 (%) M, 4.23C,
45.92; H, 5.03; N, 6.99; S, 8.0;; Found: M, 4.23 C, 45.90; H,
5.00; N, 6.95; S, 8.05;.

Managanese (I11)-Glibenclamide Complex (1V):

Glibenclamide ligand 1.97g (4 mmol) and 0.224g (4 mmol)
of KOH were dissolved in 50 mL of absolute alcohol by
refluxing with stirring. To the hot ligand solution, 0.986 (4
mmol) of powdered manganese(ll) acetate was added. In
order to complete the reaction the above solution was
refluxed for two hours and allowed to stand at room
temperature for some time. The brown product settled down.
It was separated by filtration and washed with dimethyl ether
and acetone and dried under vacuum at room temperature.
Yield: 80 %. mp 150-152°C (dec.). m/z 706.1=(724.1-H,0).
IR (KBr, cm™) (s, NH) 3365 (C=0) 1638, (C-N)1558, (SO,)
1340, 1158. UV (Amax DMSO/H,0, nm), (¢ x 10°): 3.22
(32898), 3.27 (34722): 3.80 (33800). pesr (B.M) = 4.49 Anal.
Calcd for K[Mn(C23Hggc|N305S)(OAC)2].H20 (%) C,
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44.78; H, 5.01; N, 5.8; S, 4.43; M, 7.59; Found: C, 44.83; H,
5.0; N, 5.69; S, 4.40; M, 7.89.

Silver(l)-Glibenclamide Complex (V):

Ligand (GBA) 4.94g (10 mmol) and 0.56g (10 mmol) of
KOH were dissolved in 50 mL of absolute alcohol in a flask
by refluxing with stirring for 15 minutes. To the hot ligand
solution, 0.848g (5 mmol) silver nitrate dissolved in 30 mL of
ethanol water (4:1) was dropwise added at room temperature.
The solution was stirred for 1 hour at room temperature,
colourless complex precipitated out. It was filtered and then
washed with acetone and ethanol and dried at 70°C. Yield: 86
%. mp 210°C - 215°C (dec.). m/z 1132.9= (1168.9—2H,0). IR
(KBr, cm™) (s, NH) 3370, (C=0)1696, (C-N)1523, (SO,,
unsym, sym str.)1311, 1150, (M-N) 483. UV (Amax
DMSO/H,0, nm), (e x 10%): 2.67 (43859), 3.20 (47619), 8.31
(33557). 8y (DMSO-dg): (m, 11H)1.0 -1.7,(t, J2.3Hz,-CH,-
Ar)2.9,(b, aH) 3.4,(q, -°N-CH»-)3.5, (s, CH3)3.8, (b, *N-H)
6.3, (d, J 7.3 Hz H-7) 7.1, (d, J 6.8 Hz, 3H) 7.5, (s, H-5)7.6,
(d, J 6.8 Hz, 2H) 7.8, 8.3 (bs, °N-H). &; (DMSO-dg); (C-
1)124.63, (C-2)157.83, (C-3)114.17, (C-4) 128.44, (C-5)
142.37, (C-6)129.71, (C-7) 157.69, (C-8) 40.52, (C-9) 34.68,
(C-10)124.63, (C-11) 127.03, (C-13) 128.44, (C-14) 163.62,
(C-15) 48.45, (C-16) 33.01, (C-17) 24.6, (C-18) 25.38; Anal.
Calcd for K[Ag(C23H27,CIN3OsS),].2H,0; (%) C, 47.26; H,
5.0; N, 7.19; S, 5.49; M, 9.23; Found: C, 47.30; H, 4.97; N,
7.10; S, 5.45; M, 9.31.

RESULTS AND DISCUSSION

Structural Studies:

Complexes of VO (1V), Mn(ll) and Ag(l) with the ligand
have been synthesized by reacting appropriate molar ratio
(ligand : metal) in ethanol solution which have been
characterize by IR, 'H-NMR and *C-NMR. Elemental
analyses (C, H, N, and metal) and magnetic susceptibility
measurements.  Absorption spectra of ligands consist of
various high energy charge transfer bands in UV region,
33000-45000 cm™. Absorption spectra of GBA consist of
high energy bands at 3344 cm™, 36630 cm™ and 48859
cm 'which are indicative of formation of complexes of
these ligand.

The major characteristic of the *H-NMR spectra of the ligand
is the position of N°~H proton of —SO,NHCO- group. When
a metal ion coordinates through this nitrogen then the signal
due to N°-H proton was disappeared. This observation is in
accordance with the result obtaine from the IR spectral data
that nitrogen atom of —SO,NHCO- moiety is involved in
coordination with metals. In the **C-NMR spectrum, the two
most downfield resonances in the spectra of glibenclamide
are due to carbonyl carbons (C-7 and C-14) which gave
signals at & 155.68 ppm and & 163.65 ppm in GBA
respectively. The carbonyl signal (C-14) is shifted upfield
positions on coordination with metals.

Heterocyclic ring carbons C-5 being a quaternary carbon,
resonates at 8150.52 ppm. The upfield or in some cases
downfield shift of this signals in the spectra of complexes of
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these ligands, reveals that carbonyl group of —SO,NHCO-
moiety in the ligand is involved in coordination with metals.
This observation is also in accordance with results obtained
from IR spectral data that carbonyl group (C=0) is involved
in coordination and thus also supports the monodentate and
bidentate mode of coordination of SUs ligands.

The comparison of IR spectral data of the drug exhibits
characteristic bands due to vibrational and coordination
modes. The N-H stretch of —SO,NHCO- group present in
the spectra of free ligands (3210-3326 cm™) disappeared on
coordination with metal ions through deprotonated nitrogen
atom.

Vanadyl(1V)-Glibenclamide Complex

Elemental analysis of VO(IV)-glibenclamide complex fits
into the formula [VO(C,3H2;CIN3O5S),(OH,)].SO, which
indicated a six coordinated, octahedral environment around
the VO* ion, provided the ligand bound to metal in a
bidentate fashion. A comparison of IR spectral data of
complex with GBA ligand reveals that the N—H stretching
band of —SO,NHCO- group present in the free ligand (3325
cm) has disappeared in the spectra of complex, since
nitrogen atom is deprotonated and is replaced by metal on
coordination. The carbonyl C=0O stretching band of
—~S0O,NHCO- group observed for the free ligand at 1709 cm™
is shifted upon coordination to 1741 cm™. The C—N stretch in
resulting —SO,NCO- moiety in ligand (1519 cm™)
observed in this complex at 1526 cm™. The bands due to
stretching frequencies vas,(SOz)and veym(SO,) were observed
in the free ligand at 1330 cm™ and 1157 cm™ and in the
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complex at 1337 cm™ and 1160 cm ™. Thus almost no change
in band position in the spectra of ligand and complex was
observed. This observation suggests that coordination of
metal with ligand does not occur through sulphonyl oxygen.
The new bands because of M-0O and M-N stretching mode
appears for VO(IV)-GBA complex at 740 cm ™ and 483 cm™.
The characteristic M=0 stretching band for VO(IV) complex
appears at 1001 cm . It may be inferred here that ligand
GBA coordinated to metal via nitrogen atom and oxygen
atom of carbonyl group in —SO,NCO- moiety. So, four
positions around the VO(IV) group are occupied by the
ligand and remaining one coordination site is satisfied by a
water molecule (I11). This suggests an octahedral geometry
around vanadium in VO(IV)-GBA complex. This was further
confirmed by its absorption spectrum.

Effective magnetic moment (p.s) for this complex was found
to be 2.23 B.M., corresponding to presence of one unpaired
electron in this complex and further confirm octahedral
geometry for the complex.

Manganese(l1)-Glibenclamide Complexes

The elemental analysis of Mn(ll) glibenclamide complexes
fits well into formulae K[Mn(C,3H,7;CIN;O5S)(OAC),] .H,0,
indicating a four-coordinated environment along the metals
and ligand is bonded in a bidentate fashon.

IR spectra of Mn(11)-GBA complex showed that band due to
N—-H frequency at 3325 cm™ in the ligand has disappeared. It
is because the N-H proton in —SO,NHCO-group is
exchanged with metal ion on coordination. The C—N stretch
of resulting moiety (-SO,NCO-) in free ligand (1519 cm™)
is shifted to 1526 cm ™. Carbonyl C=0 stretching (1709 cm™)
in ligand is shifted to 1638 cm™ in the complex. v,s,(SO,)
and vem(SO,) for Mn(Il) complex shifted to 1340 cm™* and
1158 cm™* compared to ligand (GBA) at 1330 cm™ and 1157
cm . These shifts are negligible indicating no involvement of
these groups in coordination. The band due to M-O
stretching has been observed at 676 cm™ while M-N
stretching at 482 cm™ for Mn(l1) complex. So, IR spectral
observations indicates that ligand is bound to metal in
bidentate mode via nitrogen atom and oxygen atoms of
—SO,NCO- group. From these observations it is proposed
that Mn(Il) form four coordinated complexes with ligand
GBA. The remaining two coordination sites of tetrahedron in
Mn(Il) complex are satisfied by two acetate ions. Absorption
spectra of Mn(I1)-GBA complex in DMSO exhibited high
intensity bands at 32894 cm™, 33800 cm™ and 34640 cm™
due to charge transfer transitions which are ligand bands and
clearly show the formation of this complex.
Silver(1)-Glibenclamide Complex

The elemental analysis of Ag(l)-GBA complex fits well into
formula K [Ag(C,3H2,CIN3OsS),].2H,0. The coordination
number of Ag(l) is one, hence, a linear geometry is expected
for this complex, provided the ligand coordinated in a
monodentate fashion.

In IR spectrum of this complex, stretching band due N-H
group (3325 cm™) in the ligand has completely disappeared
on coordination with metal. The C-N stretching of the
resulting moiety (-SO,NCO-) in
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the ligand (1519 cm™) is, therefore, shifted to 1523 cm™.
Carbonyl (C=0) stretching in ligand (1709 cm™) is slightly
shifted (1696 cm™) in the complex which suggests a
monodentate mode of coordination for Ag(l)-GBA complex.
Vasy(SO2) and veyn(SO,) for ligand (1330 and 1157 cm™)
shifted to a very small extent in the complex (1317 and 1150
cm™) indicating no involvement of this group in
coordination. Further, M-N stretching band have been
observed at 483 cm™.

Absorption spectral data of the complex show high intensity
bands at 33557 cm, 43859 cm™ and 47619 cm™ which
indicates the involvement of ligand and thus complex. On
the basis of these observations the expected structures of the
complex is linear one.

'H NMR spectrum of this complex indicates a downfield
signal of N°-H proton in the ligand at 10.2 ppm has not
appear in the spectrum of this complex upon coordination
with metal. IR spectral data is further supported by *H NMR
spectral data that —SO,NHCO- proton is exchanged with
metal on coordination. A signal due to N*-H proton in ligand
at 6.3 ppm has broadened. It is because the cyclohexyl ring
proton (H*) coupled with N*-H proton.

On the basis of spectral evidence it is inferred that Ag(l) is
coordinated to ligand through nitrogen atom of the
—SO,NHCO- group. So, a monodentate mode of
coordination for ligand (GBA) is suggested in this case. The
proposed structure for this compound is therefore linear (V).

PHARMACOLOGICAL STUDIES

Hypoglycemic Activity: Complexes of Glibenclamide with
VO(IV), Mn(Il), and Ag(l) and

ligand (GBA) itself were checked for their hypoglycemic
action. The results of hypoglycemic activity of these
compounds can be seen in Fig. 1. Hypoglycemic activity of
calculated amounts of complexes and drug (GBA) was
determined by oral administration of these compounds in
various groups of rabbits. These rabbits were made diabetic
with alloxan. The rabbits were monitored continuously to
check the change in their blood glucose level (BGL) from the
time of administration (0 hour) to eight (8) hours with a
regular interval of one hour. Hypoglycemic activity of
VO(IV)-GBA complexes have been shown to be significant
as compared to original drug and control groups. Different
curves obtained on plotting change in (BGL) with respect to
time are shown in Fig. 1. The results obtained clearly
indicates that hypoglycemic activity of VO(IV) complex has
been enhanced significantly as compared to not only standard
drug (glibenclamide) but also to Ag(l)-GBA and Mn(ll)-
GBA complexes. However, Ag(l)-GBA and Mn(ll)-GBA
complexes have retained their hypoglycemic activity without
any significant variation with respect to parent drug.

Oral administration of standard drug and its complexes to
induced diabetic rabbits causes a variation in BGL. After two
(2) hours of administration the blood glucose level (BGL) of
standard drug (GBA) treated animals was 424.46 +8.47
whereas Ag(l)-GBA comlex treated group was 429.40+ 7.33
and Mn(I1)-GBA complex was 435.60 +7.99. whereas the
group treated with VO(IV)-GBA complex was 425.40
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+22.17. The results depicted in fig.1 illustrates that in the all
groups
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Fig.1. Variation of mean blood glucose level (BGL) of alloxan
diabetic rabbits as a function of time, after oral administration
of GBA and its VO(IV), Mn(I1), and Ag(l) Complexes.

of experimental animals (Mn(I1)-GBA, Ag(l1)-GBA complex
and drug loaded) the lowering of BGL almost remain same
upto 2 hours (3-4%). However the decrease in blood glucose
level in VO(II)GBA was observed to be not significant i.e.,
425.40 +£22.17 as compared to the parent drug as well as
other complexes which might be due to slow release of the
compound from the synthesized metal complex. But after
four hour time duration a significant decrease of blood
glucose level was observed in the animal group treated with
VO(IV)-GBA complex 346.80 + 21.25 and reaches the level
even lower than the parent drug itself (354.80 £10.27) BGL
remained considerably lower than the control group 454.20
+5.97. After eight hours parent drug ligand and its
complexes with Ag(l) and Mn(Il) are exhausted and their
hypoglycemic activity become compatible to the standard
drug. For GBA it become 454.20 +8.11 for Ag(ll)-GBA
440.40 + 593 and for Mn(Il)-GBA 455.60 +7.99, but
VO(II)GBA complex remained active and continue to show
hypoglycemic activity further more.

From the results, it was extracted that the VO(IV)GBA
complex remained active and had eligibility to lower the
BGL for more duration even after the end of eight hour
experimental time and kept the glucose level lower than the
parent drug i.e; 423.20 + 18.71.This indicates that that the
VO(IV)-GBA complexes shows more hypoglycemic action.
It continue to keep the BGL lower than the parent drug GBA
even after the expiry of the experimental time. The results are
in consistent with the findings that vanadium is “an Insulin-
Mimetic”; and have a role as anti-diabetics potential element.
It is therefore infered that the VO-GBA complex is more
active antidiabetic agent than the other two complexes under
study.

Minimum Inhibitory Concentration (MIC)

Metal complexes of glibenclamide (GBA) with VO(IV),
Mn(Il), and Ag(l) were tested for the determination of their
Minimum Inhibitory Concentration (MIC). A number of
Gram Positive bacterial strains as Staphylococcus coagulase,
Staphylococcus aureus, and Streptococcus and Gram
Negative bacterial strain as Escheria coli, Pseudomonas (C),
Enterobacter faecalis, Enterobacter cloacae, Proteus
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mirabilis, Klebsiella pneumonia and Salmonella sensitive
(Table 1). MIC of blank solvent was also determined in order
to monitor the inhibitory effect of the solvent on these
bacteria.

All complexes [VO (IV)-GBA, Ag (I) GBA, and Mn(ll)
GBA] have shown very weak or no inhibitory effect against
all strains of gram-ive and +ive bacteria with MIC value 1280
ng/cm® All complexes have shown no activity against E.
coli(C). VO (IV) complex also remained quite inactive
against Ent. Faccalis and Staph. Aureus E. Coli and Proteus
mirabilis bacteria whereas Ag(l) complex showed inactivity
against Klebsiella pneumoniae in addition to E. Coli and
Proteus mirabilis. However, the Mn(ll) complex showed
very weak inhibitory effect against all strain except E. Coli
(C). MIC data of the metal complexes is reported in Table 1.
Antibacterial Activity:

Antibacterial activity of all metal complexes was examined
for different strains of gram +ve and gram —ve bacteria. Only
one concentration of these complexes i.e; 100 pug/cm® was
used to compare their activity with streptomycin sulphate, a
standard antibiotic. The results revealed that these complexes
have not shown any activity against the studied organism
upto 100 upg/cm® concentration (Table-2). The results
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obtained are consistent with previously conducted studies.
According to which in the metal complexes of organic
ligands, the type of ligand, nature of central metal atom its
mode of coordination exert effect on the antibacterial
activities of the complexes [27-28]

CONCLUSION:

Complexes of VO(IV), Mn(ll), and Ag(l) with Glibenclamide
drug ligand were successfully synthesized. Spectral and other
analytical studies correlate with the proposed structures.
VO(IV) Glibenclamide complex has shown enhanced
hypoglycemic activity and keep the BGL lower compared to
the parent drug ligand (GBA) even after the end of the
experimental time. It can be used as an effective and
desirable metal based drug having no toxicity. The Mn (II)-
GBA and Ag(l)-GBA complexes have not shown enhanced
hypoglycemic activity compared to the ligand (GBA) All
metal complexes have shown a very weak inhibitory action
and no antibacterial activity against the studied organism. A
comprehensive investigation can find out whether the
synthesized complexes are safe to use as Metal Based
Antidiabetic Drugs for non-insulin dependent diabetes
mellitus (NIDDM).

Table-1:Data of Minimum Inhibitory Concentration of Metal Complexes against Different Bacteria (MIC pg/cm?).

Gram-Negative Bacteria Gram-Positive Bacteria
Compound
1 2 3 4 5 6 7 8 9 10 11 12 13
VO-GBA 1280 - 1280 1280 — 1280 - — 1280 1280 - 1280 1280
Mn-GBA 1280 - 1280 1280 1280 1280 1280 1280 1280 1280 1280 1280 1280
Ag-GBA 1280 - 1280 1280 — 1280 1280 - - 1280 1280 1280 1280

1.Pseudomonas (C) 2.E. coli (C) "3.Salmonella typhi (R)"4.Pseudomonas5.E. coli 6.Ent. cloacae 7.Ent. Faccalis

8.Proteus mirabilis 9.Klebsiella pneumoniae 10.Salmonella sensitive 11.Staph. aureus

= mutant gene of the bacteria { = resistant gene of  the bacteria

12.Staph. coagulase 13.Streptococcu™

Table- 2:Data of Antibacterial Activity of Metal Complexes against Gram Positive and Gram Negative Bacteria.

Zone of Inhibition of Organisms
Compound
Gram Negative bacteria Gram Positive bacteria
. B. bron- - Staph. -

E. coli chiseptica S. cerevisiae aureus B. subtilis M. luteus M. flavus
Ag-GBA -ve —-ve —-ve —-ve —-ve -ve -ve
Mn-GBA -ve -ve —-ve —-ve —-ve -ve -ve
VO-GBA -ve -ve —-ve —-ve -ve -ve -ve

Streptomycin

Sulphate 22.0 mm 20.0 mm 18.0 mm 25.0 mm 27.0 mm 20.0 mm 18.0 mm
Standard

—ive = No activity , Standard Drug = Streptomycin in Sulphate, Concentration =100 zg/cm3 Solvent = DMSO
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