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Abstract
Objective

In 1996 we found by serendipity that 2 patients with rheumatoid arthritis (RA) who were taking clarithromycin
(CM) to eradicate Helicobacter pylori experienced a regression of their RA symptoms. Following this observa-
tion, we tested the hypothesis that this reduction in symptoms could have been caused by CM administration.

Methods
We performed a 6-month, open, uncontrolled pilot study on 18 patients (14 females and 4 males, mean age 62
yrs.) with RA who had previously received DMARDs (mean 2.6) and discontinued the treatment at least one

month earlier because lack of efficacy or severe side effects. Patients were treated with CM at the dose of 500 mg
twice per day for the first 10 days, followed by a daily maintenance dose of 250 mg twice per day.

Results
4/18 patients did not complete the treatment, 2/18 were not responsive to the treatment and 2/18 discontinued the
treatment. Following ACR criteria the improvement was: 10 patients ACR 20; 6 patients ACR 50; and 2 patients
ACR 70. The remaining 4 patients did not reach ACR 20 since either the number of tender or swollen joints was

not to the level required. Reductions in PGE2 and soluble phospholipase A2 plasma levels were closely related to
CM plasma levels.

Conclusions
Our findings suggest that CM treatment can be beneficial in those patients who are not responsive to or cannot
tolerate DMARDs. No definitive conclusions can be drawn based on the present study, due to the small sample

size involved.
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Introduction
The cause of rheumatoid arthritis (RA)
is still unclear and the aim of therapy is
not to eradicate the causative entity but
to suppress the persistent inflammation
in order to ameliorate the symptoms
and reduce the articular damage. How-
eve r, most of the drugs used in RA
were not specifically developed for this
purpose, their use being based on clini-
cal evidence. A good example is pro-
vided by antimalarial drugs whose em-
pirical use dates from the late 19th cen-
tury, but only in the 1960s has its effect
on RA been evaluated in clinical trials.
By serendipity we found that two pa-
tients who were taking CM to eradicate
Helicobacter pylori (1) had a signifi-
cant regression of symptoms (2). 
Recently it has been raised the question
whether antibiotics may play a role in
the treatment of RA (3,4). Macrolide
antibiotics have been shown to exhibit
a broad spectrum of pharmacological
e ffects ap a rt from their antibacteri a l
a c t iv i t y. In particular CM has been
shown to modulate the human T lym-
phocyte response in vitro (5,6) and in
vivo in humans (7) and to have an effect
on cytokine production in vitro and in
vivo in experimental models (8). 
On the basis of the above findings we
h ave designed a pilot open cl i n i c a l
study aimed to evaluate if CM therapy
in RA could display beneficial effects
in those patients who are not respon-
ders to DMARDs.

Patients and methods
Patients
This study (included patient selection)
was conducted by the Rheumatology
Unit of the Salvatore Maugeri Founda-
tion in Castel Goffredo (Mantua, Italy).
The protocol was approved by the Ethi-
cal Committee of the Salvatore Mauge-
ri Fo u n d ation in Pavia. All pat i e n t s
were required to give their written in-
formed consent. The eligibility criteria
were as follows: age >18 years; RA
fulfilling the ACR criteria; duration of
the disease ≥ 2 years; ACR functional
class 2nd or 3rd; corticosteroid dosage
stabilised for at least 1 month prior to
study entry (≤ 6 mg prednisolone or

equivalent). All patients had previously
received DMARDs (mean 2.6) and had
d i s c o n t i nued the tre atment at least
since 1 month because lack of efficacy
or seve re side effects (Table I).
DMARDs had been used also in differ-
ent combinations.
Intra-articular corticosteroid injections
were not allowed in the last month be-
fo re enrolment in the study. Pat i e n t s
with active disease met at least 4 of the
following 7 criteria: erythrosedimenta-
tion rate (ESR) ≥ 28 mm/hour, morning
s t i ffness ≥ 45 minu t e s , ≥ 10 tender
joints (mean 12.5), ≥ 1 swollen joint
(mean 4.8); health assessment ques-
t i o n n a i re (HAQ) score ≥ 1.25; visual
a n a l ogic scale (VAS) score ≥ 3/10;
physician’s global assessment of dis-
ease ≥ 3/10. Women of ch i l d b e a ri n g
age who were not practising contracep-
tion and patients in treatment with car-
bamazepine and antihistaminics were
excluded. Also patients with bacterial
diseases were excluded. In particular,
serum tests for antibodies anti-Borrelia
burgdorferi were negative and reactive
arthritis were excluded by urine culture
for E. coli and Salmonella, fecal culture
for Salmonella, Shigella, Yersinia and
Campylobacter and urethral swab for
Chlamydia and Ureaplasma.

Study design 
18 Caucasian patients were enrolled as
expected: 14 females and 4 males with
a mean age of 62 years and a mean dis-
ease duration of 12.5 years. 14/18 were
sieropositive, and 15/18 had an erosive
RA. Th ey all we re tre ated with CM
(Macladin, Laboratori Guidotti, Italy)
at the dose of 500 mg twice per day for
the first 10 days, followed by a daily
maintenance dose of 250 mg twice per
day. The dose was selected on the basis
of a previous evidence (2).
All patients were evaluated prior to the
start of the study and after 10, 30, 60,
90 and 180 days of therapy. The fol-
l owing para m e t e rs we re monitore d :
number of swollen joints; number of
tender joints; left and right hand
strength [measured using a sphygmo-
manometer and calculating the mean of
3 tests following Lee’s method (9)]; the
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patient’s assessment of pain evaluated
on a horizontal VAS scale of 10 cm; the
physician’s global assessment of dis-
ease activity evaluated on a horizontal
VAS scale of 10 cm; the patient’s glob-
al assessment of physical function us-
ing the HAQ; and the duration of morn-
ing stiffness (in minutes). 
The steroid dose was stabilised 1
month before enrolling the patients and
for the entire period of the study. Ster-
oid tre atment wa s : 1/18 no stero i d s ;
2/18 deflazacort 6 mg; 1/18 deflazacort
7.5 mg; 3/18 methylprednisolone (MP)
2 mg; 10/18 MP 4 mg; and 1/18 MP 6
mg. No changes in the steroid dose and
no intra - a rticular injections we re al-
lowed during the study period. NSAID
therapy was also stabilised and changes
in drugs were not allowed.

Methods
At the same time points blood wa s
taken from patients (10 ml) and plasma
p rep a red for centri f u gation. Blood
samples were divided into 3 aliquots.
One was used for the measurement of
ESR, C-reactive protein (CRP), hemo-
chrome, platelet count, alkaline phos-
phatase, aspartate aminotransferase and
alanine aminotra n s fe ra s e, blood pro-
teins electrophoresis, glycemia, serum
rheumatoid factor, and creatinine. The
other two samples were coded and kept
frozen at -20°C. Samples coded were
then analysed blindly at the end of the
six months of treatment to determine:
TNF , IL-10, IFN , prostaglandin E2

(PGE2), soluble type II phospholipase
A2 (sPLA2) and nitric oxide (NO) plas-
ma levels measured as nitrite + nitrate.
The major endpoint was to evaluate the
effectiveness and toxicity of CM given
for a 6-month period to patients with
active rheumatoid arthritis not respon-
sive to other DMARDs even if com-
bined with low doses of steroids.
The measure of disease activity wa s
evaluated following the ACR definition
of improvement in rheumatoid arthritis
(10,11): tender joints count; swollen
joints count, p at i e n t ’s assessment of
pain, patient’s global assessment of dis-
ease activity, physician’s global assess-
ment of disease activity, HAQ score,

ESR or CRP levels. Pat i e n t ’s global sta-
tus, patient’s pain and physician global
assessment was scored using a visual
analogic scale (VAS), with 0 represent-
ing normal and 10 representing severe
p ro blems. A dditional eva l u ations en-
closed the hand strength (as before ex-
plained).
Cytokine and prostaglandin E2 measu -
re m e n t . Cytokines levels e. g. T N F ,
IL-10, IFN (R&D ELISA kits, Milan,
Italy) and PGE2 (ELISA kit Cayman,
France) were measured in plasma with
ELISA kits according to manifacturer’s
instructions. The results are expressed
as pg/ml and they represent the mean ±
s.e.m. of assays were each plasma sam-
ple was tested in triplicate.
Human soluble phospholipase A2 mea -
surement. Soluble PLA2 was measured
as described previously (12). Briefly,
p l ates we re coated ove rnight at 4°C
with monoclonal anti-human recombi-
nant sPLA2 antibody BA11 (kindly
p rovided by Dr. Brow n i n g, B i oge n ,
USA) at 10 µg/ml. Samples (50 µl)
were then added and bound human se-
cretory PLA2 was detected by incuba-
tion with rabbit polyclonal anti-sPLA2

( k i n d ly provided by Dr. Brow n i n g,
Biogen, USA). Bound rabbit antibody
was revealed by incubation with goat
anti-rabbit IgG horseradish peroxidase
(1: 2,000) and the plates were read at
450 nm.
C l a ri t h ro mycin plasma leve l s . C M

plasma levels were evaluated as previ-
ously described (13). Briefly, 200 µl of
plasma were extracted from the appro-
priate tube after adding 200 µl of bicar-
bonate buffer containing internal stan-
dard erythromycin 1 ng/ml. The tubes
were vortex-mixed briefly and allowed
to stand at room temperature for 5 min.
Diethyl ether / dichloromethane (70/30
v/v; 3 ml) was then added and the sam-
ples were vortex-mixed for 30s. The
tubes were centrifuged at 2000 rpm for
10 min at 4°C. The upper organic lay-
ers were carefully removed and trans-
ferred using pasteur pipettes to siliconi-
zed test tubes. The solvent was remo-
ved by a gentle stream of nitrogen in a
dry bath at 37°C and 200 µl of mobile
phase were added to the tubes followed
by vortex-mixing for 15 s to reconsti-
tute the residue. 
The plasma concentrations of cl a r-
ithromycin were quantified by reversed
phase liquid ch ro m at ograp hy (HPLC
model 1100 system from Hewe l e t t -
Pa ck a rd; USA) coupled to tandem
mass spectrometry (LC-MS-MS, Quat-
t ro II triple stage quadrupole mass
spectrometer Micromass, Manchester,
UK).
Toxicity monitoring: All patients were
questioned about any adverse event at
each follow-up visit. The treating phy-
sician could withdraw the patient from
the study at any time because of side
effects or ineffectiveness of the CM.

Table I. DMARDs previously used by patients enrolled (n = 18), side effects, the patient
number that experienced a lack of efficacy. Controindication indicates patients that could
not be eligible for that specific treatment. 

Lack of Contro-
DMARD N/18 Side effects efficacy indication

Methotrexate 11/18 1/11 Liver function disturbances 7/11 3/18
2/11 Vomit
1/11 Bronchiolitis

Antimalarial 12/18 2/12 Cutaneous rash 10/12 —

Im gold salts 10/18 1/10 Severe dermatitis 8/10 —
1/10 Proteinuria

Azathioprine 5/18 —— 5/5 3/18

Cyclosporine 2/18 —— 2/2 —

Auranofin 3/18 —— 3/3 —

Sulfasalazine 3/18 —— 3/3 — 

Penicillamine 1/18 1/1 General malaise —— —

Leflunomide 1/18 1/1 Diarrhroea —— —
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Statistical analysis
Results concerning the effect on bio-
chemical parameters were analysed by
using A N OVA for multiple compari-
sons fo l l owed by Dunnett post-test.
Clinical score and all the non-paramet-
ric measures were compared by using
K ru s k a l l - Wallis test fo l l owed by Dunn’s
post-test.

Results
Two out of the 18 patients recruited
were not responsive and dropped out at
the second and third month of the stu-
dy. Two out of 18 discontinued the tre at-

ment due to either an acute erosive ga-
stritis or hyperpyrexia probably not re-
lated to CM treatment. ESR and CRP
data for day 30 was missing for one pa-
tient; no other protocol violation was
observed. Corticosteroids and NSAID
d o s age remained stable during all 6
months of the trial. As can be seen in
Table II there was a clear and signifi-
cant improvement in the para m e t e rs
VAS, HAQ and hand strength after 30
days. The medical judgement scored at
the end of the treatment was not signifi-
cantly different from that scored from
the patients. All the parameters mea-

sured were significantly improved after
6 months of treatment. The treatment
with CM did not cause any significant
side effects on blood biochemical para-
meters. In particular, aspartate amino-
t ra n s fe rase and alanine aminotra n s-
ferase plasma levels were respectively
16.5 ± 1.51 and 16.07 ± 1.19 at the be-
ginning of the study and 16.2 ± 1.20
(NS) and 18.5 ± 2.31 (NS) at the end of
the study, showing that there was no
liver toxicity. Rheumatoid factor was
not modified by CM treatment; it was
124 ± 29 before starting the study and
117 ± 25 (n = 14; NS) after the six
months of treatment. Side effects ob-
s e rved and/or rep o rted from the pa-
tients were cephalea (n = 3), dyspepsia
(n = 3), dysgeusia (n = 3) and glossitis
(n = 2), hyperpyrexia (n = 1).
As shown in Figure 1, the numbers of
tender (Fi g. 1A) and swollen joints
(Fig. 1B) were significantly and strik-
ingly reduced. This reduction in count
well correlated with the reduction in
PGE2 levels (Fig. 1C) and CM plasma
levels (Fig. 1D). On the basis of the pa-
ra m e t e rs measure d, the improve m e n t
observed using the ACR criteria was as
fo l l ow s : 10/18 patients showed 20%
i m p rove m e n t , 6/18 patients showe d
50%, and 2/18 patients showed an im-
provement of 70%. The remaining 4/18
patients did not reach ACR 20 either
for the number of tender joints or for
the number of swollen joints.
Th e re we re no detectable levels of
TNF , IL-10 and IFN in all patients
treated before and after the treatment
with the ex clusion of 2 patients. In
these 2 patients TNF levels at the be-

Table II. Mean ± s.e.m of clinical and biochemical parameters. * P < 0.05; **P < 0.01 compared with basal values (time 0) before starting
CM treatment. HAQ, Health Assessment Questionnaire, VAS, visual analogic scale; ESR erythrosedimentation rate; CRP, C reactive protein
(n = 18).

Parameters Basal 10 days 30 days 60 days 90 days 180 days

HAQ 1.43 ± 0.15 0.89 ± 0.14* 0.84 ± 0.16* 0.66 ± 0.14** 0.61 ± 0.16** 0.57 ± 0.14**
VAS 5.17 ± 0.51 2.89 ± 0.41* 2.50 ± 0.52** 2.75 ± 0.60** 2.67 ± 0.58** 2.22 ± 0.54**

Morning stiffness (min) 73.50 ± 20.0 56 ± 16 30 ± 18 22 ± 15* 9.2 ± 4.8* 18 ± 13**
Hand strength right hand (mmHg) 54.6 ± 8.8 64.2 ± 8.0 66 ± 7.7* 65 ± 8.2* 64 ± 8.7* 67 ± 9.1*
Hand strength left hand (mmHg) 49.4 ± 8.1 62.2 ± 9.2 65 ± 9.0** 63 ± 9.9** 61 ± 9.8* 65 ± 9.3*
ESR 41.0 ± 7.04 29.30 ± 4.94 29 ± 7.51 26.33 ± 5.03 27.2 ± 5.90 25.94 ± 4.9*
CRP 2.41 ± 0.50 1.14 ± 0.22 1.81 ± 0.64 1.32 ± 0.33 1.48 ± 0.39 1.44 ± 0.35*

Fig. 1. Effect of CM treatment on tender joints (A) and swollen joints number (B).The reduction in
tender and swollen joints paralleled the reduction in PGE2 plasma levels(C) and CM plasma level (D).
Data are expressed as mean (s.e.m. *P < 0.05, ** P < 0.01; *** P < 0.001 ( n=18).
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ginning of the treatment were 70 pg/ml
and 326 pg/ml and were reduced to 52
pg/ml and 66 pg/ml, respectively. The
same patient who showed a reduction
in TNF from 70 pg/ml to 52 pg/ml ex-
hibited a parallel increment in IL-10
from 40 pg/ml to 144 pg/ml. Plasma
levels of nitrite/nitrate measured as de-
scribed above were not modified. Inte-
restingly plasma levels of sPLA2 were
also signifi c a n t ly reduced after 6
months from 8.63 ± 2.06 ng/ml to 3.7 ±
0.8 ng/ml (n = 14; p < 0.05). 

Discussion
On the basis of an observation made by
serendipity (2) we set up a study to eva-
luate if CM has a potential as treatment
for patients unresponsive to DMARDs.
For this reason we have designed an
open uncontrolled pilot study where we
have enrolled a small number of pa-
tients.
Here we show that 6-month treatment
with CM causes a significant improve-
ment of ACR parameters. In addition,
we have also tried to address the possi-
ble mechanism through wh i ch CM
could modulate the disease. Indeed, of
the fourteen patients that completed the
s t u dy 10 patients out of 18 tre at e d
( 55%) achieved improvement based
on ACR parameters ranging between
ACR20 and ACR70. Moreover, at the
end of the study, after 6 months, all the
14 patients that had completed the
study decided to continue the treatment
with CM by themselves without any
support.
There are several mediators that have
been shown to be invo l ved in RA.
Among these mediators we have select-
ed IL-10, IFN , TNF , sPLA2, NO and
PGE2 since in the past they have been
shown to be inhibited by treatment with
CM in vitro or in experimental animal
models in vivo. The patients presented
at beginning of the study an elevated
plasma level of PGE2 that was signifi-
cantly reduced by the treatment with
CM. The reduction in PGE2 levels well
correlated with the reduction in swol-
len (r2= 0.97; P= 0.0003) and tender
joints (r2 = 0.66; P = 0.048). In addition
the CM plasma levels were also strictly

related to the reduction in PGE2 (r2 =
0.82; P = 0.03) and swollen joints (r2 =
0.89; P = 0.0154) but not with tender
joints. 
The study on pro-inflammatory cyto-
kines showed that none of the patients
studied had detectable IFN p l a s m a
levels. Only two patients had elevated
TNF plasma levels and CM treatment
reduced TNF levels in both cases. IL-
10 has been proposed to be anti-inflam-
matory in RA (14). In all patients stud-
ied except one, there were no detec-
table levels of IL-10. The patient who
showed an increased IL-10 plasma lev-
els (about 70%) was the same where
T N F l evels we re reduced of ab o u t
30% by CM treatment. Also nitric ox-
ide has been thought to be implicated in
RA (15); however nitric oxide levels,
m e a s u red as nitri t e / n i t rat e, we re not
modified by CM treatment.
Extracellular sPLA2 can be induced by
cytokines (16, 17) can be differentially
expressed in RA and osteoarthritis (17)
and it is a key enzyme in PGE2 produc-
tion. It has been also shown to be ele-
vated in plasma of RA and osteoarthri-
tis patients (18, 19). Fo l l owing tre at-
ment with CM after 6 months also
sPLA2 levels were significantly reduc-
ed by about 70%.
In concl u s i o n , this study shows that
CM treatment in patients not respon-
sive to DMARDs causes a significant
amelioration of the disease as evaluated
with ACR parameters. Most likely this
a n t i - i n fl a m m at o ry effect can be ex-
plained through a reduction of both
PGE2 and sPLA2 plasma levels and it
could be linked to the immunomodula-
tory effects of CM (5-8). The clinical
improvement observed was significant
for many of the parameters considered
already after 10 days of treatment and
after six months there was a clear clini-
cal amelioration that well correlated to
plasma levels of CM and was signifi-
cantly related to a reduction in both
sPLA22 and PGE2 plasma levels. How-
ever, a study involving a larger sample
of patients is needed in order to draw
a ny defi n i t ive conclusions rega rd i n g
the effi c a cy of cl a ri t h ro mycin tre at-
ment in rheumatoid arthritis.
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