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The aim of this study was to evaluate immunotropic properties of vrati-
zolin, a known antiviral drug, in several in vitro and in vivo assays in mouse
and human models. We demonstrated that vratizolin exerted strong immuno-
suppressive actions both in the humoral and cellular immune response to
SRBC in mice. The compound affected not only the inductive phase of de-
layed type hypersensitivity (DTH) but also the effector phase of that re-
sponse. Vratizolin was effective when given intraperitoneally and orally. The
inhibitory action of vratizolin was comparable to that of cyclosporin A (CsA),
the reference drug. Vratizolin exhibited also suppressory properties with re-
gard to PHA-induced proliferation of human peripheral blood lymphocytes
and that effect exceeded the inhibitory action of CsA. We also showed that
vratizolin inhibited to some degree LPS-induced cytokine production in hu-
man peripheral blood cultures. The activities of TNF-�, IL-1 and IL-6 were
inhibited on average by 37, 26 and 35%, respectively. This was in contrast to
the effects of CsA which strongly inhibited only IL-1 production. Lastly, we
demonstrated that vratizolin markedly inhibited growth of several tumor cell
lines. In particular, the compound significantly inhibited growth of mouse
leukemia L-1210 and human acute lymphoblastoid leukemia CCRF-CEM
cell lines. The presented data suggest that the immunosuppressory action of
vratizolin, although similar to that of CsA, is mediated by a different mecha-
nism. The properties of vratizolin, described in this report, indicate that the
drug should be further investigated for possible immunosuppressory and an-
titumor application.
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INTRODUCTION

In the last decade a large number of substances
with antiviral activity have been isolated or synthe-
sized. Nevertheless, only a small number of com-
pounds are considered to be effective against viral
diseases in humans. Recently, we investigated the
antiviral and antiinflammatory activity of a new
group of heterocyclic compounds consisting of iso-
thiazole derivatives of 5-amino-3-methylisothiazo-
locarboxylic acid I.

Further modification of acid I structure depended
among others, on the synthesis of phenylamide of
the acid. Pharmacological and virological studies
on the series of the synthesized compounds of
amide structure showed that a marked increase in
their antiviral and antiinflammatory activity may
be obtained by a substitution of phenylamide group
in position 4 of the acid I [8, 11]. The combined
antiinflammatory and antiviral activity is of great
significance in modern dermatological therapy,
since most of the virus-induced diseases, in particu-
lar those caused by Herpes simplex virus (HSV),
are accompanied by inflammations. From the series
of 90 new isothiazole derivatives p-chlorophenyl-
amide of 3-methyl-5-benzoylaminoisothiazole-4-
-carboxylic acid (II) – vratizolin (Denotivir) was
selected as a result of screening and clinical study
[9, 10]. In vitro antiviral activity has been demon-
strated against human HSV types 1 and 2, and vari-
cella zoster virus (VZV) [5]. Clinical trials with
vratizolin have given impressive results in the pa-
tients with local HSV infections and very good re-
sults in VZV infections. Genital herpes, a sexually
transmitted HSV infection, whose incidence is in-
creasing and whose treatment has never been ade-
quate, appears to respond well to the treatment with
vratizolin with very good results [13, 16]. Very
good therapeutic results were also obtained by ap-
plying vratizolin to the patients with an ophthalmic
HSV infection [12]. In spite of successful clinical
trials there have been only a few studies on the ef-
fect of vratizolin on human cells. In this paper we
demonstrate the immunomodulatory properties of

vratizolin in the mouse model and its influence on
the proliferation of human peripheral blood lym-
phocytes and growth of leukemia cell lines.

MATERIALS and METHODS

Animals

8–10 weeks old CBA Iiw and 129 Iiw mice of
both sexes were used.

Antigen

Sheep red blood cells (SRBC).

Reagents

Cyclosporin A (CsA) (Sandimmun, Neoral,
Sandoz, Basel, Switzerland) in ampoules or in corn
oil; RPMI-1640 medium (Cibi/Life Technologies,
UK), FCS – fetal calf serum (Gibco), lipopolysac-
charide (LPS) from E. Coli 026:96 (SIGMA, Che-
mical Co., St. Louis, MO, USA), MTT 93-[4,5-dime-
thylthiazol-2-yl]-2,5-diphenyltetrazolium bromide
(SIGMA), phytohemagglutinin-A (PHA) (SIGMA),
corn oil (Procorida, Sweden).

Solvents

A mixture of ethanol and cremophor El (SIGMA)
at the ratio 6.4 : 3.6, 0.9% saline, corn oil.

Solutions of the preparations

2.0–4.0 mg of the preparation was dissolved in
0.2–0.4 ml of corn oil or in a mixture of etha-
nol/cremophor El, and the solution was diluted to
the required preparation concentration in 0.9% sa-
line or in corn oil, respectively. CsA was diluted to
the desired concentration in 0.9% NaCl or in the
corn oil.

Administration of the preparations

0.1–0.2 ml of a preparation solution was admin-
istered intraperitoneally (ip) or per os (po) into the
animals or added to cell cultures.

Delayed type hypersensitivity (DTH) reaction

The influence of the preparation on the induc-
tive or effector phase of DTH was measured using
the methodological approach of Lagrange et al. [7].
DTH was induced in 129/Iiw mice. Mice were sen-
sitized intravenously (iv) with 10" SRBC in 0.9%
NaCl. Then the animals were treated with one dose
of each preparation, 24 h after administration of the

378 ���� �� ����	�
���� ��� ��� �������

Z. Machoñ, Z. Wieczorek, M. Zimecki

S
N

CH3

NH2

OH

O

S
N

CH3

N
H

N
H

O

Cl

O



sensitizing dose of the antigen (the influence on the
inductive phase of DTH) or 1 h after administration
of the challenging dose of SRBC (the influence on
effector phase of DTH). After 4 days, the effector
reaction was elicited by the intradermal administra-
tion of 103 SRBC, into the left hind foot pad. Un-
sensitized mice, administered with 103 SRBC into
the left hind foot pad were used as a negative con-
trol (background). The DTH reaction was meas-
ured after 24 h as the increase in the foot pad thick-
ness after the challenging dose of the antigen. The
data are expressed in units (1 unit = 1042 cm of the
increase in foot pad thickness). The background,
nonspecific response, was subtracted.

Determination of the humoral immune response

in vivo

CBA/Iiw mice were immunized with 0.2 ml of
10% SRBC in 0.9% NaCl. 24 h later the animals
were treated with one dose of the preparation. After
4 days the number of plaque-forming cells (PFC)
producing antibodies against SRBC in the spleen
cells was determined according Mishell and Dutton
[14]. The magnitude of the response was expressed
as a PFC number per 105 splenocytes. The experi-
mental groups consisted of five mice.

Determination of the humoral immune response

in vitro

CBA/Iiw mice were sensitized (iv) with 0.2 ml
of 1% suspension of SRBC in 0.9% NaCl. Four
days later the animals were sacrificed, their spleens
were minced and pressed through a plastic screen
into 0.83% NH&Cl, buffered with 0.017 M Tris
buffer, to remove erythrocytes. Then the cells were
washed three times with 0.9% NaCl and finally re-
suspended in RPMI medium supplemented with
10% of FCS.

The preparation (0.1 ml) was added to 1 ml of
spleen cell suspension (5 × 105 cells/ml), followed
by the addition of 0.1 ml of 0.005% suspension of
SRBC into the cultures (24-well NUNC plates).
The cultures were incubated for 4 days in a cell cul-
ture incubator. The PFC number was determined as
described above [14].

Proliferation test

Human venous blood was taken into hepa-
rinized syringes. Blood was diluted 2 × with PBS
and centrifuged in Ficoll-uroproline gradient (den-
sity 1.077 g/ml) at 2400 rpm for 25 min at 4	C.

Cells from the interphase were washed 3 times with
Hanks’ medium. The cell fraction consisted of 80%
lymphocytes and 20% monocytes. Peripheral blood
mononuclear cells, resuspended in RPMI 11640
medium, supplemented with 10% FCS, glutamine
and antibiotics, were distributed into 96-well flat-
-bottom plates at a concentration of 10" cells/100
�l/well. PHA was present at a concentration of
10 �g/ml and the studied preparation at indicated
concentration. After 4-day incubation in a cell cul-
ture incubator, the proliferation of cells was deter-
mined using MTT colorimetric method.

Determination of the growth of tumor cell lines

Tumor cell lines: L-1210 (mouse leukemia),
CCRF-CEM (human acute lymphoblastoid leuke-
mia), CX-1 (human colon cancer cell line), and
SV-948 (human colon cancer cell line) were resus-
pended in RPMI 1640 medium, supplemented with
10% of FCS, glutamine and antibiotics, then dis-
tributed into 96-well flat-bottom plates. L-1210 and
CCRF-CEM were present at 1.5 × 10& cells/100 �l/
well while CX-1 and SV-948 at 2.5 × 10& cells/100
�l/well. The preparations were added to the wells
at the indicated concentrations. After 3-day incuba-
tion in a cell culture incubator, the proliferation was
determined using MTT colorimetric method.

Determination of cytokines

Interleukin 1 (IL-1), interleukin 6 (IL-6) and tu-
mor necrosis factor alpha (TNF-�) were induced
by LPS in blood cell cultures from healthy persons.
Blood diluted 10 × with RPMI 1640 medium, was
supplemented with penicillin (100 units/ml) and
streptomycin (100 �g/ml). The diluted blood sam-
ples were distributed in duplicates in 1 ml volumes
into 24-well flat-bottom plastic plates (Costar0).
LPS and the studied preparations were added to
cell cultures at indicated concentrations. The cul-
tures were incubated at 37	C in an incubator in
a humidified atmosphere (5% CO2) for 24 h, then
harvested and centrifuged. The supernatants were
assayed for IL-1, IL-6 and TNF-� activity.

IL-1 bioassay [2]

100 �l of LBRM-33-1A5 (ATCC CLR 8079)
cells (5 × 10& cells/ml) were cultured in 96-well
flat-bottom plates in quadriplicate in the presence
of equal volumes of supernatant with PHA (5 �g/ml)
for 24 h in a cell culture incubator. Samples of
pooled supernatant from LBRM cultures (100 �l)

+��6 #2%7$5772 379

+���6�.0��+� /�.+8+.9 �� 80/.+:�!+6



were added to 100 �l of CTLL-2 (ATCC TIB 21)
cells (10& cells/ml) in quadriplicate and cultured in
an incubator for 24 h. CTLL-2 growth was esti-
mated by MTT colorimetric assay. One unit of IL-1
equals one unit of IL-2 (50% of maximal CTLL-2
growth).

TNF-� bioassay

TNF-� level was determined by the WEHI
164.13 bioassay [3]. Briefly, WEHI 164.13 cells
(ATCC CRL 1751) were seeded at a concentration
of 2 × 10& cells/well in quadriplicate. Increasing di-
lutions of the assayed supernatant were mixed with
the target cells in the presence of actinomycin D
(1 �g/ml). After 20 h of incubation, MTT was added
into the wells, and the cultures were incubated for
an additional 4 h. Next, a lysing buffer was added
and the optical density at 500 nm (Dynatech 5000)
was measured. The detection limit of the WEHI
164.13 assay was of about 2.5 pg/ml. One unit of
TNF activity was defined as an inverse of super-
natant dilution where 50% cell death took place.

IL-6 bioassay [17]

Briefly, IL-6-dependent murine B cell hybri-
doma (7TD1 line) was incubated (2000 cell/well)
in 96-well plates (Nunc) with serial dilutions of su-
pernatants in quadriplicate. Three days later the
number of the proliferating cells was estimated by
the MTT colorimetric assay. Absorbances were
measured at 550 nm with the reference wavelength
of 630 nm (Dynatech MR 500). The detection limit
of the assay was about 1.5 pg/ml. One unit of IL-6
activity was defined as an inverse of the super-
natant dilution which caused half-maximal (50%)
proliferation of the indicator cell line 7TD1. The
maximal proliferation of the indicator cell line was
achieved by application of an optimal concentra-
tion of recombinant IL-6.

Colorimetric assay MTT for cell growth and kill

The assay was performed according to Hansen
et al. [4]. Briefly, 25 �l of the MTT (5 mg/ml) stock
solution was added per well at the end of cell incu-
bation and the plates were incubated for 3 h in a cell
culture incubator. Then, 100 �l of the extraction
buffer (20% SDS with 50% DMF, pH 4.7) was
added. After additional overnight incubation, the
optical density was measured at 550 nm (Dy-
natech).

Statistics

The data were statistically evaluated using Stu-
dent’s t-test. The results are presented as mean
values ± SE.

RESULTS and DISCUSSION

The results shown in Tables 1 and 2 indicate
that ITCL has strong immunosuppressive proper-
ties in the generation of the humoral immune re-
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sponse to SRBC in vitro and in vivo in mice. The
suppressive effects were similar to those of CsA in
both experimental models. Of a particular interest
is even stronger inhibitory action of ITCL given po

as compared to ip administration. This suggests
a very good bioavailability of the compound and
creates a possibility of oral administration of the
drug in the form of capsules.

The inhibitory activity of ITCL was not only re-
stricted to the generation of the humoral immune
response. The results presented in Table 3, revealed
that the compound can also inhibit both generation
and effector phase of the delayed type hypersensi-
tivity to SRBC, i.e. the cellular type of the immune
response. Moreover, it seems that the inhibition of
the effector phase of the immune response is even
stronger. The time of administration of ITCL (24 h
following immunization) suggests that such pro-
cesses as antigen presentation and/or recruitment
and activation of antigen-specific helper T cells
may be affected in both types of the immune re-
sponse. Furthermore, the compound does not pref-
erentially inhibit differentiation of TH1 or TH2
cells [15] since both types of the immune responses
are inhibited. In addition, inhibition of the effector
phase of DTH suggests that ITCL can affect other
events associated with manifestation of the im-
mune response like inhibition of signals (cytoki-
nes) required for attraction of Ag-specific cells to
the site of antigen deposition and/or passage of
cells through endothelium.
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In addition to effects of ITCL on the immune
response in mice, we determined the action of the
compound in the model of PHA-induced prolifera-
tion of human peripheral blood lymphocytes (Tab. 4).
The inhibitory properties of ITCL in that assay
were stronger than those manifested by CsA, a po-
tent immunosuppressor.

To get a better insight into the mechanisms of
ITCL action, we measured LPS-induced produc-
tion of cytokines in the cultures of human periph-
eral blood leukocytes. From Table 5 (data deriving
from 6 individuals) it is evident that ITCL behaves
differently than CsA with regard to the effects on
cytokine production. Whereas CsA inhibited sig-
nificantly only IL-1 production, ITCL caused inhi-
bition of all cytokines, although to a much lesser
degree (the mean inhibition at 5.0 �g/ml for TNF-�,
IL-1 and IL-6 was 37, 26 and 35%, respectively).
Since all the studied cytokines play a concerted
role in mitogen-induced T cell proliferation [1, 6,
18] the combined inhibitory action of ITCL on cy-

tokine production may be the cause of suppression
in the PHA-induced proliferation response.

Lastly, we showed (Tab. 6) that ITCL inhibited
growth of several tumor cell lines. CsA inhibited
only growth of 2 cell lines at the highest concentra-
tion. The effects of ITCL were particularly strong
on the growth of L-1210 cell line (mouse leukemia)
and CCRF-CEM (human acute lymphoblastoid
leukemia). Therefore, it seems that growth of he-
matological tumors is more affected than solid tu-
mors, and that inhibition of signalling pathways for
cell division may be also the target for ITCL action.

In summary, this study revealed immunosup-
pressive action of ITCL in several models, includ-
ing immunological tests with human cells. The
mechanism of immunosuppressive action of ITCL
is probably different than that of CsA, as judged by
effects of the compounds on cytokine production
and growth of tumor cell lines. The data suggest
that the antiviral action of ITCL may involve inac-
tivation of virally-infected cells and consequently
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limitation of virus infection. Lastly, the demonstra-
tion of the immunosuppressive activity of ITCL
(comparable or stronger than that of CsA) opens
a possibility of further investigations using more
defined models with an ultimate goal to use the
compound in combating neoplastic diseases and
other immunological disorders.
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