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Abstract: During the past few decades the emergence of inorganic medicinal chemistry has been developed novel
therapeutic agents. Researcher's perseverance in this branch of chemistry has led them to explore further valuable
chemical spaces by synthesizing metal complexes already known pharmacological agents for their potential use.
However, it is in its early stage, this methodology has demonstrated metal complexes with better bioactivities than the
parent ligand molecules. In this study, transition metal complexes of pyrazinamide (PZ), isoniazid (INH), fluconazole
(FCZ), metformin (dimethylbiguanide, DMBG) and losartan potassium (LS-K) were selected to evaluate for their
possible anti-platelets aggregation in the light of reports on divalent and trivalent cations like calcium, copper,
manganese, magnesium, and cadmium may influence the process of thrombocytic activity and aggregation. The required
evaluation was carried out on human plasma through an APACT 4004 platelet aggregation analyzer. Arachidonic acid
(ADP) was used to gauge any alteration in platelet shape and aggregation process. The parent drugs showed some anti-
platelets aggregation, however, their metal complexes demonstrated better efficacy.
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Numerous research works have been carried out for
studying the mechanisms involved in platelet aggravation.
Rupture of an atheromatous plaque surface by some
stimulus is subsequently followed by hemorrhage into the
plaque which is controlled by the platelet aggregation at
the site of rupture causing the initial flow obstruction. As
in ischemic diseases, disorders in this highly efficiently
regulated coagulation system also have a link with
hypertension (Lip and Beevers, 1994, Oikawa et al.,
1997).

INTRODUCTION

The platelet aggregating mechanism is the basic integral
process of cardiovascular system that helps in
homeostasis regulation of the body in response to various
endothelial injuries from both internal and external
stimuli (Davi and Patrono, 2007, Varga-Szabo et al.,
2008). A protective mechanism is exist in body,
nonetheless, if not regulating properly it can be the
aggravating factor for the progress of thrombus formation
inside the vascular channels of the body, resulting in
atherosclerosis. It is reported that atherosclerosis is the
most frequent underlying cause of both cardiac as well as
other coronary artery peripheral vascular diseases

In hypertensive, a thrombotic stage is developed by
atherosclerosis and renin angiotensin system plays a
contributing role in its genesis (Lip and Blann, 2000,
Strawn et al., 2000). Therefore, antiplatelet therapy plays

(Jennings, 2009, Kottke-Marchant, 2009).

Atherosclerosis commonly described as a hardening of
vessels which is rarely a fatal condition, however, the
superimposing thrombosis formed on a ruptured or eroded
atherosclerotic plaque can precipitate the life-threatening
clinical events like acute coronary syndromes like
myocardial infarction due to ischemic injury and ischemic
stroke (Naghavi et al., 2003, Spagnoli et al., 2004).
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a key role in the management of patients with thrombotic
or thromboembolic disorders (Buch et al., 2010, Linden
and Jackson, 2010). Currently available antiplatelet agents
work through different mechanisms of action (Amidi et
al., 2013, De Meyer et al., 2008, Maree and Fitzgerald,
2007). Among the most commonly used agents such as
aspirin (by impairing thromboxane A2 synthesis through
irreversible inhibition of cyclo-oxygenase 1), clopidogrel
(an irreversible antagonist of platelet ADP (adenosine
diphosphate) receptor, P2Y12), and glycoprotein (GP)
I1b—I1la antagonists like abciximab Angiotensinll (Angll)
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promotes the production and secretion of plasminogen
activator inhibitor type 1 (PAI-1) from vascular
endothelial cells (Brown and Vaughan, 1996) which acts
as a stimulus for thrombocytes aggregation. Among the
tested AT1-receptor antagonists, the inhibitory effect of
losartan on platelet adhesion and aggregation is higher
than that of valsartan (Li et al., 1998) while no such
action is reported for candesartan (Monton et al., 2000).

Continuous research and its resultant findings in inorganic
medicinal chemistry have now demonstrated that divalent
and trivalent cations like calcium, copper, manganese,
magnesium, and cadmium (Lages and Weiss, 1981) can
influence the process of thrombocytic activity and
aggregation. It has been reported that divalent ions of
transition elements (like zinc or manganese) greatly
influenced the aggregation than the alkaline earth metals
ions like magnesium or calcium (Penglis and Michal,
1969).

During the past decade inorganic metal ion complexes
have displayed better bioactivities as anticancer, antacids,
and antirheumatic agents (van Rijt and Sadler, 2009,
Zhang and Lippard, 2003). The aim of this study was to
appraise antiplatelet aggregating effects of some metal
complexes (PZ, INH, FCZ, DMBG, and LS-K) to find out
whether these complexes have more therapeutic value as
compared to the clinically in use agents.

MATERIAL AND METHODS

General preparation of metal complexes

Pyrazinamide (PZ), isoniazid (INH), fluconazole (FCZ),
metformin (DMBG) and losartan potassium (LS-K) drugs
were interacted with metal salts in methanol. The
quantities of drugs solution were taken two folds higher
than the metal salts solution, however, the same
concentration of both reactants were prepared initially.
The mixture of the drug and the metal salt was kept on
water bath at 80°C for 3-4h and the solution was stirred
occasionally. A solid material of the complex starts to
appear that indicate the transformation of ligand into
complex, the solid was filtered and washed with hot
methanol.

Elemental (CHN & Metal) analysis

Elemental analyses were performed with CHN analyzer
whereas quantitative measurements of metal in the three
PZ complexes were performed by AA spectrophotometer
(PerkinElmer A Analyst 700) for confirming the synthesis
of complexes. The results found are very close to
theoretical values and the ratio between metal to ligand
was found to be 1:2 for all metals. All the results obtained
are shown in table 1.

In-vitro evaluation of antiplatelet aggregation activity
The antiplatelet aggregation activity of the transition

metal complexes of selected drugs was assessed by using
human plasma on an APACT 4004 platelet aggregation
analyzer according to literature protocol (Amidi et al.,
2013). Fresh blood samples of non-smoker healthy
volunteers with no history of consumption of any drug up
to 15 days prior to the test were collected after taking
their consents. Whole blood was collected in sodium
citrate (9:1 by volume) which yielded platelet-rich plasma
(PRP) after centrifugation (Hermle Z200 A) at 1000 rpm
for 8 min. After removing PRP from blood and sodium
citrate mixture the remaining part was centrifuged at 3000
rpm for 15 min and platelet-poor plasma. PPP was
collected from the above layer which was used as the test
blank. PRP was diluted with appropriate amount of PPP
in order to set platelet count at 250000 plts/mL. To PRP
samples, test compounds previously dissolved in DMSO
were added to the prepared PRP samples and the mixture
was subsequently incubated for 5 min at 37 'C. To
determine the antiplatelet aggregation activity, ADP (5
UM) or arachidonic acid 1.35 (mM) was added to the final
mixture and the sample was monitored for 5 min to record
any alteration in platelet shape and aggregation process.
Dimethyl sulfoxide (DMSO) was used as negative control
while indomethacin and aspirin were used as standard
drugs. Following formula was used to calculate platelet
aggregation inhibition (%):

Inhibition % = [1 - (D/S)] X 100

Where, D = platelet aggregation in the presence of test
compounds and S = platelet aggregation in the presence
of solvent.

Compounds were screened at the primary concentration
of ImM. The complexes that exhibited higher than 50%
inhibitory activity were further diluted to calculate their
1Csp.

Ethical approval has been granted by the Ethical Review
Committee of Faculty of Pharmacy and Pharmaceutical
Sciences, University of Karachi.

RESULTS

Inorganic metal complexes of five drugs consisting of
pyrazinamide (PZ), isoniazid (INH), fluconazole (FCZ),
metformin (DMBG) and losartan potassium (LS-K) were
evaluated for possible antiplatelet aggregating capability
by arachidonic acid and ADP receptor inhibition assay as
compared to reference drugs aspirin and indomethacin
results are incorporated in tables 1-6.

DISCUSSION

Although all of synthetic transition metal complexes
precede over the pure pyrazinamide in exerting an
inhibitory effect on AA with the exception of Fe(lll)
complex, the Mn(1l)-PZ complex showed the maximum
inhibition of 16.5%. On the other hand, inhibition of ADP
was higher with the pure PZ as compared to its metal
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Table 1: Comparison of percent elemental composition in metal complexes

C (%) Theoretical / | H (%) Theoretical / | N (%) Theoretical / Metal (%) Theoretical /
Compound . . : .
Practical Practical Practical Practical
a[Cu(P2),(CH2] 31.53/30.49 2.62/1.98 22.07/21.11 16.69 /16.41
b[Mn(PZ)),(CI),] 32.26/32.83 2.68/1.97 22.58/22.93 14.77/14.81
c[Co(P2)),(CI),] 31.92/31.83 2.66/1.84 22.34/22.50 15.67 / 15.56

M. Wt. =2 380.77 g/mole, ® 372.16 g/mole and ¢ 376.16 g/mole

Table 2: Antiplatelet activities of PZ and PZ metal complexes

Compound Inh. A.A (%) (at 1 mM) | Inh. ADP (%) (at 1 mM) Proposed structure
PZ ll 123 Nf?_ {}N TI‘/”.‘\“‘\“-""N“:
Fe(l)-PZ 3.8 46 \—( \;M\ )
Fe(Il1)-PZ 0 6.3 e L™
Cu(l-Pz 4.6 7.1 :M= e
Co(Il)-PZ 4.7 1.2 okl gl
Mn(I)-PZ 16.5 27.9 0%@
Indomethacin 3 (|C50 HM) 1% 100 (|C50 HM) €l —— Felll) - c1 | €

— / N\ o]
Aspirn 30.3 (ICsuM) 100 (ICso uM) ;Q% )

Table 3: Antiplatelet activities of INH and INH metal complexes

Compound | Inh. A.A (%) (at 1 mM) | Inh. ADP (%) (at 1 mM) Proposed structure
INH 0 3.6 T
Fe(11)-INH 3.2 2.4 l
Fe(l1D-INH 93.9 2.1 e
CU(I I)'INH 22 32 ‘Ni= M= Fe (). Cu (0. Co (I & Na () "-‘-‘\v/'“
CO(“)"NH 7.9 0 | et Fean N s oy
EO\f
o Cl o JN
Ni(I1)-INH 0 0 - H}J../ WE |
NG (‘:i e L
=

Table 4: Antiplatelet activities of FCZ and FCZ metal complexes

Inh. A.A (%) (at1 | Inh. ADP (%) (at 1

Compound mM) mM) Proposed structure

FCz 0 9.1 | | : '|
Fe(I)-FCZ 0 53 I oy
Mn(Il)-FCZ 0 0 : SN N n
Cu(ll)-FCZ 0 2.1 &
Co(ll)-FCZ 0 0 r_ e :N/ 4,\ = R
Ni(ll)-FCZ 0 0 T e L

I L

cd(l)-Fcz 9.1 133 | ] '- )

complexes excluding the Mn (I1)-PZ complex which
inhibition in

illustrated more potency with 27.9%

comparison to the 12.3% of the pure ligand; the observed
values for each complex are depicted in table 2.
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Table 5: Antiplatelet activities of LS-K and LS-K metal complexes

Compound | Inh. A.A (%) (at 1 mM) Inh. A%PQ;A)) (at1 Proposed structure
LS-K 3.08 14.4 Q
Cu-LS 19.3 27.2 o O
PRI
Ni-LS 3.2 73 ) m/‘égl/\Jﬂ\

Table 6: Antiplatelet activities of DMBG and DMBG metal complexes

Inh. A.A 0 Proposed structure
Compound (%) (at 1 In?a't'?[r)an()/o )
mM) (‘II
DMBG 5.3 13 ™ )
HCIH;N 2
Cu(ll)-DMBG 7.2 9.5 \\/ Y Y \Jj
CI—CU—CI
Nir \i\l
Ni(11)-DMBG 2.1 1.1
/L /LNH HCl N/LH)\NHZHCI
CHy

Amongst five transition metal complexes of isoniazid
three showed inhibitory effects on both A. A and ADP out
of which Fe (I11) complex exhibited greatest inhibition on
A.A with 93.9 percent inhibition at a concentration of 1
mM. The cobalt complex was inhibitory only for A.A
demonstrating 7.9% inhibition of this substrate whereas
nickel complex was completely inactive on both of our
target substrates. Observed values for each complex are
shown in table 3.

The results of evaluation of the inhibitory activity
potential of metal complexes of fluconazole on A.A and
ADP were demonstrated no significant effect on A.A
except that of Cd complex. Although inhibitory activity of
some complexes was noticed for ADP but it was
inconsiderable table 4.

The copper and nickel complexes of losartan
demonstrated inhibitory effects on both archidonic acid
and ADP with maximal inhibition of Cu (l1)-LS on ADP
(where a 27.2% inhibition was observed.) Inhibitory
effect on A.A was more prominent with copper metal
complex as compared to the nickel complex of this ligand
which was the minimal one among all the complexes in
table 5.

Metformin has inhibitory effects on both A.A and ADP.
However, it was observed that the copper complex of this
drug possesses higher inhibitory potential in comparison
to the parent drug. The nickel complex demonstrated
insignificant effects with only 2.1% and 1.1% inhibition
of A.A and ADP, respectively table 6.

CONCLUSION

Continuously advancing research in inorganic medicinal
chemistry has opened up the new avenues in the field of
synthesis of new metal complexes with high therapeutic
values. While platinum and ruthenium complexes have
established their roles as antineoplastic agents and gold
complexes are being used in the treatment of arthritis,
new complexes with better efficacy and less/no adverse
effects are being sought out by the application of new
methodologies. Metal complexes of the drugs used in this
study were evaluated for potent antiplatelet activity but no
promising results were achieved, however, new
information have been obtained by the current study that
iron complex with closely structurally similar ligands may
be attractive targets to synthesize metal complex. Future
research on complexes formed by the ligands which are
already in clinical use as antiplatelet aggregating agents
will hopefully prove beneficial in the development of
inorganic metal complexes as chemical spaces.
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