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Optical spectroscopy methods are widely used in studies of drugs. The affinity of camptothecins — anticancer
agents — to human serum albumin (HSA) was determined in this work. Camptothecins (CPTs) exist in two forms:
active lactone and open ring inactive carboxylate. In blood, the hydrolysis process of lactone form occurs which
leads to deactivation of CPTs. Research is being done on biophysical properties of synthesized CPT compounds, in
particular on binding to albumin. The affinity to plasma proteins is an important determinant of stability of CPTs
in blood. The following analogues of CPT were tested in this paper: irinotecan, SN-38, topotecan, and 9-amino
camptothecin. Using the method of fluorescence anisotropy measurement, the association constants of the studied
compounds to HSA were determined. The authors attempted to determine the deactivation rate of topotecan
in HSA solution using Principal Component Analysis and Factor Analysis of absorption spectra recorded during

hydrolysis process of lactone form.
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1. Introduction

The methods of optical spectroscopy are useful tools
in specifying biophysical properties of fluorescent com-
pounds used in therapy. The analysis of shapes of absorp-
tion and fluorescence spectra and fluorescence anisotropy
measurements of fluorophores both free and bound to
proteins provide useful information about the binding
and allow to determine quantitatively the degree of bind-
ing drugs to albumin [1]. The affinity of camptothecins
to human serum albumin was determined in this work.
Camptothecins (CPTs) are derivatives of a plant alkaloid
which exhibit strong anticancer properties. CPT was iso-
lated in the 1960s from a tree Camptotheca acuminate
[2]. Interest in camptothecin increased in the 1980s and
90s, after the discovery of its mechanism of action based
on inhibition of nuclear enzyme topoisomerase I which is
involved in DNA replication [3]. This interest resulted in
the synthesis of many analogues, two of which were in-
troduced as a medicine in anticancer therapy (topotecan,
irinotecan), while some other are at the stage of clinical
trials [4]. Camptothecins exist in two forms: lactone,
stable at pH<5.5, and open ring carboxylate, stable at
pH>9 (Table I). Only the lactone form is active with re-
spect to inhibition of topoisomerase I. In blood and fluids
at physiological pH, the a-hydroxy J-lactone ring moiety
hydrolyzes which leads to deactivation of CPTs [5]. The
process of deactivation is accelerated in a solution con-
taining albumin. It is caused by irreversible binding of
carboxylate form to this protein and leads to rapid loss
of anticancer properties of camptothecins. On the other

*corresponding author; e-mail: blanka@cm.umk.pl

hand, lactone form molecules of CPTs bound to mem-
branes do not hydrolyze [6-8]. Taking into account these
two points one can conclude that the best stability in
blood have these analogues of CPT which exhibit high
affinity of lactone form to cell membranes and low affin-
ity of carboxylate form to human serum albumin. The
aim of this study was to determine the affinity for albu-
min of the following camptothecin analogues: irinotecan
(CPT-11), SN-38, topotecan (TPT), and 9-amino camp-
tothecin (9-amino-CPT). Chemical structures of these
compounds are presented in Table I. The 7-ethyl-10-
hydroxycamptothecin (SN-38) is the active component
of irinotecan.

The analysis of changes in the shapes of fluorescence
and absorption spectra recorded during lactone ring
opening allows to study the rate of hydrolysis. This
approach is based on the differences in shapes of fluo-
rescence or absorption spectra of the lactone and car-
boxylate forms of CPTs. Because of conversion of the
lactone form into the carboxylate during the hydrolysis
process, both fluorescence and absorption spectra evolve
[9]- The set of evolving fluorescence/absorption spectra is
analyzed using two methods of multivariate analysis, i.e.
principal component analysis (PCA) and factor analysis
(FA) [10, 11]. This paper presents the results of appli-
cation of PCA and FA to sets of absorption spectra of
camptothecin and topotecan recorded during hydrolysis
in PBS and HSA solution.

The method of steady-state fluorescence anisotropy
measurement enables to determine the quantitative mea-
sure of drug affinity to albumin, i.e. the association con-
stant. The base for application of this method is that
for a small, fast rotating fluorophore (e.g. free CPTs
molecule), steady-state anisotropy is small, close to zero.
In turn for a big, slow rotating fluorophore or a molecule

(A-61)


http://dx.doi.org/10.12693/APhysPolA.125.A-61
mailto:blanka@cm.umk.pl

A-62
TABLE I

Chemical structure of lactone and carboxylate forms of
the studied camptothecins.
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of fluorophore small but bound to a big molecule of pro-
tein (e.g. CPTs molecule bound to albumin), the steady-
state anisotropy reaches large value, close to the limiting
anisotropy [1, 7, 12, 13]. The following chapters present
the results of application of these methods to tested com-
pounds. The values of association constants calculated
for the studied compounds are compared with results ob-
tained by the ultrafiltration method.
2. Experimental

2.1. Chemicals

Samples of camptothecin (CPT) were obtained from
the laboratory of biotechnology, College of Pharmacy,
University of Kentucky (Lexington, USA), and 7-ethyl-
10-hydroxycamptothecin (SN-38) from Tigen Pharma-
ceuticals Inc. (USA). Samples of topotecan (TPT) and
irinotecan (CPT-11) were purchased from Sigma-Aldrich
(St. Luis, USA) and those of 9-aminocamptothecin (9-
amino-CPT) from Santa Cruz Biotechnology, Inc. (Dal-
las, USA). To prepare 2 mM stock lactone solutions, each
camptothecin sample was disolved in dimethylsulfoxide
(DMSO). 1 mM stock solutions of the carboxylate forms
were obtained by dilution of stock lactone solutions in
phosphate buffered saline (PBS) at pH 10 in volume ra-
tio of 1:1. Human serum albumin (97%) was purchased
from Sigma-Aldrich (St. Luis, USA). The desired con-
centrations of HSA were obtained by adding the stock
HSA solution to PBS. The pH and temperature of these
solutions were maintained at 7.4 and 37°C, respectively.
In case of 9-amino-CPT for fluorescence measurements,
the pH of solution was maintained at 3. For recordings of
absorption spectra, the concentration of drug and HSA
was 20 uM and 40 puM, respectively. For fluorescence
anisotropy measurements, the concentration of camp-
tothecins in the final samples was 2 pM. The desired
concentration was obtained by adding the stock drug so-
lutions to HSA solutions at varying concentration.

2.2 Principles of PCA and FA method

To determine the rate of camptothecins deactivation,
the method of absorption spectra analysis was used. Con-
version of the lactone to the carboxylate during hydrol-
ysis caused changes in their absorption spectra. The set
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of absorption spectra recorded during opening of the lac-
tone ring of CPT can be arranged as a data matrix X and
analyzed using principal component analysis (PCA) [10].
The data matrix can always be written as a product of
two other matrices X = CB, where C can be inter-
preted as a matrix of coefficients needed to reconstruct
X from rows of B. Each row of B is termed a com-
ponent (or a factor). PCA method allows to determine
how many principal components (factors) are needed to
reconstruct the data matrix X . There are many numeri-
cal criteria helpful in proper determination of the number
of principal components. One of them is the inverse con-
dition number (ICN) which compares the importance of
given principal component with the importance of the
first principal component. If the PCA method proves
that only two principal components (factors) exist, they
can be identified as the spectra of pure lactone and pure
carboxylate forms of CPTs recorded just after introduc-
tion of the drug into solution. In such case, the factor
analysis (FA) method allows to determine the contribu-
tion of each factor in each resultant spectrum [11]. The
time dependence of the contributions obtained from the
series of absorption spectra determines the deactivation
rate of CPTs. The principles of PCA and FA methods
implemented in MATLAB v.7.1.0.246 (The Math Works,
Natick, MA, USA) for camptothecin studies were de-
scribed previously [14].

2.3 Principle of fluorescence anisotropy method

The overall association constant is defined using for-
mula K = F,/(FfL), where Fy and F; are the frac-
tions of ligands free and bound to albumin, and L repre-
sents the total concentration of HSA [7, 12, 13]. Because
Fy + Fy = 1, one can obtain

1/F,=1+1/KL.

The inverse of the fraction of bound ligands is a linear
function of the inverse of HSA concentration. The Fj
fraction can be determined for all examined concentra-
tion L by fluorescence anisotropy measurements. The
procedure was described previously [12]. Finally, by re-
gression 1/F, on 1/L, the association constant can be
calculated.

2.4 Instrumentation

A PTI (Photon Technology International, Birming-
ham, NJ, USA) spectrofluorometer modified by the au-
thors was used for the measurement of steady-state flu-
orescence anisotropy. Measurements of anisotropy were
performed with the instrumentation in the “L-format” us-
ing excitation at 380 nm for all compounds, short-pass
filter SPF 400 on the excitation channel and long-pass fil-
ters LPF 430 (for CPT, CPT-11, 9-aminoCPT) or LPF
490 (for TPT, SN-38) on the emission channel. The ab-
sorption spectra of camptothecin and topotecan were col-
lected with a spectrophotometer Jasco V-550. The time
needed for recording a single absorption spectrum was
about 50 s. The spectra of the pure lactone and car-
boxylate forms were recorded immediately after mixing
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an adequate volume of the stock drugs solutions in PBS
and HSA. For hydrolysis rate measurements, the single
absorption spectrum sweeps were repeated every 3 min-
utes during the hydrolysis process. The temperature of
the sample was kept constant using the ultrathermostat
TW2.03 (ELMI). In the ultrafiltration method, the Cet-
rifree UF Device (Merck Millipore, Billerica, MA USA)
was used to separate free drug molecules in the albumin
solution from the bound ones. The concentration of free
molecules was determined by absorption measurements.

3. Results and discussion

3.1 Hydrolysis rate determination

Figure 1A presents absorption spectra of the lactone
and carboxylate forms of camptothecin recorded in PBS
buffer at pH 7.4. As one can see, the shapes of the spectra
differ. During the hydrolysis process, the shape of lac-
tone form spectrum changes over time and approaches
the shape of the carboxylate form (Fig. 1B). The ob-
served changes are the result of the conversion of the
lactone form into the carboxylate one.
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Fig. 1. (A) Absorption spectra of lactone and carboxy-
late form of CPT diluted in PBS buffer. (B) Fragments
of selected absorption spectra recorded during hydrol-
ysis of CPT lactone in PBS. The top spectrum is of
the pure lactone form, and the subsequent spectra were
recorded 30, 60, and 180 min after sample preparation.
The bottom spectrum is of the pure carboxylate form.
Drug concentration was 20 pM.

TABLE II

Values of ICN parameters calculated for the first five PCs,
obtained for a set of absorption spectra of CPT and TPT
detected in PBS and HSA solution.

PCs ICN x 1073
CPT TPT

in PBS in HSA in PBS in HSA
1 1000 1000 1000 1000
2 2.14 3.6 0.6 0.8
3 0.0122 0.6 0.106 0.45
4 0.0047 0.2 0.00105 0.0016
5 0.0017 0.04 0.00059 0.00106
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The Principal Component Analysis of the set of the ab-
sorption spectra recorded during hydrolysis showed that
only two principal components (factors) exist. The ICN
numbers are collected in Table II. It is seen that the first
two PCs are much more informative when compared to
the third and subsequent ones. The set of absorption
spectra was analyzed using FA, with the spectra of pure
lactone and pure carboxylate forms as the factors. The
obtained curve describing the rate of deactivation process
is shown in Fig. 2.
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Fig. 2. Hydrolysis of lactones over time obtained by
FA of series of absorption spectra of CPT in PBS and
HSA.

The analogous studies were carried out for camp-
tothecin diluted in albumin solution. The Principal Com-
ponent Analysis has revealed existence of two PCs and
they were identified as the spectra of pure lactone and
pure carboxylate forms of CPT recorded in HSA solu-
tion. The result of factor analysis is shown in Fig. 2. It
is seen that about two hours after adding camptothecin
into PBS or HSA solution, equilibrium is achieved and
concentration of lactone form equals about 15% and 0%
for PBS and HSA solution, respectively. The total de-
cay of lactone form in albumin solution is caused by high
affinity of carboxylate form of CPT to HSA. The lactone
form, which exhibits low affinity for albumin, hydrolyzes
and the carboxylate form binds immediately and irre-
versibly to albumin. Two kinds of fluorophores exist in
the solution — free molecules of lactone form and bound
molecules of carboxylate form.

Fig. 3 presents absorption spectra of topotecan
recorded in PBS (A and B) and in HSA solution (C and
D). It can be seen that both in PBS and albumin solu-
tion there are differences between the shapes of lactone
and carboxylate form spectrum. Furthermore, the shapes
of subsequent spectra recorded during hydrolysis process
evolve. ICN values obtained from the Principal Compo-
nent Analysis of the sets of absorption spectra (Table II)
indicate that three PCs exist, both in PBS and HSA.
The first three PCs are much more informative when
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Fig. 3. (A,C) Absorption spectra of lactone and car-
boxylate form of TPT diluted in (A) PBS and in HSA
(C). (B,D) Fragments of selected absorption spectra
recorded during hydrolysis of CPT lactone in (B) PBS
and in (D) HSA. The bottom spectra on panels B and D
are of the pure lactone form, and the subsequent spec-
tra were recorded 15, 90, 180, and 300 min after sample
preparation. The top spectra are of the pure carboxy-
late form. Drug concentration was 20 pM.

compared to the fourth and subsequent ones. Because
the shapes of all three factors are unknown, the factor
analysis can not be applied and the deactivation curve
can not be determined.

3.2 Studies of CPTs binding with albumin

For quantitative determination of the studied drugs’
affinity to albumin, the steady-state fluorescence
anisotropy over HSA concentration was measured. The
results obtained for carboxylate and lactone forms of
CPT, TPT, CPT-11, and SN-38 are shown in the Fig. 4
panels A and B. Using method described in [12], the
double-reciprocal plots were drawn (C and D) and the
association constants of drugs binding to albumin were
calculated (Table IIT). The fluorescence anisotropy of 9-
amino-CPT was measured at pH 3 because of low fluores-
cence of this compound at pH 7.4 [15]. Unfortunately, the
addition of albumin causes a further fluorescence quench-
ing which makes determination of affinity constant of 9-
amino-CPT by the anisotropy measurements impossible.

The highest binding to albumin among the studied
analogues is demonstrated by carboxylate form of CPT.
The difference between the affinity of lactone and car-
boxylate form of CPT for albumin is so big that it is
impossible to determine the affinity constant of CPT lac-
tone to HSA using fluorescence anisotropy method. SN-
38 binds to albumin to a moderate degree. Its associa-
tion constant is large in comparison to TPT and CPT-11.
However, carboxylate form of SN-38 binds HSA weaker
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Fig. 4. (A,B) Fluorescence anisotropy depending on

HSA concentration. Comparison of data obtained for
(A) carboxylate and (B) lactone forms of CPT, TPT,
CPT-11, and SN-38. Drug concentrations were 2 yuM.
(C,D) Double-reciprocal plots for the binding of (C) car-
boxylate forms of CPT, TPT, CPT-11, and SN-38; and
(D) lactone forms of TPT, CPT-11 and SN-38 to HSA.

TABLE III

Summary of the association constants of camptothecins
(lactone and carboxylate forms) to human serum albumin
determined by fluorescence anisotropy method.

K [M™
lactone carboxylate
CPT — 290000 + 40000
TPT 3000 = 600 4100 + 700
CPT-11 2700 £ 450 2300 £ 550
SN-38 80000 £ 12000 37000 £ 7000

than its lactone form. Its affinity constant is two times
smaller. The difference between binding to albumin of
lactone and carboxylate forms of TPT and CPT-11 is
slight. Ome can notice a big difference between prop-
erties of CPT-11 and its metabolite SN-38. The asso-
ciation constants of TPT and CPT-11, summarized in
Table III, are comparable with those obtained by ultrafil-
tration method, i.e. 3700 M—! for TPT and 2500 M~! for
CPT-11. The value of binding constant determined for 9-
amino-CPT by ultrafiltration method equals 1100 M1,
indicating that this analogue associates weakly with al-
bumin.

4. Conclusions

PCA and FA analysis of set of absorption spectra
recorded during CPT hydrolysis is a method competi-
tive to the High Performance Liquid Chromatography
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(HPLC) widely used in studies of camptothecins [9].
Limitation of the presented method is the required knowl-
edge of the shape of spectra of all the factors. Difficulty
in determining all three factors in the case of TPT pre-
clude the use of the FA method to calculate the kinetics
of hydrolysis in PBS and HSA solutions.

The fluorescence anisotropy method allows to deter-
mine the affinity of fluorescent camptothecin derivatives
to albumin. Presented results confirm that the CPT car-
boxylate exhibits high affinity to HSA which leads to the
total hydrolysis of the lactone form in albumin solution.
The poor affinity of carboxylate forms of TPT, CPT-
11,and 9-amino-CPT to albumin and weaker affinity of
SN-38 carboxylate than SN-38 lactone are desirable fea-
tures which improve stability of the studied compounds
in blood.

References

[1] J.R. Lakowicz, Principles of Fluorescence Spec-
troscopy, Kluwer Academic/Plenum Publishers, New
York 1999.

[2] M.E. Wall, M.C. Wani, C.E. Cook, K.H. Palmer,
A.T. McPhail, G.A. Sim, J. Am. Chem. Soc. 88,
3888 (1966).

[3] B.L. Staker, K. Hjerrild, M.D. Feese, C.A. Behnke,
A.B. Burgin, L. Steward, PNAS 99, 15387 (2002).

[4 Q-Y. L, Y.-G. Zu, R.Z Shi, L-P. Yao,
Curr. Med. Chem. 13, 2021 (2006).

[5]
[6]
[7]

[8]

[9]
[10]
[11]
[12]
[13]
[14]

[15]

A-65

K.W. Kohn, Y. Pommier, Ann. N. Y. Acad. Sci. 922,
11 (2000).

Z. Mi, H. Malak, T.G. Burke, Biochem. 34, 13722
(1995).

D. Bom, D.P. Curran, J. Zhang, S.G. Zimmer,
R. Bevins, S. Kruszewski, J.N. Howe, A. Bingcang,
L.J. Latus, T.G. Burke, J. Control. Release T4, 325
(2001).

N. Sgrbotten, S. Kruszewski, Folia Medica Coperni-
cana 1, (1)23 (2013).

B. Ziomkowska, S. Kruszewski, R.
M. Cyrankiewicz, Opt. Appl. 36, 137 (2006).

I.T. Jollifee, Principal Component Analysis, Springer
Verlag, New York 1986.

E.R. Malinowski, Factor Analysis in Chemistry, 2
ed., Wiley, New York 1991.

B. Ziomkowska, S. Kruszewski, M. Cyrankiewicz,
Comb. Chem. High Thr. Screen. 10, 486 (2007).

S. Kruszewski, D.M. Kruszewska, Acta Phys. Pol. A
118, 99 (2010).

S. Kruszewski, R. Siuda, B. Ziomkowska,
M. Cyrankiewicz, Opt. Appl. 33, 370 (2003).

T.G. Burke, A.K. Mishra, M.C. Wani, M.E. Wall,
Biochemistry 32, 5352 (1993).

Siuda,


http://dx.doi.org/10.1021/ja00968a057
http://dx.doi.org/10.1021/ja00968a057
http://dx.doi.org/10.1073/pnas.242259599
http://dx.doi.org/10.2174/092986706777585004
http://dx.doi.org/10.1111/j.1749-6632.2000.tb07021.x
http://dx.doi.org/10.1111/j.1749-6632.2000.tb07021.x
http://dx.doi.org/10.1021/bi00042a002
http://dx.doi.org/10.1021/bi00042a002
http://dx.doi.org/10.1016/S0168-3659(01)00343-1
http://dx.doi.org/10.1016/S0168-3659(01)00343-1
http://dx.doi.org/10.1002/cem.1180050607
http://dx.doi.org/10.2174/138620707781996420
http://dx.doi.org/10.1021/bi00071a010

