
gratory signal to T cells—may explain the accumula-
tion of a mononuclear cell free infiltrate after B1
receptor activation in vivo.10 This inhibitory effect on
the MMP-dependent migration of lymphocytes dif-
fers from that reported for other neuropeptides.16,17

Although kinin B1 receptor expression has been
shown to be induced by proinflammatory cytokine
treatment and tissue damage, the role of the B1 re-
ceptor in inflammation is still unclear. Here, we
show that B1 receptor can negatively regulate T-cell
migration in vitro, providing evidence that activation
of B1 receptor might be a way to control CNS-
directed inflammatory processes. Development of
nonpeptidic B1 receptor agonist and antagonist
might be of potential therapeutic value in MS.
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Gastric tolerance of high-dose pulse oral
prednisone in multiple sclerosis

L.M. Metz, MD, FRCPC; D. Sabuda, BSP; R.J. Hilsden, MD, FRCPC; R. Enns, MD, FRCPC;
and J.B. Meddings, MD, FRCPC

Article abstract—Background: Prednisone and methylprednisolone are well absorbed orally and have lower treatment
costs than IV methylprednisolone, but concern that low-dose corticosteroid may cause increased disease activity and that
high oral doses may cause gastric ulceration inhibits use of oral therapy for MS attacks. Methods: Gastric mucosal injury,
detected by measurement of gastric permeability, was examined after five alternate day doses of IV methylprednisolone (1
g) or oral prednisone (1,250 mg) in 21 patients with MS. A triple sugar test solution was consumed at bedtime, and urine
was collected overnight. Urine sugar concentrations were determined by high-pressure liquid chromatography. Gastric
permeability was expressed as total mg of sucrose excreted. Results: Seventeen patients completed the protocol (12 oral, 5
IV). Baseline sucrose excretion was normal in all. Both groups demonstrated an increase in gastric permeability after
steroid treatment, but there was no difference between the two groups (95% CI 95 to 91 mg, p 5 0.96). After treatment,
three (25%) patients in the oral group, and two (40%) patients the IV group, had modestly abnormal gastric permeability
(95% CI 34 to 64%, P 5 0.6). Conclusions: Short-term high-dose oral prednisone is not associated with greater gastric damage,
as measured with permeability tests, than IV methylprednisolone. High-dose oral prednisone should be considered a first-line
treatment option for MS attacks. Key words: Corticosteroids—MS—Gastric permeability—Peptic ulcer disease.
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Corticosteroids are often used to improve the rate
of recovery from MS attacks but the optimal dose,
frequency, duration of treatment, route of adminis-
tration, and corticosteroid are unknown. Relapse
recovery occurs as rapidly with low-dose oral pred-
nisone (1 mg/kg/day) as with high-dose IV methyl-
prednisolone (1 g daily),1,2 but low-dose therapy may
be associated with increased clinical3,4 and MRI dis-
ease activity.5 This has led to continuation of the
common practice to treat MS attacks with several IV
pulses of methylprednisolone.6 However, prednisone,
prednisolone, and methylprednisolone are well ab-
sorbed orally with only a minor decrease in bioavail-
ability compared with IV administration.7-10 Five
hundred mg of oral methylprednisolone (daily for 5
days) has been shown to be superior to placebo11 and
equivalent to 500 mg IV methylprednisolone12 in
shortening MS attacks without increasing adverse
effects. Equivalent doses of IV and oral corticoste-
roids have also been shown to provide comparable
efficacy, tolerance, and bioavailability in asthma13

and rheumatoid arthritis.8,14

In Canada, the cost of outpatient administration of
four doses of IV methylprednisolone is over $700.00
(Canadian dollars)15 whereas an equivalent dose of oral
prednisone costs less than $35.00. Oral administration
could decrease the cost and inconvenience of steroid
therapy and the cost and complexity of the clinical tri-
als needed to study other aspects of corticosteroid use.

One reason for the dominance of IV steroid ther-

apy is concern that peptic ulceration may be caused
by high oral doses. Assessment of gastric injury has
traditionally required invasive tests such as gastros-
copy. However, measuring gastric permeability using
a sucrose permeability test has recently been shown
to be a sensitive and specific test for gastric mucosal
damage.16 Sucrose, common table sugar, is rapidly
degraded in the proximal small bowel and, therefore,
absorption of intact sucrose can only occur in the
stomach, proximal to the site of its digestion. Sucrose
is excreted intact. Urinary sucrose excretion of
greater than 180 mg, after a 100-g sucrose load, is
greater than 80% sensitive and 90% specific in pre-
dicting gastric ulceration or gastritis.17 Higher levels
of sucrose excretion suggest greater mucosal injury.17

Small intestinal mucosal injury can be similarly
measured using the non-digestible sugars lactulose
and mannitol.18

We evaluated the effects of equivalent high doses
of oral prednisone and IV methylprednisolone on
gastric and small bowel permeability and patient-
reported tolerance in 21 patients with MS. Efficacy
was not an endpoint.

Methods. This study was approved by the University of
Calgary Research Ethics Board.

Study design/sample size. This open-label, nonran-
domized pilot study compared high-dose oral prednisone to
equivalent-dose IV methylprednisolone in MS patients.
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Subjects. Consecutive patients who were to receive
pulse steroids were eligible unless 1) they had a condition
known to affect the validity or safety of the sucrose perme-
ability test (i.e., renal insufficiency, diabetes) or 2) they
were expected to have abnormal gastric permeability ow-
ing to concurrent conditions or treatments (current or re-
cent gastric ulcer or nonsteroidal anti-inflammatory
[NSAID] use).

Intervention. Patients chose to receive oral or IV ste-
roid. Oral treatment consisted of 1,250 mg of prednisone
(twenty-five 50-mg tablets) in two divided doses on alter-
nate days for 5 treatment days. IV therapy consisted of 1 g
of methylprednisolone by infusion on alternate days for
five doses. All received an 18-day oral prednisone taper
starting at 60 mg daily and decreasing by 10 mg every 3
days. Patients did not incur direct treatment costs.

Measures. At baseline, demographic and disease-
specific data were obtained including measurement of the
pre-treatment Expanded Disability Status Scale.19 Each
patient completed a daily diary of adverse reactions for 4
weeks. Those receiving oral steroid recorded their prefer-
ence for oral or IV therapy if they had previously received
IV therapy. Diaries were mailed back and a research nurse
interviewed patients weekly.

Gastric and small bowel permeability. Gastric perme-
ability was measured using a triple sugar permeability
test before the initial dose and after the last high dose of
corticosteroid before the steroid taper. At bedtime, after a
3-hour fast, patients ingested a solution containing 100 g
sucrose, 5 g lactulose, 2 g mannitol, and a flavoring agent
(Kool-Aid; Kraft Canada, Don Mills, Ontario, Canada) in
375 mL of water. Urine was collected overnight in a con-
tainer with 5 mL of 10% thymol in isopropanol, then refrig-
erated until analysis. Urine sugar concentrations were
determined by high-pressure liquid chromatography.16

Gastric permeability was expressed as total milligrams of
sucrose excreted (TS). Small bowel permeability was ex-
pressed as the ratio of the fractional excretion of lactulose
to the fractional excretion of mannitol (lactulose/mannitol
ratio).

Data analysis. Descriptive statistics for key demo-
graphic and disease variables were calculated.

Patients were classified as having abnormal gastric per-
meability if the total sucrose excretion was greater than
180 mg.17 They were classified as having abnormal small
bowel permeability if their lactulose/mannitol ratio was
greater than 0.028.20 The Fisher exact test was used to
determine whether there was a significant difference in
the proportion of subjects in each group with abnormal
post-treatment gastric permeability. Student’s t-test or
Kruskal-Wallis Rank Sum test was used to test whether
there was a significant difference between groups in the
changes in permeability from baseline to post-treatment.
The number of patients reporting each side effect was
tabulated.

Results. Twenty-one patients (15 oral, 6 IV) were en-
rolled (table 1). Four did not complete the post-treatment
sucrose test (3 oral, 1 IV) including 1 patient who switched
from oral to IV treatment after two doses because of con-
cern about efficacy, 2 patients in the oral group who incor-
rectly performed the sucrose permeability test, and 1
patient from the IV group who required hospitalization

and did not complete the diary or the post-treatment su-
crose test.

Baseline and post-treatment gastric permeability for
the 17 patients (12 oral, 5 IV) who completed both tests are
shown in the figure. All had normal gastric permeability at
baseline. Both groups demonstrated increased gastric per-
meability after steroid treatment. There was no difference
in the change in total sucrose excretion between the two
groups (95% CI 95 to 91 mg; p 5 0.96). After treatment, 3
patients (25%) in the oral group and 2 (40%) in the IV
group had abnormal gastric permeability (95% CI: 34% to
64%, p 5 0.6). Both groups demonstrated an increase in
small bowel permeability after steroid treatment, but there
was no difference in the change in the lactulose/mannitol
ratio between the two groups ( p 5 0.8).

Table 2 illustrates side effects reported by subjects.
Gastrointestinal symptoms did not correlate with sucrose
excretion levels. One patient in the IV group reported
heartburn followed by abdominal pain a few days after
completion of treatment. He had a single dark stool, prob-
ably not tarry, but refused further investigation. He had
no further gastrointestinal symptoms over the following 22
months.

Fifteen of the first 16 patients chose oral therapy. Ten
patients in the oral group had previously received IV ther-
apy; 2 reported a preference for IV therapy and 8 patients
preferred oral. One patient who preferred IV therapy
missed the nursing supervision integral to IV therapy and
the other had switched from oral to IV therapy during the
study. Reasons given for favoring oral therapy included
fear of needles, convenience, and the ability to continue
employment without interruption.

Table 1 Characteristics of patients enrolled

Characteristic
Oral group,

n 5 15
IV group,

n 5 5

% Female 66 40

Mean age, y (range) 40 (24–54) 44 (35–50)

Mean duration of MS, y (range) 9 (1–26) 17 (7–22)

Mean EDSS (range) 4.0 (2.0–7.0) 5.0 (3.5–8.0)

EDSS 5 Expanded Disability Status Scale.

Figure. Baseline and post-steroid total sucrose excretion.
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Discussion. This study demonstrates that treat-
ment with five alternate day doses of either IV meth-
ylprednisolone (1 g per dose) or oral prednisone
(1,250 mg per dose) are well tolerated and associated
with only modest increases in gastric permeability.
Furthermore, there is no evidence that high-dose
oral prednisone causes greater gastric injury than an
equivalent dose of IV methylprednisolone. Alteration
of small intestinal permeability by both therapies
suggests a systemic rather than a topical effect.

Patients receiving oral prednisone had post-
treatment sucrose excretion values ranging from 40
mg to 322 mg, similar to those seen in people with
mild gastritis.17 However, the mean increase in total
sucrose excretion in the oral prednisone group (53
mg) was much less than the reported increase in
healthy controls after two 1.3-g doses of acetylsali-
cylic acid taken several hours apart.20

However, Kiziltas et al. reported marked in-
creases in gastric permeability after both IV and oral
pulse steroid therapy.21 Median sucrose excretion
was 672 mg (range 367 to 1,732 mg) in eight patients
after 30 days of oral prednisone (total dose 1.1 to
1.9 g) and 1,211 mg (range 286 to 1,752) after 9 days
of IV methylprednisolone (prednisone equivalent
11.7 g). These values are important because in our
experience they suggest severe mucosal injury and/or
ulceration,17 however, gastric permeability changes
did not correlate with mucosal lesions in their popu-
lation. Furthermore, their patients with mucosal le-
sions had received, on average, higher IV doses or
longer duration of oral therapy. The data presented
by Kiziltas et al.21 support the hypothesis that pro-
longed steroid therapy may play a role in the devel-
opment of gastric mucosal injury and that the action
of corticosteroids is systemic rather than topical.22 It
does not contradict our data. It is possible that our
alternate day treatment schedule is responsible for
the difference in gastric permeability between their
study and ours. However, gastric lesions that are so
evanescent that they disappear within 24 hours are
unlikely to be clinically significant. Whether steroids
cause clinically significant gastroduodenal ulceration
is not clear, but our study suggests this is unlikely to
be a common event with short-term use of up to

6.25 g of prednisone over 9 days. We cannot exclude
the possibility that a small subpopulation may de-
velop severe, clinically relevant gastric disease from
either IV or oral steroid, and our results also do not
apply to individuals on NSAIDs as combined therapy
may potentiate gastric mucosal injury.

Systemic rather than local effects of corticoste-
roids are also believed to cause the gastrointestinal
distress, such as nausea, that often occurs during ste-
roid treatment.23 Our data support that hypothesis.

We chose prednisone for our oral treatment arm
because it is inexpensive and widely available. The
greater glucocorticoid potency of methylprednisolone
can be overcome by increasing the prednisone dose. We
did not consider testing oral dexamethasone because it
is less reliably absorbed.10 Although the bioavailability
of both oral prednisone and methylprednisolone is
about 80%,7,8,9,10 approximately 10% of IV methyl-
prednisolone is excreted unchanged in the urine.8 We
chose not to increase the prednisone dose to account
for possible slight reductions in bioavailability be-
cause our total dose was at the mid–high end of the
dose range commonly used to treat MS attacks
(1,500 to 7,000 mg IV methylprednisolone). Reduced
peak drug levels are not likely important because
previous trials, including the Optic Neuritis Treat-
ment Trial,1 administered IV steroids in small doses
every 6 hours, which would more closely approxi-
mate oral dosing than the practice of once daily high-
dose infusions. Treatment on alternate days, rather
than daily, is based on patient perception of better
tolerance rather than evidence. It will be important
to determine whether this method is better than
daily treatment, but we do not believe it effects the
significance of our results.

This study was not randomized or blinded, which
could have led to bias. Patients with prior gastroin-
testinal symptoms may have been less likely to
choose oral therapy. Normal sucrose permeability in
subjects experiencing gastrointestinal symptoms
suggests that this would not have altered the results.
Several patients declined participation because they
thought the study would be too much of a burden
while they were suffering from an acute attack. Al-
though this could have led to selection of individuals
with a preference for oral therapy, our experience
with patient treatment choice suggests that most
patients will choose oral therapy. Between June 1998
and March 1999, 87 of our MS clinic patients received
pulse steroids. All lived within Calgary and all were
given a choice of oral or IV therapy. Seventy-four
(85%) chose oral therapy. Differences in the care re-
ceived during treatment could have led to altered
reporting of adverse effects, but study nurses were
not involved in administering IV therapy. Also, al-
though some patients missed the nursing care that
accompanies IV therapy it is unclear whether this
effects outcome.

We believe that high-dose oral prednisone should
be considered an alternative to IV treatment for the
treatment of MS attacks. In addition, we believe that

Table 2 Number (%) of patients reporting each side effect

Side effect
Oral group,

n 5 15
IV group,

n 5 5

Insomnia 10 (66) 5 (100)

Heartburn 6 (40) 2 (40)

Weight gain/edema 6 (40) 2 (40)

Mood change 5 (33) 4 (80)

Headache 5 (33) 2 (40)

Urinary frequency 5 (33) 1 (20)

Flushing 3 (20) 0

Nausea 2 (13) 0

December (1 of 1) 1999 NEUROLOGY 53 2095



a randomized, blinded comparative trial of oral ver-
sus IV high-dose therapy is unnecessary because the
chance of detecting a difference in efficacy is remote.
This is suggested by evidence that the bioavailability
of oral and IV corticosteroid is similar and by lack of
evidence that there is any short-term benefit to a
high dose of corticosteroids over a low dose. How-
ever, corticosteroids do cause significant morbidity;
therefore, a trial comparing different doses of oral
corticosteroids could be of great benefit to those with
MS and the use of oral therapy would greatly sim-
plify such a study. At this time, the lower cost and
improved convenience of oral steroids may make pre-
viously unattainable treatment possible.
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