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High dose prednisolone treatment of leprosy
patients undergoing reactions is associated with a
rapid decrease in urinary nitric oxide metabolites
and clinical improvement
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Summary Evidence is accumulating that nitric oxide (NO) produced by macro-
phages has a role in the pathogenesis of reactions in leprosy. We followed the urinary
levels of the metabolites of NO [nitrite (NO, ) and nitrate (NO3 )] and the clinical
response to prednisolone treatment in leprosy patients (n = 9) admitted to ALERT
leprosy hospital Addis Ababa, Ethiopia, because of reversal reaction (RR) or
erythema nodosum leprosum (ENL). In untreated reactional leprosy patients, the
levels of urinary NO metabolites (1645 =454 uM, n =9, ENL =4, RR=5)
decreased significantly 2 weeks after high dose prednisolone treatment
(1075 £ 414 uM, P < 0.05), and remained stable 4 (895 £ 385 uM, P < 0.02) and
6 weeks following treatment initiation (1048 = 452 uM, P < 0.02). This decrease was
also present when the reactional patients were subdivided according to the type of
reaction (ENL, RR) and coincided with a clinical improvement. In patients showing a
poor clinical response to steroids, no or minor effects on the urinary NO metabolite
levels were observed. We conclude that there is a correlation between the decrease
in urinary NO metabolites and a favourable clinical response after high dose
prednisolone treatment of reactional leprosy patients.

Introduction

Leprosy caused by Mycobacterium leprae is a polar disease with a spectrum ranging from
lepromatous leprosy (LL) with a marked Th2 type response and large numbers of bacilli, to
the tuberculoid type (TT) showing a Thl response with small numbers of bacilli.'” It is a
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chronic inflammatory disease primarily affecting the skin and peripheral nerves and the
clinical manifestations depend on the host immune response. Reversal reactions (RR) that
occur in the unstable borderline cases [borderline lepromatous (BL) and borderline tuber-
culoid (BT)], are associated with acute inflammation in skin lesions and an increase in cell-
mediated immunity, where nerve damage from acute neuritis may be rapid and severe.>*
Erythema nodosum leprosum (ENL) occurs in LL and BL cases and is thought to be a
immune complex mediated reaction,’ but cell mediated immunity has also been implicated in
this type of reaction.® Both ENL and RR patients are treated with high dose corticosteroids to
prevent irreversible nerve damage and subsequent loss of function.”

In response to Thl cytokines, high levels of nitric oxide (NO) are produced from L-
arginine by activated inflammatory cells such as macrophages expressing the inducible nitric
oxide synthase (iNOS).*~'° NO is highly unstable and decays to its stable end products nitrate
and nitrite, which are eliminated in the urine.® We have previously shown increased urinary
levels of the NO metabolites NO, /NO5~ in leprosy patients in RR.'! A recent report has
described the presence of iNOS in tissue macrophages from patients undergoing reversal
reaction.'? Thus, NO seems to play a role in the pathogenesis of reactional leprosy. The aim
of this study was to investigate the effects of prednisolone treatment on the urinary levels of
NO metabolites in correlation to the clinical response in patients suffering from the two
different types of reactions in leprosy.

Materials and methods
PATIENTS

Patients included in the study were subjects admitted to the wards of ALERT hospital, Addis
Ababa, Ethiopia in August to October 1998 who had a typical clinical picture of ENL or RR
and did not show signs of co-existing diseases (n = 9, Table 1). One patient was excluded
because of displacement of the treatment record. The reactional patients were diagnosed and
classified as described by Jopling and Ridley' by experienced leprosy physicians. The
clinical criteria used for the definition of the reactions were: RR, erythematous swelling of the
existing leprosy lesions, appearance of new lesions that were not relapsing leprosy or ENL
and onset or worsening of neuritis (new sensory or motor symptoms, peripheral nerve
tenderness); ENL, painful and/or tender erythematous subcutaneous nodules in the skin not
related to former leprosy lesion, fever and malaise and any of the following symptoms:
tender peripheral nerves (neuritis), painful testicular swelling (orchitis), joint pain (arthritis),
or painful swollen fingers (dactylitis). The clinical diagnosis were confirmed through
histopathological diagnosis according to the classification by Jopling.'

The patients were initially treated orally with 40—-60 mg prednisolone per day for 2 weeks
and the dose was reduced by 5—10 mg every second week according to the clinical response.
Multidrug therapy (MDT) was continued in previously treated patients and initiated in
previously untreated patients. Peripheral nerve function were assessed during prednisolone
treatment by voluntary muscle testing (VMT) and sensation testing (ST) of the hands and feet
of the patients.

The clinical response to prednisolone treatment during the study period was evaluated by
the leprosy physician and classified as follows: poor response, no improvement of erythe-
matous skin lesions (such as diminishing erythema, nodules), persisting pain or tenderness of
skin lesions and/or peripheral nerves and loss of peripheral nerve function assessed by VMT/
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Table 1. Reactional leprosy patients included in the study. BL = borderline lepromatous, BT = borderline
lepromatous, LL = lepromatoid lepromatous, RR = reversal reaction, ENL = erythema nodosum leprosum,
SR = sedimentation rate, BI = bacillary index, MDT = multidrug treatment, ND = no data

Previous Initial Clinical Initial
Patient  Diagnosis Sex/Age SR BI treatment treatment response  nitrite + nitrate level
1 BL/RR M/44 60 3 Untreated  Pred 40 Good 1658
2 BT/RR M/30 10 0 Untreated  Pred 60 Good 2467
3 BT/RR M/57 28 ND  Untreated Pred 40 Good 1956
4 BT/RR F/13 10 0 MDT-MB  Pred 40 Poor 1615
5 BL/RR M/44 ND 0 Untreated  Pred 40-60 Poor 1114
6 BL/ENL F/16 76 5 Untreated  Pred 30 Good 2055
7 BL/ENL M/14 ND 3 Untreated  Pred 30 Good 1313
8 LL/ENL F/43 84 ND MDT-MB Pred40 Good 1529
9 BL/ENL F/15 8 2 MDT-MB  Pred 40 Good 1098

ST; good response, improvement of erythematous skin lesions, no pain or tenderness of skin
lesions or peripheral nerves and no or minor loss of peripheral nerve function assessed by
VMT/ST compared to the VMT/ST on admission.

ANALYSIS OF NITRITE AND NITRATE

All urine samples were morning urine samples and were stored at —20°C until analysed. The
sum of the nitrate (NO3™) and nitrite (NO, ™) concentration in urine was determined as
described previously.!' Urine was diluted in PBS. Nitrate in the samples was reduced to
nitrite by incubating the sample with 10 ul nitrate reductase from Aspergillus (10 IU/ml)
(Boehringer Mannheim, Freiburg, Germany) and 10 ul nicotinamide adenine dinucleotide
phosphate (reduced NADPH (Boehringer Mannheim); 1 mM) for 2 h at 37°C. The nitrite
level was then determined by Griess reaction. The final reaction volume of 300 ul contained
218 ul HCI (0.45 M), 26 ul sulphanilic acid (2 mg/ml) (Merck, Darmstadt, Germany), 26 ul
N-(1-naphthyl) ethylenediamine (1 mg/ml) (Sigma Chemical Co., St Louis, MO, USA) and
30 ul of the diluted urine sample. The urine samples were then analysed on an ELISA
multiwell reader (Titertec Multiscan Plus) at 542 nm.

STATISTICAL ANALYSIS

Statistical evaluation was done with the Wilcoxon signed rank test for evaluation on the effect
of treatment on the patients. Data are presented as mean * SD.

Results
URINARY LEVELS OF NO METABOLITES IN REACTIONAL LEPROSY PATIENTS

The urinary levels of NO metabolites and the clinical response to prednisolone treatment
in leprosy patients admitted because of RR or ENL (n = 9) was studied during 6 weeks
(Table 1).

The levels of urinary NO metabolites in reactional leprosy patients before high dose
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prednisolone treatment (1645 * 454 uM, n = 9, ENL = 4, RR = 5) were decreased 2 weeks
after treatment (1075 £ 414 uM, P < 0.05) and remained stable 4 (895 *+ 385 uM, p < 0.02)
and 6 weeks (1048 £ 452 uM, P < 0.02) following treatment initiation (Figures 1, 2 and 3).
No difference in the levels of NO metabolites in RR (1762 =497 uM, n = 5) or ENL
(1499 = 410 uM, n = 4) patients was observed. When the three patients (nos 5, 7 and 9) who
did not have increased levels of NO metabolites (defined as less than 1500 uM) initially were
excluded, the decrease was even more pronounced with initial levels for untreated reactional
patients of 1880 £ 353 uM (n = 6, ENL = 2, RR = 4); there was a significant reduction 2
weeks after treatment (1061 = 510 uM, P < 0.05) which was also stable 4 weeks following
treatment initiation (893 = 493 uM, P < 0.05).

KINETICS OF URINARY NO METABOLITES AND THE CLINICAL RESPONSE IN RR PATIENTS

RR patients had initial urinary NO metabolite levels of 1762 £497uM (n = 5), with a
reduction 2 weeks after start of prednisolone treatment (1018 = 546 uM) which remained on
similar levels 4 weeks after treatment (843 * 494 uM) (Figure 2). One patient (no. 5) had an
initial low level of urinary nitrite and nitrate (1114 uM) despite being clinically in reversal
reaction (Figure 2). This patient showed a poor clinical response to steroid treatment and only
a slight decrease in NO metabolite levels was observed (Figure 2 and Table 1). One patient
(no. 4) showed a poor clinical response to high dose prednisolone treatment and also
maintained relatively high levels of NO metabolites, in contrast to the other patients where a
marked decrease in urinary NO metabolites coincided with a favourable clinical response
(nos 1, 2 and 3) (Figure 2 and Table 1). Patient 3 experienced increasing pain and tenderness
in the peripheral nerves (neuritis) between the samples taken at weeks 2 and 3 after treatment
initiation which subsided after week 4. In association with this clinical relapse a peak of NO
metabolites was observed 3 weeks after treatment initiation in this patient (Figure 2).
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Figure 1. Kinetics of NO metabolites in reactional leprosy patients (ENL + RR, n = 9) before and 6 weeks after
initiation of prednisolone treatment. The bold lines indicate the mean levels of nitrite and nitrate before and after
treatment.
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Figure 2. Kinetics of NO metabolites in leprosy patients in reversal reaction (RR, n = 5) before (week 0) and up to 6

weeks after initiation of prednisolone treatment. The weekly urinary level of nitrite and nitrate of each patient is
indicated.
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Figure 3. Kinetics of NO metabolites in leprosy patients in erythema nodosum leprosum (ENL, n = 4) before (week
0) and up to 6 weeks after initiation of prednisolone treatment. The weekly urinary level of nitrite and nitrate of each
patient is indicated.
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KINETICS OF URINARY NO METABOLITES CORRELATED TO THE CLINICAL RESPONSE IN ENL
PATIENTS

Four patients undergoing ENL (1499 = 410 uM, n = 4) showed a slight reduction in urinary
levels of NO metabolites 2 (1147 £218 uM) and 4 weeks after treatment initiation
(980 £ 113 uM) (Figure 3). One of these patient (no. 6) had a severe ENL with a high initial
level of NO metabolites (2055 uM) with a poor general condition, fever, many erythematous
noduli and severe pain from peripheral nerves. The decrease of NO metabolites in this patient
coincided with a good clinical evolution (Figure 3, Table 1). In patient 7, a transient increase
in NO metabolites was observed at week 6 without any signs of clinical relapse. Otitis media
was diagnosed 4 days after the last sample was taken and the patient were put on antibiotics.
This might explain the transient increase in NO metabolites in this patient.

Discussion

Our results show that increased urinary levels of the NO metabolites nitrite and nitrate in
reactional leprosy patients with a reduction following high dose prednisolone treatment
coincides with a favourable clinical response.

It has been shown previously that our method, using an early morning urine sample after
an overnight fast, will limit the dietary contribution of nitrite and nitrate and can be used
when comparing groups.'> Moreover, it is unlikely that dietary factors could explain our
results, since the level of urinary NO metabolites in reactional leprosy patients diminished
after initiation of prednisolone treatment and remained stable on the same levels as we have
shown previously in healthy Ethiopian individuals.'!

We chose to treat the two different types of reaction separately as they have different
clinical manifestations and are due to different immunological phenomenon.>'* Both ENL
and RR are accompanied by an influx of CD4+ T-cells at the lesional site as well as increased
production of Th1 type cytokines that are known to induce NO production like TNF-c, IFN-vy
and IL-12.101516 1y ENL, additional mechanisms such as increased humoral immune
response to antigens of M. leprae and polyclonal B cell activation are thought to cause
tissue damage mediated by local deposition of immune complexes.’

Our previous study showed that the level of NO, /NO;™ in a group of healthy Ethiopians
was 1020 * 471 uM (n = 22) compared to treated leprosy BL/BT patients (1079 * 446 uM,
n = 12) and leprosy patients in RR who had significantly increased levels (1817 * 492 uM,
n = 12)."! In agreement with these results, in the present study RR patients also had increased
levels of NO metabolites (1762 = 497 uM, n = 5). Moreover, similar to our earlier findings
where four out of 12 RR patients had normal levels of NO metabolites,'! one patient (no. 5)
out of five in the present study had normal levels. Patient 4 did not show any reduction of the
initial high levels of NO metabolites and this patient also showed a poor clinical response
with high metabolite levels throughout the study. Moreover, in patient 3, a clinical relapse
with symptoms of neuritis was associated with a transient increase in NO metabolite levels,
supporting our observation that the production of NO is associated to the clinical response.
One possible explanation for our results might be that prednisolone treatment prevents NO
mediated tissue damage, as RR cases left untreated are often severely disabled because of
nerve damage. However, other NO independent pathways of tissue damage also seems to be
present as in some patients suffering from RR, no increase in urinary NO metabolite levels is
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observed. Other explanations could be that there is a small local production of NO in the skin
which can not be detected by urinary NO metabolites or lack of the substrate for NO
production, L-arginine, because of malnutrition.

In this study, we also describe a role for NO in ENL patients as these patients had
increased levels of NO metabolites that were reduced after prednisolone treatment accom-
panied by a favourable clinical response. Further studies with higher numbers of patients are
necessary to confirm the role for NO in ENL, but it has been shown that tissue injury resulting
from deposition of immune complexes is L-arginine dependent,17 indicating that NO might be
an important mediator in immune complex mediated diseases such as ENL.

It has been shown that glucocorticoids inhibit iNOS and NO production directly through
inhibition of the translocation of nuclear factor kappa beta as well as indirectly by suppressing
the production of cytokines such as TNF-o.'® The main mechanism by which prednisolone
exerts its effects in reactional leprosy patients remains to be established as the drug affects
many inflammatory mechanisms such as inhibition of the cyclo-oxygenase.19

This study indicates that an iNOS inhibitor drug might be of benefit for the treatment of
reactions in leprosy and that the relatively fast and cheap method of determining the NO
metabolites nitrite and nitrate in morning urine samples might be useful in monitoring the
response to treatment in leprosy reactions. Specific iNOS inhibitors with fewer side effects
than high dose steroids need to be searched for in the treatment of reactions in leprosy
patients.
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