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Abstract:

The aim of this investigation was to evaluate immunotropic properties of a new isoxazolotriazepine (compound RM33) in mice. We

found that RM33 significantly inhibited induction of the humoral immune response to sheep red blood cells (SRBC), given 2 h prior

to immunization. The development of the cellular immune response (delayed type hypersensitivity – DTH) to SRBC and to

ovalbumin (OVA) was also suppressed, as well as the effector phase of the DTH to OVA. The compound was also effective when

administered per os. The suppressive effects of RM33 on the immune response were comparable to those of cyclosporine A (CsA).

We also showed that RM33 inhibited DTH to OVA if admixed with the sensitizing dose of an antigen and complete Freund’s

adjuvant (cFa) suggesting that the compound may affect initial events of antigen presentation. Such a hypothesis was supported by

finding that RM33 significantly inhibited foot pad edema elicited by administration of cFa. The effects of RM33 on the activities of

cytokines relevant to development and control of the immune response and inflammation such as: tumor necrosis factor alpha

(TNF-�), interleukin 6 and 10 (IL-6 and IL-10) were also studied. The compound markedly (by 63%) inhibited lipopolysaccharide

(LPS)-induced TNF-� serum level whereas IL-6 activity was lowered to a lesser extent (by 17%). The inducible IL-10 level in the

splenocyte cultures was not affected at all. In summary, the presented results revealed immunosuppressive properties of RM33, which

could be associated with its selective interference with co-stimulatory signals provided by adjuvant at initiation of the immune response.
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Introduction

The heterocyclic structure of isoxazole becomes more

frequently investigated, since either alone or in com-

bination with other systems, it demonstrates various

biological activities. Recent pharmacological data on

HIV protease inhibitory activity [21] of these deriva-

tives have significantly stimulated efforts on synthesis

and investigations of their biological properties. The

1,2,4-triazepine heterocyclic system has attracted

considerable interest recently, however knowledge of
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the molecular structure of triazepine derivatives is

still very limited. Triazepines are very interesting both

from the pharmacological and chemical point of view

[6, 15, 20, 24]. Yamamoto et al. [26] patented triazepine

derivatives as inhibitors of cytokine production.

In the course of our search for new, heterocyclic

structures with potential biological activity, an attempt

was undertaken to synthesize derivatives of isoxa-

zolo[5,4-e]triazepines. Such compounds were ob-

tained by cyclization of substituted o-aminohydrazides 1

with ethyl orthoformate [2, 12], resulting in synthesis of

triazepine derivatives 2, 3 (Scheme 1).

Our hitherto conducted studies on cyclization of

the substituted o-aminoamides of 5-amino-3-methyl-

isoxazolo-4-carboxylic acid 4 showed (Scheme 2) that

in the reactions with aldehydes, the compounds of

Schiff’s base type were formed [9, 10], possessing the

amino group in position 5 of the isoxazole ring 5.

Compound 4, reacting with orthoformates [16, 17],

led to formation of derivatives of 5-ethoxymethino 6

and as a result of diazotization [18], the derivatives of

isoxazolo[5,4-d]1,2,3-triazin-4-one 7 were obtained.

Among the series of new derivatives (patent

P343181) one compound (RM33) was selected for
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further studies. The aim of this investigation was to

evaluate immunotropic activities of RM33 in genera-

tion of the humoral and cellular immune response and

in the adjuvant-induced inflammation in mice, and to

propose a possible mode of its action.

Materials and Methods

Animals

8–10 weeks old CBA mice of both sexes were deliv-

ered by the Animal Facility of the Institute of Immu-

nology and Experimental Therapy, Wroc³aw. The ani-

mals were fed granulated food and water ad libitum.

The local Ethics Committee approved the study.

Antigens

Sheep red blood cells (SRBC) were delivered by the

Wroc³aw Agriculture Academy and kept in Alsever’s

solution at 4°C until use. Ovalbumin (OVA) was pur-

chased from Sigma.

Reagents

Cyclosporin A (CsA) in ampoules (in Cremophor as

solvent) was purchased from Sandimmune, Sandoz

(Switzerland), concanavalin A (ConA), levamisole,

lipopolysaccharide (LPS) from Escherichia coli sero-

type O111:B4, DMSO and Cremophor EL, MTT

(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium

bromide) were from Sigma (USA), complete (cFa)

and incomplete (iFa) Freund’s adjuvants were from

Difco (USA), RPMI-1640 medium was supplied by

Cibi/Life Technologies (UK) and ELISA IL-10 deter-

mination kit was from eBioscience, San Diego

(USA).

Synthesis of RM33

As the result of the conducted experiments and analysis of

the products of derivatives of 3,5-dimethyl-7-substituted

isoxazolo[5,4-e][1,2,4]triazepin-4-ones compounds of

general structure 11 were obtained (Scheme 3).

Administration of the preparations

RM33 was initially dissolved in DMSO or a mixture

of ethanol and Cremophor at a ratio 64:36, and then

diluted with 0.9% saline or RPMI-1640 medium. CsA

(available as a Cremophor solution) was further di-

luted with 0.9% saline or RPMI-1640. The 0.1–0.2 ml

of the solution was administered intraperitoneally (ip)

2 h before immunization. The preparations were also

mixed with the sensitizing dose of antigen or adjuvant

and injected subcutaneously (sc) or added to cell cul-

tures at the beginning of 48-h incubation.

Determination of the humoral immune response

Mice were immunized with 0.2 ml of 5% SRBC sus-

pension in saline. After 4 days the number of

antibody-forming cells (AFC) in the splenocytes was

determined according to Mishell and Dutton [11]. The

magnitude of the response was expressed as an AFC

number per 106 splenocytes. The experimental groups

consisted of five mice.

Delayed type hypersensitivity test (DTH)

The method of Lagrange et al. was applied [7]. Mice

were sensitized intravenously (iv) with 105 SRBC in

saline or with 5 �g of OVA in cFa, sc by their injec-

tion at the tail base. After 4 days, the mice were given

eliciting dose of an antigen: 108 SRBS in 0.05 ml of

saline or 50 �g of OVA in iFa into both hind feet. Fol-

lowing next 24 h, the foot pad edema was measured

using a caliper. The data are expressed in units (1 unit

= 10–2 cm of the net increase in foot pad thickness).

The nonspecific background responses, measured in

naive mice given eliciting dose of an antigen, were
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subtracted. The experimental groups consisted of

5 mice and the results are given as the mean values of

10 measurements (foot pads) ± SE.

Adjuvant test

Mice were given cFa emulsified at ratio 1:1 with ap-

propriate solutions of RM33 (doses: 2, 10 and 50 �g)

in a volume 0.1 ml, sc into hind foot pads. Mice in-

jected with cFa, as well as with iFa only, served as

controls. The mice were monitored for foot pad

edema for 4 days. The results are presented as a net

increase in foot pad thickness (after subtracting the

foot pad thickness of the iFa-injected mice) in milli-

meters.

Induction of cytokines in vivo and in vitro

Mice were injected iv with 25 �g of LPS in 0.2 ml of

saline. After 2 h, mice were sacrificed under general

anesthesia, blood was collected, sera were isolated,

and kept in aliquots at –20°C until TNF-� [5] and

IL-6 [23] determination. The activity of IL-10 was as-

sayed in 48 h supernatants from mouse splenocytes

(5 × 106 cells/ml/well in 24-well cell culture plates),

suspended in a culture medium (RPMI-1640 supple-

mented with 10% fetal calf serum, glutamine, sodium

pyruvate, 2-mercaptoethanol and antibiotics). The

production of IL-10 was induced with a mixture of

LPS and ConA (2 �g/ml of each reagent).

Statistics

The results are presented as the mean values ± stan-

dard error (SE). The Levene test was used to deter-

mine the homogeneity of variance between groups.

When the variance was homogeneous, analysis of

variance (ANOVA) was applied, followed by post hoc

comparisons with the Tukey’s test to estimate the sig-

nificance of the difference between groups. Nonpara-

metric data were evaluated by the Kruskal-Wallis

analysis of variance on ranks, as indicated in the text.

Significance was determined at p = 0.05.

Results

Effects of RM33 on the humoral and cellular

immune response

The effect of ip administration of RM33 on the humo-

ral immune response in mice to SRBC is shown in Ta-

ble 1. The compound (10 and 100 �g) was given to

mice at 2 h before immunization. Levamisole and

CsA served as reference compounds (stimulatory and

inhibitory, respectively). The results demonstrated

strong inhibitory action of RM33 on the AFC number

in the spleens. The effect was even more pronounced

than respective values in CsA-treated mice. Similar
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Tab. 1. Effect of RM33 on the generation of the humoral immune re-
sponse to SRBC

Preparation Dose
µg/mouse

AFC/10� ± SE p

Control 1164 128

RM33 10 399 28 < 0.001

100 417 30 < 0.001

CsA 10 893 30 NS

100 524 29 < 0.001

Levamisole 10 1253 104 NS

100 1857 138 < 0.01

Mice were treated with RM33 and the reference drugs 2 h before im-
munization. After 4 days the number of antibody forming cells was
determined in the spleens. The results are presented as the mean
AFC numbers per 10

�
viable splenocytes of 5 mice (determinations)

± SE, NS – not significant, SE – standard error

Tab. 2. Effect of RM33 on generation of the delayed type hypersen-
sitivity to SRBC

Preparation Dose
µg/mouse

DTH units ± SE p

Control 13.4 0.84

RM33 10 6.7 0.91 < 0.001

100 4.2 1.16 < 0.001

CsA 10 10.5 0.75 < 0.05

100 6.8 1.11 < 0.01

Levamisole 10 13.3 1.61 NS

100 15.5 1.11 NS

Mice were treated with RM33 and the reference drugs ip 2 h before
sensitization with SRBC. After 4 days mice were challenged with the
antigen sc into foot pads and following next 24 h the foot pad edema
was measured. The results are presented as the mean values of
5 mice per group (10 determinations) ± SE and expressed in DTH
units (1 unit = 10

��
cm)



treatment of mice with RM33 before sensitizing dose

of antigen resulted (Tab. 2) in a profound inhibition of

the delayed type hypersensitivity to SRBC, and the ef-

fect of RM33 was again stronger than that of CsA.

Another study (Tab. 3) revealed that RM33 was also

effective in the DTH model when administered per os

2 h before sensitizing dose of an antigen. Interestingly

(Tab. 4), the compound was also immunosuppressory

when administered 2 h before eliciting dose of an an-

tigen (OVA). To establish whether the inhibitory ac-

tion of RM33 could be associated with a direct action

of the compound at the site of antigen deposition, the

compound (5–100 �g) was mixed with the immuniz-

ing dose of an antigen (OVA). Table 5 shows that

RM33, given in such a way, very significantly inhib-

ited the magnitude of DTH reaction.
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Tab. 3. Effect of RM33 administered per os on generation of the de-
layed type hypersensitivity to OVA

Preparation Dose
µg/mouse

DTH units ± SE p

Control 11.0 0.22

RM33 20 7.2 0.18 < 0.001

100 6.6 0.16 < 0.001

500 5.9 0.18 < 0.001

Mice were sensitized with OVA as described in the text and treated
with RM33 per os using a stomach tube, 2 h after sensitization with
antigen. After 4 days mice were challenged with OVA into hind foot
pads and the foot pad edema was measured following next 24 h. The
results are presented as the mean values of 5 mice per group (10 de-
terminations) ± SE and expressed in DTH units

Tab. 4. Effect of RM33 on the effector phase of the delayed type hy-
persensitivity to OVA

Preparation Dose
µg/mouse

DTH units ± SE p

Control 9.10 0.18

RM33 20 7.92 0.37 < 0.001

200 4.88 0.29 < 0.001

Mice were sensitized with OVA and treated with RM33 ip 2 h before
administration of the eliciting dose of antigen. The foot pad edema
was measured after next 24 h. The results are presented as the mean
values of 4 mice per group ± SE (8 determinations) and expressed in
DTH units

Tab. 6. Suppressive action of a locally administered RM33 on the
adjuvant-induced foot pad edema

Days Preparation Dose
µg/mouse

Increase in foot
edema (mm)

± SE p

1 control 1.1 0.12

RM33 2 0.9 0.06 NS

10 0.7 0.08 < 0.01

50 0.4 0.08 < 0.001

2 control 1.2 0.10

RM33 2 1.0 0.06 NS

10 0.8 0.07 < 0.01

50 0.5 0.08 < 0.001

3 control 1.1 0.16

RM33 2 0.6 0.08 < 0.02

10 0.5 0.08 < 0.001

50 0.0 0.06 < 0.001

4 control 0.7 0.09

RM33 2 0.3 0.07 < 0.01

10 0.2 0.05 < 0.001

50 0.0 0.04 < 0.001

RM33 was admixed with cFa and given (0.1 ml, sc) into hind foot
pads. Control mice were injected with cFa or iFa alone. Foot pad
edema was monitored for 4 days. The results are presented as a net
increase in the foot pad swelling in 5 mice per group, and expressed
in millimeters, ± SE (the iFa-induced edema was subtracted)

Tab. 5. Effect of a local administration of RM33 on the induction of the
delayed type hypersensitivity to OVA

Preparation Dose
µg/mouse

DTH units ± SE p

Control 12.8 0.60

RM33 5 7.8 0.90 < 0.001

25 1.8 0.45 < 0.001

125 3.6 0.83 < 0.001

RM33 was admixed (emulsified) with the immunizing dose of OVA
(cFa + OVA) and given sc into hind foot pads. After 4 days the mice
were restimulated with the eliciting dose of antigen. The foot pad
edema was measured following next 24 h. The results are presented
as the mean values of 5 mice (10 determinations) and expressed in
DTH units



Effect of RM33 on the nonspecific inflammatory

reaction induced by Freund’s complete adjuvant

The experiments, presented above, suggested that

RM33 could interfere with co-stimulatory signals de-

livered by the adjuvant in the generation and elicita-

tion of the antigen-specific DTH. Therefore, we tested

the effects of RM33 administration on the foot pad

swelling, induced by cFa. RM33 was applied sc at

doses between 2–50 �g, together with cFa, and the

foot pad edema was measured for a period of 7 days.

Table 6 shows that the compound inhibited, in

a dose-dependent fashion, the foot pad edema elicited

by the adjuvant. The inhibitory action of 50 �g of

RM33 was strong enough to completely suppress the

foot pad edema on day 3 following cFa administration

and 2 �g of the compound was able to suppress the in-

flammatory reaction approximately by half on days

2 and 3.

Effects of RM33 on inducible TNF-�, IL-6 and

IL-10 production

The inhibitory effects of RM33 on the immune re-

sponse and antiinflammatory actions in the adjuvant

skin test prompted us to check an influence of the

compound on production of pro- and antiinflamma-

tory cytokines. It appeared (Tab. 7) that RM33, given

2 h or 24 h before LPS challenge of mice lowered the

serum level of TNF-� more than by half, IL-6 level,

on the other hand, was only slightly diminished. In

addition, RM33 did not inhibit the inducible produc-

tion of IL-10 (Tab. 8) in the mouse splenocyte cul-

tures, whereas CsA lowered the production of that cy-

tokine.

Discussion

In this paper, we presented preliminary data on the

immunosuppressive and antiinflammatory activities

of a new isoxazolotriazepine derivative, RM33, in the

mouse model. The compound inhibited both the hu-

moral and cellular immune response and was effective

not only upon ip administration but also when given

orally, indicating good bioaccessibility and a potential

therapeutical application. Other studies (not shown)

revealed the lack of toxicity of the compound even at

very high doses. We also showed that RM33 might ef-

fectively suppress the inflammatory reactions elicited

by cFa. That effect was correlated with inhibition of

pro- but not antiinflammatory cytokines.

Although immunosuppresory isoxazoles, such as

leflunomide, express antiinflammatory properties and

are sometimes used in combination with other immu-

nosuppressors like CsA [13], their mechanism of ac-

tion differs from that of CsA [8]. In particular, the

mitogen-induced T cell proliferation is not affected [1].

That was also a case with regard to RM33 (not shown)

which stimulated rather than inhibited phytohemag-

glutinin-induced proliferation of human mononuclear

blood cells, in addition, the compound did not affect

IL-10 production, in contrast to CsA. Another isoxa-

zole, RM11 [19] also stimulated mitogen-induced T

cell proliferation, and strongly stimulated both humo-

ral and cellular immune response in mice. Interest-

ingly, the structure of RM11 is very closely related to

that of RM33, differing only in substitution of one
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Tab. 7. Effect of RM33 on the LPS-induced TNF-� and IL-6 serum levels

Preparation TNF-�
(pg/ml) ± SE

IL-6
(pg/ml) ± SE

LPS 1333 ± 583 5160 ± 1180

LPS and RM33 -2h 498 ± 24* 4297 ± 982

LPS and RM33 -24h 616 ± 91 4375 ± 837

Mice were given 250 µg of RM33 ip, 2 h or 24 h before iv administra-
tion of 25 µg LPS. Two hours following LPS injection, the mice were
sacrificed, blood was collected and sera were assayed for TNF-�
and IL-6 activity. The results are presented as the mean values of cy-
tokine levels of 5 mice per group ± SE, and expressed in pico-
grams/ml. * p < 0.02, compared to LPS group and analyzed by the
Kruskal-Wallis test

Tab. 8. Inducible IL-10 production in splenocyte cultures is not af-
fected by RM33

Group: Spontaneous production
(pg/ml) ± SE

ConA + LPS
(pg/ml) ± SE

Not treated 440.6 ± 27.4 2033.9 ± 25.5

RM33 436.1 ± 50.3 2096.9 ± 17.3

CsA 174.9 ± 14.8 1039.5 ± 60.4

RM33 and the reference compound CsA were added to the spleno-
cyte cultures at 5 µg/ml dose. The cultures were stimulated with
2 µg/ml of ConA and LPS. The activity of IL-10 was determined by
ELISA in 48 h cell culture supernatants and was presented in pico-
grams/ml



group in the isoxazole ring. Therefore, within the

family of isoxazoles, both immunosuppressive and

immunostimulatory compounds may be found. It is

also clear that immunostimulatory activity in some

tests i.e. mitogen-induced cell proliferation does not

exclude antiinflammatory activity of a given com-

pound as in the case of RM33.

The inhibition of adjuvant-elicited foot pad edema

by RM33 may, in part, be explained by its immuno-

suppressive action on the immune response since ad-

juvants provide co-stimulatory signals in the initiation

of the immune response [4]. The compound inhibited

activity of TNF-� which is important in the induction

phase of the immune response and in mediation of in-

flammation [14, 25]. On the other hand, the effect of

RM33 on IL-6 activity was minor and IL-10 activity

was not affected by the compound. IL-6, which coun-

teracts the activity of TNF-� by stimulation of pro-

duction of soluble TNF-� receptor [22], may be re-

garded as antiinflammatory together with IL-10, a cy-

tokine controlling the course of the immune response

[3].

We currently investigate activity of this compound

in other experimental models, using mice and rats, to

obtain more information on the mechanism of action

of RM33 and to propose its possible applicability. We

found that RM33 might lower postoperational shock

in mice measured by serum TNF-� level. The com-

pound, however, did not prolong survival of alloge-

neic skin grafts in mice, consistent with its lack of

antiproliferative effects in the models of mitogen-

induced lymphocyte proliferation. Likewise, RM33

was not able to diminish Staphylococcus aureus-induced

joint inflammation in mice and lipopolysaccharide-

elicited fever in mice. These results exclude antibacterial

properties of this compound. On the other hand, RM33

proved very effective in inhibition of carrageenan-

induced inflammation in rats when administered for

several days before elicitation of the inflammation

(manuscript in preparation). The reduction of carrage-

enan-induced skin edema was associated with lower-

ing TNF-� serum level. Such results, together with

the finding that the compound lowered surgery-

elicited TNF-� serum level, indicate that pretreatment

of experimental animals with RM33 leads to a decrease

of sensitivity to nonspecific systemic or local insults.

Experiments are under way to find out whether the

hypothalamus-pituitary-adrenal axis is involved in the

suppressory action of the compound.
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