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Abstract—This paper presents synthesis, characterization, computational and biological (anti-bacterial, anti-
fugal, and anti-cancer) assessment studies of vital metal ions [Ca(Il), Zn(Il), Pt(II), Pd(II), and Au(IIl)]
complexes of albendazole (Alb). Structures of the titled complexes cited herein were elucidated using elemental
analysis, IR, Raman, 'H and *C NMR, and electronic spectra. The results indicated formation of albendazole
complexes by three fashions and albendazole reaction as a bidentate ligand bound to Ca(Il), Zn(II), Pd(II), and
Au(III) ions via the carbamide oxygen and/or benzimidazole nitrogen. Pt(II) ions coordinated with albendazole
ligand via deprotonated benzimidazole ring. The molar conductance measurements confirmed non-electrolyte
nature of 1 : 1 metal : ligand (Alb) complexes of Ca(Il), Zn(II), and Au(Il) and 1 : 2 complexes of Pt(II) and
Pd(II). Thus, the complexes could be presented as [Ca"(Alb)’(Cl),(H,0),], [Zn"(Alb)’(Cl),], [Pt"(Alb),* (H,0)s],
[Pd"(Alb),* ], and [Au"(Alb) (Cl),]. Based on the Coats—Redfern and Horowitz—Metzeger methods the kinetic
thermodynamic parameters of thermal decomposition have been deduced. The narrow size distribution in nano-
scale range for the albendazole complexes is discussed using X-ray powder diffraction (XRD), scanning
electron microscopy (SEM), X-ray energy dispersive spectrometery (EDX), and transmission electron

microscopy (TEM). Computational studies data for the synthesized complexes are considered.
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INTRODUCTION

Interaction among different metal ions and anti-
biotic drugs is an interesting subject of bioinorganic
chemistry due to metalloantibiotics reactions with DNA,
RNA, proteins, and lipids. Antibiotics metal com-
plexes were found to be more efficient in chemo-
therapy than their parent antibiotics [1]. Although most
antibiotics do not need metal ions for their biological
activity, there is a number of those called
metalloantibiotics [2] that exhibit enhanced biological
activity [3]. Some metal complexes exhibited

! The text was submitted by the authors in English.

remarkable antitumour, antifungal, antiviral, and other
biological activities [1, 4-10].

Methyl [5-(propylthio)-1H-benzimidazole-2-yl] car-
bamate, commonly named as albendazole (Alb; Fig. 1)
demonstrated the effect of antihelmintic drug [11]
efficient against pinworm and whip-worm infections.
Albendazole is also used for treatment of lumbricosis,
hookworm disease, strongyloidosis, and pork tape-
worm infection, and mixed infections caused by those
organisms. Albendazole therapy is very important in
treating systemic cestode infections especially in
inoperable or disseminated cases of hydatidosis [12]
and neurocysticercosis [13]. Benzimidazole is essential
structural block of organic compounds used as
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antimicrobial agents against most microorganisms
[14-19]. It is important in synthesis of anti-fungal [20],
anti-tubercular [21], anti-oxidant [22], anti-allergic
[23], antiparasitic [24] and herbicidal [25], anthel-
mintic [26], nematodes, hidatidosis, and teniasis [27]
agents and many other biologically active compounds
[28-30]. Cu(Il) complexes of benzimidazoles demon-
strated antibacterial activity against S. epidermidis [31]
and fungi [32-36]. Some Pt(II) complexes bearing
benzimidazole ligands exhibited mutagenic activity on
the RD Rhabdomyosarcoma cell line [37]. Benz-
imidazole derived drugs have received much attention
owing to the fact that benzimidazole moiety is a
component of vitamin B, structure [38, 39].

In continuation of our research [40—45] devoted to
synthesis, characterization of new metal-drug com-
plexes and their biological assessments, the present
study targeted synthesis, characterization, theoretical
calculations and biological evaluation of vital metal
ions Ca(ll), Zn(Il), Pt(Il), Pd(I), and Au(Ill)
complexes with albendazole antibiotic drug. The
experimental studies have been accompanied by
theoretical calculations (PM3).

EXPERIMENTAL

Chemicals. Albendazole was received from
Aldrich chemical company. All chemicals used in this
study were of analytically reagent grade, commercially
available from BDH and used without preliminary
purification.

Synthesis. Ca(ll), Zn(Il), Pd(I), and Au(ll)
albendazole complexes were prepared by refluxing of
the mixture of Alb ligand (1 mmol) with one of metal
chlorides (1 : 1 molar ratio) in methanol medium on a
hotplate for 3—4 h at 60—70°C. The precipitate was
filtered off, washed with methanol and diethyl ether
and finally dried in a vacuum desiccator over
anhydrous CaCl,-Pt(Alb),(H,O), complex was syn-
thesized by dissolving 1 mmol of K,(PtCl,) in 10 mL
of deionized water to which was added 0.5 g of KI and
1 mmol of Alb upon continuous stirring for 3 h and
following reflux at 60-70°C. The yellowish brown
precipitate of Pt(II) complex was filtered off, washed
with cold water and ethanol and air dried. Yields of the
final products were 60—75%.

Instruments. CHN analyses was carried out in
Vario EL Fab. CHNS anlyzer. The amount of water
and the metal content were determined by gravimetric
analysis. IR spectra of albendazole complexes were
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Fig. 1. Structure of albendazole.

recorded on a Bruker infrared spectrophotometer in the
range of 400-4000 cm'. Raman spectra were
measured on a Bruker FT-Raman with laser 50 mW.
The molar conductances of 10~ M solutions of the
complexes in DMSO were measured on a HACH
conductivity meter. All measurements were taken at
room temperature for freshly prepared solutions.
Electronic spectra of the complexes were measured in
DMSO with concentration 1 x 10~ M, in rang 200—
800 nm by using Unicam UV/Vis spectrophotometer.
Magnetic susceptibility (X;) of complexes was
measured at room temperature using Gouy’s method
by a magnetic susceptibility balance (Johnson Metthey
and Sherwood model) [46]. The effective magnetic
moment (Lg) value was obtained using the following
equations (1)—(3) [46].

Cpall(R —Ry)
X — (1)
& M x10°
Xyr= XMW, )
U= 2.84VX 2T, G)

Here (R,) reading of empty tube; (L) sample length,
cm; (M) sample mass, gm; R reading for tube with
sample; (Cg,) balance calibration constant = 2.086.
Values of X}, as calculated from Eq. (2) were corrected
for the diamagnetism of the ligand using Pascal’s
constants, and then applied in Curie’s equation (3).

'H and "*C NMR spectra were recorded as DMSO
solutions on a Bruker 600 MHz spectrometer using
TMS as the internal standard. Thermogravimetric
analysis (TGA) experiments were conducted using a
Shimadzu TGA-50H thermal analyzers. All experi-
ments were performed using a single loose top loading
platinum sample pan under nitrogen atmosphere at a
flow rate of 30 mL/min and a 10°C/min heating rate
for the temperature range 25-800°C. SEM images
were obtained using a Jeol Jem-1200 EX II Electron
microscope at an acceleration voltage of 25 kV. X-ray
diffraction (XRD) patterns of the samples were
recorded on X Pert Philips X-ray diffractometer. All
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Table 1. Physicochemical data of Alb drug ligand and their metal complexes

Elemental analysis, %
Empirical formula Color mp, °C /tl';’ found (calculated)
C H N Cl M
Alb White 214 5.32 — - - — -
[Ca(Alb)(Cl1),(H,0),]-2H,0 White >250 | 6.21 32.27 5.69 9.68 15.55 8.79
(32.14) | (5.17) | (9.37) | (15.81) | (8.94)
[Zn(Alb)(Cl),] White >250 8.21 36.29 4.10 10.55 17.21 15.84
(35.89) | (3.76) | (10.46) | (17.65) | (16.28)
[Pt(Alb),(H,0),] Yellowish brown  |>250 3.12 36.40 4.45 10.59 - 25.11
(37.94) | (4.25) | (11.06) (25.68)
[Pd(Alb),] Yellowish green >250 222 45.63 5.08 13.25 - 16.43
(45.39) | (4.44) | (13.23) (16.76)
[Au(Alb)(Cl),] Light green >250 9.21 27.00 2.90 6.98 13.11 36.44
(27.08) | (2.65) | (7.90) | (13.32) | (37.01)

diffraction patterns were obtained by using Cuk,, radia-
tion, with a graphite monochromator at 0.02 deg/min
scanning rate. Transmission electron microscopy was
performed with JEOL 100s microscopy.

Antimicrobial assessments. Antimicrobial activity
of the samples was tested using a modified Kirby-
Bauer disc diffusion method [47]. Briefly, 100 pL of
the best bacteria/fungi were grown in 10 mL of fresh
media until they reached a count of approximately
108 cells/mL for bacteria or 105 cells/mL for fungi
[48]. 100 pL of microbial suspension was spread onto
agar plates corresponding to the broth in which they
were maintained. Isolated colonies of each organism
that might be playing a pathogenic role should be
selected from primary agar plates and tested for
susceptibility by disc diffusion method [49, 50]. Of the
many media available, National Committee for
Clinical Laboratory Standards (NCCLS) recommends
Mueller-Hinton agar. Disc diffusion method for
filamentous fungi was the approved standard method
(M38-A) developed by the NCCLS [51] for evaluating
the susceptibility of filamentous fungi to antifungal
agents. Disc diffusion method for yeast was developed
as standard method (M44-P) by the NCCLS [52].
Agar-based methods such as Etest disk diffusion can
be good alternatives because they are simpler and
faster than broth methods [53, 54].

Anti-cancer activity. Human colon carcinoma
(HCT-116) cells and human hepatocellular carcinoma
(HepG-2) cells were obtained from the American type
culture collection ATCC (Rockvill, MD). The cells
were grown on RPMI-1640 medium supplemented

with 10% inactivated fetal calf serum and 50 pug/mL
gentamycin. The cells were maintained at 37°C in the
humidified atmosphere with 5% CO, and subcultured
two to three times a weak. Monolayers of 10000 cells
adhered at the bottom of the wells in a 96-well micro
titer plate incubated for 24 h at 37°C in a humidified
incubator with 5% CO, The monolayers were then
washed with sterile phosphate buffered saline (0.01 M,
pH = 7.2) and simultaneously treated with 100 uL the
test samples of different dilutions in fresh maintenance
medium and incubated at 37°C. Six wells were used
for each concentration of the test samples. Every 24 h
the cells were monitored under the inverted micro-
scope. Number of the surviving cells was determined
by staining the cells with crystal violet [55, 56]
followed by cell lysing using 33% glacial acetic acid
and reading the absorbance at 490 nm using ELISA
reader (Sun Rise, TECAN, Inc, USA) upon efficient
mixing. Absorbance values of untreated cells were
considered as 100% proliferation. The number of
viable cells was determined using ELISA reader as
above and percentage of viability was calculated as
[l — (OD/OD,)] x 100%, where OD; is the mean
optical density of wells treated with the test sample
and OD, is the mean optical density of untreated cells.
50% inhibitory concentration (ICsp) was estimated
from graphic plots.

RESULTS AND DISCUSSION

Physical properties. Physical properties and
analytical data of albendazole ligand and its Ca(Il),
Zn(Il), Pt(I), Pd(Il), and Au(lll) complexes are
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Fig. 2. Suggested formula of (a) [Ca(Alb)’(Cl),(H,0),], (b) [Zn"(Alb)’(Cl)], (¢) [Pt"(Alb)3 (H,0),], (d) [Pd"(Alb)} ], and

(e) [Au"'(AlIb) (C1),] complexes.

presented in Table 1. The isolated complexes were
stable in the air and insoluble in H,O and most organic
solvents except DMSO and DMF. Coordination of
albendazole towards metal ions was scrutinized by IR,
Raman and 'H NMR spectroscopy, thermal analyses
and molar conductance. Elemental analysis of the
complexes indicated 1 : 1 or 1 : 2 (metal:ligand)
stoichiometry for Ca(Il), Zn(Il), Au(IIl), and Pd(II)
complexes respectively. Magnetic moments of all
diamagnetic al-bendazole complexes were measured at
room tem-perature. Low molar conductance values of
the complexes revealed their non-electrolytic nature
[57], which indicated absence or presence of the
conjugated anion covalently attached to the central
metal ion. The collected data were in good agreement
with the suggested formulas (Fig. 2): [Ca"(Alb)’(Cl),:
(H0)],  [Zn'(AID)’(CD),],  [Pt'(Alb)y (H,0),],
[Pd"(Alb)3 ], and [Au™(AlIb) (CI),].

IR and Raman spectra (Table 2). Albendazole
spectra demonstrated bands of three essential groups:
carbamate, benzimidazole, and propylthio.

Intermolecular H-bonding of —NH (Alb) was
indicated by the band at 3300 cm™' [58-61] and -NH
stretching vibration of N-aryl secondary carbamate
was recorded at 3333 cm . Stretching vibration band
of the H-bonded carbonyl group is shifted to lower
value of 1690 cm™' [59—-62]. The amide IV band was
originated due to coupling between C—N and C-O
stretching vibrations. Due to close proximity of the
C-S bond to the aromatic system its stretching
vibration band was recorded at 603 cm .

The mode of chelation was recognized by com-
parison of free Alb ligand and its complexes.
According to IR spectra coordination of the ligand was
of neutral bidentate nature and took place via oxygen
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Table 2. IR and Raman spectra bands of albendazole free ligand and its metal complexes

Compounds
Group Assignments
Alb Ca(ll) | Zn(l) | Ptdl) | PdI) | Au(lll)
3333s | 3346br | 3329w - - - v(NH)
3340 m v(OH); H,O
1712m | 1711w | 1745vs | 1713 m | 1713w | 1745 m v(C=0); amide 1 [62]
1524 1524 1540 1525 1526 1529 Carbamate group V(CNH); amide 11
1272 1272 1242 1272 1273 1254 Amide III
1227 1228 - 1227 1228 - Amide IV
1100 1100 1102 1100 1100 1096 v(CO) + v(CS)
2959 2959 2961 2959 2959 3137 v.s(CH); CH, +CHj
2925 2925 2871 2925 2926 3046 v¢(CH); CH, +CHj;
2866 2866 2866 2867 2961
2870 Propyl-S group
1449 1449 1453 1450 1450 1452 CH, deformation
1327 1328 1326 1327 1327 1407
603 604 600 604 603 608 v(C-S)
1634 1632 1632 1634 1634 1683 v(C=C); aromatic
1590 1590 1585 1590 1590 1591 v(C=N)
- 660 660 696 698 698 .. v(M-0); Raman
Benzimidazole
- 514 514 513 514 512 v(M—-N); Raman
- 375 341 - - 375 v(M—Cl); Raman
360 320 346

of the carbonyl group and nitrogen atom of —NH
(benzimidazole). No shift of v(C=N) and v(C-S)
recorded for Ca(Il) and Zn(II) complexes indicated no
participation of the groups in complexation. The
Raman spectra bands at 660, 514, and 375-260 cm’!
(Table 2) indicated the coordination sites. Coordinated
and uncoordinated water of Ca(ll) and Pt(Il)
complexes was recorded by broad bands that over-
lapped with the bands of -NH and C=C stretching
vibrations. Coordinated water molecules bands recor-
ded within the region 700-550 cm ' were assigned to
different bending motions &, d, and o, [59, 60].

The strong NH band of Alb at 3333 cm ' was not
found in the spectra of its Au(Illl) and Pd(II)
complexes which indicated deprotonation of the -NH
group of benzimidazole. The IR spectra revealed
bidentate coordination of the ligand via oxygen of the
carbonyl group and nitrogen of —-NH (benzimidazole
upon deprotonation).

The broad band at 3340 cm ™ in IR spectrum of Pt(II)
complex was attribute to v(O—H) of coordinated water.
The free ligand carbonyl group band (1712 cm™') was
recorded also in the spectrum of [Pt"(Alb)3 (H,0)s]
indicating that oxygen of the group was not involved
in coordination with the central Pt(II) ion. So, ligation
of albendazole towards Pt(Il) took place via nitrogen
atoms of its two deprotonated molecules (Fig. 2).

Magnetic moments and electronic spectra.
Magnetic moments of all albendazole complexes
calculated from the corrected magnetic susceptibilities
determined at room temperature indicated their
diamagnetic nature (Table 3). Pd(Il), Pt(Il), and
Au(Ill) complexes were characterized by the
diamagnetic nature and square planar environment
around the central metal ions [63, 64]. Electronic
spectra of complexes (Table 3) supported their low-
spin square planar configuration [65].
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Table 3. Electronic spectral bands and magnetic moments of albendazole free ligand and its complexes

Complex et Electronic bands, nm Geometry
Pt(II) 0.12 (diamagnetic) 278,314 Square planar
Pd(ID) 0.26 (diamagnetic) 278, 340, 384 Square planar
Au(IIl) 0.34 (diamagnetic) 318, 364, 386, 512 Square planar

Table 4. Thermogravimetric data of albendazole complexes

° o . Weight loss, %
Complex Steps DTA peak, °C DTG peak, °C Assignments found (calculated)
Ca(Il) 1 200 60, 140, 205 2H,0 + Cl, 23.30 (23.86)
2 455 310, 520, 590, 660 | Albendazole 63.69 (63.64)
Residue CaO 13.01 (12.50)
Zn(II) 1 115 115 Propyl-S 17.58 (18.67)
2 170, 255, 340,600 |170, 250, 350, 600 |Cl,+ Albendazole 60.66 (61.08)
Residue ZnO 20.94 (20.25)
Pt(ID) 1 78 80 2H,0 5.10 (4.74)
2 250, 360, 570 180, 280, 335,570 |2Albendazole 69.68 (69.84)
Residue Pt metal 25.22 (25.68)
Pd(II) 1 350, 440 220, 350, 440 2Albendazole 81.41 (81.04)
Residue PdO 18.59 (19.28)
Au(ll) |1 100, 260, 420, 490 |120,270, 410,490 |Cl, + Albendazole 63.20 (63.01)
Residue Au metal 36.80 (37.01)

'H and “C NMR spectra (see Scheme 1). /Ca”(41b)"
(C1)5(H,0),]-2H,0 complex. '"H NMR (DMSO-d;), 8,
ppm: 0.96 s (3H, CH3); 1.55 m, 2.86 m (4H, 2CH,);
3.37 s (2H, H,0); 3.75 s (3H, CH3-COO0); 7.08-7.42 m
(3H, Ar-H); 4.60 s (1H, NH benzimidazole).
[Zn"(41b)°(C)5] complex. '"H NMR (DMSO-dy), 3,
ppm: 0.96(s, 3H, CH3); 1.55 m, 2.85 m (4H, 2CH,);
3.72 s (3H, CH;-COO); 7.08-7.41 m (3H, Ar-H); 4.60 s
(1H, NH benzimidazole). [Pd"(4Ib); ] complex. 'H
NMR (DMSO-dg), 3, ppm: 0.96 s (3H, CH3); 1.56 m,
2.87 m (4H, 2CH,); 3.75 s (3H, CH;-COO); 7.09-7.42 m
(3H, Ar-H). Absence of a singlet at 5.00 s (1H, NH
benzimidazole ring) was due to deprotonation of —-NH

Scheme 1. 'H and °C NMR data of Alb, & (ppm).

47.8
115.6 H 0 /

1343
121. N 141.5 o

12. 374 130,

138.1
247 S 113.5

confirmed the coordination mode of albendazole
toward Pd(II) ions. [Au"(Alb)"(Cl),] complex. 'H
NMR (DMSO-dg), o, ppm: 0.96 s (3H, CH3); 1.58 m,
291 m (4H, 2CH,); 3.81 s (3H, CH;-COO); 7.17-
7.73 m (3H, Ar-H). Absence of a singlet at 5.00 s (1H,
NH benzimidazole ring) was due to deprotonation of
—-NH and confirmed the coordination mode of
albendazole toward Au(III) ions.

Thermal analyses. TGA data are presented in
Table 4. The hydrated complexes demonstrated loss of
hydrated and coordinated water molecules in the first
and second decomposition stages. Kinetic thermo-
dynamic parameters are shown in Table 5.

In this study we used the integral method of Coats—
Redfern [66] to evaluate the kinetic parameters and
studied thermal behavior of complexes using the
following equations:

[ _ _ 1-n
In & =1In AR __E sforn# 1, (4)
- | ¢E ) RT

In 1-d-o :1n<ﬁ>_i,forn=1, ®)
T2
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Table 5. Kinetic parameters based on the Coats—Redfern
equation for the albendazole complexes

DTG Thermodynamic parameters
Complex o C'“a’" Steps
parameters values
Ca(I) 140 E, kJ/mol 110
A, s 3.30 x 10"
2 |AS, Jmol 'K -82
AH, kJ/mol 108
AG, kJ/mol 114
r 0.9986
Zn(II) 170 E, kJ/mol 103
A, s 7.00 x 10"
2 |AS, Jmol 'K 21
AH, kJ/mol 99
AG, kJ/mol 105
r 0.9965
Pt(II) 180 E, kJ/mol 128
A, s 1.70 x 10"
2 |AS, Jmol 'K -52
AH, kJ/mol 125
AG, kJ/mol 122
r 0.9960
Pd(ID) 220 E, kJ/mol 80
A, s 2.80 x 10°
2 |AS, Jmol 'K ~126
AH, kJ/mol 76
AG, kJ/mol 138
r 0.9950
Au(III) 270 E, kJ/mol 116
A, s 170 x 10°
2 |AS, Jmol 'K -75
AH, kJ/mol 112
AG, kJ/mol 150
r 0.9920

where 4 is the pre-exponential factor. The correlation
coefficient, r, was computed using the least square
method for different values of n by plotting the left
hand side of Egs. (4) or (5) versus 1000/T [66]. The n
value which gave the best fit (» = 1) was chosen as the
order parameter for the decomposition stage of
interest. From the intercept and linear slop of such
stage, 4 and E values were determined.

The following remarks can be pointed out:

— All complexes decomposition stages demonstrated
best fit for (n =1) indicating the first order decom-
position stages in all cases.

— The value of AG increased significantly for the
subsequent decomposition stages of a given complex

AL-KHODIR, REFAT

Table 6. Crystals sizes (D), dislocation density (8), and
strain (g) of the complexes

12
Complex D, nm 61;1 11(1)’2’ ex 10
[Pd"(Alb),* ] 4.86 0.042 0.315
u X D . . .
[Au"'(Alb)(Cl),] | 5.17 0.037 0.074

Table 7. Quantum chemical parameters of albendazole
and [Ca"(Alb)’(CD)y(H,0),], [Pt"(Alb); (H,0),], and
[Au"'(Alb) (Cl),]

Parameters | Albendazole| Ca(Il) Pt(II) | Au(IIT)
Erumo —4.36 —4.77 -5.01 | 4.22
Enomo -5.99 —6.65 -6.94 | -6.02
AE 1.63 1.88 1.93 1.80
X 5.17 5.71 5.97 5.12
n 0.81 0.94 0.96 0.90
c 1.23 1.06 1.04 1.11
P; -5.17 =5.71 =597 | -5.12
S 0.61 0.53 0.52 0.55
® 16.40 17.34 18.47 | 14.56
AN max 6.38 6.07 6.22 5.69

due to significant increase of TAS values from one
stage to another that were higher than the values of AH
[67, 68].

— The negative values of activation entropies AS
indicated the more ordered activation complex than the
reactants that slowed down the reactions [69].

X-ray powder diffraction, SEM and TEM
studies. Crystallization for Pd(II) and Au(IIl)
complexes was calculated from the major diffraction
patterns of the respective complex using the Debye—
Scherrer formula [70]. Their grain size was calculated
to be 5.0 nm [71, 72] (Table 6).

According to SEM images of grinded complexes
[Pd"(AIb)3 ] and [Au"(Alb) (Cl),] (Figs. 3a, 3b) the
synthesized products were NPs, that had uniform
shape.

According to TEM the diameter of Au(Ill) complex
particles was ca 5 nm. TEM and XRD data for the
complex matched well.

Molecular modeling. In the absence of single
crystal data for albendazole ligand and its complexes
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Fig. 3. SEM images of (a) [Pd"(Alb)3 ] and (b) [Au™(Alb) (CI),].

quantum chemical calculations and molecular model-
ing studies were useful in supporting the suggested
structures [73, 74]. Geometry optimization and con-
formational analysis have been performed using semi-
empirical PM3 level [74] as implemented in software
of Hyperchem 7.5 program [75]. Quantum chemical
parameters based on PM3 method and implemented in
HyperChem [75-80] are listed in Table 7.

Molecular modelling data (Chem Office Ultra—7)
supported the ligation process via the carbamide

oxygen and deprotonated benzimidazole nitrogen for
Pd(Il) and Au(ll) and non-deprotonated —NH for
Ca(Il) and Zn(II). Pt(II) ions coordinated with
albendazole ligand entirely via deprotonated benzimi-
dazole ring. Length of C=Oupnige and —NHpenzimidazole
bonds of free ligand were calculated to be longer in
complexes. Length of other bonds and angles values in
Alb did not change upon complexation.

All calculations data can be readily provided by the
authors upon request.

Table 8. Inhibition zone diameters (mm/mg sample) of albendazole and its complexes against some kinds of bacteria and

fungi
Inhibition zone diameter (mm/mg sample)
Candida | Aspergill |Staphylococcus| Pseudomonas | Escherichia Bacillus Sample
albicans flavus aureus aeruginosa coli subtilis
(Fungus) | (Fungus) (GH G) G) (GH
0.0 0.0 0.0 0.0 0.0 0.0 Control: DMSO
- - 30 34 32 34 Tetracycline -
Antibacterial agent | §
=i
19 18 - - — - Amphotericin B 2
Antifungal agent
14 12 24 12 15 20 Albendazole ligand
11 5 14 10 12 16 Ca(1l)
15 10 22 28 27 25 Zn(II)
16 12 19 28 21 25 Pt(11)
20 11 16 19 16 14 Pd(IT)
26 21 46 42 39 44 Au(III)
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Table 9. Inhibitory activity of Au(Ill) complex against
colon carcinoma and hepatocellular carcinoma cells

Sample Viability
concentration, HepG-2 cell line HCT-116 cell line
HE doxrubein | Au(IIl) |doxrubein| Au(IIL)
50.00 491 6.57 6.82 8.93
25.00 8.87 9.29 8.89 17.07
12.50 14.83 13.98 14.83 28.96
6.25 16.16 19.36 16.16 41.58
3.125 25.28 38.78 22.28 63.76
1.56 34.64 74.53 34.64 81.22
0.78 45.79 79.62 45.78 87.47
0.39 51.08 88.17 51.28 92.35
0.00 100.00 100.00 | 100.00 | 100.00
ICs 0.467 2.63 0.471 5.06

Antimicrobial assessments. /n vitro antibacterial
and antifungal assessments of free albendazole and its
Ca(Il), Zn(Il), Pt(I), Pd(Il), and Au(Ill) complexes
were tested against Gram(+) bacteria Staphylococcus
Aureus, Bacillus subtilis, and Gram(-) bacteria
Escherichia Coli, Pseudomonas aeruginosa and fungi
as Candida Albicans and Aspergillus flavus (Table 8).
Standard discs of tetracycline (antibacterial agent) and
amphotericin B (antifungal agent) were utilized in this
study. Au(Ill) complex demonstrated higher activity
than the standards and other complexes probably due
to its significant lipophilic character. Low activity of
Ca(II) complex was attributed to its low lipid solubility
that retarded its penetration through cells membranes
[81-83].

Au(Ill) complex was tested for its anti-cancer
activity. In vitro cytotoxicity assessment was
performed on human colon carcinoma (HCT-116) cell
line and human hepatocellular carcinoma (HepG-2)
cell line in the presence of doxrubcin standard drug
(Table 9). According to the accumulated data Au(IIl)
complex was more efficient for HepG-2 cell line than
HCT-116.
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