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The association behavior of Cu(II) complex of 5,10,15,20-tetrakis(4-N-benzyl-pyri-

dyl)porphyrin (Cu(II)TBzPyP) in aqueous solution at various ionic strength was studied

by optical absorption and resonance light scattering (RLS) spectroscopies. The results

show that Cu(II)TBzPyP exists as a monomer at low ionic strength and ill-defined aggre-

gates at high ionic strength. The binding of the Cu(II)TBzPyP to human serum albumin

(HSA) at 0.005 M phosphate buffer, pH 7.0 and 27�C has been also studied by optical ab-

sorption and RLS spectroscopies. The optical absorption spectral patterns of

Cu(II)TBzPyP at various concentration of HSA represent two distinct stages in the pro-

cess of interaction. The existence of an isosbestic point in first titration stage can be re-

lated to the equilibrium of free Cu(II)TBzPyP with that of Cu(II)TBzPyP:HSA complex.

The aggregation of HSA molecules around porphyrin has occurred in the second titration

stage. The analysis of binding process by calculation on absorption data led us to estimate

binding constant for formation of HSA:Cu(II)TBzPyP complex. The RLS spectra of

Cu(II)TBzPyP at various concentration of HSA do not show any aggregation of

Cu(II)TBzPyP in the presence of HSA, which certified the results of UV-Vis studies. The

fluorescence emission of HSA chromophore was quenched due to the porphyrin binding.

The process of quenching has been analyzed by Stern-Volmer equation. Hence the bind-

ing constant of Cu(II)TBzPyP to HSA has also been estimated as the Stern-Volmer

quenching constant, which is in good agreement with the result of UV-Vis studies.
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Water-soluble porphyrins and metalloporphyrins are interesting materials in

many applied fields [1–4]. For example, as photosensitizer in photodynamic therapy

of cancer [1], and as a probe for DNA structure [4]. Biological activity of porphyrins

depends strongly on their physico-chemical properties, in particular, self-aggrega-
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tion and affinity to different biological structures. So there is a current interest in

exploration of aggregation of water-soluble porphyrins [5–7] and their interaction

with DNA and proteins [8–10]. In solution, the planarity and large surface area of the

porphyrin macrocycle favor stacking interactions, which lead to large aggregates

[11].

The geometry of these aggregates, when no cooperative effects are present, corre-

sponds to homoassociate of low-defined geometry. Detection of porphyrin aggregation

is usually performed through their UV/Vis spectra changes, caused by self-aggregation

and attributed to several effects. It is generally accepted that a bathochromic orhypso-

chromic shift of the Soret band (B-band) is a probe of edge-to-edge (J-aggregate) and

face-to-face (H-aggregate) homoassociation, respectively [12]. Furthermore, devia-

tion from Beer’s law or an increase in the absorption bandwidth is related to the for-

mation of porphyrin stacks without a defined geometry [7,13]. Beside UV/Vis

spectra, resonance light scattering (RLS) is recently known as a very sensitive met-

hod for monitoring of aggregation of molecules with high absorption in the visible

spectral region [14]. The theory behind RLS is based on resonance enhancement of

Rayleigh scattering, which arises from electronically coupled arrays of chromopho-

res. Self-assembly of water-soluble porphyrins is highly dependent on the peripheral

groups and their charge type [13,15,16]. For example the anionic 5,10,15,20-tetra-

kis(4-sulfonatophenyl)porphyrin (TPPS4) shows more tendencies for aggregate for-

mation than the cationic 5,10,15,20-tetrakis(4-N-methyl-pyridyl)porphyrin

(TMPyP) [5,6,15,17]. The physico-chemical properties of the cationic TMPyP and its

metal complexes have been extensively studied [8,13,18]. Neither TMPyP nor its me-

tal derivatives form significant aggregates in aqueous solution even in the presence of

inorganic salts that favor self-aggregation of ionic porphyrins. However, binding to

DNA or protein may induce the aggregation of such porphyrins [8,19,20]. Among va-

rious metalloporphyrins, Cu-complexes have attracted greater attention due to their

distinguished photophysical properties and affinity to biological structures [10].

In order to shed more light on the effect of peripheral groups of porphyrin core

into aggregation phenomenon and protein binding behavior of metalloporphyrin we

have chosen to investigate aggregation of Cu complex of 5,10,15,20-tetrakis(4-

N-benzyl-pyridyl)porphyrin (Cu(II)TBzPyP, Scheme 1).

Since human serum albumin (HSA) is known as major plasma of protein and di-

splays effectively drug delivery function [21], the investigation of binding of drug

porphyrins with albumin is of interest [20,22,23]. In the present work, we have also

studied the interaction of Cu(II)TBzPyP with HSAby UV/Vis, fluorescence and RLS

spectroscopy methods. The importance of such studies will appear when we consider

this fact that the mechanisms of the biological effects of porphyrin derivatives are

different and depend on their peripheral groups. Highly hydrophobic porphyrins can

penetrate in the lipid regions of the membranes, moderately hydrophobic ones prefe-

rentially distribute into polar parts of the cell, i.e. protein rich membrane domains

[24], while highly polar species exclusively partition in the aqueous compartment,

their binding to cellular membrane being poor [25]. Regarding to the fact that the
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Cu(II)TBzPyP has more hydrophobic property compared to previously reported wa-

ter-soluble porphyrins we may consider it as promising compound for clinical appli-

cations.

EXPERIMENTAL

Materials and methods: Tetra(4-pyridyl)porphyrin (TPyP) was obtained from Aldrich and used as

received. TBzPyP was prepared from its precursor, TPyP, by reaction with benzyl bromide in DMF. The

copper(II) derivative of TBzPyP was prepared, purified and converted to its chloride form by a slightly

modified published procedure [26]. HSA, free acid free fraction V (97–98%), was obtained from Sigma

and used as received. Absorption spectra were recorded on a Shimadzu UV-2100 double beam spectrome-

ter with a thermostat cell compartment. Fluorescence and resonance light scattering experiments were

performed with a Perkin Elmer LS 50B luminescence spectrometer. In all experiments, the porphyrin and

HSA solutions were freshly prepared before spectral analysis and were protected from direct sunlight and

fluorescent light until they were inserted into the cell compartments. To observe the salt effect on the

porphyrin absorption and RLS spectra the titration were made by addition of aliquots of the NaCl solution

into a cuvette containing the porphyrin solution of appropriate concentration. The titration of porphyrin

solution in function of HSA concentration was performed at pH 7. Measurments were performed in 0.005

phosphate buffer. The scattered light intensity (SLI) was monitored using the right-angle geometry in the

synchronized-scanning regime of the excitation and emission monochromator the region from 300 to 600

nm. The experimental light scattering spectra were corrected taking into account the solution optical ab-
sorption and the instrument sensitivity dependence on the wavelength as described elsewhere [27]. In

these experiments the bandwidth for excitation and emission was 3 nm. The quenching of HSA fluores-

cence by porphyrin was monitored using excitation in the region of absorption maximum at 280 nm and

bandwidth of 5 nm for both excitation and emission slits.

RESULTS AND DISCUSSION

Solution properties of Cu(II)TBzPyP: In order to identify the solution proper-

ties of Cu(II)TBzPyP, we employed UV/Vis and resonance light scattering techniques.

Optical absorption spectrum of Cu(II)TBzPyP shows two overlapping Q-bands with
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maximum at 551 nm, which is a characteristic of D4h symmetry of porphyrin central

ring. The maximum of the Soret band appears at 429.3 nm. The molar absorptivities

of the Soret band and Q-band are 1.55�105 and 1.55�104 M–1 cm–1, respectively. The

Soret band maximum of Cu(II)TBzPyP obeys Beer’s law over an extended concentra-

tion range between 5.43�10
–7

to 1.2�10
–4

in phosphate buffer 0.005 M, pH 7.0.

From this observation we can conclude that Cu(II)TBzPyP does not show concentra-

tion dependent aggregation in this concentration range.

Effects of inorganic salts: It is well known that self-association of the water-so-

luble porphyrin is facilitated by inorganic salts [5,13,27]. The effect of NaCl on the

absorption spectrum of Cu(II)TBzPyP (4.4�10–6 M) in water is shown in Figure 1.

As the concentration of NaCl increases, the absorbance at all of the spectral regions

has been decreased and the Soret band becomes very broad with a red shift. The data

concerning these spectral changes are presented in Table 1.

Although, the absorption spectrum of Cu(II)TBzPyP shows a significant electro-

lyte effect, but no new band appears even in high salt concentration. This result means

that Cu(II)TBzPyP does not form well-defined aggregates (i.e. H or J types) in the

presence of a salt [6]. Thus, these spectral changes can be attributed to the formation

of extended ill-defined aggregates. From this observation, it also can be concluded

that Cu(II)TBzPyP lacks axial ligands.
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Figure 1. Absorption spectral changes of Cu(II)TBzPyP complex upon addition of NaCl (0, 0.103,

0.202, 0.385, 0.631, 0.848, 1.099, 1.036, 1.59, 1.782, 1.948, 2.093 and 2.220 M) in water (pH

6.7) at 27�C. The arrow show the increasing of NaCl concentration.



Table 1. UV/Vis spectral changes of a water solution of Cu(II)TBzPyP (4.4�10
–6

M) upon increasing of
NaCl concentration.

[NaCl], M �max (nm) Abs (max) W1/2 (nm)
a

0 429.3 0.682 32.3
0.103 430.1 0.660 32.6

0.202 430.2 0.644 32.6
0.385 430.3 0.619 32.8

0.631 430.3 0.583 33
0.848 430.4 0.554 33.4

1.099 430.4 0.554 33.7
1.365 430.5 0.482 34

1.590 430.7 0.449 34.4
1.780 430.8 0.418 35.1

1.948 431.0 0.389 35.1
2.093 431.4 0.369 35.6

2.220 431.5 0.354 35.8

aHalf-width of the Soret band.

Figure 2 demonstrates the RLS profile of the Cu(II)TBzPyP solutions in various

concentration of NaCl, which are corrected taking into account both spectrofluorime-

ter sensitivity on � and NaCl effect.

With respect to this figure the SLI spectra of Cu(II)TBzPyP slightly increase upon in-

creasing of NaCl and analogues to other porphyrin [6,28], SLI (Scattered Light Inten-

sity) in Soret region is small. The formation of extended aggregates is usually

accompanied by significant increasing of the RLS signal near to Soret band region

(i.e. Q-band’s region). This effect has not been observed in RLS profile of the

Cu(II)TBzPyP. It seems that this result is in contrast with the results of UV-Vis stud-

ies. However, this observation can be attributed to the lacking of porphyrin chromo-
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phore coupling in the aggregates, which reduces the enhancement of light scattering

due to aggregation. The similar observation has been reported for Cu-derivatives of

other porphyrins [6,29], which certified our interpretation and assigning the special

role of copper in this process.

Binding of Cu(II)TBzPyP to HSA. Optical absorption: Refereing to our

previous discussion we can conclude that, in homogeneous aqueous solution at low

ionic strength, Cu(II)TBzPyP exists mainly as monomer. So, we conducted the titra-

tion of porphyrin solution at fixed concentration of Cu(II)TBzPyP and varying [HSA]

at pH 7.0 and 0.005 M phosphate buffer, as a low ionic strength medium. Figure 3a

shows a representative titration spectrum of Cu(II)TBzPyP upon increasing concen-

tration of HSA. The addition of HSA changes the position, width and intensity of So-

ret band of Cu(II)TBzPyP. These spectral changes can be treated as two consecutively

distinct changes. At initial HSA additions, [HSA]/[Cu(II)TBzPyP] < 1.3, the intensi-

ty of the Soret band decreases and titration spectra are accompanied by the appearan-

ce of an isosbestic point at 446 nm, shown with one asterisk in Figure 3a (Stage I).

Higher addition of HSA causes the disappearance of the isosbestic point and the in-

creasing the Soret band intensity. This stage of titration is not accompanied with any

isosbestic point. The well-defined end point has not been observed for stage II, which

can be attributed to distribution of porphyrin into various HSA aggregates [23].

Since the spectrum of free Cu(II)TBzPyP passes through this isosbestic point, the

contribution of free Cu(II)TBzPyP to first equilibrium should be taken into account. The

first isosbestic point appears at a molar ratio [HSA]/[Cu(II)TBzPyP] < 1.3, so it seems

that the major component is free porphyrin in equilibrium with a 1:1 conjugate (i.e.

Cu(II)TBzPyP…HSA, stage I):

Cu(II)TBzPyP + HSA Cu(II)TBzPyP...HSA (1)

The formation of protein aggregates around porphyrin has also been noted in some

earlier reports [23,30]. It is reasonable to assume that HSA aggregates with different

aggregation number exist at higher concentration of HSA. Therefore, the spectral

changes in stage II could be due to distribution of Cu(II)TBzPyP within many differ-

ent HSA aggregates.

The analysis of the optical absorption data: Based on our earlier results

[20,31], it is possible to calculate the average number of bound porphyrin to one mo-

lecule of HSA(�), by analysis of absorption band data. Regarding equilibrium (1), we

can defined � as:

� �
[Cu(II)TBzPyP... HSA]

[HSA] total

(2)

By such calculation the Scatchard plot for titration stage I has been constructed and

shown in Figure 3b. The high correlation coefficient of this linear plot and X-inter-
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cept near to one confirmed the formation of 1:1 complex and our analyzing method.

The value of 3.3�106 M–1 was obtained for formation constant of Cu(II)TBzPyP:HSA

complex.
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Light scattering experiments:Figure 4 demonstrates the relative SLI profiles of

the Cu(II)TBzPyP solutions in the presence of different HSAconcentrations. The SLI

in the region from 450 to 500 nm slightly changes upon the HSA addition. In fact, this

represents that the addition of HSA to the Cu(II)TBzPyP solutions has little effect on

the aggregation state of this porphyrin. This confirmed the UV-Vis results, corre-

sponds to aggregation of HSA around porphyrin.

Fluorescence quenching of HSA by Cu(II)TBzPyP: The addition of Cu(II)TBz-

PyP to HSA solution does not have any significant influence on the optical absorption

spectra of HSA. However, the stepwise addition of Cu(II)TBzPyP to HSA solution re-

sulted in a progressive quenching of the fluorescence emission, shown in Figure 5a.

For fluorescence quenching of HSA a Stern-Volmer relationship can be applied:

F

F
K Cu(II)TBzPyP]

max

SV� �1 [ (3)

where Fmax and F are the fluorescence intensities in the absence and presence of

quencher, i.e. Cu(II)TBzPyP, respectively. KSV is Stern-Volmer constant. The linear

Stern-Volmer plot, shown in Figure 5b, indicates that (2) is applicable for present

system. These titration experiments were conducted at a [HSA]0/[Cu(II)TBzPyP]

molar ratio of 4.44 to 0.351, which approximately corresponds to first titration stage

in optical absorption measurement. So, the Stern-Volmer constant could be approxi-

mately regarded as K
I
,which is 3.4�10

5
M

–1
.
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CONCLUSIONS

Cu(II)TBzPyP as a metalloporphyrin can exhibit distinguished photophysical

properties and due to their benzyl peripheral groups has a considerable hydrophobic

property that increases its ability for penetration in the lipid region of the biological
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membranes. The pattern of optical absorption spectrum of this porphyrin represents

D4h symmetry of porphyrin central ring. The Soret band maximum of Cu(II)TBzPyP

obeys Beer’s law over an extended concentration range between 5.43�10–7

–1.2�10
–4

M, which represents that this porphyrin does not show concentration de-

pendent aggregation. As like as many other porphyrins, inorganic salts facilities the

self-association of Cu(II)TBzPyP. However, the effect of salt on absorption spectrum

of Cu(II)TBzPyP does not induce the formation of well-defined aggregates (i.e. J or H

types). The formation of ill-defined aggregates at high concentration of salt has been

concluded from RLS spectra. This fact is in contrast with the behavior of most other

porphyrins that their association is usually accompanied by significant increasing of

RLS signal near to Soret region. This behavior can be related to the spectral role of Cu

in the lacking of porphyrin chromophore coupling in the aggregates, which is respon-

sible for no enhancement of scattered light.

Binding studies of Cu(II)TBzPyP with HSA represent the existence of a specific

site on HSA for binding of Cu(II)TBzPyP. The occupation of this site at low molar ra-

tio of [HSA]/[Cu(II)TBzPyP] (< 1.3) causes the formation of Cu(II)TBzPyP:HSA

complex whose formation constant can be estimated by analysis of absorption data.

However, at higher concentration of HSA, the aggregation of HSA around porphyrin

is observed.
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