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Aim. To investigate changes in pro-inflammatory status of laboratory rats after introduction of antiviral
substances with interferon-inducing action: 6-(2-morpholin-4-yl-ethyl)-6H-indolo[2,3-b]quinoxaline
and tilorone. Methods. MCP-1 content, blood leukocyte counts and functional activity of phagocytes
were measures using flow cytometry techniques. Complement content was determined in microtest based
upon hemolysis of sensitized erythrocytes. Results. Both oral and intraperitoneal applications of the
substances were characterized by an elevation in monocytic counts, potentiated metabolic reserve of
phagocytic cells, increased MCP-1 and complement content in serum. In contrast to tilorone, after intro-
duction of 6-(2-morpholin-4-yl-ethyl)-6H-indolo[2,3-b]quinoxaline substantial raise in circulating neu-
trophil counts and their phagocytic activity was not determined, while MCP-1 and complement re-
sponses were significantly lower compared to reference substance. Conclusion. Although both substanc-
es are [FN-inducers with pluripotent immunostimulatory action, the tested derivative was characterized
by a less pronounced elevation of complement activity, MCP-1 content and neutrophil counts. This im-
plies that application of 6-(2-morpholin-4-yl-ethyl)-6H-indolo[2,3-b]quinoxaline can strengthen innate

antiviral resistance with minimized risks of potential autoimmunological adverse effects.
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Introduction

Indolo[2,3-b]quinoxalines belong to a group of low
molecular substances with a tetracyclic heteroaromat-
ic core. A wide range of biological activity has been
reported for different derivatives of this group, incud-
ing the anti-inflammatory, anti-cancerogenic, antifun-
gal effects, and in case of planar configuration — the
antiviral action and antitumor activity. In recent years
we have searched for new antiviral substances among
several newly-synthesized and previously known in-
doloquinoxalines. One of them — 6-(2-morpholin-4-
yl-ethyl)-6H-indolo[2,3-b]quinoxaline (hereinafter —
S1) — has demonstrated the low toxicity, prolonged
interferon (IFN) induction in vivo, antiviral activity in
vitro in both prophylactic and therapeutic application

schemes, as well as an ability to potentiate the func-
tional activity of murine peritoneal cells [1,2]. Such
spectrum of biological properties allowed us to con-
sider S1 an immunomodulating substance. To further
characterize the compound it was expedient to exam-
ine in more detail the changes caused by it in the im-
mune system of laboratory animals, with particular
focus on the pro-inflammatory biomarkers. Tilorone
hydrochloride, a potent IFN-inducer in rodents, was
chosen as a reference drug.

Materials and Methods

Substances and dosage

S1 and tilorone were kindly provided by Dr Sergey
Lyakhov (Department of Medical Chemistry, A.V. Bo-
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gatsky Physico-Chemical Institute, NAS of Ukrai-
ne). The substances were administered orally and
intraperitoneally (i.p.) as solutions in sterile water
according to the conventional methods. The optimal
doses were determined in the preliminary studies of
IFN-induction and were as follows: for tilorone —
125 mg/kg orally, 12.5 mg/kg i.p.; for S1 — 60 mg/kg
orally, 10 mg/kg i.p. An additional 30 mg/kg dose
was used for the oral administration of S1, since it
was able to induce IFN in a wider concentration
range than the reference drug.

Animals and sampling

To evaluate the effect of studied substances upon the
immune system, the changes in the following para-
meters were measured: immune cell counts in circu-
lating blood, phagocytic and metabolic activity of
neutrophils and monocytes, complement hemolytic
activity, levels of monocyte chemotactic protein-1
(MCP-1). The experiment was performed on 40-day
old male Wistar rats weighing 130-170 g. Group
formation and marking of animals were held for 2
days prior to the substance administration in order to
minimize the stress. The animals were kept in large
cages with free access to water and standard diet.
Handling procedures were conducted according to
European Convention for the Protection of Vertebrate
Animals (Strasbourg, 2006). Each group consisted
of 7-10 rats.

The blood samples were collected from the ca-
rotid arteries on I, III, VII and X day after the sub-
stances administration. Part of the blood, not less
than 3 ml, was gathered into tubes with sodium hep-
arin («Vacuette», Austria); remaining blood was col-
lected in the centrifuge tubes for serum. Purified se-
rum was frozen within 30 minutes after the blood
collection and stored at —20 °C.

Measurement techniques

The numbers of lymphocytes, monocytes and granu-
locytes were measured relatively to Flow-Count
standardized fluorospheres using a EPICS XL flow
cytometer (Beckman Coulter). Preliminary staining
of monocytes with HIS48 antibody (BD PharMin-
gen) was performed to distinguish them from lym-

phocytic pool, whereas granulocytes were differenti-
ated from other cells by their light scattering proper-
ties. The phagocytic activity and the intensity of
oxidative burst inside phagocytes were assessed in
whole blood environment using a pH-rodo test sys-
tem (Life Technologies). Prior to the measurements,
erythrocytes were lysed with Q-Prep solutions (Be-
ckman Coulter).

The determination of MCP-1 levels in serum was
also performed using the FlowCytomix (eBiosci-
ence) test system according to the manufacturer’s
instructions. The level of complement activity was
established in a microtest [3] based on the hemolysis
of sensitized sheep erythrocytes.

Statistics and representation

Statistical analysis was performed in Microsoft Ex-
cel 2010. The same program was used along with
OriginPro 8.1 for graphical representation of the re-
sults. Due to the small sampling size, a non-paramet-
rical Mann-Whitney test was applied to assess the
differences between animal groups. The differences
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Fig. 1. Effect of the intraperitoneal and oral substance adminis-
tration upon the level of monocyte chemotactic protein-1
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Fig. 2. Complement activity after the intraperitoneal and oral ad-
ministration of the substances

were considered significant at P < 0.05. The results
are presented as medians, error bars denote the abso-
lute maximum and minimum.

Results and discussion
1. Effect upon MCP-1 levels

The monocyte chemotactic protein-1 is a major che-
mokine that determines the extent to which a mono-
cyte/macrophage link is involved in the overall im-
mune response [4]. It was shown to be more potent
than other macrophage chemoattractants [S]. Apart
from the recruitment of monocytes to the sight of
inflammation and stimulation of their proliferation,
MCP-1 also attracts T-cells, plays a part in the polar-
ization of ThO lymphocytes into Th1/Th2 subpopu-
lations, and affects the activity of NK- and memory
T-cells [6]. Most MCP-1 producing cells are also ab-
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le to produce IFN and other cytokines. That is why
after introduction of immunomodulatory substances,
the changes in this chemokine level were expected.
Interestingly, however, that in case of S1 a maximum
MCP-1 level was detected only on the third day after
the substance administration (Fig. 1), whereas
tilorone was characterized by a more classical dy-
namics: a peak was observed on the first day of mon-
itoring period, with subsequent gradual decrease.
These trends were characteristic of both oral- and in-
traperitoneal administration routes. On day X of
monitoring, the differences between tested and con-
trol animal groups were not significant, therefore the
data are not provided.

Up-regulation of MCP-1, observed in the animals
treated with S1, presumably has a secondary nature,
taking into account short lifespan of the chemokine
in vivo and the above described dynamics of its con-
tent. In our experiments on mice [2] it was previ-
ously shown that [FN production reaches maximum
on the third day after the administration of S1, which
coincides in time with the peak MCP-1 levels. How-
ever, although interferons, especially IFN-y, are
known to induce the MCP-1 synthesis, other factors
are probably involved in the MCP triggering.

The results, obtained on the animals that received
1.p. injections, were characterized by a high level of
variation, which did not allow us to state significant
differences between the substances starting from the
third day of monitoring. However, estimating the
median and maximum MCP-1 levels, detected in the
animals stimulated with S1 and tilorone, we can as-
sume a more pronounced chemokine potentiation by
the reference drug. When administered orally, a sig-
nificantly lower MCP-1 production was noted for a
30 mg/kg dose of S1, although the IFN-inducing ef-
fect of this smaller dose is comparable to that of 60
mg/kg dosage and tilorone (data not provided).

2. The activity of complement system

The complement system is a collection of soluble
proteins that circulate in blood in a non-activated
form, playing a part in both native and adaptive im-
munity. Our understanding of its role in the antiviral
defense has slightly increased in the recent years. In
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addition to the opsonization and agglutination of vi-
rions, the lysis of virus-infected cells and the chemot-
actic functions, it was shown that complement com-
ponents C3a, C5a and their inactive precursor C3
also play a role in the activation of cytotoxic T lym-
phocytes [7, 8], NK-, and B-cells [9, 10], as well as
in the prolongation of their lifespan. The method,
used by us for assessing the activity of complement
system, does not allow characterization of the chang-
es in its individual components. However, the ob-
tained results (Fig.2) in general indicate an ability of
the studied compounds to increase the overall com-
plement hemolytic activity.

The activation effect caused by tilorone in both
routes of administration was significantly higher
than that of S1 on the first and third days of monitor-
ing. S1, administered intraperitoneally, did not lead
to a substantial rise of the complement activity rela-
tive to the control animal group. Moreover, the oral
application of this substance in 30 mg/kg dose was
characterized by a lower hemolytic activity com-
pared to tilorone. The dynamics of complement ac-
tivity resembled that of the MCP-1 production: max-
imal levels were detected mostly on the third day of
observation, except for the oral tilorone application,
characterized by an earlier peak. At the end of moni-
toring period the differences between all animal
groups were insignificant.

3. Changes in immune
cell counts

The numbers of circulating lymphocytes, mono-
cytes and neutrophils in the blood were established
on day VII of observation. Both administration
methods of the reference drug and indoloquinoxa-
line derivative did not lead to significant changes in
the number of lymphocytes, therefore correspond-
ing data are not provided. Under tilorone influence
neutrophils were significantly increased relative to
the control (Fig. 3, 4) and in case of the oral admin-
istration — relatively to S1 as well. The increased
numbers of circulating monocytes were observed
for both drugs, regardless of administration route.
However, the oral administration of S1 in 30 mg/kg
dose did not affect the number of monocytes, or the
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Fig. 3. Number of circulating phagocytes on the day VII after
the intraperitoneal substance administration
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Fig. 4. Number of circulating phagocytes on the day VII after
the oral substance administration

effect lasted less than seven days. It should be not-
ed, that in rodents a great percentage of monocytes
is deposited in the spleen and can be recruited into
the blood flow more effectively, than in humans
[11]. The recruitment of neutrophils also took place,
but had a limited range.

In general, the results obtained resemble a typical
response to an immune-modulating drug. The chang-
es in absolute lymphocytic counts are rare and occur
only after serious immunological disturbances, op-
erative interventions or oncological conditions. For
these reasons we did not expect to reveal them. On
the other hand, neutrophils and monocytes are much
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more labile, mobile cells. An increase in their num-
bers is a common consequence of the cytokine boost.
Thus, the oral treatment of rats with tilorone, which
was proved to be more efficient than S1 at enhancing
complement activity and MCP-1 levels, logically led
to higher neutrophil counts. The same dependency
can be marked between two oral doses of Sl: a
smaller 30 mg/kg dose is characterized by a weaker
effect upon the MCP-1 and complement system,
causing a minimal change in cell number. Interest-
ingly, however, i.p. injection of S1 leads to a signifi-
cant increase of monocyte counts relative to the con-
trol, although corresponding treatment did not alter
the complement activity and only poorly elevated
the MCP-1 content.

4. Influence upon functional
activity of phagocytes

An increase in phagocytic activity of neutrophils
relative to control was observed in both methods of
tilorone administration and lasted from the first to
the seventh day of monitoring period (Fig. 5, 6). A
similar effect of the tested indoloquinoxaline after
i.p. injection was less pronounced, and in case of
oral administration required a bigger dose to mani-
fest. These results correlate with indicators of neu-
trophil metabolic activity: oxidative burst was sig-
nificantly intensified on day III and VII after oral
tilorone administration, whereas for S1 such poten-
tiation was more brief and observed only in case of a
higher oral dose.

The studied substances mainly did not alter the per-
centage of phagocytizing monocytes. A rise in mono-
cytic absorptive capacity was notable only on the day
VII of observation in the animals, treated orally with
tilorone (P < 0,05). In other animal groups the changes
in phagocytic activity of monocytes were not signifi-
cant, however the substances managed to potentiate
the intensity of their oxidative burst. In particular, un-
der the 60 mg/kg oral dose of S1, as well as after the
intraperitoneal injection of this substance, the mono-
cyte metabolic activity was enhanced on the III and
VII days of observation (Fig. 5, 6). A similar effect of
the reference drug was notable only on the third day
for both routes of administration.
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E. coli bacteria, used as an object for phagocytosis
in this experiment, were not antibody-opsonized.
That is why the above-described rise of the cellular
phagocytic activity cannot be linked with the com-
plement system, up-regulated by the studied com-
pounds. However, according to the classical works
[12, 13] the complement components can modulate
the oxidative burst intensity without antibody medi-
ation. Obviously, this parameter is even more depen-
dent upon the MCP-1 content. In this respect it
should be noted that although S1 induced a lower
MCP-1 production than tilorone, it managed to po-
tentiate the metabolic activity of monocytes as ef-
fectively as the reference drug. The ability of S1 to
stimulate the oxidative intensity was demonstrated
earlier on murine peritoneal macrophages [2]. In this
study S1, administered intraperitoneally, prompted a
faster and more pronounced tetrazolium reduction by
macrophages than a greater tilorone dosage. This may
seem not to correlate with observations of the current
work, however here a system response of the cells is
evaluated instead of a local one, and circulating mono-
cytes were studied instead of mature macrophages.

Conclusions

The application of immuno-stimulating agents with
the purpose to strengthen the antiviral defense mecha-
nisms as a rule leads to the pluripotent effects. 6-(2-
Morpholin-4-yl-ethyl)-6H-indolo[2,3-b]quinoxaline
as a low molecular substance is likely to react with the
membrane and the cytoplasmic pattern recognition
receptors or even bind to DNA, as was shown for
some structurally similar indoloquinoxalines [14].
Such activity can result in several vectors of intracel-
lular signaling and subsequent effects. The described
changes in the immunological parameters of the ani-
mals, treated with tilorone and S1, are interconnected
and altogether indicate the activation of innate immu-
nity. From one sight, this can be considered as a posi-
tive effect, but from the other point of view all the
studied parameters are referred to as the pro-inflam-
matory markers. A pathological role of complement
and MCP-chemokines is well recognized in athero-
sclerosis, myocarditis, systemic lupus erythematosus,
whereas the elevated activity of phagocytes is most

undesirable during certain pulmonary conditions and
after organ transplantation [15].

These facts do not imply strictly a negative charac-
ter of the up-regulated immunological parameters. In
fact, they all remained within- or close to normal
physiological range. The potentiated hemolytic activ-
ity indicates an elevated content of the non-activated
complement components, which in the normal condi-
tions are unable to cause a direct physiological action.
The intensification of oxidative burst is another re-
serve that the organism acquired but does not normal-
ly use. It is a depiction of the increased metabolic re-
sources required to form the reactive oxygen species
(ROS), which would not be engaged until necessary.
Therefore, all possibly undesirable biological effects
that can be mediated by the complement system and
ROS are not likely to manifest without preliminary
individual auto-immunological predisposition. MCP-1,
in turn, is too potent as a chemokine to be left unno-
ticed. Its elevation in case of S1, however, was rela-
tively brief. An increase in monocyte and neutrophil
counts has a more lasting effect, especially taking into
account their high absorptive potential.

According to the work [16], human, murine and
rat monocytes can be divided into two main popu-
lations:pro-inflammatory and classical. They pass
their level of inflammatory inclination to macrophag-
es, into which they differentiate. In mice all mono-
cytes that are recruited into the blood flow from the
bone marrow are Ly6C+ (analog of human Cd14+
CD16+ cells), demonstrating the secretion of ROS,
TNFa, nitric oxide, IL-1p, large amounts of type 1
interferon and high phagocytic capacity. The expres-
sion of Ly6C+ later diminishes, turning cells into
classical Ly6C- monocytes with an anti-inflammato-
ry cytokine profile [17]. The stimulatory signals,
caused by S1 and tilorone, can prevent this process,
causing a long-time inflammatory predisposition in
some percent of phagocytes. This consequence to
certain extent is inevitable for all medications that
induce the endogenous cytokine production. Never-
theless, potential adverse effects in patients with al-
lergic and immunological disorders should be taken
into account during the subsequent pre-clinical and
clinical testing of S1.
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An important observation is that the different dos-
es and application routs of S1 can lead to a stronger
or weaker elevation of the inflammatory markers. In
particular, a lower oral dose — 30 mg/kg, which in
our previous experiment induced the prolonged I[FN
production, was characterized by minimal influence
upon the numbers and function of phagocytizing
cells in blood, the complement activity and MCP-1
content. It means that the tested indoloquinoxaline
can potentiate the antiviral immunity with minimal
inflammatory effects.
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Bmuus 6-(2-mopdoiin-4-ii-erua)-6 H-ingoo
[2,3-b]xinokcanina Ha Giomapkepu 3anajaeHHs

I'. B. Aaronosuy, H. M. Xomnobax,
M. O. llIu6inceka, M. S1. CriBak

Merta. lociguty BB 6-(2-mopomin-4-in-etun)-6H-ingomno
[2,3-b]xiHOKcaniHa (AHTUBIPYCHOT CIIOTYKH 3 iHTEp(DEPOH-1HTY-
KYFOYOIO JTi€10) Ha TPO-3amajjbHUl CTaTyC JTJAOOPATOPHUX IIIyPiB.
Metoau. Konnenrparist MCP-1, kinbKicTh JIEHKOIINTIB B KPOBI
Ta (YHKIIOHAJIbHA AKTUBHICTH (harouTiB BU3HAYAIN IIUTO(ITIO-
OpPUMETPUYHUMHU METOJaMH. AKTHBHICTh CHCTEMH KOMIUIEMEH-
Ty OLIHIOBAJIACh B MIKPOTECTi Ha OCHOBI TeMOJIi3y CEHCHTH30Ba-
HUX epUTPOLHTIB. Pe3yjabraTu. 3acTocyBaHHS MEpOpPaILHOTO
Ta MapeHTepaIbHOr0 CIOCO0Y BBEACHHS CIIOIYK CYIPOBOIXKY-
BaJIOCH 301IBIICHHSM KITBKOCTI MOHOIIUTIB, TIOTCHIIIOHYBaHHIM
METa0OMIYHOTO pe3epBy (HarouuTyIOUNX KIITHH, MiJBHIICHHIM
BMicty MCP-1 i KOMIOHEHTIB KOMIIEMEHTY B CHPOBATIIi KPOBI.
Micns BBenenns 6-(2-mopdomnin-4-in-ermn)-6H-inmono[2,3-b]
XIHOKCaJIiHy JIOCTOBIPHOTO 30UIBIIEHHS KIJTBKOCTI IIHPKYIOI0-
yux HelTpodiniB abo ix darorurapHOi aKTUBHOCTI HE CIIOCTe-
piranocs, B Toi yac sik piBHi MCP-1 i KOMITOHEHTIB KOMIIJIEMEH-
Ty OyaH 3HaYHO HIDKYMMH, HIXK Yy IIpenapary MOpiBHSIHHS — TH-
nopony. BucnoBku. [Xoua o6unsi crionyku € ingyxropamu [OH
3 IUTIOPUIIOTEHTHOIO IMyHOCTHMYITIOIOUOIO JIi€I0, TECTOBAHE I0-
XiJJHE NPHU3BOAMIO IO MCHII BUPA)KEHOTO IiJIBUIICHHS aKTHB-
HOCTI KOMIUIEMEHTY, Hik4oro BMicty MCP-1 ta kinbkicti Heil-
Tpodinis. Jlanuii haxT CBIIUIUTH Ha KOPHCTH TOTO, IO 3aCTOCY-
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BaHHA 6-(2-Mopdoin-4-in-etuin)-6H-inmono[2,3-b]xinokcaniny
JUTSL TIOCHJICHHST HeCTEH(DIYHOTO aHTUBIPYCHOTO IMYHITETY Cy-
HPOBO/DKYBATUMETHCS HIDKYUM PU3UKOM PO3BUTKY MOOIYHHX
ayTOIMYHOJIOTIYHUX PeaKIliit

KawuoBi caosa: 6H-innono[2,3-b]xiHoKcaiH, 3amaneHHs,
inTepdepon, MCP-1, komIuiemMeHT.

Bumsinmne 6-(2-mopdonnn-4-un-3ruin)-6H-unnono
[2,3-b]xuHoKCcaNIMHA Ha OMOMAapPKepPbl BOCHATCHHUS

I. B. Aaronosu4, H. M. JKomo0axk,
M. O. lHIubunckas, H. 5. CruBax

Hens. V3yunrs Biusaue 6-(2-mopdomuu-4-nn-3tun)-6H-nuno-
10[2,3-b]xuHoKCcanHa (aHTUBHPYCHOTO COCIMHEHHS C MHTEP-
(bepoH-NHIYIUPYIOIINM JISHCTBHEM) Ha TIPO-BOCHIAIHTEIbHbBIN
craryc jaboparopHbsix Kpbic. MeTtoasl. Konnenrpanus MCP-1,
KOJIMYECTBO JIHKOIIMTOB B KPOBU M (DYHKIIMOHAJbHAsI aKTHUB-
HOCTH (haronuTOB ONPEEIUINCH UTOMII0OPUMETPHYCCKAMH
MeTolaMH. AKTUBHOCTh CHCTEMBI KOMIUIEMEHTA OICHUBAIN B
MHKpPOTECTE, OCHOBAaHHOM Ha I'€MOJH3¢ CEHCHTH3UPOBAHHBIX
spuTpornToB. Pesynbrarsl. Kak nepopalibHblii, Tak 1 napeHTe-
paJbHbINA crIOCOOBI BBEACHUS COCMHEHUIT IPUBOIMIIN K yBEIIH-

YEHHIO KOJIMYEeCTBa MOHOLIMTOB, IIOTECHI[HOHUPOBAHUIO META00-
JIMYECKOTO pe3epBa (harolUTHUPYIOMNX KICTOK, HOBBIILICHHIO CO-
nepxxkanust MCP-1 1 KOMIIOHEHTOB KOMIUIEMEHTA B CHIBOPOTKE
kpoBu. [locme BBemenus 6-(2-mopdomun-4-un-stimn)-6H-un-
no710[2,3-b]xruHOKCaIMHA TOCTOBEPHOTO YBEIWYEHUS] YHCIICH-
HOCTH LIUPKYJIHPYIOIHMX HEHTpodHIoB 1160 nx daronnurapHoi
AKTHBHOCTH He HaOII0OaNIOCh, B TO BpeMs Kak ypoBHn MCP-1 n
KOMITOHEHTOB KOMIUIEMEHTA OBUIH 3HAYUTEIBLHO HIDKE, YeM Y
nperapara CpaBHEHUs — THIIOpoHa. BeiBoabl. XoTs 00a coenu-
HEHHS MIPEACTABISAIOT coboil mHmykropsl UDH ¢ mmopunoren-
THBIM UMMYHOCTHMYIHUPYIOIIUM AEHCTBHUEM, TECTHPYEMOE IIPO-
U3BOJIHOE TPUBOANIIO K MEHEE BBIPAKEHHOMY MOBBIIIEHUIO aK-
TUBHOCTU KOMILIEMEHTa, MeHblleMy coaepxkanuto MCP-1 u xo-
IH4YecTBy HeHTpodmioB. JlaHHBIH (akT CBUACTEIBCTBYET O TOM,
4YTO IpUMEHeHHe 6-(2-MopdonuH-4-mn-311i)-6 H-nrnomno[2,3-b]
XHHOKCAJIMHA JUIS YCHJICHHUS HEeCTIeNN(HIECKOTO0 MPOTHBOBHU-
PYCHOTO UMMYHHTETa OyfieT HecTu Oonee HU3KHUE PHCKU Pa3BU-
THsI HOOOYHBIX ayTOMMMYHOJIOTHYECKUX PEAKIHH.

KawueBbie ciaoBa: 6H-unnomo[2,3-bxuHoKcanmHbl, Bocma-
nenne, narepdepor, MCP-1, komIieMeHT.
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