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EFFECT OF NITRIC OXIDE METABOLISM UPON PERIPHERAL BLOOD
CHEMILUMINISCENCE AND LEUKOCYTE AND ERYTHROCYTE

ADHERENCE IN MULTIPLE SCLEROSIS

MAYER M, HERMANOVA Z

VLIV METABOLISMU OXIDU DUSNATÉHO NA CHEMILUMINISCENCI OBVODOVÉ KRVE

A ADHERENCI LEUKOCYTÙ A ERYTROCYTÙ U NEMOCNÝCH ROZTROU�ENOU SKLERÓZOU

MOZKOMÍ�NÍ

Abstract

Mayer M, Hermanova Z:
Effect of nitric oxide metabolism upon peripheral blood che-
miluminiscence and leukocyte and erythrocyte adherence in
multiple sclerosis
Bratisl Lek Listy 1999; 100 (10): 531�536

Background: It has become increasingly apparent that nitric
oxide (NO) and related metabolic and effector systems play
an important role in immune regulations, in inflammatory
response and in cellular and tissue damage in multiple scle-
rosis (MS) and in its experimental models.
Objectives: Various adherence interactions and metabolism
of reactive oxygen species belong to the cellular functions as-
sociated with NO metabolism. The aim of the present study
was to evaluate the effect of chemical compounds affecting
NO metabolism on adhesive properties of leukocytes and
erythrocytes and on the blood chemiluminiscence in MS pa-
tients in comparison with controls. The effects of NG-Methyl-
L-Arginine (NGMLA), a specific competitive NO antagonist,
L-arginin, NO precursor, and sodium nitroprusside, an NO-
releasing agent were tested.
Methods: Luminol dependent chemiluminiscence was mea-
sured with and without respective drug administration, the
results were expressed as chemiluminiscence index. Adheren-
ce of peripheral blood cells to nylon wool was used for the
adherence studies, the results were expressed in a form of
adhesivity index. Studies were performed in a group of pa-
tients with active multiple sclerosis, in a group of neurologi-
cal controls and in a group of healthy controls. The differen-
ces between MS patients and control groups were
statistically evaluated using Mann and Whitney U-test.
Main results: Sodium nitroprusside stimulated the luminol-de-
pendent chemiluminiscence in MS patients and inhibited it in
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Abstrakt

Mayer M., Heømanová Z.:
Vliv metabolismu oxidu dusnatého na chemiluminiscenci obvo-
dové krve a adherenci leukocytù a erytrocytù u nemocných roz-
trou�enou sklerózou mozkomí�ní
Bratisl. lek. Listy, 100, 1999, è. 10, s. 531�536

Pozadí problému: V posledních letech pøibývá informací o dùle-
�ité roli oxidu dusnatého (NO) v imunitních regulacích, zánìtli-
vých procesech a v mechanismech bunìèného a tkáòového po-
sti�ení u roztrou�ené sklerózy mozkomí�ní (RS) a u jejích
experimentálních modelù.
Cíl a východiska studie: Adherenèní interakce a metabolismus
reaktivních slouèenin kyslíku patøí k bunìèným funkcím úzce
s metabolismem NO souvisejícím. Cílem pøedkládané studie
bylo zjistit úèinek látek ovlivòujících metabolismus NO a na
adhezivní vlastnosti leukocytù a erytrocytù na chemiluminis-
cenci obvodové krve u nemocných s aktivní RS a u kontrol-
ních skupin zdravých kontrol a kontrol neurologických. Testo-
va l i  j sme úè inek  N G-methyl -L-arg in inu  (N GMLA),
specifického kompetitivního NO antagonisty, L-argininu, me-
tabolického prekursoru NO, a nitroprussidu sodného, látky
uvolòující NO.
Metody: Luminol-dependentní chemiluminiscence byla mìøena
bez pøítomnosti a s pøidáním pøíslu�né látky a adherence bunìk
obvodové krve k nylonové vatì byla pou�ita pro studie adheren-
ce. Neparametrický Mannùv�Whitneyho U-test by pou�it pro
statistické vyhodnocení.
Hlavní výsledky: Nitroprusid sodný statisticky významnì sti-
muloval luminol-dependentní chemiluminiscenci u nemocných
RS a inhiboval ji v obou kontrolních skupinách. Statisticky
signifikantní inhibice leukocytární adherence za pøítomnosti
argininu byla zji�tìna u nemocných RS ve srovnání se zdravý-
mi kontrolami, u kterých byla pozorována stimulace adheren-
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both control groups. The difference between MS patients and
the control patient subgroup was proved to be statistically sig-
nificant. Statistically significant inhibition of leukocyte adhe-
rence by arginine was found in MS patients in comparison to
healthy controls, in whom stimulation of adherence was obser-
ved. When differentiating the effect of the agents upon parti-
cular leukocyte subpopulations the only statistically signifi-
cant difference was found with arginine and granulocytes, the
trend being similar as in the total leukocyte adherence. So-
dium nitroprusside further stimulated the adherence of eryt-
hrocytes in MS patients and inhibited it in controls.
Conclusions: Results indicate nitric oxide-dependent alterations
of oxidative metabolic burst and of cellular adherence proper-
ties in patients with active multiple sclerosis. Our findings also
question possible participation of granulocytes and erythrocy-
tes in multiple sclerosis pathogenetic cascade. (Tab. 3, Ref. 49.)
Key words: adherence, erythrocytes, granulocytes, chemilu-
miniscence, leukocytes, multiple sclerosis, nitric oxide.

ce. Pøi diferenciaci efektu zkoumaných látek na hlavní leuko-
cytární subpopulace byl statisticky prùkazný rozdíl zji�tìn
s neutrofilními granulocyty a argininem. Nitroprusid sodný
dále stimuloval adherenci erytrocytù u nemocných RS a inhi-
boval ji u kontrol.
Závìry: Výsledky ukazují u nemocných s aktivní RS na alterace
metabolického oxidativního metabolismu a adherenèních inter-
akcí závislé na metabolismu NO. Dále z výsledkù vyplývá otáz-
ka mo�né participace neutrofilních granulocytù a erytrocytù ob-
vodové krve v nìkterých imunopatologických interakcích
v patogenetické kaskádì u RS. (Tab. 3, lit. 49.)
Klíèová slova: adherence, erytrocyty, granulocyty, chemilumi-
niscence, leukocyty, roztrou�ená skleróza, oxid dusnatý.

Introduction

It has become increasingly apparent that nitric oxide (NO) and
related metabolic and effector systems play an important role in
immune regulations, in inflammatory response and in cellular and
tissue damage in multiple sclerosis (MS) and in its experimental
models (8, 11, 31, 33, 44). Various adherence interactions and
metabolism of reactive oxygen species and associated redox-ba-
sed cascades belong to the cellular functions tightly linked to NO
metabolism (1, 2, 6, 8, 12, 20, 22, 33, 35, 44). In our previous
studies we found abnormalities of leukocyte adherence behaviour
of MS leukocytes after antigenic and ionophoretic stimulation,
apparently dependent on the arachidonic acid metabolism and pro-
bably other oxidative processes (25, 26, 27). Further, some aut-
hors (34, 15, 16) including our group (28, 30) described in MS
patients also alterations of oxidative metabolic burst of peripheral
blood and leukocytes measured by luminol-dependent chemilu-
miniscence.

The aim of the present study was to evaluate the effect of che-
mical compounds affecting NO metabolism on the adhesive pro-
perties of leukocytes and erythrocytes and on the blood chemilu-
miniscence in patients with active MS in comparison with con-
trols. The effects of NG-methyl-L-arginine (NGMLA), a specific
competitive NO antagonist, L-arginine, NO precursor, and sodium
nitroprusside (SNP), a NO-releasing agent were tested.

Materials and methods

Chemicals
NGMLA was used in the final concentration of 0.25 µM/L, L-

arginine in the final concentration of 0.5 µM/L, sodium nitroprus-
side in the final concentration of 0.25 µM. NGMLA and L-argini-
ne was made by Sigma Chemicals, USA, sodium nitroprusside by
Lachema, Czech Republic. Luminol (5 amino-2,3-dihydro-1,4-
phtalayinedione) was by Lumac Medical Products, USA.

Chemiluminiscence
150 µL of peripheral heparinized (10 i.u./mL) blood were

mixed with 75 µL of physiological saline alone (in the control) or
with the respective compound to achieve the desired final concen-

tration. Then 15 µL of Luminol were added and chemiluminiscen-
ce was measured with Lumac/3M Biocounter Model 2010A six
times in 15 minute intervals. The maximum and mean chemilumi-
niscence counts were evaluated. All the tests were performed in
duplicate and mean values were used. The results were expressed
as chemiluminiscence index (CLI):

counts with the respective compound
counts in the control group

The values exceeding 1.0 thus reflect inhibition of chemilumi-
niscence in the presence of the respective compound and vice versa.

Blood cell adhesivity
Initially, the blood was processed as described above. 150 µL

of peripheral heparinized blood were mixed with 75 µL of physio-
logical saline alone (in the control group) or with the respective
compound. The mixture was then aspirated in triplicate (in 50 µL
volume) into the pipette tips filled with 25 µg of nylon wool and
then incubation for 45 minutes at 37 °C followed. The content was
expelled by a pipette piston and total count of the non-adhering
red and white blood cells was determined by a routine manual
technique (Bürker�s chamber). Leukocytes were further differen-
tiated by a standard manual technique (Giemsa�Romanowski
stain) and absolute numbers were calculated for the particular le-
ukocyte populations (lymphocytes, monocytes, neutrophilic gra-
nulocytes). Mean values from three parallel tests were taken for
further processing. The results were expressed for erythrocytes,
neutrophilic granulocytes, monocytes and total lymphocytes as
adhesivity index (AI):

cell number with the respective drug
cell number in the control

The values exceeding 1,0 thus reflect the adherence inhibition
in the presence of the respective compound and vice versa.

Patients and controls
The MS group consisted of 21 patients (16 females, 5 males,

aged 25�57 years) with clinically definite disease, in relapse or
with secondary progressive course. The control group (total of 23
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persons) consisted of two subgroups. In the subgroup of healthy
volunteers were 7 females and 4 males, aged 20�52 years. The
subgroup of neurological controls consisted of patients with in-
tracranial tumours (7 males, 5 females) � 3 with astrocytoma, 2
with glioblastoma, 3 with CNS metastases, 3 with meningioma, 1
with acustic neurinoma. The age ranged from 32�59 years. The
blood was sampled after informed consent was obtained.

Statistics
Statistical differences between the results obtained in the MS

and the control groups were evaluated using the nonparametrical
Mann and Whitney U-test. The MS group was compared with the
control group as a whole and with the particular subgroups sepa-
rately. Values of two-tailed probability less than or equal to Z=0.05
were considered statistically significant.

Results

Maximum (peak) chemiluminiscence
Sodium nitroprusside stimulated the luminol-dependent che-

miluminiscence in MS patients (CLI 1.185±0.151) and inhibited
it in both control groups (CLI being 0.630±0.110 in the patient
sub-group, 0.960±0.167 in healthy controls). The difference bet-
ween MS patients and the control patient sub-group was statisti-
cally significant (Z=0.0247). Using NGMLA and arginine, no ap-
parent differences between the MS patients and the control groups
were found. The results are summed up in table 1.

Mean chemiluminiscence
Using this type of chemiluminiscence evaluation, analogical

trends as with the peak chemiluminiscence were observed. The
results however did not reached statistically significant level (data
not shown).

Leukocyte adherence
Statistically significant (Z=0.026) inhibition of leukocyte ad-

herence by arginine was found in MS patients (AI 1.233±0.133)
in comparison to healthy controls, where stimulation of adherence
was observed (AI 0.868±0.169). Results are summed up in table

2. When differentiating the effect of the agents upon the particular
leukocyte subpopulations the only statistically significant diffe-
rence was found with arginine and neutrophilic granulocytes, the
trend being similar as in the total leukocyte adherence. (AI
1.112±0.098 in MS group, 0.752±0.220 in the healthy control
group, 1.099±0.324 in the patient control group). The difference
between the MS and the healthy control groups is statistically sig-
nificant (Z=0.046).

Erythrocyte adherence
Sodium nitroprusside stimulated adherence of erythrocytes in

MS patients (AI 0.940±0.065) and inhibited it in controls (AI
1.168±0.104 in the healthy controls, 1.227±0.154 in the patient
controls). There is a statistically significant difference between MS
patients and the control group as a whole (Z=0.0248). Results are
summed up in table 3.

Discussion

The role of nitric oxide in the MS pathogenesis has recently
become a subject of intensive interest and there is an increasing

Tab. 1. Effect of sodium nitroprusside, NG-methyl-L-arginine
(NGMLA), and L-arginine upon the peak luminol-dependent chemi-
luminiscence of peripheral blood in multiple sclerosis patients (MS),
healthy controls and neurological controls. Expressed as chemilumi-
niscence index � see materials and methods. Mean values ± stan-
dard error are given.
Tab. 1. Vliv nitroprusidu sodného NG-methyl-L-argininu (NGMLA) a L-
argininu na maximální luminol-dependentní chemiluminiscenci obvo-
dové krve u pacientù s roztrou�enou sklerózou mozkomí�ní (MS), u zdra-
vých kontrol a u neurologických kontrol. Vyjádøeno jako chemilumi-
niscenèní index. Udány støední hodnoty ve skupinách ± støední chyba.

Compound MS Healthy Neurological
patients controls controls

NGMLA 1.615±0.374 1.492±0.248 1.04±0.213
Arginine 1.186±0.342 1.103±0.161 1.270±0.359
Sodium 1.185±0.151* 0.960±0.167 0.630±0.110*

nitroprusside

* � statistically significant difference, Mann and Whitney U-test, Z = 0.0247

Tab. 2. Effect of sodium nitroprusside, NG-methyl-L-arginine
(NGMLA), and L-arginine upon the adherence of leukocytes in multi-
ple sclerosis patients (MS), healthy controls and neurological controls.
Expressed as adhesivity index � see materials and methods. Mean
values ± standard error are given.
Tab. 2. Vliv nitroprusidu sodného, NG-methyl-L-argininu (NGMLA)
a L-argininu na adherenci leukocytù u pacientù s roztrou�enou skle-
rózou mozkomí�ní (MS), u zdravých kontrol a u neurologických kon-
trol. Vyjádøeno jako adherenèní index. Udány støední hodnoty ve sku-
pinách ± støední chyba.

Compound MS Healthy Neurological
patients controls controls

NGMLA 1.188±0.109 1.189±0.133 1.154±0.148
Arginine 1.233±0.133* 0.868±0.169* 1.059±0.169
Sodium 1.023±0.094 1.088±0.179 1.369±0.171
nitroprusside

* � statistically significant difference, Mann and Whitney U-test, Z = 0.026

Tab. 3. Effect of sodium nitroprusside, NG-methyl-L-arginine
(NGMLA), and L-arginine upon the adherence of erythrocytes in
multiple sclerosis patients (MS), healthy controls and neurological
controls. Expressed as adhesivity index � see materials and methods.
Mean values ± standard error are given.
Tab. 3. Vliv nitroprusidu sodného, NG-methyl-L-argininu (NGMLA)
a L-argininu na adherenci erytrocytù u pacientù s roztrou�enou skle-
rózou mozkomí�ní, u zdravých kontrol a u neurologických kontrol.
Vyjádøeno jako adherenèní index. Udány støední hodnoty ve skupi-
nách ± støední chyba.

Compound MS Healthy Neurological
patients controls controls

NGMLA 1.020±0.073 1.076±0.089 1.138±0.158
Arginine 1.046±0.077 1.073±0.083 1.128±0.117
Sodium 0.940±0.065* 1.168±0.104* 1.227±0.154*

nitroprusside

* � statistically significant difference (MS versus total controls), Mann
and Whitney U-Test, Z = 0.248
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evidence of enormous complexity of the effects of this molecule.
NO may act as an important neuroprotective agent but also, in
a form of peroxynitrite anion (ONOO-), as one of the most toxic
compounds produced in mammal organisms (1, 8, 9, 19, 22, 31,
47). This molecule may have both immunostimulating and immu-
nosuppressive properties (1, 37). In experimental models of de-
myelination, the NO effects may substantially differ in dependen-
ce to gender of the experimental animals, to the stage of the dise-
ase and to a number of other factors (5, 8, 9, 13, 37, 41).

Luminol-dependent chemiluminiscence is a sensitive tool for
evaluating the oxidative metabolism of activated leukocytes and
of some other types of cells and NO release is a part of this integ-
rated metabolic response (2, 20, 48). Luminol-dependent chemi-
luminiscence reflects predominantly the production of H

2
O

2 
to-

gether with the NO/peroxynitrite formation (2, 20). In our experi-
ments, sodium nitroprusside, NO-releasing agent, stimulated the
luminol-dependent chemiluminiscence in MS patients and inhibi-
ted it in both control groups. L-arginine, NO precursor and
NGMLA, a competitive NO antagonist had no apparent influence
in the experimental system used. These findings point to the fact
that not only up-regulation of the L-arginine/NO pathway, but also
increased sensitivity to NO effects upon the metabolism of reacti-
ve oxygen species (metabolic oxidative burst) in patients with ac-
tive MS must be taken into consideration. Cellular adherence re-
presents another important cellular function associated with NO
(6, 12, 35). In our previous studies, we have found abnormities of
leukocyte adherence after antigenic and ionophoretic stimulation
in MS patients (25, 26, 27). In our present experiments, excess of
L-arginine, a precursor of L-arginine/NO pathway, significantly
inhibited the leukocyte adherence to nylon wool in MS patients in
comparison to healthy controls, where stimulation of adherence
was observed. First, these results indirectly confirm the role of
NO metabolism in leukocyte adherence and, further, they indicate
a NO-dependent adherence alteration in MS. When differentia-
ting the effect of the agents upon the particular leukocyte subpo-
pulations the only statistically significant difference was found
with neutrophilic granulocytes, the trend being similar as in the
total leukocyte adherence.

Granulocyte involvement does not belong to generally accep-
ted parts of MS pathogenesis despite various granulocyte functions
have been reported to be altered in MS (39, 27, 28, 32) and some
recent investigations suggest more significant and specific role of
neutrophilic granulocytes in experimental demyelination and in
MS (24, 49). Neutrophils have been proved to posses important
immunoregulatory functions and they reveal an interesting ability
to undergo a complete cycle of priming/depriming and they can
thus flexibly control inflammatory interactions (4).

In our experiments, sodium nitroprusside stimulated adheren-
ce of erythrocytes in MS patients and inhibited it in controls. Eryt-
hrocyte adhesive abnormity associated with NO in MS might seem
to be a rather unusual finding. Nevertheless, the functional, bio-
chemical and morphological alterations of MS erythrocytes have
been repeatedly reported. These alterations include increased os-

motic and mechanical fragility of the erythrocyte membrane (21),
increased lability of the erythrocyte membrane at higher tempera-
tures (7) and changes in electrophoretic mobility and in sedimen-
tation of erythrocytes in the presence of polyunsaturated fatty acids
(10, 29). This should not necessarily mean a direct involvement
of erythrocytes in MS pathogenesis. On the other hand, erythro-
cytes could enter the inflammatory cascade by affecting the meta-
bolism of active lipidic compounds, especially eicosanoids, and
they could directly influence the intravascular pathology by their
interactions with leukocytes and endothelial cells (36, 43, 45).

According to a broad spectrum of investigations ranging from
classical histopathological works to recent immunological and
magnetic resonance imaging studies (14, 17, 18, 23, 33, 46, 40,
49), the endothelial and vascular component of MS pathogenesis
deserves greater attention and NO metabolism play here an im-
portant part. Interactions between leukocytes and endothelial ce-
lls together with thrombocytes (3, 38, 42) and erythrocytes (36,
43, 45) emerge as an extremely complex spatiotemporal effector
and regulatory network. Taken together, our results indicating NO-
dependent alterations of metabolism of oxygen reactive species
and of the cellular adhesivity in MS patients should be seen in this
context.*

List of abbreviations

AI � adhesivity index
CLI � chemiluminiscence index
CNS � central nervous system
MS � multiple sclerosis
NGMLA � NG-methyl-L-arginine
NO � nitric oxide
ONOO- � peroxynitrite anion
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ODBORNÉ PODUJATIA SLOVENSKEJ INTERNISTICKEJ SPOLOÈNOSTI ROKU 2000

1. Spolok bratislavských lekárov Veèer I. internej kliniky
Termín konania: 31.1.2000 o 17. h
Téma: Zaujímavé kazuistiky
Miesto konania: poslucháreò NTÚ, LFUK, Sasinkova 4,

Bratislava

2. Dérerov memoriál � 40. roèník
Termín konania: 31.3.2000
Téma: Mana�ment pri akútnom infarkte myokardu
Miesto konania: poslucháreò NsP Kramáre, Bratislava
Kontaktná osoba: doc. MUDr. M. Pavloviè, CSc., I. interná

klinika Dérerovej nemocnice, Bratislava

3. Prvá po¾sko-slovenská konferencia v internej medicíne
Termín konania: 26.�27.5.2000
Miesto konania: Katowice, Po¾sko

4. The 5th Mitteleurope-Countries Meeting in Internal Medicine
Termín konania: 29.6.�1.7.2000
Téma: Terapia sepsy, nové lieèebné postupy v gastroenteroló-

gii, kardiológii, endokrinológii, reumatológii a onkológii a pri
metabolických ochoreniach. Ne�iaduce úèinky liekov. Edukaèné
a koncepèné problémy internej medicíny.

Miesto konania: SÚZA, Drotárska 46, Bratislava
Kontaktná osoba: MUDr. S. Kiòová, I. interná klinika FN

a LFUK, Mickiewiczova 13, Bratislava. Fax: 07.5292 5875, E-
mail: kinova@faneba.sk

5. Dni mladých internistov
Termín konania: 25.�26.5.2000
Miesto konania: LF Martin
Kontaktná osoba: prof. MUDr. M. Mokáò, CSc., I. interná

klinika FN


