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Abstract Rheumatoid arthritis is a chronic inflammatory disease affecting about 1% of
the adult population. The pathophysiology of rheumatoid arthritis remains in-
completely understood. An infectious aetiology of the disease has long been
postulated, but not proved. Despite insufficient evidence for the infectious nature
of this disorder, several antibacterials, such as sulfa compounds, tetracyclines and
rifampicin, have been investigated in the treatment of rheumatoid arthritis.

In the last few years, minocycline, a semi-synthetic derivative of tetracycline,
has been extensively studied as a therapeutic agent for rheumatoid arthritis. The
antirheumatic effect of minocycline can be related to its immunomodulatory and
anti-inflammatory, rather than to its antibacterial properties. Its efficacy in rheu-
matoid arthritis has been reported in 2 open trials and in 3 double-blind controlled
studies. The first 2 double-blind studies, 1 in The Netherlands and 1 in the US,
were performed in patients with advanced disease. Both studies showed a modest,
but statistically significant improvement in the clinical parameters of disease
activity and in the erythrocyte sedimentation rate in the minocycline-treated pa-
tients. The US study also reported that patients in the minocycline group devel-
oped fewer erosions than those in the placebo group. This finding supports the
role of minocycline as a disease modifying agent. The common adverse effects
of minocycline reported in these 2 studies included gastrointestinal adverse ef-
fects, dizziness, rash and headaches. Less common adverse effects were intracran-
ial hypertension, pneumonitis, persistent skin and mucosal hyperpigmentation,
lupus-like syndrome and acute hepatic injury.

The third double-blind study enrolled only seropositive rheumatoid arthritis
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patients with early disease (less than 1 year duration), and showed very encour-
aging results of significant improvement in the disease activity parameters in the
minocycline treated group of patients. The same authors later reported that about
half of these patients were in or near remission after 3 years of follow up. No
adverse effects were reported in this study.

Summarising the data of these 3 double-blind studies, we may conclude that
minocycline may be beneficial in patients with rheumatoid arthritis, especially
when given early in the disease course or in patients with a mild disease.

Rheumatoid arthritis is a chronic, potentially in-
capacitating disease that affects about 1% of the
adult population. Various pharmacological agents
are used to manage this condition. They include
NSAIDs, low dose corticosteroids and so called
disease-modifying antirheumatic drugs, such as
antimalarials, sulfasalazine, gold salts, methotrex-
ate, azathioprine, cyclosporin, various combina-
tion therapies, biological agents and others. De-
spite this considerable amount of pharmacological
agents, about 10% of patients still experience a rap-
idly progressive disease, refractory to these thera-
pies, with permanent joint destruction, physical
incapacity and sometimes life-threatening compli-
cations.[1] In addition, although the short term effi-
cacy of the disease-modifying antirheumatic drugs
is well established, their long term efficacy is less
optimal.[2,3] In fact, in most rheumatoid arthritis
patients, each of these agents is discontinued after
2 to 5 years of therapy because of toxicity or lack
of efficacy.[4,5] These findings justify the sustained
search for new therapeutic modalities.

The precise aetiology of rheumatoid arthritis is
unknown, as well as the exact role of T cells, auto-
antibodies and cytokines in the disease process. It
has been proposed that rheumatoid arthritis may
have an infectious aetiology. After a successful iso-
lation of various mycoplasma species from patients
with rheumatoid arthritis, mycoplasma was sug-
gested as an aetiological agent in this disease.[6]

Based on this theory, some rheumatologists have
long advocated tetracyclines as an appropriate
treatment for rheumatoid arthritis.[7,8] Unfortu-
nately, the studies were not appropriately designed,
the dose of tetracycline was low and the studies did
not show positive results.

However, in the last decade, this issue was re-
vived. Minocycline, a broad spectrum antibacterial
of the tetracycline group, was suggested as a useful
agent in the treatment of patients with rheumatoid
arthritis.

In this article, we will review the current use of
minocycline in rheumatoid arthritis, discuss risk-
benefit issues arising from its use and present our
own experience with this agent in rheumatoid ar-
thritis.

1. Pharmacological Considerations

Minocycline is a semi-synthetic derivative of
tetracycline with a large volume of distribution.
100% of the drug is absorbed from the gastrointes-
tinal tract and 60 to 75% is bound to plasma pro-
teins. Food does not interfere with the absorption
of minocycline. The majority of minocycline is
concentrated in the liver and excreted, by way of
the bile, into the intestine from which the drug is
partially reabsorbable. Because of the enterohep-
atic circulation, minocycline, as well as other tet-
racyclines, may be present in the blood for a con-
siderable time after the cessation of therapy. Indeed,
its half-life is long, about 18 hours. Only 11% of
the drug is excreted by the kidneys.

Minocycline is highly lipid soluble and easily
penetrates the CNS, eye, and prostate, and is found
in high concentration in the tears, saliva and milk.
Drug interactions with minocycline, as with other
tetracyclines, include various antacids, calcium,
iron supplements, and cholestyramine which can
impair absorption of the drug. Because tetracy-
clines have been shown to depress plasma pro-
thrombin activity, patients who are receiving anti-
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coagulant therapy may require downward adjust-
ment of their anticoagulant usage.[9]

2. Mechanism of Action of
Tetracyclines in Arthritis

As mentioned before, the initial enthusiasm for
the use of antibacterials in the treatment of rheu-
matoid arthritis, came from the recognition of a
possible role of mycoplasma in the aetiology of
rheumatoid arthritis. However, an infectious pro-
cess cannot be demonstrated by microbiological
investigation. Furthermore, a group of tetracy-
clines that had no antimicrobial activity, were
proven to be efficacious in rats with adjuvant ar-
thritis.[10] This suggests that other factors are in-
volved in the mechanism of action of tetracyclines.

It has become clear that tetracyclines have anti-
inflammatory and immunomodulatory activities.
One of the proposed mechanisms of action of tet-
racyclines in rheumatoid arthritis is their ability to
inhibit matrix metalloproteinases. Matrix metal-
loproteinases are a group of enzymes that play an
important role in the destruction of cartilage and
bone. Mammalian matrix metalloproteinases can
be inhibited in vivo and in vitro by tetracyclines
(especially minocycline and doxycycline), by
mechanisms independent of their antimicrobial ac-
tivity.[11-15]

Minocycline and doxycycline inhibit excessive
activity of epiphyseal cartilage collagenase and
partially, bone resorption.[16] It was shown that the
inhibitory activity of doxycycline may be partially
reversed by addition of calcium and zinc.[17] Mino-
cycline also inhibits collagenase activity in syno-
vial tissue in humans. Greenwald et al.[13] com-
pared the collagenase activity in 2 joints removed
from a rheumatoid arthritis patient during total
joint replacement. Collagenase activity was found
to be much higher in the first joint removed, before
the patient received minocycline compared with
the other joint which was removed after the patient
was treated with the drug. Minocycline and doxy-
cycline also inhibit phospholipase A2 which plays
an important role in the inflammatory process of
arthritis.[18-20]

Tetracyclines have been investigated for their
inhibitory anti-inflammatory action in vivo. Mino-
cycline suppressed collagen- and freund’s adjuvant-
induced types of experimental arthritis.[21,22] This
effect was mediated by alteration of T cell-derived
collagen-binding proteins.[23]

Minocycline, given with flurbiprofen, synergis-
tically completely inhibits collagenase activity,
suppresses gelatinase activity and inhibits bone re-
sorption, while flurbiprofen given alone, sup-
presses only joint swelling without affecting bone
damage.[24]

Extensive research has proved the anti-inflamma-
tory action of tetracyclines in periodontal disease
which is expressed by inhibition of collagenase ac-
tivity and prostaglandin synthesis in the gingiva, and
by activation of the regeneration of periodontal tis-
sue.[14-16,25]

Furthermore, tetracyclines were shown to sup-
press the immunological functions of polymor-
phonuclear cells by modulating their chemotactic
activity and by reducing their capacity for delayed-
type hypersensitivity responses to sheep red blood
cells.[26,27] Minocycline was shown to affect syno-
vial T cell proliferation and cytokine production after
stimulation with anti-CD3 monoclonal antibodies,
effectively suppressing the activation and function
of these T cells.[28] Suppression of a T cell activa-
tion antigen (gp 26) in patients treated with mino-
cycline was also shown in our study.[29] In addition,
tetracyclines inhibit nonbacterial inflammatory re-
actions associated with antioxidant activity.[30,31]

3. Efficacy of Minocycline in the
Treatment of Rheumatoid Arthritis

For many years tetracyclines were used for the
therapy of rheumatoid arthritis. Forty years ago, an
American rheumatologist, TMP Brown, published
his long term but uncontrolled experience with tet-
racyclines in patients with rheumatoid arthritis,[32]

and about 10 years later, Sanchez published his ob-
servation about the effectiveness of tetracyclines in
rheumatoid arthritis.[33] However, a double-blind,
placebo-controlled study of 250 mg/day of tetracy-
cline published in 1971 failed to show a beneficial
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effect, probably because of a low dose of the tested
drug.[34] Nevertheless, during the following de-
cades, tetracyclines proved themselves as useful
and well tolerated agents in the long term treatment
of severe acne, Reiter’s syndrome, reactive arthritis
and other conditions.[35-38] This experience and the
favourable laboratory data lead to the revived in-
terest in tetracyclines, particularly minocycline, in
the treatment of rheumatoid arthritis.

Two short term open studies published in the
early 1990s, one in The Netherlands and the other
in Israel by our group, showed the beneficial effect
of minocycline on almost all clinical parameters of
rheumatoid arthritis. Minocyline was given either
as a single second-line agent in our study or in com-
bination with other disease-modifying antirheu-
matic drugs in The Netherlands.[29,39] Following
the open trials, 3 large, well conducted double-
blind, placebo-controlled studies were performed
in The Netherlands and in the US over the last 5
years (table I).[40-42] Two of the studies included
patients with a long-lasting rheumatoid arthri-
tis,[40,41] and the third included patients with early
rheumatoid arthritis.[42]

All 3 studies showed minocycline 200 mg/day
to be superior to placebo in several clinical and
laboratory parameters, including joint swelling and
tenderness, erythrocyte sedimentation rate and
haemoglobin levels in the intention-to-treat cohort
of patients (table I). The Dutch study included 80
patients with an advanced rheumatoid arthritis and
with a disease duration of 13 years. These patients
were allowed to remain on concurrent disease-
modifying antirheumatic drugs. The study lasted

26 weeks. The clinical parameters of disease activ-
ity (Ritchie articular index, number of swollen
joints) improved significantly in these patients (p
= 0.007 and 0.008, respectively), while morning stiff-
ness improved only slightly, and pain and fatigue
scores did not improve (table I).

The change in laboratory parameters of disease
activity (erythrocyte sedimentation rate, haemo-
globin level, platelet count, C-reactive protein
level) was clinically significant. In the minocycline
group, no premature discontinuations were ob-
served for lack of efficacy and no failures occurred,
while in the placebo group, 10 premature discon-
tinuations, 8 for lack of efficacy, 1 because of ad-
verse effects and 1 because of the development of
breast cancer, were reported.[40]

The Minocycline in Rheumatoid Arthritis trial
(MIRA) included 219 patients with rheumatoid ar-
thritis with a mean disease duration of 9 years. The
patients stopped previous disease-modifying anti-
rheumatic drugs and were treated with minocycline
100mg twice daily or placebo for 48 weeks. At
week 48, the same percentage of patients in the
minocycline and placebo group continued to re-
ceive the study medication, however more patients
in the minocycline group showed improvement in
joint tenderness and swelling (p < 0.023). The lab-
oratory parameters of disease activity also changed
significantly in the minocycline group (p = 0.001).[41]

However, no differences were found in the rate of
disease progression in terms of radiological find-
ings in the minocycline versus placebo groups in
this study.[43]

Table I. Clinical and demographic data of minocycline-treated patients with rheumatoid arthritis in 3 double-blind, placebo-controlled studies

Kloppenberg et al.[40] Tilley et al.[41] O’Dell et al.[42]

No. of patients 80 219 46

Mean age (y) 56 54 41

Mean disease duration (y) 13 9 0.4

Study duration (wk) 26 48 26

Other DMARDs taken during study Yes No No

Response rate (%) minocycline vs placebo in the no. of inflamed joints
(p-value)

38/18 (0.05) 55/40 (≤0.023) 65/13 (0.001)

No. of swollen joints (maximum: 20): minocyclines vs placebo (p-value) 0.008 0.023 0.18

Duration of morning stiffness: minocycline vs placebo (p-value) 0.14 >0.2 0.03

DMARDs = disease-modifying antirheumatic drugs.
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Encouraging results were reported from the
double-blind study involving patients with early
rheumatoid arthritis. In this study lasting 26 weeks,
46 patients with seropositive rheumatoid arthritis
of less than 1 year duration were included. Among
them, 15 of the 23 patients (65%) treated with mino-
cycline, and only 3 of 23 patients (13%) treated with
placebo, achieved at least 50% improvement cri-
teria at 3 months of treatment and maintained it
during the study period.[42] The same authors also
published their long term experience with this drug,
showing a favourable response in most patients
who restarted minocycline following a flare of
their rheumatoid arthritis after stopping the drug.[44]

Although there are no studies comparing the ef-
ficacy and tolerability of minocycline in patients
with early rheumatoid arthritis with other second
line agents, including hydroxychloroquine, the re-
sults of the above double-blind study appear prom-
ising. We also reported beneficial results in rheu-
matoid arthritis patients treated with minocycline
for up to 6 years.[45] Thus, based on these studies
and recently published editorials and reviews,[46-51]

we may conclude that minocycline is beneficial in
the treatment of patients with rheumatoid arthritis.
Further studies comparing minocycline with other
disease-modifying antirheumatic drugs are needed
to provide the practising rheumatologist with pre-
cise indications for minocycline use in different
subsets of rheumatoid arthritis patients, and to elu-
cidate its real place in the therapeutic scheme of
treatment of such patients.

4. Adverse Effects of Minocycline in
Patients with Rheumatoid Arthritis

Adverse effects of minocycline have been re-
ported in both open trials and in 2 of the double-
blind studies.[29,39,40,41] They included mainly rashes,
dizziness, headache, nausea and gastrointestinal
adverse effects (table II). The adverse effects re-
sulted in discontinuation of therapy in some of the
patients. In the Dutch study, 57% of patients
treated with minocycline experienced gastrointes-
tinal adverse effects compared with only 15% of
patients in the placebo group. 40% of patients in
the minocycline group complained of dizziness
versus 15% in the placebo group, and 6 of 40 pa-
tients stopped medication because of adverse ef-
fects in the minocycline group compared with only
1 of 40 patients in the placebo group.[40]

In the MIRA study, adverse effects were less
frequent, probably because the study allowed for
dose reduction for adverse effects. Only 26% of
patients experienced gastrointestinal adverse ef-
fects in the minocycline group and 25% in the pla-
cebo group. Of those receiving minocycline, 21%
had dizziness compared with 11% in the placebo
group, and 6 out of 103 patients in the minocycline
group but none in the placebo group stopped ther-
apy because of adverse effects.[41] All of the ad-
verse effects disappeared after stopping therapy
and did not result in serious morbidity. No relation-
ship was found between the serum concentrations
of minocycline and its toxicity in the Dutch

Table II. Toxicity of minocycline in patients with rheumatoid arthritis

Breedveld et al.[39] Langevitz et al.[29] Kloppenburg et al.[40] Tilley et al.[41]

No. of patients treated with minocyline 10 18 40 103

Adverse effects [no. (%) of patients]a

gastrointestinal 2 (2) 1 (5.5) 23 (57) 27 (26)

rash 15 (14.5)

pneumonitis 1 (2.5)

headache 1 (2.5) 20 (19)

dizziness/vertigo/light-headedness 4 (4) 2 (11) 16 (40) 22 (21)

leucopenia 1 (5.5)

skin hyperpigmentation 4 (22)

candidiasis 2 (11)

a More than 1 adverse effect per patient may have occurred.
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study.[52] Interestingly, only hyperpigmentation
was seen in the third double-blind study in early
rheumatoid arthritis patients.[44] However, several
case reports have described a number of serious
adverse effects of minocycline therapy such as au-
toimmune hepatitis, hypersensitivity pneumonitis
and other autoimmune disorders.[53-70]

4.1 Gastrointestinal Adverse Effects

Nausea, vomiting, diarrhoea and taste distur-
bances were the most commonly reported adverse
effects in the studies of minocycline use in rheu-
matoid arthritis (table II). However, other gastro-
intestinal adverse effects have also been reported
in patients taking minocycline. Autoimmune hep-
atitis (early and acute, or late and chronic), some-
times associated with a lupus-like disease, and
acute hepatic failure have been reported in patients
treated with minocycline.[53-58] Oesophageal injury
on endoscopic examination was also found in pa-
tients on minocycline therapy.[59] Furthermore,
pancreatitis has been reported in patients treated with
minocycline.[55]

4.2 Hypersensitivity Reactions

Urticarial skin rash appeared in 15 patients in the
MIRA study (table II). A few patients in our study
also experienced an allergic skin rash.[29] More-
over, serum sickness (sometimes severe), has been
relatively frequently reported in patients receiving
minocycline.[60-62]

Hypersensitivity pneumonitis and eosinophilic
pneumonia (table II) may be a serious complication
of minocycline therapy in a few patients with rheu-
matoid arthritis, requiring not only discontinuation
of the drug, but often treatment with corticoste-
roids.[63-70] In an attempt to try to identify the cause
of hypersensitivity pneumonitis in a patient treated
with minocycline, sequential bronchoalveolar la-
vages were performed and an immunological anal-
ysis of the phenotype and function of alveolar lym-
phocytes was done. The results confirmed the central
role of T lymphocytes in the pathogenesis of the
hypersensitivity pneumonitis.[63]

4.3 Minocycline-Induced
Hyperpigmentation

Minocycline-induced hyperpigmentation is
an often observed adverse effect of therapy, al-
though it was not mentioned in the double-blind
trials.[40-42] Three types of minocycline-induced
skin hyperpigmentation have been described.[71,72]

Type I occurs as blue-black pigmentation at sites
of inflammation, usually in pre-existing scars, and
consists of iron-containing compounds in the der-
mis; haemosiderin or iron chelates of minocycline.
Type II appears on normal skin as circumscribed
hyperpigmented macules or as diffuse hyperpig-
mentation, usually on the shins. Deposition of mel-
anin and iron in the dermis are found in the hyper-
pigmented macules. Type III hyperpigmentation is
muddy brown, occurs mostly in sun-exposed skin
and contains melanin deposits in the epidermis and
in the papillary dermis, probably because of stim-
ulation of melanin production in the sun-exposed
skin by minocycline.

Hyperpigmentation associated with minocycl-
ine therapy may also occur in the mouth, on the
tongue, teeth, lips, sclera, thyroid, bone and breast
milk.[73-87] In addition, a hyperpigmentation is de-
scribed in postacne osteoma cutis, venous ectasia of
the extremities and in basal cell carcinomas.[88-90]

Minocycline-induced hyperpigmentation is
gradual in onset and can be photo-sensitive. In our
experience, minocycline-induced skin hyperpig-
mentation of different types occurred in about 70%
of patients. In most of these patients, some dis-
colouration of the sclera, teeth, gingiva, lips and
nails also appeared. In a 75-year-old patient treated
with minocycline for 3 years for rheumatoid arthri-
tis who died from acute myocardial infarction, se-
vere hyperpigmentation was found in his aorta,
thyroid and other tissues at post mortem (unpub-
lished observation).

This hyperpigmentation, when not very severe
and widespread, seems to be at least partially re-
versible, over time. Recently, treatment with neo-
dymium YAG laser was suggested for this adverse
condition.[91]
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4.4 Autoimmune Disorders 

Drug-induced lupus with arthralgia, leucopenia,
thrombocytopenia lung infiltrates, and a positive
antinuclear antibody is sometimes reported in mi-
nocycline treated patients.[92-103] In addition, an
autoimmune disorder with arthritis, fever and anti-
neutrophil cytoplasmic antibodies has been men-
tioned in a few reports in association with mino-
cycline therapy given for patients with arthritis and
acne.[104-106] The symptoms usually resolved after
stopping the drug.

4.5 Intracranial Hypertension

Intracranial hypertension is a common adverse
effect associated with minocycline therapy and
presents as headache, nausea, vomiting, visual dis-
turbances and dizziness.[107,108] The symptoms dis-
appear completely after discontinuation of therapy.
In addition, a high incidence of vestibular symp-
toms has been reported in the open and double-blind
studies (table II).

5. Conclusions

Minocycline, a semi-synthetic derivative of tet-
racycline, has many beneficial effects independent
of its antimicrobial action. The antirheumatic ef-
fect of minocycline is based on its anti-inflamma-
tory and immunomodulatory properties. It has been
shown that minocycline inhibits matrix metal-
loproteinases, a group of enzymes that play an im-
portant role in the destruction of cartilage and bone.
Minocycline suppresses collagen- and freund’s
adjuvant-induced types of experimental arthritis, an
effect mediated by the alteration of T cell-derived
collagen-binding proteins. Minocycline also inhib-
its gelatinase activity, suppresses bone resorption,
and affects synovial T cell proliferation and cytok-
ine production.

Three double-blind studies reported the efficacy
of minocycline in patients with rheumatoid arthri-
tis. Of these studies, 2 were performed on patients
with an advanced disease and showed a modest but
statistically significant improvement in the clinical
parameters of disease activity in the group of pa-

tients treated with minocycline. The third double-
blind study, performed on rheumatoid arthritis pa-
tients with an early seropositive disease, reported
very promising results with minocycline treat-
ment. The same authors published their long term
experience with minocycline and also demon-
strated a favourable response in most patients.
Thus, although the effects of minocycline in rheu-
matoid arthritis depend on when it is given in the
clinical course of the disease, these 3 studies pro-
vide unquestionable evidence of the efficacy of
this drug.

However, minocycline has quite a significant
toxicity profile, including gastrointestinal adverse
effects, hyperpigmentation, and intracranial hyper-
tension. One should be especially aware of the rel-
atively infrequent, but more serious adverse effects
of therapy such as pneumonitis, hepatitis and auto-
immune disorders.

Thus, based on the available data, minocycline
would appear to have a positive benefit–risk ratio
in the treatment of patients with rheumatoid arthri-
tis, especially in patients with early disease.
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