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KINETICS AND MOLECULAR MODELING OF BIOLOGICALLY
ACTIVE GLUTATHIONE COMPLEXES WITH LEAD(I) IONS

. *
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Lead(IT) complexes of reduced glutathione (GSH) of general composition [Pb(L)(X)]-H,O (where L=GSH; X=Cl, NO;, CH;COO,
NCS) have been synthesized and characterized by elemental analyses, infrared spectra and electronic spectra. Thermogravimetric
(TG) and differential thermal analytical (DTA) studies have been carried out for these complexes. Infrared spectra indicate
deprotonation and coordination of cysteinyl sulphur with metal ion. It indicates the presence of water molecule in the complexes that
has been supported by TG/DTA. The thermal behaviour of complexes shows that water molecule is removed in first step-followed re-
moval of anions and then decomposition of the ligand molecule in the subsequent steps. Thermal decomposition of all the complexes
proceeds via first order kinetics. The thermodynamic activation parameters, such as £*, 4, AH", AS" and AG" have been calculated. The
geometry of the metal complexes has been studied with the help of molecular modeling for energy minimization calculation.
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Introduction

Recent studies on determination of kinetic parameters
from thermal data prompted us to analyze the varia-
tion in thermal stability of some metal complexes in
terms of their structural parameters [1, 2]. This fol-
lows from our interest to investigate the thermal be-
haviour of metal glutathione complexes.

Metal complexes of glutathione (GSH) serve im-
portant functions in our biological systems and play a
dominant role in protein metabolism. These are impor-
tant constituents of enzymes, proteins and present in
many parts of the biological system [3]. Glutathione
(vy-glutamate-cystein-glycine, GSH) is the most impor-
tant cellular thiol, which exists in mammalian cells and
creates in the cell an important redox system [4—6]. It is
reported to have anticancer activity [7-10] and gluta-
thione enzyme (GE) was chosen as target molecules in
antineoplastic chemotherapy treatment [11].

The binding of lead(II) by glutathione is the sub-
ject of interest for toxicity of metal ions in biological
system [12—14]. Lead is a highly neurotoxic agent
that causes functional and structural abnormalities in
the brain [12]. Glutathione is a main molecule in-
volved in the protection mechanism against itself and
against reactive oxygen species generated by the
metal. The study was carried out to investigate the ef-
fect of lead that stimulates glutathione system in sev-
eral regions of adult rat brain [12]. The accumulation
of thiol group (SH) in tissue also decreased lead tox-
icity [13]. Lead was administered to rats and total
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glutathione and SH contents and metabolic turnover
in their livers and kidneys were determined. The in-
creased total content of glutathione and SH in the lead
administered rat tissues increased the biological
availability in rats of binding sites for the complexing
of'ionic lead. Therefore, glutathione and SH block the
lead toxicity in rat tissues.The increased total gluta-
thione content in bile was expected to protect the liver
against lead toxicity [13].

Because of the presence of potential binding sites
in glutathione (reduced), its coordination chemistry is
complicated and the most definitive information has
been obtained by using results from a combination of
various techniques. Taking into account the complex-
ity of the process, the kinetic calculations of all thermal
decomposition reaction becomes important for the in-
terpretation of structure of complicated molecules. We
report herein the synthesis, spectral chacterization, mo-
lecular modeling studies and thermal studies of biolog-
ically active glutathione with lead(II) ions.

Experimental
Preparation of complexes

Aqueous solution of lead(Il) salts (0.001 M) was
added with stirring to an aqueous solution of reduced
glutathione (0.001 M). There is immediate formation
of the white solid in good yield, which were filtered,
washed with water and ethanol and dried over P4O
in vacuo.
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Methods

The complexes were analyzed for C, H, N, S. Metal
contents were estimated on an AA-640-13 Shimadzu
flame atomic absorption spctrophotometer in solutions
prepared by decomposing the complex in hot concen-
trated HCI. IR spectra were recorded on a Perkin-
Elmer FTIR spectrophotometer spectrum 2000 in KBr
and polyethylene pellets. The electronic spectra
(900-200) nm of the complexes in solid state was re-
corded on Jasco-Unidec-430B double beam spectro-
photometer. The molecular modeling calculation of
metal complex was carried out with Hyperchem re-
lease 7.51 professional version. Rigaku Model 8150
Thermoanalyser (Thermaflex) was used for simulta-
neous recording of TG-DTA curves at a heating rate of
5K min"'. For TG, the instrument was calibrated using
calcium oxalate while for DTA, calibration was done
using indium metal, both of which were supplied along
with the instrument in ambient condition. A flat bed
type Al-crucible was used with a-alumina (99% pure)
as the reference material for DTA. The number of de-
composition steps was identified using TG. The activa-
tion energy and Arrhenius constant of the degradation
process was obtained by Coats and Redfern method
[15]. Apparent activation entropy was calculated by
Zsako method [16]. Lead(II) salts and glutathione were
procured from Aldrich and were used as received. Sol-
vents used were of analytical grade and were purified
by standard methods.

Results and discussion

The general reaction for the preparation of the metal
complexes is shown below:

MXz’nH20+HL+H20—) [M(L)(X)] ‘H20+HX+I’IH20
where M=Pb(Il); X=Cl, NO;3;, CH3CO,, SCN and
L=GSH.

All the complexes were found to be white crys-

talline substances, non-hygroscopic and insoluble in
common organic solvents. Satisfactory results of ele-

mental analysis (Table 1) and spectral studies re-
vealed that the complexes were of good purity. Vari-
ous attempts to obtain the single crystals have so far
been unsuccessful.

Potentiometric studies

In order to visualize the nature of the complexation
equilibria and to evaluate the thermodynamic parame-
ters of complexes of lead(Il) ions with glutathione has
been studied [17]. Species distribution curves of com-
plexes have been plotted as a function of pH, which
showed that there is no significant complexation up to
pH 3.38. At pH 3.39 formation of ML complex started.
Percentage of ML was maximum (~78%) around
pH 3.46. After which the percentage of ML started de-
creasing and fell to zero at pH~12.0. The studies con-
firms the exact pH values at which complexation occurs.

Infrared spectra

The IR spectra of the ligand and metal complexes are
shown in Figs la—e. The results indicate that the
glutathione (GSH) shows a strong band at 2525 due to
Vs, Which is absent in the spectra of the complexes in-
dicating the deprotonation and coordination of the thiol
group [18]. This has been confirmed by the appearance
of vp,_s band at 390-370 cm ' in all the complexes sug-
gesting the binding of metal through sulphur [19]. In
glutathione, the band at 1713 cm ' is assigned to the
>C=0 stretching vibration of the -COOH group of the
glycine residue, is shifted to lower frequency, indicat-
ing the coordination of —-COOH group of glycine with
metal ions in all the complexes [19]. The doublet
peaks, appearing at 3347(s) and 3252(s) cm ' due to
symmetric stretching vibrations of the peptide group
[20] merged into a single band in all complexes in the
region 3275-3265 cm . The N-H stretching fre-
quency at 3026 cm ' in the free ligand in a hydrogen
bonded NH; in zwitter ion —OOC-C-NH; of the
amino acid moiety [21] does not show any consider-
able shift in complexes, indicating the non participa-
tion of this N-H group. All complexes showed broad

Table 1 Analytical and electronic spectral data for Pb(II) — glutathione complexes

Analysis: found (caled.)/%

Electronic spectral

Complex Yield/%  Colour c N S o gt
Eg?gﬁ?ggiggg%) 7 white é} :5?) é:gg) (;:ig) (2122) (32:23) 380,330, 225
Eﬁ?fﬁfﬁﬁ%ﬂﬁﬁ 7 white égég) é:gg) (g:ig) (?ﬂ) 5‘5‘;38) 382,331,228
CaraNOsPy) T offwhite 3135 @Ay (13 G4y @iy IBLIR
Eg?l(llﬁgls\lfgjgglzf)) ™ white égjg) é:gg) (g:g) (}8:;2) (22:5) 380, 333, 226
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band around 3400 cm™' due to voy from water mole-
cules. This band is absent in the ligand. The band at
1665 cm™" in the GSH is assigned to the >C=0 stretch-
ing of the peptide bonds. This band has been shifted to
lower frequency at 1640 cm™' which indicates the coor-
dination of the >C=0 group with lead ion [20].

The C=0 and C-O stretching frequency at
1600(s) and 1396(s) cm™" in glutathione, are assigned
to Vv, co,) and v, , modes of the carboxylate group

J. Therm. Anal. Cal., 84, 2006

Wavenumber/cm
Fig. 1 IR spectrum of a — GSH, b — [Pb(L)(Cl)]-H,0, ¢ — [Pb(L)(NO;)]-H,0, d — [Pb(L)(CH3CO,)]-H,0O and e — [Pb(L)(SCN)]-H,O

and these bands show considerable shift in all the
complexes [22, 23].

The acetate complex has band at 1621 and
1405 cm™' that can be assign to Vaco,) and v, , fun-
damental stretching bands, respectively, which are in
agreement with the acetate group being monodentate
[22, 24]. Because the difference A[A=V o ) Vco,)]

is 1621-1405=216 cm . The band at 1405 cm ' is due
to the v, mode of both acetate and L* ligand.
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In thiocyanate complex, the band at 2044, 865,
475 and 258 cm' can be assigned to V._ ., Ve s Vacs
and vy, s, respectively [25, 26].

Electronic spectra

The UV spectra showed that the band at 225 nm is as-
sociated to the n—m* transition of carbonyl group
[27]. The transition at around 330 nm has been as-
signed to a charge transfer due to carbonyl group to
the metal [28]. The reflectance spectra at around 380
nm in all the complexes are due to the S(c)—>M(II)
charge transfer band [29]. In the spectra of the lead
chloride ion the peak at 210 nm shifts to 225 nm after
complexation that merge with the spectra of carbonyl
group, good evidence for lead(Il) chloro-glutathione
complex [30] (Table 1).

Thermal decomposition kinetic analysis

The kinetic analysis parameters such as activation en-
ergy (E%*), enthalpy of activation (AH*), entropy of
activation (AS*), free energy change of activation
(AG*) were evaluated graphically by employing the
Coats—Redfern relation Eq. (1):

log [-log (1-a) /T2]=
=log[AR/ OE*(1-2RT/E*)]-E*/2.3RT (1)

where o is the mass loss up to the temperature 7, R is

the gas constant, £* is the activation energy in
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J mol™, 0 is the heating rate and (1-2RT/E*) =1. A
plot of left hand side of Eq. (1) vs. 1/T gives a slope
from which £* was calculated and A4 (Arrhenius con-
stant) was determined from the intercept.

Thermoanalytical (TG, DTA) data of the com-
plexes are given in Table 2. The correlations between
the different decomposition steps of the complexes
with the corresponding mass losses are discussed in
terms of the proposed formula of the complexes.

The [Pb(L)(C1)]-H,O complex with the general
formula [Pb(C;oH;sN3O¢SC1]-H,O is thermally de-
composed in three successive decomposition steps
(Fig. 2a). The first estimated mass loss of 3.0% within
the temperature range (323-365 K) may be attributed
to the loss of water molecule (calculated mass
loss=3.1%). The energy of activation of this step is
83.15 J mol”'. The DTA curve gives endothermic
peak at 350 K (maximum peak temp.). The second
step occurs within the temperature range 491-503 K
with the estimated mass loss 16.5% (calculated mass
loss=16.6%) are reasonably accounted for the decom-
position of the HCI+NH;+CO,. The energy of activa-
tion of this step is 84.10 J mol ' The DTA curve gives
endothermic peak at 497 K. The third step of decom-
position occurs within the temperature range
750-853 K with an estimated mass loss 0of41.5% (cal-
culated mass loss=42.3%) and activation energy is
84.94 J mol™', which corresponds to the loss of
CyH;1N,05S molecule leaving PbO residue. The DTA
curve gives exothermic peak at 810 K (maximum
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Fig. 2 TG/DTA curves of a — [Pb(L)(C])]-H,0, b — [Pb(L)(NO3)]-H,0, ¢ — [Pb(L)(CH;CO,)]-H,0 and d — [Pb(L)(SCN)]-H,O

596

J. Therm. Anal. Cal., 84, 2006



KINETICS AND MOLECULAR MODELING OF BIOLOGICALLY ACTIVE COMPLEXES

Table 2 Thermoanalytical data (TG, DTA) of Pb(II)-glutathione complexes

Complex Ste TG range/ DTA;./ Thermal Mass loss Assionment Metallic
P P K K effect obs. (caled.)/% & residue
I 323-365 343 endo 3.0(3.1) H,0
[Pb(L)(CDH]-H,O 11 491-503 497 endo 16.5 (16.6) HCI+NH;+CO,
111 750-853 810 €xo 41.5(42.3) 61.0(62.0) CoH[N,O3S PbO
I 326-363 350 endo 12.5(13.0) H,O+NO,+1/20,
[Pb(L)(NOs3)] -H,O 1I 473-505 498 endo 9.8 (10.0) NH;+CO,
111 721-843 801 D) 42.0(41.2) 64.3(64.2) CoH2N,0,4S PbO
1 345-371 355 endo 3.0(3.1) H,0
[Pb(L)(CH5CO,)'H,O 11 493-513 504 endo 13.8 (14.1) CH4+CO,+NH;
111 752-850 812 €xo 458 (45.0) 62.6(62.2) CoH1N,OsS PbO
1 333-363 351 endo 3.1(3.1) H,O
[Pb(L)(SCN)]-H,O II 400-520 492 endo 16.4 (16.6) CH4+SO,+NH;
111 763-855 803 €xo 42.7(42.4) 62.2(62.1) CoHgN;05S PbO

peak temp.). Total estimated mass loss 61.0% (total
calculated mass=62.0%).

The [Pb(L)(NO3)]-H,O complex with the general
formula [Pb(CoH5N404S)]-H,O is thermally decom-
posed in three successive decomposition steps within
the temperature range 323—873 K (Fig. 2b).The first
decomposition step of estimated mass loss 12.5%
within the temperature range 326-363 K may be at-
tributed to the liberation of water molecule along with
nitrate group as (NO,+1/20,) gases(calculated mass
loss is 13.5%). The energy of activation was
49.58 J mol'. The DTA curve gives endothermic
peak at 350 K. The second step found within the esti-
mated mass loss 9.8% (calculated mass loss 10.0%)
which is responsibly accounted for the decomposition
of NH;+CO, molecule. The energy of activation was
found to be 50.96 I mol . The DTA curve gives endo-
thermic peak at 498 K.The third step found in the TG
range 721-843 K, which is responsibly accounted for
the decomposition of rest of the ligand molecules
(C1oH12N,05S) with a final residue PbO. The activa-
tion energy is found to be 45.87 J mol”'. The DTA
curve shows exothermic peak at 801 K (maximum
peak temperature). The total estimated mass loss
63.8% (total calculated mass loss=63.4%).

The [Pb(L)(CH;CO,)]'H,O complex with the
general formula Pb[(CpH sN3OgS)]'H,O was ther-
mally decomposed again in three steps (Fig. 2c). The
first estimated mass loss of 3.0% (calculated mass
loss=3.1%) within the temperature range 345-371 K
may be attributed to the liberation of water molecule.
The energy of activation was found to be 53.72 J mol .
The DTA curve gives endothermic peak at 355 K. The
second estimated mass loss 13.8% (calculated mass
loss=14.1%) in the temperature range 493—-513 K may
be attributed to the loss of acetate (as CH4 and CO,
gases) and NH; molecule of the ligand. The energy of
activation of this step is 54.61 J mol'. The DTA curve
gives endothermic peak at 504 K. The third step of de-
composition occurs within the temperature range
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513-850 K with an estimated mass loss of 45.8% (cal-
culated mass loss= 45.0%) and activation energy
63.71 J mol”', which corresponds to the loss of
C1oH{1N,05S molecule of the ligand leaving PbO resi-
due with a total estimated mass loss 62.6% (total calcu-
lated mass loss=62.2%). DTA curve shows exothermic
peak at 812 K (maximum peak temp.).

The [Pb(L)(SCN)]-H,O complex with the formula
[Pb(Cy1H15N4O6S,)]'H,O was thermally decomposed
in three successive decomposition steps (Fig. 2d). The
first estimated mass loss 3.1% (calculated mass loss
3.1%) within the temperature range 333-363 K can be
attributed to the liberation of water molecule. The en-
ergy of activation of this step is 54.80 J mol'. The
DTA curve gives endothermic peak at maximum peak
temperature 351 K. The second step occurs within the
temperature range 400-520 K with an estimated mass
loss 16.4% (calculated mass loss=16.6%) with an en-
ergy of activation 55.56 J mol' which is reasonably
accounted for the loss of CH,+SO,+NH; molecule.
The DTA curve gives endothermic peak at 492 K. The
third step occurs within the temperature range
520-855 K with an estimated mass loss 42.7% (calcu-
lated mass loss=42.4%) with an energy of activation
62.8 J mol ', which is reasonably accounted for the
loss of rest of the ligand molecule, leaving PbO as resi-
due with total estimated mass loss 62.2% (total calcu-
lated mass loss=62.1%). The DTA curve gives exo-
thermic peak at 803 K.

The relevant data needed for plotting lineari-
zation curve are recorded in Table 3 and linearization
plots are shown in Figs 3a—d. The calculation of heat
of reaction (AH*) (Table 4) from the DTA curves
were done by using:

AH*=AH(muv) 60-10° M J mol ™’ )

where M is the molar mass of the complex and
muv=micro unit volt. The temperature dependent cal-
ibration coefficient was obtained from Curell equa-
tion [31]. The entropy of activation (AS*) and the free
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Table 3 Kinetic parameters from TG for Pb(II) — glutathione complexes

[Pb(L)(CI)]-H,O

[Pb(L)(NO3)]-H,O [Pb(L)(CH;CO,)]-H,O [Pb(L)(SCN)]-H,0

T/K

Y

X

Y

z X y z X y z

353
366
370
372 0.10
381
417
439 0.20
481
502
504
511 0.25
552 0.30
556
562
565
592 0.35
605
643 0.40
645
671
746
800
830 0.60
841

2.69

2.28

1.96
1.81

1.69

1.56

1.12

6.48

6.43

6.32
6.29

6.27

6.26

6.20

0.05

0.07

0.20

0.30

0.35

0.57

2.84

2.63

1.99

1.77

1.65

1.34

6.75
0.05 2.73 6.78
0.05 2.70 6.76

6.66
0.08 2.40 6.67

0.13 2.08 6.58
6.42
0.15 1.98 6.56

0.20 1.80 6.48
0.20 1.78 6.49
6.32

6.29

0.25 1.55 6.42

0.35 1.49 6.38

6.18

0.52 1.25 6.30

0.55 1.19 6.31

Table 4 Thermodynamic activation parameters for Pb(Il) — glutathione complexes

Complex Order/n  Steps E*/J mol™! Als™ AS*/TK ' 'mol”  AH*/Jmol™"  AG*/kJ mol™
I 83.15 10.70-10° ~130.43 4.52 4474
[Pb(L)(C1)]-H,0 1 1 84.10 7.52:10° ~136.44 14.02 67.83
11 84.94 4.7510° ~144.20 985.96 116.35
I 49.58 2.81-10° ~141.71 5.63 49.60
[Pb(L)(NO5)]-H,0 1 II 50.96 2.08:10° ~147.14 20.05 73.45
11 45.87 1.05-10° ~156.77 28.95 125.60
I 53.72 5.2810° ~136.58 4.83 48.49
Pb(L)(CH;CO,)]'H,O 1 1 54.61 3.83:10° ~142.20 20.90 71.66
11 63.71 3.20-10° ~147.60 698.29 120.55
I 54.80 5.19-10° ~136.63 4.73 47.96
[Pb(L)(SCN)]-H,0 1 II 55.56 3.79-10° ~142.02 19.89 69.89
11 62.89 2.97:10° —148.13 1363.39 120.46

energy change of activation (AG*) were calculated
using the following equation.

AS*=2.303R[log (Ah/kT)] I K" mol™ (3)
AG*=AH*~T AS* J mol'

where k and / are the Boltzman and Plank constants,
respectively. The calculated values of £*, 4, AS*, AH*
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“4)

and AG* for the decomposition steps are given in Ta-
ble 4. The AS* values were found to be negative, which
indicate a more ordered activated state that may be
possible through the chemisorptions of oxygen and
other decomposition product. The negative values of
the entropies of activation are compensated by the val-
ues of the enthalpies of activation, leading to almost
the same values for the free energies of activation.

J. Therm. Anal. Cal., 84, 2006
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Fig. 4 Energy minimized structure of [Pb(L)(Cl)] complex
S — sulphur, H — hydrogen, Cl — chlorine, C — carbon,
O — oxygen, N — nitrogen, L — lead

Molecular modeling studies

The molecular modeling calculations of Pb(Il)-gluta-
thione complexes were carried out [32] using an inter-
active program that allows for rapid structure building
geometry optimization and molecular display. Energy
minimization was repeated several times to find the
global minimum. Molecular modeling studies, the en-
ergy minimization values for tetrahedral and without
restricting the structure are almost equal i.e.,
98.97 kcal. This supports tetrahedral geometry of metal
complexes. Figure 4 shows the energy-minimized
structure of [Pb(L)(C1)]-H,O complex.

J. Therm. Anal. Cal., 84, 2006

[Pb(L)(NO3)]-H;0, ¢ — [Pb(L)(CH3CO,)]-H,0 and d —

b
6.8 -
—
=
3 6.6-
%
S
|
& 64-
! @
€]
6.2 -
T T T T T
1.2 1.6 2.0 2.4 2.8
1000/T /K"
d
6.8 -
—
=
’$ 6.6 -
%
S
|
T 64-
|
62
T T T T T
1.2 1.6 2.0 24 2.8
1000/T /K"

[Pb(L)(SCN)]-H,0

Conclusions

Lead(Il) complexes were found to be monomer and
involved coordination through cystein sulphur and
carboxylate oxygen giving tetrahedral geometry. IR
spectra indicate the presence of H,O molecule in the
complexes that has been supported by TG/DTA. Mo-
lecular modeling calculation for energy minimization
optimizes geometry of the metal complexes shown in
Fig. 4. TG data of the complexes were supplemented
by DTA studies. Kinetic parameter shows the decom-
position follows first order kinetics and proceeds in
three-step decomposition.
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