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ABSTRACT

Background: Ischemic animal model studies have shown a neuroprotective effect of minocycline.

Objective: To analyze the effect of minocycline treatment in human acute ischemic stroke.

Methods: We performed an open-label, evaluator-blinded study. Minocycline at a dosage of 200
mg was administered orally for 5 days. The therapeutic window of time was 6 to 24 hours after
onset of stroke. Data from NIH Stroke Scale (NIHSS), modified Rankin Scale (mRS), and Barthel
Index (BI) were evaluated. The primary objective was to compare changes from baseline to day 90
in NIHSS in the minocycline group vs placebo.

Results: One hundred fifty-two patients were included in the study. Seventy-four patients re-
ceived minocycline treatment, and 77 received placebo. NIHSS and mRS were significantly lower
and BI scores were significantly higher in minocycline-treated patients. This pattern was already
apparent on day 7 and day 30 of follow-up. Deaths, myocardial infarctions, recurrent strokes ,and
hemorrhagic transformations during follow-up did not differ by treatment group.

Conclusions: Patients with acute stroke had significantly better outcome with minocycline treat-
ment compared with placebo. The findings suggest a potential benefit of minocycline in acute
ischemic stroke. Neurology® 2007;69:1404–1410

GLOSSARY
ACE � angiotensin-converting enzyme; ACEI � angiotensin-converting enzyme inhibitor; BI � Barthel Index; mRS � modified
Rankin Scale; NIHSS � NIH Stroke Scale; PUD � peptic ulcer disease; SU � sulfonylurea.

Minocycline, a semisynthetic second generation derivative of tetracycline, was show to

have a clear beneficial neuroprotective effect in animal models of multiple sclerosis,1,2

Parkinson disease,3,4 Huntington disease,5,6 and ALS.7,8 Animal models provide promising

evidence of minocycline’s ability to improve outcomes in an animal stroke model. It has

been shown that following stroke induction in the global brain ischemia model, pyrami-

dal neuron survival increased from 10.5 to 77% after administration of minocycline.9

This result was probably attributable to complete prevention of microglia ischemia-

induced activation evidenced by the appearance of NADPH diaphorese reactive cells. A

similar finding was observed in a rat model of transient focal cerebral ischemia with an

infarct area reduction ranging between 63 and 76% and a concomitant inhibition of

interleukin-1� converting enzyme, cyclo-oxygenase 2, and prostaglandin E expression.2,10

Minocycline administration 48 hours post injury was found to significantly reduce in-

farct volume in the focal embolic cerebral ischemia model11 and in reperfusion of the

middle cerebral artery occlusion.12

The proposed mechanisms of minocycline include its anti-inflammatory effect,13 re-

duction of microglial activation,9,14 matrix metalloproteinase reduction,15 nitric oxide

production,16 and inhibition of apoptotic cell death.17,18 A protective effect of minocycline

has been demonstrated in spinal cord culture against N-methyl-D-aspartate excitotoxic-

ity.19 Additionally, minocycline has a significant effect on the apoptotic cell death path-
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way, including prevention of activated

caspase 3 formation.6 In neonatal stroke,

minocycline treatment was found to pro-

vide early, but transient protection inde-

pendent of the mitogen-activated protein

kinase p38 pathway.20

In light of these findings, we performed

an open-label clinical trial to investigate

the efficacy of oral administration of 200

mg minocycline, which elsewhere had been

proven safe, on the neurologic and func-

tional outcomes in patients with acute isch-

emic stroke.

METHODS The study protocol was approved by our insti-

tution’s ethics committee. Informed consent was obtained

from all study participants. The study was designed as open-

label, evaluator-blinded clinical trial. The primary objective

of the study was to compare NIH Stroke Scale (NIHSS)

scores on day 90 in subjects treated with 200 mg/day minocy-

cline vs placebo. Secondary objectives of the study were to

compare NIHSS scores on day 7 and day 30, as well as mod-

ified Rankin Scale (mRS) and Barthel Index (BI) scores on

day 7, day 30, and day 90. Favorable outcome was defined as

NIHSS 0 to 1 on day 90.

From May 2003 to June 2005, all patients with acute

ischemic stroke were screened for eligibility. Inclusion crite-

ria were as follows: 1) age �18; 2) NIHSS score �5; and 3)

onset of stroke 6 to 24 hours prior to beginning of treatment.

Patients who arrived within 0 to 6 hours post stroke were

treated with other medications according to the best ac-

cepted medical treatment guidelines. Excluded were patients

with 1) hemorrhagic stroke; 2) evidence of other disease of

the CNS, including brain tumor, demyelinating disease, in-

flammatory disease of the CNS, craniotomy in the past, se-

vere brain injuries, and idiopathic intracranial hypertension;

3) pre-existing neurologic disability; 4) known allergic re-

sponse to tetracyclines; 5) acute or chronic renal failure; 6)

pre-existing infectious disease requiring antibiotic therapy;

and 7) swallowing difficulties. All patients were evaluated

and treated according to the best accepted medical

criteria and guidelines of treatment.21

Randomization to treatment assignment was performed

using the 8th number of the subject’s identity card. Assigned

treatment was administered for 5 consecutive days. The neu-

rologic deficits, global functional abilities, and the level of

handicap were scored using the NIHSS findings,22 BI,23 and

mRS score.24 The NIHSS findings were categorized as com-

plete or nearly complete improvement (0 to 1), mild (2 to 7),

moderate (8 to 14), and severe (�15). The subjects were

scored by a staff member blind to treatment assignment at

baseline and on days 7, 30, and 90.

A sample size of n � 64 per patient group had 80%

power to detect a true, by-treatment difference of 2� to 4

NIH points at day 90, assuming a two-sided � of 0.05. The

sample size was increased to preserve power in the event that

assumptions were inconsistent with reality.

Data analysis. Analysis of data was carried out using SPSS

statistical analysis software (SPSS Inc., Chicago, IL, 1999).

For continuous variables such as age and NIHSS scores, de-

scriptive statistics were calculated and reported as means �

SD. Normality of distribution of continuous variables was

verified using the Kolmogorov–Smirnov test. All continuous

variables were found to have distributions not significantly

deviating from normal, so their means were compared by

treatment group using the t test for independent samples.

Categorical variables were compared by treatment group us-

ing the �2 test, exact as appropriate. The primary endpoint

of the current study was the by-treatment difference in

NIHSS score at day 90. Because a greater proportion of mi-

nocycline compared to placebo-treated patients received

treatment with angiotensin-converting enzyme (ACE) inhib-

itors (ACEIs) and sulfonylurea (SU), and a smaller propor-

tion had a history of peptic ulcer disease (PUD), these

variables were entered as fixed factors along with treatment

group in a general linear model of NIHSS at day 90. In this

model, age and baseline NIHSS were entered as covariates.

Additionally, a repeated measures analysis of NIHSS was

carried out in which NIHSS scores on admission and on days

7, 30, and 90 comprised the endpoint, and treatment was

entered as a fixed factor together with ACEI, SU, and PUD.

Intermediate measures of NIHSS, mRS, and BI scores were

compared by treatment group using the t test for indepen-
dent variables. By-group differences in these exploratory

endpoints were considered significant at p � 0.05. All tests

were two tailed.

RESULTS Initially, 163 patients fulfilled the crite-

ria for participation in the study. Two patients

were excluded owing to known allergic reaction

to tetracyclines, and eight patients refused to sign

the consent form. One patient was excluded sec-

ondarily because of developing intracerebral

bleeding during the period between inclusion and

the beginning of treatment. In all, 152 patients

(35.1% female; mean age 66.7 � 11.11) were fi-

nally included in the study. The time to treatment

of the minocycline-treated group was an average

of 12.64 hours: 28 patients received treatment be-

tween 6 and 9 hours, 20 between 10 and 12 hours,

7 between 13 and 15 hours, 5 between 16 and 18

hours, 6 between 19 and 21 hours, and 8 between

22 and 24 hours. The time to treatment of the

placebo group was an average of 11.99 hours. No

patient was lost to follow-up or dropped out ow-

ing to adverse events. Fourteen of the study pa-

tients (five minocycline-treated subjects and nine

control subjects) died during follow-up.

Characteristics of the study population are

shown in table 1. At baseline, by-treatment group

differences in age, sex, or stroke etiology were not

detected. As indicated, there were baseline differ-

ences in prescribed medications between the

groups. Specifically, SU was observed more than

four times as often in the treatment group than in

the control group: 12 of 74 (16.2%) in the treat-

ment group compared with 3 of 77 (3.9%) (p �
0.01). ACEI was observed more frequently in the

control group than in the treatment group: 40 of
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Table 1 Risk factors: Demographic and stroke data of both groups

Minocycline-treated group, n (%) Control group, n (%)

No. of patients 74 (47) 77 (51)

Gender 47 (63) 51 (66.2)

Age, y; mean � SD 67.2 � 11.1 66.2 � 11.1

Previous stroke 17 (23.0) 17 (22.1)

Risk factors and other diseases

Heart disease 22 (29.7) 24 (31.2)

Diabetes mellitus 27 (35.1) 25 (32.5)

Hypertension 45 (60.8) 50 (64.9)

Hyperlipidemia 18 (24.3) 27 (35.1)

Smoking 20 (27.0) 24 (31.2)

Renal failure 4 (5.5) 6 (7.7)

Chronic obstructive pulmonary disease 3 (4.7) 4 (5.1)

Malignancy (in past) 2 (2.8) 3 (3.8)

Psychotic disorder (in past) 2 (2.8) 3 (3.8)

Peptic ulcer disease (in past) 9 (11.7) 1 (1.4)

Hypothyroidism 2 (2.8) 4 (5.1)

Medications prior to events

Antihypertensive

ACEIs 25 (33.8) 40 (51.9)

�-Blockers 25 (33.8) 27 (35.8)

Calcium channel blockers 15 (27.3) 18 (23.4)

Diuretics 10 (13.5) 8 (17.3)

Angiotensin receptor blockers 5 (6.8) 4 (5.1)

Antidiabetic

Insulin 8 (17.8) 9 (11.6)

Sulfonylurea 12 (16.2) 3 (3.9)

Statins 24 (32.8) 24 (31.2)

Antiaggregation/anticoagulation

Treatment (on admission)

Aspirin (100–325 mg/d) 30 (40.6) 34 (44.1)

Clopidogrel (75 mg/d) 4 (5.4) 3 (3.9)

Warfarin 5 (6.8) 3 (3.9)

Etiology*

Subtype 1 (atheromatosis) 29 (39.2) 31 (40.2)

Subtype 2 (embolus) 12 (16.2) 11 (14.3)

Subtype 3 (lacunar infarct) 22 (29.7) 22 (28.6)

Subtype 4 (other causes) — —

Subtype 5 (undetermined) 11 (14.9) 13 (16.9)

Location†

Total anterior circulation 10 (13.5) 12 (15.6)

Partial anterior circulation 42 (56.8) 43 (55.9)

Lacunar syndrome 22 (29.7) 22 (8.5)

Differences among groups were found in pretreatment with ACEI (p � 0.02), sulfonylurea (p � 0.01), and peptic ulcer disease
in the past (p � 0.01).
*Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification.
†Oxfordshire Community Stroke Project (OCSP) classification.
ACEI � angiotensin-converting enzyme inhibitor.
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77 (51.9%) vs 25 of 74 (33.8%) (p � 0.02). More

subjects in the placebo group than in the treatment

group (1/74 patients [1.4%] vs 9/77 [11.7%]) had

peptic ulcer in the past (p � 0.01). No other vari-

ables differed significantly by group at baseline.

NIHSS findings were similar at baseline. At

day 90, NIHSS scores were significantly lower in

minocycline- vs placebo-treated patients (1.6 �
1.9 vs 6.5 � 3.8, p � 0.0001). This by-treatment

difference was already apparent on day 7 (6.5 �
3.8 vs 8.1 � 4.4, p � 0.0001) and on day 30 (1.8 �
2.1 vs 7.1 � 4.4, p � 0.0001). In fact, by-treatment

differences in NIHSS findings could be detected

from day 1 and remained significant throughout

follow-up (table 2; figures 1 and 2). By-treatment

differences in BI could be detected from day 7

through day 90 (end of follow-up). Values for

mRS differed at day 2 and remained significantly

different throughout the remaining follow-up pe-

riod (table 2; figure 3).

As there were some baseline differences be-

tween the groups, the primary analysis for 90-day

NIHSS score was repeated using an analysis of

covariance with covariates: patient age, peptic ul-

cer disease, ACEI, SU, and baseline NIHSS score.

The difference between groups remained signifi-

cant and, in fact, the difference in means in-

creased slightly after adjusting for the effect of

these covariates (details available from authors).

DISCUSSION The results of the current study

suggest that administration of minocycline at the

acute stage of stroke is associated with better clin-

ical outcome. The treatment benefit was observed

in both primary and secondary endpoints. The

study was designed to encompass a treatment pe-

riod of 5 days with a therapeutic onset window of

24 hours. These decisions were based on the fact

that the minocycline effect on ischemic brain tis-

sue is at least partially dependent upon the inhibi-

tion mechanisms of the apoptotic pathway.17,18 In

vivo studies suggest that apoptotic cell death was

observed 20 minutes after ischemia, peaking 24 to

48 hours later and persisting for 4 weeks.25 Other

studies have reported a direct relationship be-

tween the number of apoptotic cells and the dura-

tion of ischemia.26 The reduction of apoptosis is

Figure 1 Line graphs of both groups showing
number of patients (on the y axis)
with reduction of NIH Stroke Scale
score by 4 grades or more (on x axis)
with time

Table 2 NIH Stroke Scale (NIHSS), modified Rankin Scale (mRS), and Barthel Index (BI) scores by time of both
groups

Minocycline-treated group Control group

NIHSS on admission 7.5 � 3.2 7.6 � 3.8

NIHSS on day 7, mean 6.5 � 3.8 8.1 � 4.4

NIHSS on day 30, mean 1.8 � 2.1 7.1 � 4.4

NIHSS on day 90, mean 1.6 � 1.9 6.5 � 3.8

mRS on admission, mean 2.8 � 1.5 2.9 � 1.4

mRS on day 7, mean 1.5 � 1.4 3.1 � 1.3

mRS on day 30, mean 1.1 � 1.2 2.7 � 1.3

mRS on day 90, mean 0.9 � 1.1 2.1 � 1.2

BI on admission, mean 70.0 � 30.3 63.9 � 29.6

BI on day 7, mean 85.9 � 22.3 61.9 � 30.8

BI on day 30, mean 90.6 � 19.1 69.5 � 26.6

BI on day 90, mean 94.9 � 12.5 77.6 � 24.0

Death

Recurrent stroke or myocardial infarct during follow-up, n (%) 5 (6.8) 9 (11.1)

Hemorrhage transformation, n (%) 1 (1.4) 3 (3.9)

Differences (p � 0.0001) for each of the tests were found in NIHSS days 7, 30, and 90, mRS days 7, 30, and 90, and BI days
7, 30, and 90.
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achieved through various mechanisms, probably

on the mitochondrion level; it is based on the sta-

bilization of mitochondrial membranes, cyto-

chrome release into the cytosol, and activation of

caspase 9 and 3.6,7,27,28

In this study, we failed to detect any difference

between strokes with greater and smaller deficits

or any association with location and/or etiology

was detected. These results can be explained by

the simultaneous induction of additional mecha-

nisms by minocycline apart from the anti-

apoptotic effect, namely, inhibition of microglial

activation, induction of nitric oxide synthase,16

and suppression of free radical production by de-

pression of its release from the leukocytes.29 Inhi-

bition of the matrix metalloproteins, which

induce the inflammatory process, and changes of

the blood–brain barrier15 are also shown to be re-

lated to minocycline activity. Other mechanisms

are inhibition of T cell proliferation13 and increas-

ing tissue necrosis factor �13 and interleukin 6,13

as well as chelating Ca2� 14 and inhibition of p38

mitogen-activated protein kinase.20 The varied

characteristics of each of the pathway activities

may be the basis for the broad spectrum of effi-

cacy in this study as well as for the divergent effi-

cacy findings in other nonstroke neurologic

studies under minocycline administration.30 The

assumption that the improvement is ultimately

due to the basic antibiotic effect of minocycline is

not in agreement with the fact that there was no

difference in serious adverse events among the

two groups. Previous studies have already shown

that the antibiotic effect has no influence on a bet-

ter outcome of stroke.31

The favorable effects of minocycline in a ther-

apeutic window of 72 hours can be due to the var-

ious minocycline mechanisms of action during

stroke. It can be hypothesized that the anti-

apoptotic effect, which has been shown in mino-

cycline use,5,6 will appear in a later poststroke

stage after more than 48 hours. This assumption

is based upon this effect being found in an animal

model after 72 hours, whereas the nonapoptotic

effect reached its maximal effect much earlier.32

Comparing the course of the control group

with other control groups in previous studies, our

control group seems to have had a worse out-

come. This may be explained by the window of

treatment time, which started 6 hours from the

onset of stroke; therefore, patients with early

spontaneous improvement and patients with

transient ischemic attacks were completely ex-

cluded. The rapid treatment effect, regardless of

the late and variable time to treatment, can be due

to the various mechanisms of minocycline during

the acute stage of stroke despite the primary effect

on the apoptotic pathway.33-35

Apart from the promising results, the study

has some limitations, which must be taken into

consideration: 1) The study was designed as an

open-label, evaluator-blinded study and confir-

mation by a double-blinded, controlled study is

required; 2) the dosage of treatment medication,

which was the proven safety dosage, might not

Figure 2 NIH Stroke Scale (NIHSS) shift analysis
of both groups

Figure 3 Modified Rankin Scale shift analysis of
both groups
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have been the optimal one; 3) patients received

treatment orally—IV treatment may have been

different and more effective; 4) the number of pa-

tients in each study group is relatively small—a

much larger randomized study is necessary for

confirmation of the results; and 5) the time win-

dow of treatment was between 6 and 24 hours

post stroke—earlier treatment may have a differ-

ent efficacy. As the sample of patients was small,

it was not possible to isolate a subgroup of pa-

tients with a better outcome, according to differ-

ent times of treatment onset.
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