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The application of fluorescence anisotropy measeangsnin determining the properties of camptothecin
analogue 7-trimethylsilylethyl-10-amino-camptotimeeia promising anticancer agent — is described in
this paper. The fluorescence anisotropy measurenm@notide useful information about binding of
camptothecins to membranes and proteins, inclubdingan serum albumin (HSA). Knowledge of
these properties is important for potential clihiapplications of these agents, and permits tockele
from camptothecin analogues only those which ekliesirable properties. An active lactone form of
camptothecin in fluids at pH 7.4 hydrolyses andveots into an inactive carboxylate form. The car-
boxylate form of camptothecin binds easily andviersibly to HSA. Only free carboxylate form can
transform back into lactone, then in the preseridéSA one direction transition occurs (from lactone
to carboxylate); therefore in HSA solution, aftboat two hours, the lactone form almost totaly gileca
On the other hand, the camptothecins bound to nmaerabrdo not hydrolyse. Fluorescence anisotropy
measurements prove that 7-trimethylsilylethyl-10revcamptothecin exhibits desirable properties:
high affinity of its lactone form to membranes dod affinity of its carboxylate form to HSA. Such
properties should ensure high stability of thisgdruphysiological fluids, including blood.
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1. Introduction

Camptothecin (CPT) — an alkaloid isolated from the ChineseCaagtotheca acu-

minata — exhibits very high anticancer activity [1]. CPT is a fluorescempound
and this is a very useful property. Using methods of fluorescence spepiyp®sne
can determine or predict the biophysical properties of this promisingarord. CPT
can exist in two forms: lactone (stable at pH < 5.5) and carboxgiatele at pH > 9).
Chemical structures of both forms of camptothecin are presenkgd.ita. Only lac-
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tone form is biologically active. The cellular target of the d®Topoisomerase |,
a nuclear enzyme responsible for DNA replication. CPT intemadyswith those cells
which are in the S-phase. CPT molecules bind to topoisomerase | -c@iNglex and
prevent the replication process [2, 3]. This means that CPT isttottie cells that are
undergoing DNA synthesis. Cancerous cells are rapidly replicating andspieey
more time in the S-phase in relation to healthy tissues, and thetbfy are killed
with much higher efficiency than the healthy host tissues. Suchigijeof cytotox-
icity is a promising property of CPT. Due to the S-phase speciifitgPT, a con-
tinuous exposure to this drug must be maintained in order to achieve optiratan
peutic efficacy. Unfortunately, there is some difficulty in fulfifi this requirement.
Under physiological conditions (pH = 7.4) CPT hydrolyses and converts to tige “ri
opened” inactive carboxylate form [3]. After about 2 hours an equilibricexchgeved
and both forms coexist. The concentration of the lactone form in thebemunii is
much smaller than the carboxylate form and depends on the environmenhicto w
the CPT is introduced. It is about 15%, 5% and 0.2% for PBS (phosphate buffer
saline), whole blood and blood plasma, respectij@&lyThe low concentration of the
lactone form under physiological conditions sergligits the possibility of CPT ap-
plication in cancer chemotherapy. The presence3¥ Has a critical influence on the
activity of camptothecin. 2 hours after introducicgmptothecin to HSA solution, it
loses totally its anticancer activity. An effectialhdestabilizes camptothecin in blood is
the high affinity of its carboxylate form to HSAa@ptothecin carboxylate molecules
bound to HSA do not convert into the lactone fotrhis leads to rapid decay of the
active lactone form in blood [5]. However, a conmgeffect exists which improves the
stability of camptothecin: CPT molecules bound &rmbranes do not hydrolyse [6].

a) b)
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7-TMSIE-10-A-CPT Lactone
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Fig. 1. Structures of the lactone and carboxytate$ of camptothecing)and structure of the lactone form of
7-TMSIE-10-A-CPT b).
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Much effort has been undertaken in order to discover analogues of cariptothe
which exhibit improved blood stability. Such new compounds should retain anticancer
properties and exhibit high affinity of the lactoioems to membranes and low affinity
of the carboxylate forms to HSA. It is well knowmat among many new analogues,
some of them, silatecans: DB-67 (7-tert-butyldingtstityl-10-hydroxy-campthothecin)
[5, 7-9] and DB-174 (7-trimethylsilylethyl-10-hydep-camptothecin) [10], exhibit high
affinity of lactone form to membranes and smalirgtlj of its carboxylate form to HSA.
Such properties ensure that the lactone form of this agent exhibitstaiglty in
blood and therefore it seems to be the most promising camptothecin anatabae
excellent candidate for furthén vivo pharmacological studies, and most probably for
clinical trials in cancer chemotherapy. 7-trimefiilylethyl-10-amino-camptothecin
(7-TMSIE-10-A-CPT) is also a silatecan. Figutedresents the chemical formulae of
this agent. It was obtained by camptothecin modification — at position fAytinegen
was replaced by a group —gEH, Si(CHs); and at position 10, by an amino-group.
Properties of this compound, like these of DB-67 and DB-174, seem ted&eary
promising. Results of the studies of the behavior of this new agent prékence of
model membranes — liposomes and in HSA solutions are presented ixttipamef
this paper.

2. Materials and methods

2.1. Materials

The samples of camptothecin and 7-trimethylsilylethyl-10-amino-campiotiesre
obtained from the laboratory of biotechnology, €g# of Pharmacy, University of
Kentucky, Lexington, USA. 2 mM stock solutions ahaptothecin and 7-trimethylsilyl-
ethyl-10-amino-camptothecin were prepared in DMSinéthylsulfoxide GHsOS).
Such stock solution contains only a pure lactone form. 1 mM stock carbosglate
tion was obtained by diluting a stock lactone solution in PBS at pH 12/atuene
ratio 1:1. The PBS was adjusted to the desired value of pH usinbcgmaatities of
0.1 M KOH or HCI.

As model membranes, small unilamelar liposomes éartoy DMPC (1,2 dimy-
ristoyl-sn-glycero-3-phosphatidylcholine) lipids meeused. DMPC was purchased
from Avanti Polar Lipids (Alabaster, AL, USA). Themall unilamelar liposomes
were prepared in the following way. Stock lipid gessions in a phosphate buffered
saline at pH = 7.4 and temperature 37 were prepared by Vortex mixing for
5-10 minutes and then sonicated using a bath donifidltrasonic Cleaner SONIC-
5, POLSONIC, Poland) for a few hours until opticédrity was obtained. The de-
sired concentration of lipids was obtained by addime stock lipid suspensions to
PBS at pH 7.4.

Human serum albumin (95-97%) was purchased frorm&igldrich (USA—Po-
land). The solutions of HSA were prepared in PBS. The pH of thes@osslutas
kept at 7.4 and their temperature atG7
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For fluorescence spectra recording and fluorescence anisotropy mearstgtethre
concentration of 7-trimethylsilylethyl-10-amino-camptothecin in final @am was
equal to 2uM. The desirable concentration was obtained by adding the stock solutions
of 7-TMSIE-10-A-CPT to PBS at pH 7.4 or to DMPC liposomes suspensibns
pH 7.4, or to HSA solutions also at pH 7.4.

2.2.Method of anisotropy measurement

Fluorescence light from a solution is always depolarized [11]. karacterization of
a depolarization degree of fluorescence light, the fluorescencerapisotefined as
_ Iy —Gly
1, +2Gl,
the vertically and horizontally polarized emission, when the sampbecited by ver-

S

tically polarized light.G =—- is the ratio of the sensitivities of the detection system

[11] is most often usedy andly are the fluorescence intensities of

for vertically and horizontally polarized light. On the basis of flueease anisotropy
measurements depending on the concentration of lipids forming the model mem-
branes, the association (binding) constants of drugs to the membranedetesre
mined. The association constant is determined by the formulae [12]

k=ls - Fs (1)
AL FelL

whereAr represents the concentration of a free dAggs the concentration of a drug
bound to the membranes andepresents the total concentration of lipids forming the
membranesFr = A:/A is the fraction of a free drudss = Ag/A is the fraction of

a bound drug and = Ar + Ag represents the total concentration of a drug (the same
for all samples).

The association constalitis a quantitative measure of the affinity of a drug to the
membranes. The procedure of determining the association constant basiheof
fluorescence anisotropy measurements was described in detail ilousrepapers
[8, 10].

2.3. Instrumentation

A PTI (Photon Technology International, Birmingham, NJ, USA) spectrofludesme
was used for recording steady-state emission fluorescence spedtfar measuring
steady-state fluorescence anisotropy. To obtain the fluorescenceaspfettT MSIE-
10-A-CPT, the light at 395 nm was used for excitation. Measuremefit®#scence
anisotropy for 7-TMSIE-10-A-CPT were performed with the instrumientthe
“L-format” using excitation at 395 nm and 435 nm long-pass filters oreittiesion
channel. Using the long-pass filter on the emission channel ensuresptration of
fluorescence from scattering light. The temperature of the sangsdekept constant
(37 °C) using an ultrathermostat TW2.03 (ELMI).
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3. Results and discussion

Figure 2 presents the steady-state fluorescence spectra of 7-TMSIE-BRU-Ax@ for
comparison, the spectra of CPT diluted in PBS and in the suspensiposanhes
formed from DMPC lipids. The concentration of DMPC lipids used forpttepara-
tion of liposomes was 1.5 mM. The spectra presented in Fig. 2 arélynnescence
spectra — the contribution of scattering light was removed by subtracfiths scat-
tering spectrum of PBS and liposomes from the recorded fluoresqesuteusn of the
drug (CPT and 7-TMSIE-10-A-CPT). The emission fluorescence speatftra
7-TMSIE-10-A-CPT diluted in PBS, as it is shown in Fig, 2xhibit maximum
at 526 nm for both forms, while for 7-TMSIE-10-A-CPT diluted in thgysusion of
DMPC liposomes the increase fluorescence intensity, and shiftingdosterter
wavelength (maximum at 503 nm) are observed. The change in the fluos=spene
trum of 7-TMSIE-10-A-CPT after introducing it into DMPC liposomesgension
may prove the strong binding of this agent to liposomes. Fidupresents analogical
spectra of lactone and carboxylate forms of CPT diluted in PB®falagtone form
of CPT diluted in 1.5 mM of DMPC liposomes suspension. It shows diffesendhe
fluorescence spectra of lactone and carboxylate forms of CP$e Hifferences were
analysed in previous papers [13, 14]. It is necessary to notice thatrgottra
7-TMSIE-10-A-CPT, the difference in the fluorescence spectrunacidome form of
CPT diluted in PBS and 1.5 mM of DMPC liposomes suspension is not obskrved.
proves that contrary to 7-TMSIE-10-A-CPT, the CPT lactone exhibits lgiading to
liposomes. The authors of paper [12] observed 16 nm shifting of the fluorescenc
spectrum of CPT after introducing it into liposomes suspension, but thdyvasg
high concentrated liposomes (290 mM).
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Fig. 2. Steady-state fluorescence spectra of 7-TMSIE-10-R{&&one and carboxylate forms diluted in
PBS and lactone form diluted in the suspension of DMPC lipos¢apefr comparison the analogical
spectra of CPTH). In both cases the concentration of liposomes was the (dainemM of DMPC lipids
was used while preparing liposomes suspension).
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For quantitative determination of 7-TMSIE-10-A-CPT binding to liposontes, t
fluorescence anisotropy as a function of lipids concentration was radafResults
of such measurements are presented in Fig. 3. This figure contairtbalesults of
analogical measurements performed earlier for: camptothecin {podmng with
membranes), SN-38 (medium binding with membranes) and DB-67 (strong binding
with membranes) [5, 7-9]. An extremely fast increase in anisotropy iméteasing
lipids concentration was observed for 7-TMSIE-10-A-CPT, as for DB5677-9].
This means that 7-TMSIE-10-A-CPT, like DB-67, bind very easily to membranes.
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Fig. 3. Steady-state fluorescence anisotropy oMBIE-10A-CPT, DB-67, SN-38 and CPT depending
on DMPC liposomes concentratiogi) @nd double-reciprocal plots for the binding of MISIE-10A-CPT,
DB-67, SN-38 and CPT to DMPC liposomé3. (

On the basis of experimentally determined anisotropy, using previouslylaescri
methods, the concentration of free and bound drugs in liposomes suspensia was d
termined and then the double-reciprocal plots were drawn. They are shévwgn J.

The slope of lines fitted to experimental values determinesttezse of association
constants (K). For studied here 7-TMSIE-10-A-CPT, the obtained valu& aé
equal to 5700 M. Such big value of the association constant of 7-TMSIE-10-A-CPT
confirms the earlier conclusion reached on the basis of changes iesfiance spec-
trum or high rate of increasing of anisotropy with increasing liposomesotnagion.
The obtained value of the association constant for 7-TMSIE-10-A-CRdnigpared
with the values of this parameter obtained eaftielCPT and studied CPT analogues
[5, 8, 10]. These parameters are listed in theetabtom the table it follows that
7-TMSIE-10-A-CPT, as DB-67 and DB-174, exhibit vdngh affinity to membranes.
Then, if the carboxylate form of 7-TMSIE-10-A-CPT displays low affinb HSA,
this new agent will become a good candidate for a stable anticancer drug.

Steady-state anisotropy measurements can alsoderogieful information about
the behaviour of lactone and carboxylate formsahptothecins in HSA solution.
From our previous results [8, 10, 15] it followsthactone and carboxylate forms of
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Table. Summary of the association constants of thgrins including 7-TMSIE-10-A-CPT to model
membranes (DMPC liposomes) determined using the fluoreseeismropy method.

Compound Kompec [M‘l] Reference
CPT 70+ 15 [8]
100 + 15 [5, 10]
SN-38 800 + 100 [8]
DB-67 4500 + 900 [5, 10]
6600 + 1000 [8]
DB-174 9000 + 1000 [10]

7-TMSIE-10-A-CPT 5700 = 800 -
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Fig. 4. Time evolution of steady-state fluorescemusotropy of the carboxylate forms of 7-TMSIEAGPT
and CPT §) and lactone forms of these agetsit 10uM HSA solutions.

camptothecins in HSA solution exhibit big differescin steady-state fluorescence
anisotropy. The time dependences of steady-stasetaopy for both forms of CPT
in HSA solution were determined. Results of suclasneements are presented in
Fig. 4. Figure 4 shows that the steady-state fluorescence anisotobpghe car-
boxylate form of CPT in HSA solution is high andedonot change over time. The
high value of the steady-state anisotropy proves the molecules of CPT car-
boxylate are bound to big HSA molecules. Figubeshows that the CPT lactone
just after the introduction into HSA solution exitéblow steady-state anisotropy
(0.013). This means that CPT lactone does not binbinds poorly to HSA. How-
ever, the anisotropy rises over time. This incrdaseaused by the hydrolysis proc-
ess. The free CPT lactone molecules convert intbasglate which immediately
binds to HSA. After about 2 hours, as it is shownFig. 4, the anisotropy ap-
proaches the value obtained for the pure carboxyt@m. This means that after this
period the lactone form is converted almost tot&dlynactive carboxylate. Figure 4
presents also the results of analogical measurefoe@t TMSIE-10-A-CPT. On the
basis of obtained results, one can conclude tHEBVI%E-10-A-CPT behave totally
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different in HSA solution. The anisotropy of botbarms of 7-TMSIE-10-A-CPT
is equal to about 0.07 and is practically independd the time. This means that
both forms of 7-TMSIE-10-A-CPT exhibit rather paaffinity to HSA, even poorer
than previously studied DB-67 and DB-174. Such ltespermit to conclude that
7-TMSIE-10-A-CPT will behave in a desirable way tood, and therefore this
agent can become a stable anticancer drug. It mawén more stable in blood than
previously studied DB-67 and DB-174.

4. Conclusions

Fluorescence anisotropy measurements show that 7-trimethylsilylétaiino-
camptothecin is one of the most promising camptothecin analogues. It £xtahjt
high affinity of the lactone form to membranes and poor affinity otéboxylate
form to HSA. It means that this agent can become an excedledidate for furthein

vivo pharmacological studies, and most probably for clinical trials mcerachemo-
therapy.
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