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Summary: We explore the synthesis of metal complexes of a renowned antituberculosis drug,
pyrazinamide (PZ) with copper, ferrous, ferric, cobalt and manganese. A detailed characterization of
the resulting complexes was performed for establishing their structures by using spectroscopic
techniques like NMR, FTIR, PXRD and SEM. These compounds were also explored for anticancer
activity on SNB-19, HCT-15, COLO-205, and KB-3-1 cell lines and were found to be non-or low
toxicity as most of the tested compounds’ ICsp > 100 pM. Scanning electron microscopy (SEM)
revealed marked changes in the morphology after complexation. Compared to the pure PZ, an abrupt
change in the morphological features of the complexes was likely caused by the chelating of PZ
molecules with the metals. The micrographs of complexes depict a uniform matrix which indicates
complete complex formation ef with the drug uniformly dispersed at the molecular level. X-ray
diffraction (PXRD) data suggested crystalline nature for the pure ligand and its corresponding
complexes and this observation is well supported by morphological characterizations performed

using Scanning Electron Microscopy.
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Introduction

Agents related to hetero aromatic class of
substances are of high significance in drug discovery
studies owing to their wide availability in multiple
drugs used for treating different ailments. Pyrazine, a
member of this class of substances, is found in
natural compounds as well as in many drugs showing
multiple biological activities [1], examples include
Gliplizide, an oral hypoglycemic agent [2].
Pyrazinamide (PZ) has been used over the years as
the first and second line anti-tuberculosis agent [3],
Telaprevir agent for treating Hepatitis C [4],
Oltiprazm, a schistosomicidal and tumor
preventing agent [5, 6] and Bortezomib, used against
Multiple Myweloma [7, 8].

The fields of coordination and material
chemistry have produced novel coordination
polymers of practicable importance in the sectors of
adsorption science and catalysis [9-14]. Metal
complexes bearing PZ as a ligand have been
demonstrated to possess improved anti-mycobacterial
properties [15]. PZ can coordinate through the
pyrazine ring nitrogen and its strong hydrogen

bonding ability along with its ability to act as ligand
in multiple complexes with transition metals makes it
a potential candidate for the synthesis of various
highly organized and distinct coordination polymers
[16-19].

Copper plays a crucial role in different
biological systems as a part of enzymes and
proteins. Reported research has revealed various
copper complexes with anti-amoebic [19], anti-
inflammatory  [20], hypoglycemic [21] and
antimicrobial [22] activities. Similarly, cobalt
complexes have demonstrated their cytotoxic activity
against leukemia and lymphoma cell lines [23].

Keeping in view the attentiveness that
pyrazine nucleus holds in the field of drug discovery
and development, our continual search to discover
newer antineoplastic agents directed us to aim this
study to synthesize five transition metal complexes of
well-known anti-mycobacterial agent, Pyrazinamide
and perform their physical and spectroscopic
characterization through H-NMR, FTIR, PXRD and
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SEM and evaluate the cytotoxic activity of these
complexes against human astrocytoma SNB-19,
human Dukes' type C colorectal adenocarcinoma
HCT-15, human Dukes' type D colorectal
adenocarcinoma COLO-205 and human cervix
carcinoma KB-3-1 cancer cell lines.

Experimental

Materials

Reference drug pyrazinamide (PZ) was
obtained as a gift from Wyeth Pakistan Ltd. Karachi.
The chlorides of iron(Il), iron(lll), manganese(ll),
cobalt(ll) and copper(ll) were all obtained from
Sigma Aldrich and used without further purification.
Solvents methanol (Sigma Aldrich) and water were
freshly distilled just prior to wuse. Dulbecco’s
modified Eagle’s Medium (DMEM), fetal bovine
serum (FBS), penicillin/streptomycin and trypsin
0.25% were purchased from Hyclone (GE Healthcare
Life Science, Pittsburgh, PA). Phosphate buffered
saline (PBS) was purchased from Invitrogen GIBCO
(Grand Island, NY). Dimethyl sulfoxide (DMSQO) and
3-(4,5-dimethylthiazole-2-yl)-2,5-biphenyl
tetrazolium bromide (MTT) were purchased from
Sigma Chemical Co (St. Louis, USA).

Preparation of Complexes (PZ)

A 20 mL portions of PZ solutions (0.1 M, in
methanol) were added in five different round bottom
flasks containing different metal chloride. The
resulting mixtures were kept stirring for few minutes
at room temperature followed by refluxing on a water
bath at 80°C for 3 to 4 h. The solid materials thus
formed were filtered using Whatman filter paper and
washed by hot methanol to furnish metal complexes
of PZ.

Characterizations

The FTIR spectra were noted in KBr pellets
using Shimadzu Prestige-21 spectrophotometer in the
range of 4000-400 cm™. The H-NMR spectra of PZ
and its metal complexes were recorded in DMSO-ds
on an Advance AV-400 and 500 MHz spectrometer.
Morphological studies were performed on a Scanning
Electron Microscope, Jeol Japan model no.
JSM6380A with auto-coater JEOL JAPAN model no.
JFC1500. X-ray diffraction (XRD) data were
obtained at D8 Advance XRD, Bruker, UV-Visible,
elemental and physico chemical analysis are reported
in earlier paper [24].

Cell Lines and Cell Culture

The human astrocytoma SNB-19, human
Dukes' type C colorectal adenocarcinoma HCT-15,
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human Dukes' type D colorectal adenocarcinoma
COLO-205, and human epidermoid carcinoma KB-3-
1 cell lines were purchased from the American Type
Culture Collection (ATCC, Manassas, VA). All cell
lines were cultured at 37°C, 5% CO2 with
Dulbecco’s modified Eagle’s medium (DMEM),
supplemented with 10% heat-inactivated FBS and
1% of 100 times diluted 10,000 1U/ml of penicillin-
10,000 pg/ml of streptomycin.

Cytotoxicity Assay

The cytotoxicity of the PZ and five PZ metal
complexes to cultured cancer cells was determined by
a modified MTT [3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide] colorimetric assay.
The assay assesses cell viability by detecting the
formazan product formed from the reduction of
yellow MTT by mitochondrial  succinate
dehydrogenase of metabolically active cells [25].
Cells were seeded in 96-well plates at a density of
5000 cells/well. After 24 h of incubation, various
concentrations of the tested compounds were added
respectively to the cells. After incubation for 72 h,
MTT reagent (4 mg/mL) was added and the plates
were incubated at 37 °C for 4 h. The supernatant was
removed and 100 pl of DMSO were added to
dissolve the formazan crystals. The plates were well
shaken for 5 min, and the absorbance was determined
at 570 nm by the accuSkan™ GO UV/Vis Microplate
Spectrophotometer (Fisher Sci., Fair Lawn, NJ). The
ICso (concentration that inhibited the survival of cells
by 50%) values were calculated to represent the
cytotoxicity of the compounds.

Result and Discussion
FTIR Spectra

The aromatic skeleton of pyrazine in the PZ
molecule containing two nitrogen did not participate
in coordination because the absorption bands in the
PZ spectrum were displayed in the same region with
same intensities as were found its corresponding
complexes, confirming non-participation of both ring
nitrogen in the formation of coordinate covalent bond
without the metal salts used during the synthesis of
complexes reported in this study. The only two atoms
of pyrazinamide were available to donate their lone
pair to the metal ion for coordination; one is the
oxygen of carbonyl and other nitrogen of amino

group.

Hence for the determination of the
coordination mode and geometry of the complexes
under study the spectra were compared with that of
ligand. IR data of Fe(ll) and (Ill) PZ reported in
earlier publication and IR data of Co(Il)-PZ, Cu(ll)-
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PZ and Mn(I1)-PZ are reported here with pure ligand
in Table-1. The FTIR clearly showed no appreciable
changes in the intensities of the absorption bands of
the ring Nitrogen before and after complexation. This
implied that the ring nitrogens did not take part in the
complexation. On the other hand, no appreciable
changes are observed in amino group vibrational
wavenumbers which suggests that the amino nitrogen
is likely to be not involved in coordination. From the
appreciable shift of the wavenumber of the carbonyl
vibration, we concluded that the coordination occurs
through the oxygen of the carbonyl group. Similar
findings for the complexes of PZ are reported by
several researchers [26].

Table-1: FTIR data table of PZ and its metal
complexes.
Peak Assign. Pz Cu(lh-PZ Mn(I)-PZ  Co(I1)-PZ
Frequency (cm™)
c=0 1686 1709 1709 1709
*N-H 3437 3437 3439 3442
**N-H 3140 3142 3138 3136
**Ring C-C 1506 1506 1508 1508
*Ring C-C 1604 - 1583 1583
**RingC=N 1379 1383 1381 1381
*Ring C=N 1437 1437 1437 1435

* Asymmetric Stretching and ** Symmetric Stretching
'H-NMR Spectra

The 'H-NMR spectra of all complexes
exhibited broad peaks as observed in the spectrum of
PZ like splitting pattern which is more or less same,
similarly their integration were also matched upon
comparison with free PZ spectrum.

The closely matched peaks showed two
doublets at 9.17 and 8.84 ppm of aromatic pyrazine
ring in free PZ & its corresponding complexes having
the integration of two protons each. Whereas broad
two doublets at 7.84 and 8.23 of amide functional
group were observed in the spectra of complexes but
these peaks were found sharp doublet in PZ
molecule.

The changes appeared in shape of peaks also
provide a supportive conclusion towards the
conversion of PZ into its corresponding metal
complexes in Fig. 1.

X-Ray Diffraction

The X-ray diffraction technique was used to
explore the morphology and solid state interaction
between the pure PZ and its metal complexes. The
resulting powder X-ray diffractograms are shown in
Fig. 2 where prominent diffraction peaks in the range
of 20 = 10-60° is evident. Earlier findings suggest
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that PZ form planar rectangular plates or ribbons like
crystals with a tendency of stacking due to hydrogen
bonding. In case of pure PZ (Fig. 2a) the presence of
peaks at different positions and relative intensities in
PXRD diffraction patterns suggest the crystalline
form of the drug. The characteristic diffraction peaks
at 20 values of around 14.0°; 15.7°; 17.8°; 23.7°
27.8°; 36.0°; 38.5°; and 40.0° were obtained.

As reported by several researchers, PZ exists
in four polymorphic forms (alpha, beta, gamma and
delta) [25, 27, 28]. Marked changes in both peak
positions and relative intensities in PXRD diffraction
patterns of PZ are reported which are attributed to the
polymorphic form and even, the processing
conditions [29-31]. The X-ray scan of PZ (Fig. 2a) is
in a fair agreement with the PXRD data presented by
Gad et al [30] suggesting that the PZ sample used in
this study is likely to be an alpha polymorph.

Fig 2 (b to f) shows the X-ray
diffractograms obtained for the PZ complexes with
Mn(I1), Cu(ll), Co(ll), Fe(ll) and Fe(l1l) respectively.
Remarkably, for all the transition metal complexes
explored, PXRD diffraction patterns clearly revealed
the appearance of diffraction peaks at various
positions and intensities, suggesting the crystalline
nature of these complexes. The appearance of
crystallinity in the complexes is likely due to the
inherent crystalline nature of the metals and ligand.
Furthermore, in case of pristine PZ, the dominant
diffraction peak was observed at 17.8° 20 (Fig. 2a).
The dominant peaks are observed at 20 values of
around 14. 0 ° for all PZ metal complexes. The
apparent shift in the dominant 28 values to the lower
energy side suggest that the structural phase changes
occurred during the complexation process [32].
Compared to the diffractogram obtained for the pure
ligand (Fig. 2a), different peak positions and relative
intensities were observed for all the complexes which
may likely be attributed to the formation of new
structures as a result of complexation process [33]. In
conclusion, PXRD data suggested crystalline nature
for pure ligand and its corresponding complexes and
this observation is well supported by morphological
characterizations performed using Scanning Electron
Microscopy.

Morphological Studies

To explore the morphological features of PZ
and its various metal complexes, we employed
scanning electron microscopy (SEM) which is
considered to be a powerful tool to explore the
surface morphologies and particle size distributions
of a wide range of materials.



Mohsin Ali et al., J.Chem.Soc.Pak., Vol. 40, No. 04, 2018 693

(a)

et (sl o ,
zz gz (D)
\N/ |
 Nerarsf , |
(c)
SO & TTOT

- ~—— Ty
1z 11 10 o s x 6 - a 3 2 PP
c—" & o — PR
ﬁ |§ 3! (=l




Mohsin Ali et al.,

J.Chem.Soc.Pak., Vol. 40, No. 04, 2018 §94

(d)
B

=

) u
1o ° . $ 151 : 2

©)

=343

v T
10 L a8 v

Fig. 1:

1H-NMR spectra of (a) PZ, (b) Mn(I1)-PZ, (c) Co(I1)-PZ, (d) Cu(ll)-PZ. (e) Fe(lll)-PZ and (f) Fe(ll)-
PZ.
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and Fe (111)-PZ.

As shown in Fig. 3, scanning electron
microscopy reveals some interesting morphological
features for pristine PZ particles. Remarkably, the
drug appeared to be composed of layered structure
arranged uniformly in one direction. PZ is known to
form planar rectangular plates or ribbons like crystals
with a tendency of stacking due to hydrogen bonding
[27, 34-36]. This peculiar morphology of PZ can be
explained on the basis of inherent rigidity of its
molecules which do not allow conformational
polymorphism. However, four packing polymorphs,
(a, B, v, 8) exist due to different possibilities of
intermolecular hydrogen bonding [31, 35]. The «
polymorph is the most stable in which molecules are
linked in centrosymmetric planar dimers that
aggregate to form planar rectangular rods or ribbons
which aggregate due to C-H....N interactions.
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X-ray diffractograms of pristine PZ (a), Mn-PZ (b), Cu-PZ (c), Co-PZ (d), Co-PZ (E), Fe (11)-PZ (F)

Fig. 4a and 4b show the morphologies of the
Fe(l1)-PZ and Co(ll)-PZ complexes. In both the
cases, an abrupt change in the morphological features
was evident. Though the particle still exhibit
anisotropic, rod-shaped crystals, but the features are
not sharp compared to the pristine ligand (Fig. 3). A
marked reduction in size is also visible whereas the
size distribution is quite broad. This abrupt change in
morphology is likely caused by the chelating of PZ
molecules with the metals. The micrographs of both
the complexes revealed a uniform matrix which
suggest that the materials are likely to be in
homogeneous phase and the drug uniformly
dispersed at the molecular level [37, 38].
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Fig. 4: SEM of (a) Fe(11)-PZ and (b) Co(Il)-PZ complexes.

Fig. 5 shows the morphologies of the Cu(ll)-
PZ (Fig. 5a and b) and Fe(ll1)-PZ (Fig. 5¢c and d)
complexes. Compared to what was observed for
pristine PZ (Fig. 3), an abrupt change in the
morphological features is evident for both the cases.
The SEM images of Cu(ll)-PZ (Fig. 5a and b)
revealed that the sample composed of aggregates of
small rod-like particles which resulted in the
formation of flowers-like structures. Interestingly,
SEM micrographs for Fe (Il1)-PZ also revealed
flowers-like morphology composed of aggregation of
small platelets (Fig. 5¢ and d). It is likely that these
flower-like architectures are generated by the self-
assembly of individual rods and platelets during the
growth of the crystals [39, 40]. The formation of
organic-inorganic hybrid flower-like morphologies
for the coordination complexes of Cu(ll) and Fe(lll)
ions with ligands is extensively studied in literature
[39, 41]. It was proposed that the drug- metal
complex act as locus for nucleation and grow to form
rods and flaks which in turn undergo self-assembly to

form three dimensional microspheres likely to
minimize the high surface energy [42, 43].
The morphology Mn(I)-PZ  complex

particles is depicted in Fig. 6 (a and b). The complex

appeared as clusters of thin rectangular rods or
needle-shaped crystals. The length of the rods
appeared to be of several microns whereas the width
appeared to be around 1.5 micron. The thickness was
in the submicron range, resulting in a considerable
high aspect ratio. Compared to pure PZ (Fig. 3), the
change in morphology is quite appreciable and is
likely attributed to the complex formation and a
consequent loss of intermolecular C-H....N
interactions resulting in an exfoliated morphology.

Cytotoxicity Assay

In order to understand the cytotoxic effects
of pyrizinamide (PZ) and its derivatives, an MTT
assay was carried out. As shown in Fig. 7, Mn(Il)-PZ
complex had low cytotoxic effect, with similar 1Cso
values (mean * standard deviation) 86.78+9.24 uM.
ICso values of the PZ and its metal complexes on the
cancer cell lines are summarized in Table-2. Cellular
effects of these compounds were determined on four
cancer cell lines. The compounds showed a
significantly higher 1Csp values (>100 pM) and are
thus non- or low-toxic on these cell lines. These
results indicated that these compounds have less
potential of being anti-cancer drug candidates [44,
45].
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Table-2: Cytotoxicity of MA Series on Four Human Cancer Cell Lines.
1Cs0 = STD (uM)

Compound SNB-19 HCT-15 COLO-205 KB-3-1
Pz >100 >100 >100 >100
Fe(11)-PZ >100 >100 >100 >100
Fe(l11)-PZ >100 >100 >100 >100
Cu(ll)-PzZ >100 >100 >100 >100
Co(ll)-PZ >100 >100 >100 >100
Mn(I1)-PZ >100 >100 >100 86.78+9.24

Data represents the mean ICso values for each cell line = SD obtained from three independent sets of experiments

18kU

18kU

Fig. 5: SEM of (aand b) Cu(ll)-PZ and (c and d) Fe (I11)-PZ complexes.

Fig. 6: SEM of Mn (I1)-PZ complex particles at (a) lower and (b) higher magnifications.
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Fig. 7:  The cytotoxicity of (a) PZ and five PZ metal complexes (b) Fe(11)-PZ, (c) Fe(ll1)-PZ, (d) Cu(ll)-PZ,
(e) Co(I)-PZ and (f) Mn(I1)-PZ, against four human cancer cell lines SNB-19, COLO-205, HCT-15
and KB-3-1. Survival rate was determined by MTT assay. The mean+SD were calculated from three
independent experiments.
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Conclusion

We have presented the morphology and
spectroscopic characterization of copper, cobalt,
ferric, ferrous and manganese complexes of
pyrazinamide. Spectroscopic  characterizations
revealed some interesting facts about the conversion
of pure drug into its respective metal complexes. It
was found that only the oxygen of carbonyl was
involved in the coordination with the metal ions.
Morphological  characterization  revealed that
compared to the pristine ligand (pyrazinamide), the
complexation results in marked changes in the
morphology, however the drug was fund to be
uniformly dispersed.

The X-ray diffraction technique was used to
explore the morphology and solid state interaction
between the pure PZ and its metal complexes. As
reported by several researchers, PZ exists in four
polymorphic forms (alpha, beta, gamma and delta).
Remarkably, for all the transition metal complexes
explored, XRD diffraction patterns clearly revealed
the appearance of diffraction peaks at various
positions and intensities, suggesting the crystalline
nature of these complexes. In conclusion, XRD data
suggested crystalline nature for pure ligand and its
corresponding complexes and this observation is well
supported by morphological  characterizations
performed using Scanning Electron Microscopy.
Unfortunately, the results of Cytotoxicity Assay
indicated that these complexes have less potential to
be use as anti-cancer drug candidates.
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