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Pharmacokinetics of Chitosan-Ethacridine Adduct in Rats
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The objective of this study is to investigate the pharmacokinetics of the chitosan-ethacridine adduct in white
rats. It was demonstrated that the kinetics of ethacridine release from adduct are significantly different from that
for intraperitoneally introduced ethacridine. When free ethacridine was introduced, 80 % of the administered
amount was detected in blood of rats in 30 min. This quantity decreased gradually until 20 h, when 1.25 % of the
administered amount was detected. Contrary, for chitosan-ethacridine adduct, the ethacridine content in the
blood slowly increased for 8 h and then decreased. Even after 72 h of the injection, 3% of the injected amount
of ethacridine was detected. The experiment demonstrates a significant delay in the release of ethacridine
from the chitosan-ethacridine adduct in the blood of treated rats. Thus, a possibility of using chitosan for
prolongation of action of the ethacridine as an antiseptic agent was shown.
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Mema uboeo docnidxeHHs1 - docnidumu chapmakokiHemuky adldykmy Ximo3aH-emakpuduH y 6inux wypis.
KiHemuka sueinbHeHHs1 emakpuOuHy 3 a00yKmy 8 cuposamui Kposi wypie cymmeso gidpi3Hsiniacs 8i0 makoi
KiHemuKu 8HympIilHbOYePe8UHHO 88e0eH020 8irlbHO20 emakpuduHy rnakmamy. Konu eeodusnu 8inbHUl
emakpuduH, 80 % esedeHoi Kiribkocmi 6yro 8usierieHo y Kpoei wypie yepe3 30 xa. LI KinbKicmb mocmyrnoeo
3meHuwysanacs 0o 20 200uHu, Konu 8oHa cmaHosurna 1.25 % eid esedeHoi Kinbkocmi. Konu egodursnu ximo3aH-
emakpuduHosuli ad0ykm, emicm emakpuOuHy 8 Kposi ujypie rnosinbHo 36inbwysascsi o 8-oi 200uHu. [icns
UbO20 8iH MOBINILHO 3MEHWY8asCs, xo4 Yepesd 72 200 ricns iH'ekyii ece we peecmpysascs Ha pieHi 3% eid
88e0eHOI Kinbkocmi. EkcriepumeHm 0eMoHCcmpye 3Ha4yHy 3ampuMKy 8USINIbHEHHSI emaKpuOUHY 3 KOMIIEKCY
Xximo3aH-emakpudOuH y Kposi 06pobrieHux wypie. Takum YuHoM, byra rnokasaHa MOX/U8iCMb 8UKOPUCMAaHHS
Xximo3aHy 0151 npo0o8xeHHs Oii emakpuOUHY SIK aHmucernmu4Ho20 3acoby.

KnrouoBi cnoBa: xiTo3aH, eTakpuavH, eTakpyaH-XiTO3aHOBUIA aaayKT, KiHETMKa BUBINbHEHHS

Chitosan is a linear polymer consisting of p-(1-4)
D-glucosamine monomers. Usually, chitosan is
isolated from chitin of hard shells of molluscss (shrimp,
crabs, and crayfish) [1]. Chitosan is not soluble at
alkaline conditions; however, it is soluble at weak
acid medium (pH 3-6), in particular, it can be easily
dissolved in 1% acetic acid. The dissolution rate and
viscosity of chitosan solution primarily depend upon
its molecular mass.

Chitosan is widely used in the medicine and food
industry. Its biological properties strongly depend on
the molecular structure, molecular mass, impurities,
and some other parameters. For example, chitosan-
based products are used for quick stop of bleeding and
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reducing blood loss (ex. commercial Celox). However,
only chitosan samples of high molecular weight and
high porosity are suitable for such application [2].

In both dissolved and undissolved states, chitosan
can absorb different compounds including medicinal
substances. Besides, chitosan can be chemically
modified by introducing active groups to which various
substances can be conjugated for their gradual release
in the body. When chitosan is chemically modified,
a change in the structure of the attached molecules
can take place, thus affecting their biological activity
[3]. Therefore, the formation of chitosan complexes
without chemical modification of the conjugated
biomolecules is desirable. Chitosan is used as a
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carrier for medicinal substances of various chemical
nature [4]. For example, chitosan was used as matrix
forming agent when combined with amiodarone.
In experiments were provided a prolonged release
of amiodarone when compared to an industrial
pharmaceutical product formulated as conventional
release tablets [5]. However, the pharmacokinetics of
most such complexes has not been studied thoroughly.

Here we used a synthetic drug ethacridine lactate
(see Fig. 1) applied in surgery as an antiseptic in the
treatment of venous leg ulcers [6], to prevent infections
in local antineoplastic y [7] in dermatology for
treatment patients vg olysis bullosa acquisita
[8] and veterinary [@P ctive against coccas,
especially streptococci [1 thacridine is also used
as an agent for second-trj abortion [11].

The drug is of low toxi uman body and does
not induce tissue irritation. is 70 mg/kg when
administered subcutaneousl

NH,

\ 6 . CHOHCOOH
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N

Aethacridini lactas

Fig.1. Structure of ethacridine lactate, mol. mas

The objective of this study is to investigate
pharmacokinetics of the chitosan-ethacridine ad
in white rats. Due to the presence of numerous amin
groups in the composition of chitosan, it can form
unstable complexes with anions, the dissociation of
which is slow. This makes it possible to prolong the
action of drugs that are in such a complex. Prolongation
makes it possible to avoid sharp fluctuations in the
concentration of the active substance and reduce
possible side effects. In addition, for substances with
antimicrobial activity, which is ethacridine lactate, the
creation of prolonged drugs reduces the chances of
appear resistant forms of microorganisms.

However, in the study of the pharmacokinetics of
chitosan complexes there are many difficulties, for
example, the difficulty of measuring low concentrations
of drugs in the serum. Therefore, there are not many
such studies. The advantage of ethacridine is the
strong fluorescence of this drug, which allows its
fluorometric measurement in serum even at low
concentrations. As shown earlier, it was found that the
limit of detection by induced fluorescence is 1.13 um,
while for the spectrophotometric method the limit is
29.6 um [13].

Experimental part

Chitosan sample and product purification. The
chitosan produced by “Tyanshi” company (China) was
isolated from shells of crabs and itisrecommended as a

food additive. The purchased product was additionally
purified from the fillers by its dissolving in 1% acetic
acid (1:20 of ratio) and subsequent precipitation with
0.1N NaOH. The resulting precipitate was washed
twice with distilled water, ethanol, acetone, and
diethyl ether, afterward it was dried on air at room
temperature. The product was grinded in the coffee-
grinder and sifted through a 0.5 mm sieve.

Determination of molecular mass and a degree of
deacetylation. In the obtained chitosan preparation,
the average molecular mass was defined by using the
viscosimetric method, as described [14]. The viscosity
was measured at 25 °C with a viscosimeter Ubbehold
of VPZh-4 type (VPZh-4, Soyuznauchpribor, USSR)
with 0.82 mm diameter of a capillary. The viscosity of
chitosan solutions was measured in a mixture of 0.1 M
acetic acid: 0.2 M NaCl (1:2).

The intrinsic viscosity (n) was used for defining
of molecular mass of chitosan. It was determined by
measuring the relative viscosities, of a series of solu-
tions of differing concentration. From these data the
specific viscosity was calculated. An intrinsic viscosity
was estimated by a fit of the Huggins equation (Eq. (1))
to reach the obtained results.

12— ]+ kinPe, (1)
where nsp/c is a reduced viscosity, in mLg™, n,, is the
relation between viscosity of the polymer in solution
and the solvent, dimensionless, c is the concentration
of the solution, in g mL™", and k is a constant valid for
@ polymer, dimensionless.

degree of deacetylation of the obtained chitosan
ation was determined by its titration according
llowing procedure: 50.0 mg of chitosan was
in 0.02 N HCI. A dissolution was slow with a
jrring for 2 - 4 h. The resulting solution was
.1N NaOH using phenolphthalein as an
. A degree of deacetylation (DD, Eq.2)
was calculated by using the formula:

x 100
i ’ (2)

ot X Vaorr

where m - mass
of alkali, Vaon - VOl
titration of chitosan

» Cyon - Molar concentration
j in ml that was used for

Preparation of chj ~etRacridine adduct. For
preparation of chitos ine adduct 100 mg
of chitosan were stirred with 4 mL of 1% NaHCO,
solution. In order to improve wetting of chitosan
powder, this mixture was stirred for 20 min in a hot
water bath at 60-70°C. The mixture was centrifuged,
the supernatant was removed, 4 mL of 2% aqueous
solution of ethacridine lactate were added (in
abundance). After 2 h of incubation in a test-tube,
ethacridin lactate that not connected with chitosan
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particles, was washed once with 10 mL of distilled
water, then several times with 10 mL of 6 % aqueous
NaCl solution until the supernatant was discolored,
and finally, with 10 mL of 90 % ethanol. The resulting
yellow powder of chitosan-ethacridine adduct was
dried in a drying cabinet at 55°C. The content of
ethacridine in the obtained complex was determined
spectrophotometrically according to calibration curve
by measuring the extinction of the solution in 1%
acetic acid at 364 nm.

Covalent attachment of ethacridine lactate to
chitosan.50 mgof shrim osan powder (d<0.1 mm)
was mixed with 2 aHCO, solution. Then
0.5mL of 10% N solution was added.
After 30 min mcubatlon ifosan out of NaJO, was
water washed. To the o chitosan was added
2 mL of 2% aqueous s f ethacridine lactate
and incubated for 60 mi conjugate was
then washed with 1M NaCl a . 5 mg of sodium
borohydride was added and aiter 3 min of incubation
they were washed with 90% ethanolacetone and
diethyl ether and air-dried.

Experimental animals. We usf
rats Wistar line weighing 210+ 17 g-at
They were randomly divided into four
rats each (one control and three €
Animals were housed in plastic cages individ
temperature- and light-controlled room.

Study of pharmacokinetics of the
ethacridine  complex. Animals were inje
intraperitoneally with 0.6 mL of 1% solution of chit
complex containing 10 % ethacridine lactate dissol
in 0.15 M acetate buffer solution, pH 6.5. In parallel
rats were injected intraperitoneally with 0.6 mL of 0.1%
solution of ethacridine lactate. In both experiments,
0.4-0.8 mL of blood in 1.0 mL of buffered saline that
contained 2% sodium citrate, protecting of hemolysis
was collected through the same time intervals -
30min,4 h,8h,20h,48h, 72 h, 96 h. The erythrocytes
were removed by centrifugation, the supernatant was
diluted to 2.0 ml, and the amount of ethacridine was
determined fluorimetrically on a Quantech Fluorimetr
UV-VIS model QNT fluorimeter (US, Thermo Fisher
Scientific) using NB 440 (excitation filter) and SC 535
(emission filter).

The content of ethacridine in the blood serum was
determined fluorimetrically according to calibration

four white
eriments.
of six
ntal)

curve by measuring the extinction of the well-known
and experimental ethacridine lactate solutions using
emission filter (SC 535).

Study of antifungal activity. The antifungal activity
was determined using a method of counting colony-
forming units (CSO). Pure chitosan, ethacridine lactate
and chitosan-ethacridine complex were used in 0.1,
0.05 and 0.025 mg/mL doses and were incubated
for 4 h with a suspension of yeast Candida albicans
cells (approx. 1 million). Then, yeast cells were
diluted 10,000 times, sown 200 uL on Petri dishes,
and after 24 h incubation, numbers of colonies were
counted. As a control (100 %), a quantity of colonies
in the untreated group was taken (without entering the
investigational drugs).

Statistical analysis. Each experiment was
performed in triplicate and average values were
recorded. The data were evaluated statistically using
Student’s t-test, and a value of p<0.05 was statistically
reliable.

Results and Discussion

Molecular mass and degree of deacetylation of
“Tyanshi” chitosan. Average molar weight, MW, at
certain chitosan viscosity was calculated based on the
intrinsic viscosity value utilizing the Mark-Houwink-
Sakurada equation (Eq. (3)) [14, 15].

[n] = KM, 3)

where K=1.81-10°dl-g" and a = 0.93 are constants
that depend on a solvent-polymer system [15].

From Eqg.4 we found value 1.97 m?kg for intrinsic
ity [] from the graph of dependence n =F(C).

(4)

specific

ng

of determination of the viscosity of
“Tyan osan for calculated of the molecular
mass are presented in Table 1.

“Tyanshi” Gitosan purified additionally from the
contaminati ances, according toaviscometrical
measureme an average molecular mass of =
250 kDa.

A degree o
preparation was

lation of studied chitosan

0
Table 1. Results of determination of the viscosity of “Tyanshi” chitosan for calcu(e molecular mass.

Concentration/ viscosity

3 3
of chitosan 0.25 kg/m 0.625 kg/m 1.25 k
N esative 1.51 2.38 4.25 8.18
N specitiy 0.51 1.38 3.25 7.18
N educed 2.04 2.21 2.6 2.87
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Characteristic of chitosan-ethacridine complex
(adduct). A developed chitosan-ethacridine complex
obtained as descripted in the “Experimental part”
section contained 10+ 1.0 % of ethacridine lactate per
dry powder mass (the chitosan: ethacridine molar ratio
was 1:77). This complex is soluble in 1% acetic acid
and in 0.1-1.0 M acetate buffer with a pH of 4.0 - 6.5.
At pH above 6.5, this chitosan preparation gets to be
insoluble. It is not possible to administer a very acidic
solution of chitosan to animal, because that can cause
necrosis at the injection site. Therefore, chitosan was
dissolved in 0.1 M acetj id and overnight dialyzed
against acetate bu .5, after which chitosan
dissolves complete

UV spectra were meaStred on a NanoDrop 1000
spectrophotometer 3.8.1@ The UV absorption

spectrum of chitosan, dine and chitosan-
ethacridine adduct are pre Fig. 2.
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Fig.2. IR spectrum of chitosan-ethacridine adduct (Fig.2A, line 1) and conju

IR spectra were measured on a SPECORD M-80
spectrophotometer in KBr tablets. The IR spectrum of
chitosan-ethacridine adduct and conjugate as well as
free chitosan and ethacridine lactate was measured.
These spectra are presented in Fig. 2.

The kinetics studies. The kinetics of ethacridine
lactate liberation with chitosan complex to rats’ blood
differs significantly from that for free ethacridine
lactate. At introducing free ethacridine, in 30 min 80 %
of the amount of administered drug was detected in
rats’ blood, and that amount decreased gradually until
20th hour, when it reached 1.25 % of the administered
amount. When the chitosan-ethacridine complex
was administered, the ethacridine content in blood
of treated rats slowly increased till 8th h. After that, it
slowly decreased, although 72 h after the injection, it
was still recorded in 3% of the injected amount (see
Fig.3 and 4).
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(Fig.2B) and ethacridine lactate (Fig.2C). UV absorption spectrum of 0.025 % of chitosan solution in 1% acetic
acid (Fig.2D, line 1) and chitosan-ethacridine adduct (Fig.2D, line 2). Spectrum of ethacridine lactate is almost
identical to the UV spectrum of the chitosan-ethacridine adduct (Fig. 2D, line 2).
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chitosan and ethacridine lactate (Fig 5).

°

S 80- Thus, the chitosan-ethacridine complex at a
E concentration of 0.1 and 0.05 mg/ml shows higher
5 antifungal activity towards C. albicans than pure
s 607 chitosan or ethacridine lactate after 4 h of their action.
% In this study, we aimed to create an ethacridine-
g 401 chitosan conjugate by covalently attaching ethacridine
s to this natural polymer. To achieve this, chitosan was
£ - oxidized in an alkaline medium with sodium periodate
5 and formed aldehyde groups of chitosan to conjugate
E ethacridine through its amino group. Thus, 25% - 30 %
Woo ethacridine was detected in the resulting product.

However, as was established in the experiments, the

the expe”ment (hOUfS) resulting complex contains both covalently attached
ethacridine and ethacridine adsorbed probably,

ethacridine lactate in  through hydrogen bonds. It is almost impossible
to completely wash the adsorbed ethacridine from
the covalently attached. It is difficult to determine

Time from the

Fig.3. Kinetics of a rele
blood of rats.

207 the parts of ethacridine that is combined in various
ways. In addition, the conjugate is a new compound
151 that may have other antimicrobial properties. And
what contribution to these properties of the various
components of the resulting product remains
104 unknown. To maintain the purity of the experiment,

we abandoned the covalent conjugation of ethacridine
and considered only the complex with non-covalently
bound ethacridine (adduct).

The formation of chitosan-ethacridine complex,
. due to the sorption of ethacridine, raises the problem
48 2 of stability and reproduction of such a complex since it
washes out the sorbed ethacridine when washing out

r. The amount of drug added varies depending on

F|g4 Kinetics of a release of ethacridine lactate fromﬁatio of the Comp]ex to water, ambient temperature
the chitosan-ethacridine complex in blood of rats. ther factors. Because ethacridine is insoluble in

Cl solution, washing it provides a reproducible
Antifungal activity. Next, we carried out experiments ition of the complex. At the final stage of its

in order to compare the antifungal aCtiVity of the for , the Comp|ex washed with sodium chloride
chitosan-ethacridine complex with that of free forms of re shed with only 90 % ethanol.

Ethacridine lactate in
mice blood of entered

05 2 4 8 20
Time from the beginning of the experiment (ho

C. albicans -
Control (no additives)

ns
1004 CHT, 0.1 mg/ml

,0.05 mg/ml
,0.025 mg/ml

* % %

509

% of alive cells

* %k *

.1 mg/ ml

EE CHT+EtL, 0.05 mg/m!

= y EEl CHT+EtL, 0.025mg/ml

Fig.5. Indicators of antifungal activity of chitosan (CHT), ethacridine lactate (EtcLact), and chitosan-ethacridine
complex (CHT + EtL).
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The UV spectra of the chitosan-ethacridine adduct,
and conjugate did not show a difference between
the native ethacridine lactate, possibly due to the
slight absorption of chitosan only in the 220-230 nm
range. At the same time, the IR spectra were more
informative. Comparing the spectra of the chitosan-
ethacridine conjugate with chitosan-ethacridine
adduct, we can conclude that they coincide as a
whole and result of imposition from the spectra of
two compounds, chitosan and ethacridine lactate.
The main difference is observed in the range of 1100-
1000 cm™, where the b of absorption of bending
vibrations of hydro, of OH are manifested.
In the adduct spec d absorption band is
observed, and in the conjigate spectrum this band is
of much lower intensity, n be explained by the
fact that oxidized chitosa periodate is used in
the conjugate (Fig. 2).

The main difference bﬁ the absorption
spectra of the adduct and ¥onjUgate from native
ethacridine lactate lies in the shift of the vibrational
band of the carboxyl group into thg
region. Thus, in ethacridine lacta
stretch vibrational vibrations occur a¥
in the adduct and conjugate this pea
1632 cm™', which can be explained by th
a complex with the amino group of chitosan.

The method described in the section “Exp
part’, allows to obtain a complex of et
with chitosan without significant deviations 'in
composition. The kinetics of ethacridine release
such an adduct can be characterized by the amoun

ethacridine in the blood of experimental rats dependin

on time. The results of the experiments showed a‘

significant delay in the release of ethacridine in the
blood of rats from the chitosan-ethacridine adduct.
Thus, it is possible to use chitosan to continue the
action of ethacridine as an antiseptic agent.

A possible cause of the slow release of ethacridine
lactate from the chitosan complex is the ion-exchange
properties of chitosan and a decrease in the solubility of
the complex at physiological values (pH 7.4). Chitosan
has many amino groups that can attract anions, in
particular, lactate ions in ethacridine lactate. This may
prolong the release of ethacridine from the complex.
The chitosan-ethacridine adduct was administered
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