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Abstract

This study was designed to examine the possible mechanisms by which macro-
lide antibiotics favorably influence the clinical course of asthmatic patients. In
the first set of experiments, we investi gated the effect of roxithromycin (RXM), a
newly synthesized macrolide antibiotic, on in vitro cytokine secretion by mito-
gen-activated human peripheral blood leukocytes: RXM suppressed the secre-
tionof T cell cytokine interleukins (L) 2-4 and monocyte cytokine tumor necro-
sis factor alpha. This inhibitory effects on cytokine secretion was dose dependent
and firstly noted at a concentration of as little as 0.5 wg/ml which is much lower
than therapeutic blood levels. In the second part of experiments, we examined the
influence of RXM on cytokine appearance in mouse lung extract induced by
lipopolysaccharide (LPS) inhalation and on bronchial responsiveness to metha-
choline in LPS-treated mice. As compared with mice pretreated with phosphate-
buffered saline, RXM administred orally at a single dose of 5 mg/kg once a day
for 21 days inhibited the appearance of 1.3, IL-4, IL-5, and tumor necrosis factor
alpha in aqueous lung extracts. Pretreatment with RXM also decreased the bron-
chial responsiveness to methacholine induced by intratracheal injection of L.PS.
We conclude that the attenuating effect of macrolide antibiotics on asthmatic
syndromes might be explained partially by their inhibitory effects on cytokine
secretion from leukocytes.

dedarerrersernsinanan

well known to have favorable effects on asthma. Beneficial
effects of these drugs are considered to be dependent par-

There is much evidence that airway hyperresponsiveness
Is a characteristic feature of bronchial asthma and that air-
way inflammation with predominant infiltration of mast
cetle and eosinophils plays an important role in the devel-
opment of asthina [1-3]. Antiallergic drugs such as disodi-
uni cromoglycate [4], azelastine [5] and ketotifen [6] are

tially on anti-inflammatory actions on airway inflamma-
tions [7]. Several studies have shown that macrolide anti-
biotics such as erythromycin and troleandromycin can fa-
vorably influcice the clinical status of certain patients with
asthma [8--12]. Although investigation of the mechanisms
of improvement has suggested that it is not due to the anti-
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microbiologigal effects of the drug {8; #2};the precise mech-
anisms-are not well understood.

Systemic - istration of ervthromiycin have been
shown to b& effective in the treatment of inflammatory
dicases such as acne, rosacea, and dermatltis herpetiformis
]_'13, 14]. he efﬁcacy of thls therapy :

natory effccts[ , 14]. Furthemmle a le;
demonstrated that the macrolide antibit
troleandromycin, and RU 2896
strongly inhibit chemotaxisand
mediators (O; and H,0,, etc.) by, polym
cytes when the cells were cultured in vitro ih the presence of
macrolides [15-17]. From these reports, it is reasonable to
speculate that orally administered macrolide antibiotics in-
hibit airway inflammation and result in an improvement of
the clinical status in certain asthmatic patients. However,
there is little information about a relationship among anti-
inflammatory actions of macrolide antibiotics and the
mechanisms of a favorable influence on the clinical status of
asthmatic patients.

Inflammatory responses with eosmophtlm mast cell re-
plenishment, and IgE production observed in asthma pa-
tients are now known to be mediated by helper T lympho-
cytes and their products, so-called cytokines: helper T lym-
phocytes, upon contact with appropriate antigens, activate
and then release cytokines that control establishment and
regulation of inflammatory responses. It is-also well known
that macrophages. through their secretion of interleukin |
(I1.-1) and tumor necrosis factor alpha (TNF-¢1) are impor-
rant in the mediation of inflammatory responses.

Therefore, we performed the present study to answer un-
resolved questions regarding the favorable effects of macro-
lide antibiotics on asthma by examining the effects of RXM
on cytokines, which are known to influgnce the pathogene-
sis of asthma, and on the secretion from human peripheral
blood leukoeytes in vitro. Furthermore, we evaluated effect
ol RXM on the broncheal responsiveness (BR) to metha-
choline (Mch) in mice which inhalated endotoxin, since this
agentin experimental animals caused airway inflammation
which is considered to be closely linked to the development
Of BR[18 201,

Materials and Methods

Vice

specific pathogen-free S-week-old male BALB/c mice were pur-
chased from Charles River Japan (Atsugi. Japan). After arrival at the
Duepariment of Medical Biology, they were housed in filer-barricred
cages, and autoclaved food (Oriental Kobo Kogyo, Tokyo, Japan) and

uclear Jeuko- --

“tap water-were givenad libutum to prevent fungal and bacterial airway

infection,

Drugs

RXM was kindly supplied by Morishita-Roussel (Osaka, Japan) as
a water-insoluble pure powder. The agent was dissolved in methy! al-
cohol at 50.mg/ml and diluted with RPMI-1640 (Flow Laboratories.

Irvine, UK supplementéd with 10 mM HEPES, 2x 105 M 2ME.- 10%
. fetal calfserum (Flow La
,pemu]im

ratories, North Ride, Australia), 100 U/ml
nl streptomycin (RPMI-FCS), s0 as to give a
conuntxatlon of 0 mg/ml. This solution was then filtered throu«T h'a

e ‘Millipore, Yonezawa, Japan) and stored as a

: s’fo”ck s&lutioﬁ zit 4°C until use. All dilutions used in this study were
prepared from this stock setiition by diluting with RPMI-FCS. Metab-
ofized RXM; RU 811, 39001, RU 44981, and RU 45179 were

kindly supplied by Morishita-Roussel, as water-insoluble pure powd-
ers, They were ,v‘ed it RPMI-FCS as in the case 6f RXM. The
chemical structures of these agents are shown in figure 1.

Preparation and Purification of Human Peripheral Blood

Leutkoevies (PBL)

Heparinized peripheral blood was obtained from 3 healthy donors
who gave written informed consent. The blood-was diluted twice with
0.9% NaCl and overlayered:on lymphocyte separation medium (Orga-
non Technika, Durham, N.C., USA). After centrifugation at L.500 rpm
for 30 min at 252:2°C, the medium-plasma interface, which contained
mononuclear cells, was collected. The cells located in this fraction
were washed five times at 600 rpm for 10 min at 25+2°C to remove
platelets. The resultant cells were suspended to RPMI-FCS at a con-
centration of 2x10° cells/ml and used as PBL. To purify PBL, the cell
suspensions were transferred to plastic culture plates (No. 1-43982;
Nune, Denmark) and allowed to attach for I hat 37°C. The plates were
then washed thoroughly three times with RPMI-FCS to remove nonad-
herent cells. The adherent cells were collected by scraping with rubber
policeman. washed once. resuspended in RPMI-FCS at a concentra-
tion of 2x10° eells/ml, and used as monocytes. Peroxidase staining
revealed that more than 95% of the adherent cells were monocyies.
Nonadherent cells were fractionated into T and B cells by panning
[21]. The cells (2x10%ml) were placed into plastic Petri dishes (No.
150326: Nunc) coated with monoclonal antibody to CD22 (Immuno-
tech, France; final volume 5.0 ml). After incubation at 37°C for
30 min, the dishes were gently rotated for 30 s, and nonadherent cells
were then poured off. The cells were washed once and reincubated in a
second set of antibody-coated dishes for 30 min at 37°C in order to
deplete adherent cells, Nonadherent cells from the second set of dishes
were removed, washed. resuspended in RPMI-FCS at a concentration
of 2x10° cells/ml, and used as purified T cell population. The viability
ol the cell population exceeded 98%, as judged by trypan blue exclu-
ston. The purity of the cells was checked by incubating separated cells
with monoclonal antibody to CD7 (Immunotech) followed by {Tuo-
resceinated antimouse TeG antibody (Immunotech). Fluorescence mi-
croscopic examination revealed that more than 98% of the nonadher-
ent cells were CD7 positive (T ¢ells).

Cell Culture
Analiquot of PBL (0.1 ml) was introduced into each well of a 90-
well flat-bottomed microculture plate (Nunc) that contained 0.1 ml of
various concentration of agents and 20.0 ng/ml concanavalin A
(ConA: Sigma Chemicals. St Louis, Mo., USA). The plate was main-
tained at 37°C, 5% CO, in air, and 90% humidity. After 40 h, 1.0 uCi
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Fig. 1. Chemical siructure of RXM and metabolized RXM.

"H-thymidine (*H-TdR Amersham, Buckinghamshire, UK) was added
to each well, and the plate was maintained for a further 8 h. The cells
were harvested onto glass fiber filter, and the thymidine incorporation
was assessed by liquid scintillation counting (cpm % SD of triplicate
cultures). To prepare the T cell culture supernatant, 1.0 ml cell suspen-
sionwas dispensed into 24-well plates (Nunc) containirg 1.0 mf of vari-
ous concentrations of agents and 20.0qug/ml ConA: Afterincubation
for 48 h, the supernatant was.collectd after pelleting the cells by centrif-
ugation at 2,000 rpm for 10 min at 25£2°C. Monoeyte culture super-
natant was prepared in a similar manner, except that 2.0 ug/ml of lipo-
polysaccharide (L.PS) from Kiebsiella pneumoniae (Sigma Chemicals)
was used as mitogen and that the culture period was 24 'h, The super-
natant was stoted frozen at -40°C until-assayed for cytokine activities.

Treatment of Mice with RXM

RXM dissolved in methy! alcohol at 50 mg/mi was diluted with
phosphate-buffered saline (PBS) so as to give a concentration of | mg/
ml. This solution was then sterilized by passing through a 0.22-um
filter (Nihon Millipore) and stored at 4°C until used. The mice were
given S mg/kg of RXM once a day for 21 days via a stomach tube. In
this experiment, the daily dose was equivalent to 300 mg/day ina pa-
tient weighing 60 kg, The control mice received orally PI3S alone.

Treatmenr of Mice with LPS

The mice were lightly anesthetized interpertioneally with 0.5 mg
pentobarbital (Abbott Laboratories, North Chicago, 111., USA), and a
middle incision was performed above the sternum. The trachea was ex-
poscd by blunt dissection, a 28-gauge needle was inserted into the tra-
chea above the carina, and 0.1 ml of PBS containing 1.0 ug/ml L.PS (Sig-
ma Chemicals) was injected. Control mice received 0.1 ml PBS alone.

N*ﬁ—gg;ﬂ*{iﬁ,*ﬁﬂgfﬁﬁgs

2

Di-desmethyl RU45179

Free oxime RU28111

Treatment of Mice with Anti-TNF-c Antibody

The mice were pretreated by intraperitoneal injection with 1 mi of
rabbit antimouse TNF-¢ polyclonal antibody (Genzyme, Cambridge,
Mass., USA). According to the manufacturer’s instructions, 10.0 ul of
this antibody neutralizes 1000 U of the mouse TNF-« bioactivity in-
vivo. Control mice werce injected with normal rabbit serum. After 1 h,
the mice were injected intratracheally with LPS.

Preparation of Aqueous Lung Extract (4LE)

To prepare ALL, the mice were killed by intraperitoneal injection
of pentobarbital (Abbot) at a dose of 60 mg/kg body weight 24 h after
L.PS injection. The lungs were inflated with 1.0 ml PBS and homoge-
nized in 2.0'ml PBS using a glass tissue homogenizer (Takashima, To-
kyo) for 60 s in an ice-cold water bath. The homogenates were then
centrifuged at 2,000 g for 60 min at 4°C. The supernatants were col-
lected and stored at -40°C until use.

Respiratory Measurement

The mice were anesthetized by intraperitoneal injection with pen-
tobarbital at a dose ot 1.8 mg/kg body weight. Immediately after in-
duction of anesthesia, the trachea was cannulated and connected to-a
constant-volume respirator for small animals (SN-480.3; Shinano Sei-
sakusho, Tokyo) at a tidal volume of 0.5 ml and at a frequency of 60
cycles/min, Under these conditions, we found that arterial oxygen ten-
sion of the mice was kept between 70 and 80 mm Heg, as measured with
a transcutaneous lensometer (OKV-7101; Nihon Koden, Tokyo). The
flow at the outlet of the intratracheal cannula was measured using a
differential vansducer (1'P-602; Nihon Koden). One end of the differ-
ential pressure transducer (Nihon Koden), was connected to the outlet
of the tracheal cannula, the other end being exposed to atmospheric
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pressure. The respiratory resistance was determined by the method of
Konzett and Rossler as described by Burden and Parkes [22] from the
tr. anspiﬂmemfv pressure, air tlow, and respiratory volumes-measures.
w BR to Mch (Sigma) was measured by mtravenous administation
uantities of Mch (107, 107, 10,107, and 102 mol) in a

Assay for Crtokines :
IL-2, IL-3, 1L-4, and TNF-a activities in culture supernatants were

assayed using a commercially available human cytokine enzyme-link-" -

ed immunosorbent assay test kit (Amersham). IL-3, 1L-4, IL-5, and

TNF-a in ALE were also assayed by a mouse cytokine enzyme-linked

immunosorbent assay test kit purchased from Genzyme. This assay
was performed in duplicate according to the method described previ-
ously [23]. The cytokine activities in culture supernatant and in ALE
were expressed as percent of control and as picograms per mllhhter
respectively.

Statistical Analysis

Statistical differences between the data were established by em—*

ploying the Mann-Whitney U test.

Results

Inhibitory Lffects of RXM on PBL Activation

To examine influence of RXM on PBL activation, cells
were cultured in the presence or absence of RXM. The cell
activation was assayed by examining *H-TdR uptake into
DNA and by quantitation of cytokine levels in culture su-
pernatants. Typical results of 2 out of 5 different subjects are
shown in figure 2 and demonstrate that RXM and metabo-
lized RXM could not inhibit cell activation as assessed by
H-TdR uptake which was nearly identical in experimental
and in control animals (p <<0.05). Although the activation of
Tcells by antigens or mitogens has been measured routinely
by assays that measure the rate of incorporation of radiola-
beled precursors into newly synthesized DNA, there is
much evidence that quantitation of cytokines is a more sen-
sitive indicator of T cell activation than measuring the pre-
cursor uptake [23-25]. We, therefore, examined the influen-
ce of RXM on cytokinie secretion from PBL in response to
mitogenic stimulation. The data shown in figure 3 clearly
indicate that RXM caused a reduction in cytokine secretion.
This %upprcssion was observed when the cells were cultured
in the presence of RXM at a concentration as little as (.5 g/
ml. The fourth experiment was carried out to examine
whether metabolized RXM could also inhibit cytokine se-
cretion from PBL. As also shown in figure 3, metabolized
RXM strongly inhibited the cytokine secretion. This inh-
bition occurred in a dose-dependent manner, most signi-
icant at 0.0 pg/ml.

Influence of RXM on Cytokine Appearance in vivo

To examine the in vivo effect of RXM on.gytokine secre-
tion, BALB/c mice which were treated with RXM once a
day for 21-days were intratracheally injected with 1.0 ng/mi
LPS, and ALE was prepared 24 h after LPS injec tion. As
shown in table 1, ALE prepared from noninjected mice con-
tained undetectable levels of IL-3, IL-4, and IL-5 (<3, < |
and <5 pg/ml, respectively). The TNF-a level in contxol
ALE was detectable only (table 1). [ntratracheal injection of

- LPSresulted in the appearance of high levels of cytokines in

ALE. The most striking effects of LPS injection on cytokine
appearance was observed in the TNF concentration (ta-
ble 1). The results in table | also indicate that oral adminis-
tration of RXM into mice significantly suppressed the ap-
pearance of cytokines in ALE in response to LPS mjectmn
(p=<<0.05).

Influence of RXM on the BR to the McH in Mice ]n]ecred

Intratracheally with LPS

To examine the influence of RXM on BR, mice orally
administered with RXM were injected intratracheally with
1.0 ug/ml LPS, and BR to Mch was assayed 24 h-after LPS
injection. As shown in figure 4, LPS injection caused signif-
icant changes in the BR to Mch as compared with PBS-in-

jected mice: the minimum concentration of Mch to cause a

signiﬁcant increase in air overflow in experimental mice
was 10 mol Mch and that in control mice was 10~ mol Mch
(p<0.05). Pretreatment of mice with RXM strongly inhib-
ited airway changes to 10 “ mol Mch: the volume of air over-
flow in nontreated mice was 0.14+0.01 ml and that in RXM-
treated mice was 0.03+0.01 ml (table 2).

Effect of Anti-TNF-o. Antibody Injection on Airway

Changes in Mice following LPS Injection

Since intratracheal injection of mice with LPS causes an
increase in both several types of cytokines in ALE and BR
to Mch, the present study was undertaken to examine type
of cytokine(s) responsible for BR to Mch. The results in ta-
ble 3 clearly indicate that TNF-¢t in an important mediator
in BR to Mch: pretreatment of LPS-injected mice with anti-
TNF antibody completely blocked L.PS-induced increase in
Mch responsiveness.

Discussion

Macrolide antibiotics are used therapeutically in the
chronic management and the treatment of asthma [8-11].
However, the mechanisms by which macrolide antibiotics
modify the clinical status of asthma are not well understood.
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Fig. 2. Influence of RXM on ConA-induccd proliferation of hu-
man PBL invitro. PBL (2x10%/0.1 ml) werc cultured in the presence of
various concentrations (indicated) of RXM and metabolized RXM.

Proliferation (cpmn x 103 SD)

The cells were pulsed with 1O uCi *H-thymidine for the last & h of the 00 ey ey ey

y vy g . . 5 0
“d-hour colture. Mean values £ SD from triplicate cultures of 2 out of oot 1
5 different subjects are shown, Vertical bars showing the $I are omit- Dose of agent (ug/ml)

ted to clarify. @ = subject no. |, M= subject no. 2.
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Fig. 3. Influence of RXMon mitogen-induced evtokine secretion from
human peripheral blood monocytes and T eells, The cells (2 10%ml) were
cultured in the presence of various concentrations (indicated) of RXM and
metabolized RXM, 1ol cubture supernatants stimulated with ConA were
harvested at 4% b for iterleukin IL-2 (@) 113 ¢, and -4 (0 ) dnsiy s,
Monoeyte culture supernatants stimualated with 1 PS were harvested at 24 h
for TNF-co () assav. Data are mean of % of control (without agents) of 3
different subjects.

Cytokine activity (% of control)

e activity (% of control)

Cytokir

Cytokine activily (% of control )

RU 39001

4
E T T T T T T T T T 1
0 1 5 10
Dose o agent (ug/ml)
RU 44981

l T T T v T T T M T T T 1
0 1 5 10
Dose of agent(pg/ml)

RU 45179

T T T T T T T T T 1
i 5 10
Dose of agent (ug/ml)




Gable 1. Inhibition of cytokine appear-

ance in aqueous lung extractprepared from  CToOUp Cytokine activity, pg/ml e G
BALB/C mice oraﬁf treated with RXM -3 O § g} -5 “TNF-a
{mean =SDy ; o . -
‘Nontreated ND ND ND : 15.57+13.9
- LPS 8.48+2.07  100.63%3.15 20.00+6.99 5,316.30+652.0
LPS +RXM 2.91+0.79 75.65+6.62 7.50+1 77 2,22'9‘00“_%409.30

Edch group consisted of 6 animals; ND = not determined.

Table 2. Influence of RXM on bronchlal .
changes to 10"*mol M(,h in BALB/c mice fol-
lowing I.PS injection

Group Air overflow, ml

Normal controls 0.02+0.01

LPS 0.1420.01
0.03x0.01

LPS +RXM

Lach group was consisted 6£ 6 animals.

Table 3. Influence of anti-TNF-u antibody injection on airway
changes in BALB/c mice following LPS injection (mean % SD)

Group TNF-a*, pg/ml Air overflow, ml
PBS-injected ND 0.05+0.01
Anti-TNF-injected ND 0.04+0.01
LPS 5,781.20+313.9 0.1440.01
L ant-TNF-u 1,650.40%621.0 0.0340.01
LPS+RXM 2,532.50+520.0 0.06%0.01

One representative experiment of two.
Hach group consisted of § animals; ND = not determined.
TNF-1 concentration in aqueous lung extracts.

a

[tis accepted that T cells (especially helper T cells) associ-
ated with the development of asthma directly respond to al-
lergens and elaborate cytokines of [L.-3 and 11.-4, among
others [26. 27]. These cytokines and I1L-2 are believed to he
involved in severity and length of the diseases [28, 29]. Re-
cently, RXM was analyzed and used therapeutically, since
its effects are quite similar to that of erythromycein, We pre-
viously reported that oral administration of RXM info mice
once a day for I week inhibits their capacity of spicnic T
cells to produce 1L.-5 when the cells were stimulated in vitro
with ConA [9]. This report may suggest that macrolide anti-

0.2
0.1% 4
E
=
g
= 0.1
hd
g
o
1=
g
5
T 0.05-
&
-

Mch (log mo})

Fig.4. BR to Mch.in BALB/c mice. The BR was measured after
intravenous injection of various concentrations (indicated) of Mch.
Mean values = SD of 5 individual mice of one of two different experi-
ments which gave reproducible results. Vertical bars showng SI) are
ornitted to clarify. @ = PBS:injectd mice; ®=LPS-injected mice.

biotics administered orally into asthmatic patients inhibit
cytokine secretion from T cells and result in favorable ef-
fects on asthma. In the first experiments, therefore, we ex-
amined the influence of RXM on in vitro cytokine secretion
from human peripheral blood leukocytes. The present re-
sults clearly demonstrate that RXM and metabolized RXM
strongly inhibit cytokine secretion from human monocytes
and T cells in response to mitogenic stimulation in vitro and
that the minimum amount of agents that cause inhibition of
cytokine secretion is as little as 0.5 pg/ml. Pharmacokinet-
ics of RXM are characterized by rapid and complete absorp-
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tion after oral administration, resuiting in high plasma lev-
els and in prolonged half-life, since the macrocycline of
RXM is locally modified to prevent inactivation in gastric
Juice. It is also reported that, after oral adminisfration of
RXM,; pla%md levels of agent was gradually increased and
attained a plateau at a concentration of about 10.0 pg/ml
[30]. RXM in plasma were then metabolized into four dif-
ferent metabolized materials (fig. 1) and metabolized mate-
rials except for two types of them such as RU 44981 and RU
45179, are excreted into urine and feces [30], suggesting that
increase in unmetabolized and hardy excreted metabolised
RXM may occur progressively. Judging from these reports
and the present results, it is reasonable to speculate that
macrolide antibiotic, RXM inhibits human monocyte and T
cell activation, especially cytokine secretion, and helps to
favorably modify the clinical conditions of patients with
asthma. However, before drawing the conclusion that inhib-
itory action of RXM on cytokine secretion is responsible for
beneficial effect of macrolides on asthma, it is necessary to
examine the following questions: (1) whether inhibitory ef-
fectof RXM on cytekine secretion could be also observed in
vivo,and (2) whether this inhibitory effect might be contrib-
ute to therapeutic mode of action of macrolides on asthma.
Endotoxin. LPS components of gram-negative bacteria
are known to be one of important stimuli in the development
of asthma. Potential sources of airborne endotoxin in our
environment include domestic water, air humidifiers, and
house dusts [18-20]. Organic dusts have also been shown (o
be contaminated by endotoxin [18, 20]. Both in normal and
asthmatic subjects, inhalation of endotoxin has been report-
ed to cause an increase in BR [31]. It is also reported that
local administration of endotoxin to airways in experimen-
tal animals causes pulmonary inflammatory responses with
an increase in BR [18-20]. Therefore, we used an endotox-
in-mouse system and carried out a second part of experi-
ments to answer the questions described above. The data
shown in table I clearly demonstrate that intratracheal in-
jection of LPS results in the appearance of inflammatory
cytokines in airways and lungs which was inhibited by pre-
treatment with RXM. Anincrease in BR to Mch observed in
L.PS-injected mice is also diminished by pretreatment with
RXM (1able 2). These results strongly suggest that RXM
orally administered into mice inhibits inflammatory cyto-
kine producton in airways and results in a therapeutic effect
on LPS-induced increase in BR to Mch. LPS is known to be
a very potent stimulus of TNF synthesis and release from
macrophages and monocytes. TNF-a has especially have
been proposed as a major mediators of endotoxin-induced
atrway changes [19, 20]. In the present study, pretreatment
with RXM partially blocked not only appearance of TNF in

ALE. but also an increase in BR to Mch (tables 1 and 2).
Likewise, pretreatment with anfi-TNF antibody inh;
LPS-induced increase in Mch responsivensss (table 39,
These resuits strongly indicate that the protective effect of
RXM on BR may be due to its suppressive effect on TNF-q.
release and that TNF-or mediates at least partly the increase
in responsiveness occurring after LPS administration.
Although the present results suggest that macrolide anti-
biotics inhibit lymphocyte and macrophage activation espe-
cially cytokine secretion and result in favorable modifica-
tion of clinical status of asthmatic patients, more in- depth
analysis of the relationship between inhibition of secretion
of inflammatory mediators by macrolides and airway
changes should allow us to identify the precise mechanisms
involved in the therapeutic mode of action of macrolides on
asthma. Furthermore, the mechanisms by which RXM in-
hibits cytokine secretion in vitro and in vivo are not ¢lear at
present. [t is possible that RXM binds to immunophillin,
intracellulnr binding protein, and the complexes interfercs
cytokine gene transcription, resulting in inhibition of cyto-
kine secretion. Because FK-506 and rapamycin, macrolide
antibiotics extracted from the fermentation broth of Strepto-
myces spp, exert their immunosuppressive effects by for-
mation of complex between immunophillin and agent
which inhibits cytokine gene transduction [32, 33]. Any-
way, further experimentation is needed to clarify this point.
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