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Abstract: Resonance Raman and surface-enhanced Raman spectroscopy were employed to study the interaction
of hypericin with human serum albumin. The identification of the binding place for hypericin as well as the
model for albumin-hypericin complex are presented. In this model hypericin interacts with tryptophan placed

in Il A subdomain of albumin. This interaction reflects (i) a change of the hydrophobicity of the tryptophan
environment, (ii) the formation of an H-bond between the carbonyl group of hypericin ardiNftoup of
tryptophan, leading to a protonated-like carbonyl in the drug, (iii) a decrease of the strength of H bonding at
the N1-H site of tryptophan, and (iv) a change of the tryptophan side-chain conformation.

Introduction

Hypericin (Figure 1) is a natural photosensitizing polycyclic

aromatic dione that can be extracted from plants of the

Hypericum genus. It displays virucidal activity against several

types of viruses, including the human immunodeficiency virus

(HIV),2~% as well as antiproliferative and cytotoxic effects on
tumor cells>™7 Its virucidal activity is enhanced more than 100-
fold in the presence of light® Other different biological

properties of hypericin have been described, such as poten

antidepressive activity light-dependent inhibition of protein
kinase G310 tyrosine kinase activity! and photosensitized
inhibition of mitochondrial succinoxidas@. Hypericin, like

many other anticancer drugs, has also been reported to inducel-
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tapoptosis?. Biological activity of hypericin and related com-
pounds has been reviewed by Diwu et&al.

Serum albumin as the most abundant plasma protein con-
tributes significantly to many transport and regulatory processes.
he protein binds a wide variety of substrates such as metals,
fatty acids, amino acids, hormones, and an impressive spectrum
of therapeutic drug¥* Because of its clinical and pharmaceuti-
cal importance, interaction of serum albumin with a variety of
ligands has been studied extensiviyo

The hypericin-human serum albumin (HSA) complex was
studied by various groug8:22 The binding properties of
hypericin to HSA help to overcome difficulties in solubilization
and dispersion of hypericin in agueous physiological solution.
The HSA—hypericin interaction results in dissociation into the
monomeric form of hypericin, which is aggregated in the
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aqueous phase. The dissociation of hypericin to the monomeric
form appears to be crucial for the virucidal acti®n.

The method based on the increase of the hypericin absorption
and fluorescence with the increase of albumin concentrations
in an aqueous solution was used for the determination of the

HSA—hypericin binding constant. The assumption that HSA 4) HYPe':°‘”"A'b”m‘“
complex

has a single binding for hypericin leadsko= 7.5 x 1P M~1.21

As concerns a binding place of the hypericin in the albumin
structure, Falk et al. by means of competition experiments have
established that hypericin forms a specific heteroassociation with
HSA which involves bonding of hypericin to the 1l A
subdomain of the proteit.

The structural changes of albumin and the identification of
binding place for hypericin as well as a model for albumin
hypericin interaction are presented in this article. For the study
of such a complex system two techniques of Raman spectros-
copy have been used: (i) the resonance Raman spectroscopy
with an excitation at 222 nm which selectively enhanced the
vibrations of the aromatic amino acids of the protein, particularly
the tryptophan ones, and (ii) the surface-enhanced Raman
scattering technique (SERS) which allowed us to see the
hypericin in the complex structure via a strong enhancement of
the hypericin vibrations and the quenching of its fluorescence 4('30 450 500 550 560 Géo
caused by adsorbance of this molecule to the colloidal surface.

The high efficiency of the resonance Raman and surface- Wavelength/nm
enhanced Raman spectroscopies for such a type of research hasigure 2. Absorption spectra of hypericin (8 1076 M) in aqueous

been previously presented in our study of the DN#pericin solution (0.5% in DMSO) in the presence of human serum albumin
complex?3 (A) and in the absence of the protein (B).

Absorbance

B) Hypericin

Experimental Section strong Raman scattering of DMSO, it was not possible to use a hypericin
) o . DMSO solution for the sample preparation. Thus the mixed solution

Chemicals. HSA used in this study was purchased from Sigma as prepared by adding a pure hypericin to the protein-buffered solution
(essentially fatty acid free) and used without further purification. (an excess). These solutions have been gently stirred for 12 h at room
Hypericin was obtained from Carl-Roth. All others reagents employed temperature to allow a complete interaction of the drug with the
were of analytical grade and were obtained from Sigma. albumin.

Surface-Enhanced Raman Spectroscopy and Absorption Spec- Resonance Raman spectra of the sample and buffer solutions were
troscopy. Silver colloids were prepared by following the method of  gptained in the 4081800 cnt! range using a Jobin-Yvon Ramanor
Lee and Meiset! Samples for SERS experiments were prepared by HG-2S double monochromator operating in the second order of the
dissolving 1 mg of HSA in 0.2 mL of water. After, 10l of a 7 x gratings and excited by 222 nm excitation line with the average laser
10"* M hypericin solution in dimethyl sulfoxide (DMSO) was added, power of 1 mW. The 222 nm excitation wavelength was obtained from
and then the mixture was left for approximately 12 h to allow a complete 3 Quantel Datachrom 5000 dye laser (Rhodamine 590 perchlorate dye)
interaction of the drug with the protein. Samples containing only drug pumped with a Quantel Nd:YAG pulsed laser and by using various
were also aged for the same time at the same conditions. The colloid mixing and doubling crystals. The incident illumination of the sample
was activated before being added to the drpgptein complex solution.  was controlled by a monitoring pathway consisting of the external
This activation consisted of a partial aggregation of the colloidal photomultiplier irradiated with a small fraction of the incident laser
particles, and to accomplish this, 0.15 mL of a 0.5 M sodium nitrate  heam. The Raman signal was that rationed to the monitoring signal in
solution was added to 2 mL of the original colloid. Then, 1 mL of the data processing device. Spectra presented in this paper are the
this activated colloid was added to the mixture. Samples prepared in aqverages of five consecutive scans recorded at % staps. To exclude
such a way were stable for several days. The pH of the final mixture g1 eventual thermal degradation of the samples caused by light
was about 7.0 in all the cases, and the DMSO in the sample was at agbsorption, the samples have been stirred in the sample cell at a
concentration of 0.8%. temperature of £4C. The subtraction of a weak Raman contribution

Raman spectra were recorded by using a JASCO NR-1100 model of the buffer as well as the intensity normalization of the spectra, needed
spectrophotometer. The line at 514.5 nm provided by a Coherent before proceeding to spectral differences was made using a strong water
Innova 90 Ar laser model was employed as the excitation. The O—H stretching band at 3450 cth The spectra were smoothed using
resolution was set to 2 crh and a 90 geometry was used to record 3 fast Fourier transform method. To exclude eventual modulations in
data. The laser power at the sample was about 20 mW. Spectra shownhe spectra caused by the smoothing procedure, the spectra of samples
in this work were recorded at 1 crhstep with an integration time of  with different preparation were recorded. For all of these spectra a
1's. All the spectra are presented without any further manipulation. high reproducibility has been obtained even for the low-intensity bands.

UV —vis absorption spectra of free hypericin in a water solution

(0.8% of DMSO) as well as the UWvis absorption spectra of HSA Results and Discussion
hypericin complex were recorded on a Jasco 7850 spectrophotometer. . . . .
Resonance Raman SpectroscopyThe solution of HSA for the UV—Vis Absorption Spectra of Hypericin—Albumin Com-

resonance Raman spectroscopy was prepared in 10 mM, pH 7.2Plex. Figure 2 shows the absorption spectra of hypericin and
phosphate buffer at a protein concentration 1 mg/mL. Because of a the HSA—hypericin complex in aqueous solution. The spectral
profile of hypericin alone is markedly affected by complexation

(23) (a) Miskovsky, P.; Chinsky, L.; Wheeler, G. V.; Turpin, P. X. ; ; i i
Biomol. Struct, Dyn1995,13, 547-552. (b) Sachez-Corts, S.: Miskovsky,  ith trl'e protein. The IT%'ln Char:'ges that ?efcg]n Ogsgrve 'T)th%
P.; Jancura, D.; Bertoluzza, A. Phys. Chem1996,100, 1938-1944. complex are a remarkable ennancement or the nm ban

(24) Lee, P. C.; Meisel, D. I. Phys. Chem1982,86, 3391—3395. and a considerable profile change in the 4800 nm region.
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Figure 3. SERS spectra of hypericin (8 10°6 M) in silver aqueous . ' .
colloid in the absence (A) and in the presence (B) of human serum 1600 1400 1200

albumin. The 680 cm' DMSO band was taken as a reference. Wavenumber/cm™'

. I S Figure 4. SERS spectra of hypericin (8 10°¢ M) in the 1100-1700
The complex spectrum is very similar to that of hypericin in a et region: (A) at pH= 4: (B) pH = 7. (C) SERS spectrum of

SO'UUO,” ,Of dimethyl sulfc.)).<|de. (DMSO). Th's, indicates that hypericir—-HSA complex and (D) difference spectrum between the
albumin induces a solubilization of the drug in water due t0 SgRs of the complex and SERS of hypericin at neutral pH.
interaction with the protein as was also proposed by van Senthil
et al?! binding in albumin may be placed in the inner part of the protein,
SERS of Hypericin—Albumin Complex. Figure 3 shows since its accessibility to the metallic surface is markedly limited
the SERS spectrum of hypericin (Figure 3a) and the hypericin/ when forming part of the complex.
albumin complex (Figure 3b) normalized on the DMSO Raman  In Figure 4 the spectral profiles of hypericin and complex
band (680 cm'). The complex spectrum is dominated by SERRS (surface-enhanced resonance Raman spectroscopy)
hypericin bands due to selective enhancement of the drug bandspectra are shown. For better comparison of the differences
at this excitation wavelength. Two main features can be between these two spectra we have obtained also the difference
observed in the complex spectrum in relation to that of spectra (Figure 4d). Inthe complex spectrum, relative enhance-
hypericin: (i) a relative intensity decrease and (i) a change in ments of bands at 1254, 1345, 1369, and 1642%coan be
the spectral profile. As the normalized complex spectrum is a seen, with an upshift of the 1369 ciband toward 1379 cm,
very low intensity spectrum we present it also not normalized as well as intensity decrease of bands at 1311 and 1481 cm
in Figure 4c to discuss the individual bands changes caused bySimilar changes can be observed in the hypericin SERS
the complex formation. spectrum at acidic pH (Figure 4a), where an enhancement of
The intensity decrease is clearly demonstrated in Figure 3 the intensity and a profile change are also observed. In fact, at
by taking the 680 cmt DMSO band as the internal standard, low pH, a protonation of carbonyl group occurs, this leading to
demonstrating the existence of a strong interaction between thea breakdown of intermolecular bonds existing between the drug
drug and the protein. Since the albumin concentration is 4 times molecules in aqueous solution. The solubilization of the drug
more concentrated than the drug, we suppose that all hypericinat acidic pH increases the amount of monomeric drug in
molecules interact with the albumin and, consequently, the SERSsolution, and consequently, the adsorbed hypericin on the surface
spectrum of Figure 3b must correspond to the hypericin involved of the colloid is also increased. Protonation of carbonyl groups
in the complex. Moreover, the weakness of hypericin bands in induces a strong decrease of 1311 and 1585'dmands, and
the complex Raman spectrum can be attributed to steric an intensity increase of bands at 1248, 1320, 1342, 1379, and
hindrance caused by interaction with the protein. According 1642 cntl. The band at 1642 cmi is attributed to carbonyl
to the electromagnetic model of SERS, there exists a high stretching motions. Its presence in both the complex and
electromagnetic field gradient and, consequently, a greatprotonated hypericin indicates that it is due to monomeric
dependence of SERS signal with the distance to the surface.hypericin resulting after disruption of intermolecular bonds of
Therefore, the weakness of the complex SERS signal may behypericin aggregates. The band at 1311 tis pH sensitive,
due to the long distance at which the drug is placed in relation and thus, it can be attributed to ring motions coupled to carbonyl
to the surface. This fact indicates that the hypericin site of vibrations?®> This band completely disappears at low pH and



Interaction of Hypericin with Human Serum Albumin

|

excitation = 222 nm |

T T T

1608

A) complex

1340

Raman intensity

B) atbumin

C) difference (A) - (B)

1580
1340

1450

1650
1375
830

L L L

1400

700
Wavenumber/cm-1
Figure 5. Resonance Raman spectra of HS#ypericin complex (A)

J. Am. Chem. Soc., Vol. 120, No. 25, 8993

4

T T T

1608

excitation = 222 nm

Raman intensity

1551
1010
59

622

C) Trp

2 2
el
pudt g ©
w
<
[=]
w

199

f

1004

D) Phe

650
Wawenumber/cm-1

Figure 6. Decomposition of the resonance Raman spectra of HSA

1300

and free HSA (B) and the difference spectrum between the complex into the resonance Raman spectra of the aromatic amino acids Trp,

and free HSA (C).

by complexation with albumin, thus indicating the existence of
an albumin interaction through the carbonyl group.

Thus the similarities found between the protonation of
hypericin and complexation with albumin suggest that the
interaction with the protein implies (i) a disruption of the
intermolecular H-bonds existing between the drug molec8i€s,
with solubilization of hypericin in agueous solution, and (i) an

establishment of an H-bond between the carbonyl groups of

hypericin and a hydrogen donor of albumin, leading to a
protonated-like carbonyl in the drug.
Resonance Raman Spectra of Hypericir Albumin Com-

plex. Figure 5 represents the resonance Raman spectra of HSA

the HSA-hypericin complex, and the difference spectrum
(complex— HSA) in the region from 400 up to 1800 crh
excited with the 222 nm excitation wavelength. This excitation

favors the resonance enhancement of the aromatic amino

acids?8-32 the tryptophan vibrations in particul&f-3°
The main differences in going from HSA to the complex

spectrum concern the bands at 854, 1188, 1340, 1464, and 155
cm! (Figure 5). These bands correspond to vibrations of the

aromatic amino acids in the human serum albumin structure
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Tyr, and Phe.

which contains one tryptophan (Trp), 18 tyrosines (Tyr), and
31 phenylalanines (Phé). Thus, despite the high resonance
enhancement for Trp with the 222 nm excitation wavelength in
comparison with the Tyr and Phe, our interpretation of the
resonance Raman bands of albumin is based on the albumin
spectrum decomposition into the resonance Raman spectra of
the Trp, Tyr, and Phe obtained for the same excitation
wavelength (Figure 6). From this decomposition one can
observe that the 222 nm excitation spectrum of albumin is
mainly composed of high enhanced Trp bands except the 854
and 1188 cm! Tyr mode and the complex band at 1608¢m
which is due to a combination of Trp, Tyr, and Phe. The
appearance of the Tyr vibration modes in the HSA spectrum
for this excitation wavelength, which favors the resonance
enhancement of Trp, is caused by the high amount of Tyr
residues in the comparison with one Trp (18 Tyr: 1 Trp). From
the point of view of the complex structure interpretation, the
observed spectral changes in going from the HSA to the HSA
%ypericin complex mainly reflect (i) a decrease of the strength
of H bonding at the N+ H site of Trp, (ii) a change of the Trp
' side-chain conformation, and (iii) a change of the hydrophobicity
of the Trp environment.
The doublet of the Trp bands at 1438 and 1460 timas

been found to be sensitive to the N#H hydrogen bonding?*

This doublet corresponds to the Trp bands observed at 1434
and 1462 cm! excited by 218 nm excitation wavelengdth,
which are enhanced in the albumin spectrum in comparison to
the tryptophan alone, as a consequence of HSA structure
formation. These lines were assigned to the in plane skeletal

(33) Miura, T.; Takeuchi, H.; Harada, Biochemistry1 988,27, 88—94.
(34) Maruyama, T.; Takeuchi, H. Raman Spectros¢995,26, 319-
324,
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modes of pyrrole rin§®35with a large contribution of the NAH hydrogen-deuterium exchange of the N1 position of Trp by
bend in particular for the 1438 crhline38 These vibrations  resonance Raman spectroscépyNevertheless, in the differ-
were found to be very sensitive to NH environment of the ence spectrum (Figure 5c¢), we can see the positive band at 1340
Trp and proposed as markers of hydrogen bonding. Their cm™! and a negative one at approximately 1358 &nwhich
frequencies increase with an increase of the hydrogen bondingindicate that the 1360/1340 crhratio decreases, and so the
strength®® In our spectra the downshift and the intensity hydrophobicity of Trp environment increases upon the HSA
increase of the large band at 1464 drwith a shoulder at 1440  hypericin complex formation.
cm! was observed as a consequence of the HBypericin Thus, the hydrophobic interaction of hypericin with albumin
complex formation (Figure 5). Thus the behavior of this doublet |eads to the favorable position of hypericin for the H-binding
in the albumin spectra (Figure 5) indicates a decrease of theof its carbonyl group with the N&H position of Trp which is
strength of H bonding at the N4H site of tryptophan caused  placed in the IIA subdomain of the protein. As a consequence
by the HSA-hypericin complex formation. Taking into account  of this hydrophaobic interaction, the hydrogen bond of the-Trp
our results obtained by SERS spectroscopy where a protonatiorhypericin complex is weaker than the hydrogen bond ofN1
of the carbonyl group of hypericin was observed as a conse-Trp group in the free HSA structure.
quence of an interaction with a proton donator in the albumin  From the decomposition of the albumin resonance Raman
structure, we propose that the decrease of the H bonding strengtispectra, one can see that for the 222 nm excitation the tryptophan
is caused by an hydrogen bond formation between thef1  and tyrosine dominate in the albumin spectrum in comparison
position of Trp and the carbonyl group of hypericin. to the phenylalanine (Figure 6). This is a consequence of the
The observed interaction of the hypericin molecule with Trp high resonance enhancement of the Trp vibrations (only one
via hydrogen bond formation provokes of a conformation change Trp is presented in HSA structure) on the one side and the
of the Trp side chain. An upshift of a 1555 ctshoulder in - presence of 18 Tyr residues, which are not so enhanced as Trp,
HSA (Figure 5b) is observed upon the complex formation. A jn the HSA structure on the other side. The complex formation
strong positive band at 1580 ctin the difference spectrum  |eads to the intensity decrease of the 834 &ffiyr shoulder
reflects this shift (Figure 5c). It was shown by Miura et al. attributed to the low-frequency component of 853/831 &m
that this Trp vibration of the N*C2H—C3-Cy linkage varies  Fermi doublet (Fermi resonance between the symmetric ring
as a function of torsion angle about the,<Cs—C3—-C2 breathing and nonplanar ring vibratiori8). The observed
linkage? Thus the HSA-hypericin complex formation leads  pehavior of this doublet upon the complex formation reflects
to the important change (upshift at about 25 €éjrof the torsion  changes of the state of the hydroxyl group of the Tyr residues.
angle of the Trp side chain. Another tyrosine vibration is changed as a consequence of the
With the Trp side-chain deformation a protein conformation complex formation. A relative intensity decrease and a down-
change is associated. The structural sensitive Amid | at aboutshift of the 1188 cm! Tyr band attributed to the ring vibration
1660 cnt® (shoulder) and amid IIl at 1264 crh can be  of Tyr3 to the final position at 1181 cm, is seen in the
observed at HSA spectrum (Figure 5b). The positions of these resonance Raman spectra (Figure 5). Thus, we have to decide
bands indicate a large-helical structure content in the HSA  jf these changes of the Tyr vibrations are caused by a direct
structure?® The Complex formation induces a downshift of the interaction of hypericin with tyrosine or if they are 0n|y a
shoulder at 1660 cnt with the corresponding band at 1650 consequence of the HSA structural change. The HSA structure
cmtin the difference spectrum (Figure 5c), while the intensity contains only one Trp molecule in the 1A subdomain. Using
and the position of the amid Ill band does not change (Figure 222 nm excitation wavelength, we can see very clearly that the
5). These spectral features indicate a partial conformation Trp molecule is in a direct interaction with hypericin (Figure
change of HSA which changes from tlehelix toward an  5) and so, it binds the IIA subdomain of the HSA. The
irregular o-helix (downshift of amid | band}? assumption that HSA has a single binding site for hypetcin
From the point of view of the HSAhypericin complex  and an excitation wavelength which favors the Trp vibration
formation a 1358/1340 cm (Figure 5b) Fermi doublet behavior  enhancement makes impossible to identify any spectral change
is interesting®’ The intensity ratio of 1360/1340 cthbands  for an individual Tyr molecule which should be eventually in
has been found to be a very sensitive indicator of hydrophobicity an interaction with hypericin. Thus the observed spectral
of the Trp environment The decrease of this ratio leads to a changes attributed to the Tyr molecules in our resonance Raman
hydrophobicity increase of the Trp environméhtin Figure 5 spectra of the HSAhypericin complex (Figure 5) must be
we can observe an intensity increase of the 1340'aioublet  associated with a global conformation change of the protein,
component upon the complex formation which can indicate an |eading to modification of the environment of about all Tyr and
increase of the hydrophobicity of the Trp environment. The consequently to modification of the discussed Tyr resonance
behavior of the 1360 cm doublet component is more difficult  Raman bands.
to evaluate because it is partially overlapped by the band at |t js also known that the binding activity of the subdomain
1375 cnt™. The intensity increase of this band can be attributed 1A affects conformational changes as well as binding affinities

to the direct interaction of hypericin with N3H position of in domain I11A because the binding subdomains share a common
Trp since a similar change was observed in the study of the jnterface3® Thus from this analysis we can conclude that the
(35) Suwaiyan, A.; Zwarich, RSpectrochim. Acta, Part A986,42, observed changes of the Tyr vibrations are caused by the
1017-1020. ) structural changes of the IHAIIIA interface of the HSA.
(36) Miura, T.; Takeuchi, H.; Harada, J. Raman Spectros&989,20,
667—671. .
(87) Harada, 1.; Miura, T.; Takeuchi, Fspectrochim. Actd 986,42, Conclusions
307-312. . . -
(38) He, X. M.; Carter, D. CNature 1992,358 209-215. Precise knowledge about location and structure of binding
(39) Siamwiza M. N.; Lord, R. C.; Chen, M. Giochemistryl975,14, sites on HSA and the binding affinity of different ligands and
4870-4876.

(40) Harada, 1.: Takeuchi, Fspectroscopy of biological systenark drugs to these binding sites are useful for understanding and

R.J. H., Hester, R. E., Eds.; John Wiley & Sons Ltd: New York, 1986; pp prediction of the liganetdrug displacement interaction and
113-175. should provide a basis for modifications of the drug to carry
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therapeutic and diagnostic agents. The principal binding regionshydrogen bound between the carbonyl group of hypericin and
on HSA are located in hydrophobic cavities in subdomains Il the N1—-H position of Trp located in the IIA subdomain of the

A and Il A of the protein. The binding cavity in [ll Aisthe  HSA structure. Thus our interpretation is not in a direct
most active on HSA, and many ligands were found to bind agreement with the result found by Falk etlwho have found
preferentially there (digitoxin, ibuprofen, AZT). Aspirin shows  that hypericin binds the IlIA subdomain of albumin. In fact in
nearly equally distribution between binding sites located in Il our resonance Raman study we have observed some spectral
A and Ill A domains. Warfarin is known to occupy a single  changes associated with Tyr molecule (Tyr 411 is very important
site in Il A3 Trp 214, conserved in mammalian albumin, plays  for the I11A binding affinity3?), but these changes are attributed
an important structural role in the formation of the Il A binding g global conformational changes of the Tyr molecules as a

site by limiting the solvent accessibility, and it participates in consequence of the Trhypericin interaction.
an additional hydrophobic packing interaction between Il A and

Il A interface. Changes in absorption, fluorescence, and
vibrational spectra of lonely Trp molecule in HSA are often
used for the study of ligandHSA interactions in Il A
subdomain of the proteitb.1”

The HSA structure contains only one Trp molecule located
in the IIA subdomain of the HSA. With 222 nm excitation
which enhanced Trp vibrations we can see clearly that the
hypericin interacts with NxH position of Trp and so it is

Our SERS spectra of the hypericin and the HS#pericin located in the 1A s_ubdomgin of HSA. 'I_'his interaction provokes
complex indicate a strong interaction between the complex & change of the side-chain conformation of Trp, change of the
components. This interaction is presented by a strong intensity"ydrophobicity of the Trp environment, and influence of global
decrease of the hypericin SERS spectrum when interacting with conformation of the HSA molecule. These changes influence
the albumin (Figure 3). According to the electromagnetic model th_e selected V|brat|on_s of tyrosine molecules. The dlsagreement
of SERS, this intensity decrease may be due to the long distance/ith the results obtained by Falk et al. could be explained by
at which the drug is placed in relation to the colloid surface. the fact that the binding activity of the subdomain IIA affects
This fact indicates that hypericin is placed in the inner part of conformational changes as well as binding affinities in domain
the complex as a consequence of the H®#pericin complex [IIA because the binding subdomains share a common inter-
formation. Moreover, the detailed study of the hypericin SERS face®
spectra profile and its comparison with the protonated hypericin ~ Thus we can conclude that the hydrophobic interaction of
(Figure 3) indicate the interaction of the carbonyl group of hypericin with IIA subdomain of HSA leads to the formation
hypericin with a hydrogen donor of albumin, leading to a of the H-binding of carbonyl group of hypericin with the NH

protonated-like carbonyl in the drug. position of Trp and can create structural changes of the-11A
The resonance Raman study of the complex indicates that)|a interface of HSA.

such type of interaction mainly leads to (Figure 5) (i) the change
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From these results we can conclude that the hydrophobic
interaction of hypericin with HSA leads to the formation of JA974233A



