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Effect of tilorone and its analogues on the change
of mitochondrial potential of rat hepatocytes

The influence of tilorone dihydrochloryde and its analogues � diphenyl derivatives on the changes
of transmembrane potential of mitochondrial membranes of the isolated rat hepatocytes has been
estimated. Authors have shown a significant increase in mitochondrial potential thirty minutes after
the introduction of the test compounds to the cells using the fluorescent probe JC-1. These results
indicate the rapid activation with tilorone and its analog � dihydrochloryde 4,4'-bis-[2-
(diethylamino)ethoxy]diphenyl � of the RLR signaling pathway. The final stage of this pathway is
the cell production of IFN type I. The authors concluded that there is an increasing of the organelles
resistance to the extra/intracellular damaging agents under the influence of the test compounds.
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INTRODUCTION

Mitochondria are important cellular organelles
which undergo the dynamic cycles of synthe-
sis and division. Beside the energy supply of
the cell mitochondria are involved in mammals�
cellular reactions of innate antiviral immuni-
ty. These reactions include a cascade re-
sponse which final stage is the production of
type I interferons [16]. Mitochondrial antivi-
ral signaling (MAVS) in particular adaptor
protein of the mitochondria outer membrane
plays an important role in this process. MAVS-
mediated is the activation of transcription fac-
tors � interferon-regulatory factor-3 (IRF-3)
and nuclear factor êB (NF-êB). The regula-
tion of mitochondria-mediated antiviral re-
sponse is associated with MAVS structural
characteristics [19]. In addition, it was shown
a close correlation between the antiviral re-
sponse of the cells and mitochondrial mem-
brane potential (∆ψm): the reduction of ∆ψm
correlates with the decrease of the antiviral
response [10]. The authors have shown that
∆ψm dissipation does not affect on the acti-

vation of interferon-regulatory factor-3 (IRF-
3) after the activation of the MAVS. This in-
dicates the close relationship of ∆ψm and
MAVS in RLR signaling pathway. I.e. the
physiological functions of mitochondria play
a key role in innate antiviral immunity.

One way to  enhance innate  ant iviral
immunity for the prevention and treatment of
viral infections is the use of interferon (IFN)
inducers. Among them is the well-known low-
molecular synthetic inducer Amixine IC
(tilorone dihydrochloryde) which has, due to
its structure, both antiviral and immuno-
modulating properties [7]. Being double cyclic
compounds with aminoalkoxyl groups, diphe-
nyl derivatives are structurally similar to
t i lorone dihydrochloryde.  Ant ivira l  and
interferon-inducing activities were shown for
these compounds as for tilorone [3]. The result
of the effect of these substances in the cell is
the IFN production. That is why the aim of
our study was to investigate their influence
on the physiological functions of mitochondria,
in particular, the dynamics of ∆ψm changes
in rat hepatocytes.



ISSN 0201-8489    Ô³ç³îë. æóðí., 2012, Ò. 58, ¹ 240

METHODS

In our experiments we used dihydrochloryde
2,7-bis-[2-(diethylamino)ethoxy]fluoren-9-one
(tilorone dihydrochloryde, drug Amixine IC)
[2] and its analogues � dihydrochloryde 4,4'-
bis-[2-(diethylamino)ethoxy]diphenyl (com-
pound 1) and dihydrochloryde 2-metoksycar-
bonil-4-4'-bis-[2-(diethylamino) ethoxy]-
diphenyl (compound 2) [9] (kindly provided
for research by Dr. S.A. Lyakhov, O.V. Bo-
gatsky Physico-Chemical Institute of Nation-
al Academy of Sciences of Ukraine), Table
1. To prepare basic solution, the specified
compounds are dissolved in distilled water to
a concentration of 1,0 mg/ml.

Isolated liver hepatocytes of 3 month old
white male Wistar population rats were used in
the work. The cells were isolated by non-enzyme
method using the perfusion medium, containing
2 mM EDTA [8]. The cell viability was assessed
on the staining with trypan blue. Viability of
freshly isolated hepatocytes made about 90%.

Mitochondrial membrane potential (∆ψm) of
single cells was assessed by the accumula-
tion JC-1 fluorescent probe aggregates within
cells by quantitative microfluorimetry [5]. JC-
1 (5,5' ,6,6'-tetrachlor-1,1' ,3,3'-tetraethyl-
benzimidazolyl carbocyanine iodide) was syn-
thesized in the Laboratory of Nanodisperse

Materials of the Institute for Scintillation
Materials of the National Academy of Sci-
ences of Ukraine (Kharkov) by standard
methods [6]. JC-1 has two band fluorescence
with maxima at 510 nm (monomeric form) and
585 nm (J-aggregates). Initial solution (1 mM)
of the studied probe in DMSO was diluted di-
rectly prior  to the experiment up to the
concentration required. The cells (5.105 cells/
ml) were incubated with the probe JC-1 (10-6

M) in Eagle�s medium with 10% fetal calf
serum (BioloT, Russia) at 22°Ñ during 60 min
(incubation media produced by Institute of
Poliomyelitis and Virus Encephalitis of Russian
Academy of Medical Sciences). The experi-
mental compounds were added in a concent-
ration of 0,01 mg/ml of the cell suspension and
incubated for 30 and 120 min.

Luminescent objects were examined and ima-
ged by means of luminescent microscope Olym-
pus IX71 and digital camera Olympus C-5060
(Japan). The luminescence spectra of single hepa-
tocytes stained by the probe were recorded with
a spectrometer USB4000 (Ocean Optics, USA).

The results were statistically processed by
means of software Statistika v. 5.0 (StatSoft,
USA) and Origin 6.1 (Origin Lab Corporation,
USA) using the Student�s t-criterion. The results
significantly differed in statistics at P < 0,05.

The structural formulas of the experimental compounds

Name of the compound                               The structural formula

dihydrochloryde 2,7-bis-[2-
(diethylamino)ethoxy]fluoren-9-
one (tilorone dihydrochloryde,
drug Amixine IC)

dihydrochloryde 4,4'-bis-[2-
(diethylamino)ethoxy]diphenyl
(compound 1)

dihydrochloryde 2-
metoksycarbonil-4-4'-bis-[2-
(diethylamino)ethoxy]diphenyl
(compound 2)

Effect of tilorone and its analogs on the change of mitochondrial potential
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RESULTS AND DISCUSSION

Fluorescent microscopy allows us to study
mitochondrial function at the level of single
cells. This is important in the study of subtle
mechanisms which determine individual char-
acteristics of cellular reaction to regulatory
effects [14]. The accumulation of the fluo-
rescent probe JC-1 in the mitochondria leads
to the formation of J-aggregates depending
on the value of ∆ψm. This process is accom-
panied by a shift of the fluorescence emis-
sion from green color which inherent to mo-
nomers to red color which inherent to J-ag-
gregates [15]. JC-1 allows us to study the lo-
cal changes in the value of ∆ψm

 
and to visuali-

ze mitochondria with high and low membrane
potential, unlike other dyes [17]. In studies
using JC-1 probe for the characterization of
mitochondrial processes are often used both
the fluorescence intensity of the monomers
and of the J-aggregates, as well as their ra-
tio. However, some researchers believe that
the fluorescence intensity of the J-aggregates
is more accurate and adequate criterion for
assessing ∆ψm

 
[11, 12]. Earlier we showed in

isolated rat hepatocytes the applicability of this
approach to assess mitochondrial function in
intact cells and at various regulatory agents�
influences [1, 5].

The results of investigation of the tilorone
and its analogs � diphenyl derivatives influen-
ce on the fluorescence intensity of J-aggre-

gates in mitochondria within 30 min after the
exposure with the rat hepatocytes are shown
in Figure 1. Significant increase in the fluo-
rescence intensity of J-aggregates is influen-
ced by tilorone and compound 1 which indi-
cates an increase in ∆ψm. The observed ef-
fect varies in the severity degree which indi-
cates the sensitivity of this system in the dif-
fe ren t i a l  a ssessment  o f  the  e f fec t s  o f
regulatory compounds. Thus, it was shown
that the most significant changes in the value
of ∆ψm occurred under the influence of tilo-
rone (145 ± 13% compared to the control).
The fluorescence intensity of J-aggregates
also increased under the influence of com-
pound 1 and amounted after 30 min incuba-
tion 131 ± 10% compared to the control. The
effect of compound 2 was not expressed (113 ±
13% compared with the control cells). Sub-
sequent incubation of the cells (up to 120 min)
have not allowed to reveal a significant dif-
ferences in the influence of the experimental
substances on the value of ∆ψm compared to
the control. These data indicate that tilorone
and its analogue � compound 1 � demonstrate
the stimulating effect on the mitochondrial
activity in isolated rat hepatocytes.

It is known that high membrane potential
in intact mitochondria prevents the protons
transport from crossing the inner membrane
which is associated with the work of the
respiratory chain; providing thus a low rate
of mitochondria respiration. The increase in

Effect of tilorone and its analogues on the fluorescence of the J-aggregates in rat hepatocytes.
Note: * � P < 0,05 relative to the control.
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the rate of respiration is due to the leakage of
ions through the membrane when organelles
are damaged because of hypoxia or lipid
peroxidation and is accompanied by a decrea-
se in membrane potential [4]. The discovered
fact of the increase of the value of ∆ψm af-
ter the exposure with tilorone and compound
1 indicates that these compounds increase the
membrane potential of mitochondria and may
increase their resistance to the damaging
agents of extra/intracellular microenviron-
ment.

The change in mitochondrial membrane
potential ∆ψm after the 30 min exposure of
the cells with the test compounds may be
considered in the context of well-known fact
of the direct relation of the innate antiviral
response severity on the value of mitochondrial
potential ∆ψm which starts RLR signaling
pathway (MAVS-mediated activation of IRF-
3, NF-êB) which ends with production of type
I IFN [10, 16, 19]. The interferon-inducing
activity is known for tilorone [13, 18] and this
activity is shown for its analogue � compound
1 [3, 9]. Based on the obtained results we can
say that the experimental compounds at the
thirtieth minute of exposure with the cells
activate the classical pathway of interferon
response that is required for recognition the
RNA viruses in different cells.

The observed differences in the degree of
the mitochondrial processes activation of the
tested analogues of tilorone � compounds 1 and
2 � can be explained by the peculiarities of the
cellular reception of these compounds and by
the peculiarities of the initial stages of the cell
activation which requires a more detailed study.

Í.Ì. Æîëîáàê, Í.Ñ. Êàâîê,
Î.Ñ Áîãîðàä-Êîáåëüñüêà, ².À. Áîðîâîé,
Ì.Þ. Ìàëþê³íà, Ì.ß. Ñï³âàê

ÂÏËÈÂ ÒÈËÎÐÎÍÓ ÒÀ ÉÎÃÎ ÀÍÀËÎÃ²Â
ÍÀ ÇÌ²ÍÓ Ì²ÒÎÕÎÍÄÐ²ÀËÜÍÎÃÎ
ÏÎÒÅÍÖ²ÀËÓ ÃÅÏÀÒÎÖÈÒ²Â ÙÓÐ²Â

Ïðîâåäåíî äîñë³äæåííÿ âïëèâó òèëîðîíó äèã³äðîõëîðèäó
òà éîãî àíàëîã³â � ïîõ³äíèõ äèôåí³ëó íà çì³íó ìåìáðàííîãî

ïîòåíö³àëó ì³òîõîíäð³é ãåïàòîöèò³â ùóð³â. Ç âèêîðèñòàííÿì
çîíäà JC-1 ïîêàçàíî, ùî íà 30-òó õâèëèíó ï³ñëÿ âíåñåííÿ
äîñë³äæóâàíèõ ñïîëóê äî êë³òèí ñïîñòåð³ãàºòüñÿ çíà÷íå
çá³ëüøåííÿ ì³òîõîíäð³àëüíîãî ïîòåíö³àëó. Îòðèìàí³
ðåçóëüòàòè ñâ³ä÷àòü ïðî øâèäêó àêòèâàö³þ çà äîïîìîãîþ
òèëîðîíó òà éîãî àíàëîãà � 4,4'-á³ñ-[2-(ä³åòèëàì³íî)
åòîêñè]äèôåí³ë äèã³äðîõëîðèäó � RLR ñèãíàëüíîãî øëÿõó,
çàâåðøàëüíèì åòàïîì ÿêîãî º ïðîäóêö³ÿ êë³òèíîþ ²ÔÍ I
òèïó. Çðîáëåíî âèñíîâîê ïðî çá³ëüøåííÿ ðåçèñòåíòíîñò³
îðãàíåë äî ïîçà/âíóòð³øíüîêë³òèííèõ ïîøêîäæóâàëüíèõ
àãåíò³â ï³ä âïëèâîì äîñë³äæóâàíèõ ñïîëóê.
Êëþ÷îâ³ ñëîâà: òèëîðîí, ïîõ³äí³ äèôåí³ëó, ì³òîõîí-
äð³àëüíèé ïîòåíö³àë, ôëóîðåñöåíòí³ çîíäè, ãåïàòîöèòè
ùóð³â.

Í.Ì. Æîëîáàê, Í.Ñ. Êàâîê, Å.Ñ Áîãîðàä-
Êîáåëüñêàÿ, È.À. Áîðîâîé, Ì.Þ. Ìàëþêèíà,
Ì.ß. Ñïèâàê

ÂËÈßÍÈÅ ÒÈËÎÐÎÍÀ È ÅÃÎ ÀÍÀËÎÃÎÂ
ÍÀ ÈÇÌÅÍÅÍÈÅ ÌÈÒÎÕÎÍÄÐÈÀËÜÍÎÃÎ
ÏÎÒÅÍÖÈÀËÀ ÃÅÏÀÒÎÖÈÒÎÂ ÊÐÛÑ

Ïðîâåäåíî èññëåäîâàíèå âëèÿíèÿ òèëîðîíà äèãèäðîõëî-
ðèäà è åãî àíàëîãîâ � ïðîèçâîäíûõ äèôåíèëà íà èçìåíåíèå
ìåìáðàííîãî ïîòåíöèàëà ìèòîõîíäðèé ãåïàòîöèòîâ êðûñ.
Ïðè ïîìîùè çîíäà JC-1 ïîêàçàíî, ÷òî íà 30-þ ìèíóòó
ïîñëå âíåñåíèÿ èññëåäóåìûõ ñîåäèíåíèé ê êëåòêàì
íàáëþäàåòñÿ çíà÷èòåëüíîå óâåëè÷åíèå ìèòîõîíäðèàëüíîãî
ïîòåíöèàëà. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î
áûñòðîé àêòèâàöèè ïðè ïîìîùè òèëîðîíà è åãî àíàëîãà �
4,4'-áèñ-[2-(äèýòèëàìèíî)ýòîêñè]äèôåíèë äèãèäðîõëîðèäà
� RLR ñèãíàëüíîãî ïóòè, çàâåðøàþùèì ýòàïîì êîòîðîãî
ÿâëÿåòñÿ ïðîäóêöèÿ êëåòêîé ÈÔÍ I òèïà. Àâòîðû ïðèøëè
ê âûâîäó îá óâåëè÷åíèè ðåçèñòåíòíîñòè îðãàíåëë ê âíå/
âíóòðèêëåòî÷íûì ïîâðåæäàþùèì àãåíòàì ïîä äåéñòâèåì
èññëåäóåìûõ ñîåäèíåíèé.
Êëþ÷åâûå ñëîâà: òèëîðîí, ïðîèçâîäíûå äèôåíèëà,
ìèòîõîíäðèàëüíûé ïîòåíöèàë, ôëóîðåñöåíòíûå çîíäû,
ãåïàòîöèòû êðûñ.
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