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ABSTRACT

Objective: Chelating therapy is a medical procedure that involves the administration of chelating agents to remove heavy metals from the body; 
chelating agents detoxify heavy metals and toxins, converting them to inactive forms which were excreted out from the body. This work demonstrates 
the complication of the drug with toxic heavy metal lead (Π) ion.

Methods: All the experiments were performed at different temperature (303, 308, 313, 318, and 323) °K, by spectrophotometric method. The 
electronic spectra of the mixture of drug and lead ion show a bathochromic (red) shift in ʎmax, the absorbance change caused by a complex arrangement 
between the lead ion and drug.

Results: The stoichiometry of the complex formed was calculated using continuous variation method, it was found (1:2) that the durability constant 
was estimated that the standard thermodynamic parameters ∆H°, ∆G°, and ∆S° were determined, the negative values of free energy changes ∆G° 
indicate a spontaneous complexation process. The positive values of enthalpy change indicate an endothermic process with an increase in entropy 
change ∆S° (positive), that means the process in an entropy driven.

Conclusion: The kinetic studies of the complexation of drug and ion were found to follow the second-order reaction, which was confined by the 
straight line and a high rate constant.
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INTRODUCTION

Drugs with variant active groups existing in its structure, which be able 
to connect with lead ions existing in the human body [1]. Metal-drug 
complexes are found in more operative than parent drugs [2]. Many 
researchers engage in drugs chemistry due to its usage in the study of 
medicinal. The fixity of complexes with metal and medicinal drugs act 
a major role in the chemical and biological activity [3,4]. The “chelation 
therapy” term generally impute to the use of pro ligands such as drugs 
to deal with disorders resulting from the presence of not desirable lead 
ions increasing from disease or intoxication. Chelation therapy is the 
preferred medical treatment for lowering the toxic of metals effects 
like (Pb) ion. Chelating agents are able to bind with toxic metal ions 
to create complex structures that are handily secreted from the body, 
eliminating them from extracellular or intracellular spaces [5]. Metals 
are an complete part of a lot of structural and functional compounds in 
the body, the important role of metals in pathological and physiological 
processes has constantly been of benefit to researchers. In overall, 
the object of chelation is to remove toxic ions of metals from the 
sites which vulnerable in critical organs [6]. This needs that chemical 
familiarity of complex agent for lead ions is superior to affinity of 
metal ions for sentimental biological molecules [7]. Chelating agents 
are with huge importance in treating of intoxications and overload 
with metals. Metal complexes are considerably used in several fields, 
such as pharmaceuticals, biological processes, separation mechanics, 
and analytical practicability [8]. Most of d-block elements format 
complex. There are various kinds of ligand used for complexation. For 
this investigation, we chose a drug theophylline 1,3-dimethylxanthine 
(BDH) having molecular structure C7H8O2N4. H2O. Theophylline, so 
well-known as 1,3-dimethylxanthine, is a methylxanthine drug adopted 
therapy for respiratory diseases like chronic obstructive pulmonary 
disease and asthma under a variety of brand names. As a member of 
the xanthine family, it bears structural and pharmacological similarity 

to caffeine and the obromine, and found in nature; it is present in 
cocoa (Theobroma cacao) and tea (Camellia sinensis). A little amount 
of theophylline is one of the products of caffeine metabolic treating in 
liver [9]. The basic operations of theophylline contain.

Resting the bronchial smooth muscle growing muscle of heart efficiency 
and contractility; such as a positive inotrope, raising heart rate: Positive 
chronotropic, raising blood pressure, raising renal blood flow, anti-
inflammatory effects, and central nervous system stimulatory effect 
chiefly on the center of medullar respiratory center.

Chelating capacitates metals to transfer from or to vulnerable target 
locations and to hinder or simplify their carcinogenic potential. In the 
opposite sense, metals are able of legend sweeping through complication 
or mixed complex formation-the latter existing the result of reaction 
with bilateral complexes [10]. Accordingly, metal complexes be able to 
employed for the transfer of chosen organic chemotherapeutic drugs 
to target organs, or for decor oration of those toxic organic compounds 
which are capable, before or after metabolic activating, or reply with 
(drug:metal) or (2:1) metal complexes (Fig. 1).

Lead (Pb) is regarded such as one of the most risks and accumulative 
environmental pollutants that impact all biological system through 
disclosing from air, food sources, and water [11]. Lead exposure 
induced clinic pathological changes through toxicity occurred to 
kidney and endocrine system [12]. Lead is toxic heavy metals which 
are familiar to cause aboard range of biochemical, physiological, and 
behavior in humans. Due to its perverseness in lead poisoning still, stay 
an important health problem [13].

Lead is toxic to many organs of the body. It is especially dangerous 
because it can damage the brain and peripheral nerves. These nerves 
connect the brain and spinal cord to the rest of the body. Lead can 
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affect anyone, but children are especially at risk because they are still 
growing rapidly. The toxic affecting of lead differ extremely testify as 
obscure changes in neuron cognitive function in low-level presentment 
or as potentially fatal encephalopathy of severe lead poisoning. The 
effective chelation using supplements that bind to toxins allows them 
to be effectively and safely transported from the body [14]. Aim of this 
research to study the influence of theophylline 1,3-dimethylxanthine 
(BDH) (therapy drugs) and lead by appliance of ultraviolet (UV)-visible 
spectroscopic method, the sequent calculation was done.
•	 The stoichiometric ratio of complexes
•	 The rate constant and the order of the reaction
•	 Thermodynamic parameters (DH°, DG°, and DS°) and equilibrium 

constant for the reaction.

EXPERIMENTAL

Reagent and chemicals
Pure deionized water was provided from LV-08 ultrapure water 
apparatus. All absorption spectra were obtained with the UV-Vis Spectra 
photometer: UV-1800, by 1 cm path length a quartz cell. The absorbance 
of theophylline 1,3-dimethylxanthine and lead ion (Π) was calculated in 
a wavelength (271–291  nm). Theophylline 1,3-dimethylxanthine and 
lead ion (Π) were purchased from HIMEDIA and MERCK, respectively. 
Stock solution of theophylline (10−3 M) concentration was prepared by 
dissolving (0.099 g) in 50 ml flask using distilled water as a solvent and 
(10−3 M) was prepared by dissolving (0.033 g) of lead nitrate in 100 ml 
volumetric flask using distilled water as a solvent. Series of solution 
differ in a concentration ranging from 10−4 - 2×10−5 M were prepared by 
dilution from their stock solutions of drug and the absorption spectrum 
was taken for them.

Stoichiometric analysis
The stoichiometry of (theophylline-metal) complexation was studied 
with (jobs method) the continuous variation method [15], with a series 
of many solutions have a mole fraction in between (0.1–1) by mixing 
various volumes of the drug (theophylline) and lead ion (Π) the stock 
solutions of a concentration (10−4 M) for each [16], these solutions 
were allowed to stand for the equilibrium time, and then we measured 
the absorbance with against reagent blank. The results obtained were 
plotted against (X) mole fraction.

Estimation of molar absorptive of the complex by prepared serialize of 
the solution of 1:2 (lead:drug) complex in the range of 1×10−5–5×10−5 M 
concentration, then recording the absorbance spectrum of them. Then, we 
determine the rate constant and the order of interaction of lead and drug, 
and the absorbance was recorded with time at different temperatures 
303, 308, 313, 318, and 323 °K in 0–120  min. We determined the 
equilibrium constant by recording the absorption spectrum of them at 
different temperatures 303, 308, 313, 318, and 323 °K.

RESULTS AND DISCUSSION

Absorption spectroscopy
The UV-Vis absorption investigation was taken to each drug and lead ion 
and drug-lead ion complex. The UV-Vis absorbance disclosure a shift in 
ʎmaxl (271–291 nm) (Table 1) shows the calculated data for absorbance 
of (drug – lead [Π]) complex with different concentration, the electronic 
spectra of the mixture of drug-Pb complex show a bath chromic shift 

(redshift) to the longer wavelength at ʎmaxl (291nm) which attributed 
to (n → π*) transition to the extent (∆λ=20 nm), and the change in the 
absorbance due to complex formation between metal and drug [17,18]. 
Fig.  2 shows the calibration curve between absorbance and different 
concentration of drug-Pb complex.

Stoichiometric ratio of (drug-Pb) complex analysis
By use the continuous variation methods to estimate stoichiometry 
of (drug-lead [Π]) complex [19]. The coordination number (n) could 
be computed from the plot of absorbance of (drug-lead (Π)) complex 
at ʎmaxl (291  nm) against mole fraction shows in Table  2, so it clear 
from Fig. 3 the jobs method plot, prove that Stoichiometric ratio of 
(drug- lead [Π]) complex at 298 °K is 2:1.

Determination of the equilibrium constant Keq
The equilibrium constant Keq can be calculated using the continuous 
variation method [20].

M + Drug → [M - Drug] complex

The interaction is able to characterized by equilibrium: (1) Where Keq 
to describe the stoichiometric stability constant, to describe (Pb) metal 
ion (M), and to present the chelator (drug), and square brackets denote 
concentrations of interacting types at equilibrium [21].

drug  -Pb complex eq: The concentration of complex created between 
the lead-drug at the equilibrium.

[Pb]eq: The concentration of Pb ion at the equilibrium

[drug]eq: The concentration of drug at the equilibrium.

[drug-Pb]eq = absorbance(max)/εl� (1)

ε: The molar absorptive for (drug-Pb) complex (cm−1. mol−1. L).
l: The path length in (cm).
Absorbance (max) = The maximum absorbance to (drug-Pb) complex.

The molar absorptive ε of (drug-Pb) complex was computed with 
recordation the absorbance of collection concentration of (2:1) complex 

Fig. 1: Structural formula of theophylline 1,3-dimethyl- xanthine 
(BDH) (therapy drugs)

Table 1: The calculated data for absorbance of (drug – Pb (Π)) 
complex with different concentration

C×10−5 (drug) (M) Abs. (nm) ʎmax (nm)
0 0 291
3 0.059 292
4 0.079 291
6 0.120 291
7 0.140 291
9 0.180 291
10 0.197 291

Table 2: The mole fraction, the absorbance of a mixture 
of (drug ‑Pb) complex at 298 K and at ʎmax (291 nm)

Xdrug (the mole fraction) Abs. ʎmax

0 0 292
0.1 0.122 292
0.2 0.511 291
0.3 0.796 291
0.4 0.699 291
0.5 0.619 291
0.6 0.511 291
0.7 0.411 291
0.8 0.315 291
0.9 0.219 291
1 0 291

←
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and plotting absorbance versus concentration at temperature 303, 308, 
313, 318, and 323 °K, as illustrated in Figs. 4 and 5, Table 3 illustrated 
the calculated absorbance for concentration (0.5×10−5–4×10−5) M of the 
2:1 (drug-Pb) complex at temperature 303, 308, 313, 318, and 323 °K, 
which given a straight line with a slope equals to εe is molar absorptivity 
of the complex (L. mol−1 cm−1) as illustrated in Table 4 [22,23].

Stability constant (k eq): Using continuous variation method. 
The equilibrium constant be able to computed as demonstrate in 

Equation (2) [24,25]:

ε complex = 5500 L. mol−1 cm−1

k eq = [Pb–druge complex]eq/[Pb]eq[drug]eq� (2)

Keq which is independent of the concentration but depends on the 
temperature.

The results clarified that stability constant keq changes somewhat with 
range of temperature adopted in this research 303, 308, 313, 318, and 
323 °K, it increases with rise in temperature for drug-Pb complex that 
signifies stability of complex increase with temperature, which denotes 
the bond becomes stronger between them [26,27].

keq = 7.98743×104 L.mol−1.

Thermodynamic parameters
The free energy changes DG°, the enthalpy changes DH°, and the entropy 
changes DS° were computed for complex clarified in Fig. 6. The DH° was 
computed using substituting the valuate of slope of plot (ln Keq vs. 1/T) 
in vant Hoff Equation (1), the result clarified in Table 5 and [28,29].

DD oo SHlnKeq= + ±RT R−
� (1) 

oHSlope =  R−D

R = The gas constant.

The (DG°) change in Gibbs free energy be able to calculated from 
Equation (2), the relationship between DG° and Keq and (DS°) from 
Equation (3).

oÄG = RT lnKeq− � (2)
o o oG = H  T S−D D D � (3)

∆H°=1305×8.314=10849.77 J/mol

The ∆G° is very important in deciding the direction of process and 
position of equilibrium. The negative values of Gibbs free energy for 
these interaction indicate the spontaneous process in the direction 
of equilibrium and increase with the increase in temperature as 
clarified in Table 5. The enthalpy of interaction has an appositive value 
indicating that the formation of drug-Pb complex is endothermic [30]. 
The positive value of enthalpy and entropy change also refers to the 
type of interaction between drug and Pb ion which is electrostatic in 
nature [31].

Interaction kinetics
To investigate the interaction kinetic of (Pb [Π]-drugs) complex, the 
absorbance of 1:2 complex was followed with time (Table  6). The 
first- and second-order rats equation were applied.

Fig. 2: The calibration curve between absorbance and different 
concentration of (drug-Pb) complex

Fig. 3: The jobs method plot for the formation of (drug -Pb) 
complex ʎmaxl (291 nm)

Fig. 4: The UV –VIS Absorption spectra with variant  
Concentration (0.5×10-5 - 4×10-5) M of the (1:2) (drug- Pb) 
complex at  variant temperature (303,308,313,318,323) °K

Table 3: The calculated absorbance for concentration 
(0.5×10−5–4×10−5) M of the (1:2) (drug‑Pb) complex at 

temperature 303, 308, 313, 318, and 323 °K

Concentration (M) Absorbance

303°K 308°K 313°K 318°K 323°K
0.5×10−5 0.055 0.057 0.059 0.066 0.068
1×10−5 0.085 0.093 0.098 0.099 0.133
1.5×10−5 0.159 0.177 0.184 0.189 0.192
2×10−5 0.205 0.212 0.200 0.202 0.241
2.5×10−5 0.277 0.280 0.281 0.283 0.292
3×10−5 0.323 0.330 0.322 0.323 0.348
3.5×10−5 0.377 0.382 0.382 0.367 0.397
4×10−5 0.420 0.396 0.438 0.440 0.466

←
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Table 4: The experimental thermodynamic parameters for drug‑Pb complex at temperature 303, 308, 313, 318, and 323°K

Temperatures (°K) 1/T×10−3(°K)−1 Ԑ× 103 keq×104 R2 Ln keq
303 3.3000 5.4000 6.2999 0.9950 11.0509
308 3.2460 5.1000 6.2822 0.9850 11.0481
313 3.1950 5.4000 6.9013 0.9920 11.1420
318 3.1450 5.2000 7.9444 0.9880 11.2828
323 3.0960 5.5000 7.9874 0.9980 11.2882

Table 5: The calculated thermodynamic parameters for (Pb [Π]‑drug) complex at temperature 303, 308, 313, 318, and 323°K

Temperatures 
(K)

∆H° (J.mol−1) ∆G° (J.mol−1) ∆S° (J.mol−1K−1)

303 10849.77 −27838.73594 127.684838
308 10849.77 −28290.89726 127.0800885
313 10849.77 −28994.74054 127.2987557
318 10849.77 −29830.08772 127.9240809
323 10849.77 −30313.60747 127.4407971

Fig. 5: The absorbance against concentration (0.5×10−5–4×10−5) M of the 1:2 (drug-Pb) complex at temperature 303, 308, 313, 318, and 
323 °K
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Pb+2+druge → [Pb–druge]complex

The law of the first-order rate for the reaction.

dA/dt = –k[A]� (1)

ln[[A]/[A0] = –kt� (2)

lnA–lnA0 = –kt� (3)

The law of seconed-order rate for the reaction.

d[A]/dt = –k[A]2� (4)

1/[A]–1/[A0] = kt� (5)

A = Absorbance with different time of complex.
A0 = Absorbance in time zero of complex.

To evaluate the order of the interaction (drug-Pb) complex from the 
plot of 1/A and ln A against time t, by application of Equation (3, 5).

Reaction order and rate constant of (Pb-drug) complex
To determine the order of the interaction of Pb ion with drug and from 
the through a plot of (1/A) aginst time (t) are presented in Fig. 7 by the 

Fig. 6: Vant Hoff plot for the interaction of (Pb [Π]-drug) complex 
at temperature 303, 308, 313, 318, and 323 °K

Fig. 7: The application of the second-order reaction for the complex of (drug-Pb) complex at temperature 303, 308, 313, 318, and 323 °K
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application of Equation (5), a straight line was obtained which indicates 
the second-order interaction between Pb ion and chelating agent with 
a rate constant illustrated in Table  6 which were calculated from the 
slope of the straight line.

The appliance of first- and second-order of the interaction is illustrated 
in Table 7, which illustrated the second-order rat constant for (drug-Pb) 
complex. The interaction between (drug- Pb) complex   follows the second 
order reaction kinetics, with  a rate constant  k = 2.6×10−2 M−1.min−1

CONCLUSIONS

The complex of the theophylline 1,3-dimethyl-  xanthine (therapy 
drugs) with a hazard heavy metal lead (Π), shows a high tendency of 
the complex formed, this was obvious from the value of the equilibrium 
constant that clarified a good complex. The thermodynamic parameters 
show that the complex is spontaneous with an electrostatic interaction 
and an increase in the order of orientation rate of complexation follows 
the second-order reaction kinetics which was confined by the straight 
line and a high rate constant.
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