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ABSTRACT

The role of ferritin in fibrogenesis of liver parenchyma in patients with alcoholic liver disease has been
investigated in previous studies. Ferritin was shown to be an indirect marker of ferum deposition in liver
parenchyma in alcohol liver disease. The aim of the present study was to examine the role of nitric oxide
(NO) in the pathogenesis of alcoholic liver disease as well as the influence of NO on iron (ferritin) me-
tabolism in patients with alcoholic liver disease.

Serum concentrations of NO and iron markers (iron, total iron binding capacity, ferritin) were measured
in 30 male patients (aged 20—60 years) with alcoholic liver disease, as well as from a control group (30
male patients (aged 20—60 years) without liver disease). NO concentration was detected by measuring
production of nitrates and nitrites using classical colorimetric Griess reactions.

There was a statistically significant increase in serum NO concentration in patients with alcoholic liver
disease compared to the control group (mean + SEM; 41,2 + 25,3 vs. 28,9 + 12,3 mmol/dm?, respectively;
p<0,03). Similarly, serum iron levels (18,7 + 8,2 vs. 13,2 £ 10,2 g/100 cm??, respectively; p<0,03) and serum
total iron binding capacity (51,3 £ 13,9 vs. 41,4 £ 11,4 pmol/dm?, respectively; p<0,005) were also signifi-
cantly higher in patients with alcoholic liver disease compared to control patients. The serum concentra-
tion of ferritin was 27% higher in patients with alcoholic liver disease than in the control group; however
this was not statistically significant (283,2 + 291,0 vs. 222,9 + 252,0 g, respectively; p<o,4). There was no
correlation between NO and ferritin in the investigated groups.

These results suggest a possible role of NO and iron in the pathogenesis of alcoholic liver disease. NO
and iron may be used as non-invasive predictors of liver damage. Also the role of iron in sera, and its
deposition in liver parenchyma, could be used in clinical practice, especially in regards to assessing the

fibrogenesis of liver parenchyma induced by ferritin.
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INTRODUCTION

Acute consumption of alcohol (in high doses and with
toxic effects) as well as chronic consumption of alco-
hol results in biochemical changes in liver metabolism
that can be of a different intensity. Besides these alco-
hol caused changes of liver metabolism, depending on
amounts and period of use of alcohol morphological
changes are noticeable and morphological modifica-
tion developed on cellular and sub cellular level (1).
Clinical presentation of alcoholic hepatitis is a reflec-
tion of inflammatory changes that characterize this
disease. According to laboratory findings, 70% pa-
tients with mild or moderately expressed alcoholic
hepatitis will have pathohistological liver cirrhosis (2).

NO is main inhibitory non-adrenergic non-cholinergic
(NANC) neurotransmitter in gastrointestinal system.
NO released as a response to nerve stimulation of my-
enteric plexus causes relaxation of smooth muscles
(3). NO is synthesized by activation of neuronal NO
synthase (nNOS) in myenteric plexus. Released NO
plays important physiological role in different parts of
gastrointestinal tract. NO regulates muscle tonus of
lower esophageal sphincter, pylorus, Odie’s sphincter
and anus. NO also regulates accommodation reflex of
fundus and peristaltic reflex of intestines. Previous stud-
ies proved that inhibitors of NOS delay gastric flushing
and transfer of content in large intestine. Reduction of
nNOS expression conjoined with lower local produc-
tion of NO can be sufficient for motility disorder in
GI tract.Decreased release of NO and nNOS expres-
sion are additional factors for functional dyspepsia.
The role of NO in pathogenesis of liver diseas-
es and its complications was extensively stud-
ied lately. However still there are many con-
troversies about its role in mentioned disease.
The highest attention was focused to studying of role of
NO in systemic circulation and liver microcirculation.
NO is involved in different processes linked to the liver
transplantation, including ischemic-reperfusion dam-
ages, acute cell rejection and circulatory changes char-
acteristic for advanced liver disease (4). Based on many
investigations it is concluded that increased level of NO
synthase is responsible for increased dynamics of circula-
tion in liver cirrhosis while on the other hand decreased
production of NO in hepatic microcirculation can have
important role in development of liver parenchyma
damage and appearance of portal hypertension (5).

Independently of NO role in pathogenesis of liver
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cirrhosis of non-alcoholic etiology there are only
a few clinical studies that would clarify the role of
NO in pathogenesis of alcohol induced liver disease.
According to some studies alcohol induced damage to
hepatocytes is joined with decreased level of NOS in
sinusoidal (nonparenchimal liver cells), but also with in-
crease in hepatocytes and centrilobular zones (5).Based
on these findings it is believed that NO has a double
role in liver damage: NO produced in sinusoidal spac-
es is protective and maintains tissue perfusion while
the production of NO in hepatocytes is a compensa-
tory mechanism that causes direct damage to the cells.

In patients with alcoholic liver disease compared to
control group an increased production of NO was
observed by the lymphomononuclear cells from pe-
ripheral blood. This production can be linked to the
systemic vasodilatation in patients with liver cirrho-
sis (6). It is believed that NO released from mono-
cytes can play important role in pathogenesis of al-
coholic liver disease, especially alcoholic hepatitis (7).
Contrary to still not well defined role of
NO, the role of ferritin in pathogenesis
of alcoholic liver disease is well examined.
Serum iron, saturation of transferrin and se-
rum ferritin are often increased in pa-

tients with alcoholic liver disease (8,9).

Three molecular mechanisms are proved that are im-
portant for toxic effects of free iron to cellular me-
tabolism. First is increased creation of intermediary
reactive oxygen radicals with release of lysosomal en-
zymes and indirect stimulation of fibrogenesis. Second
one is direct stimulation of collagen synthesis with
emphasize to fibrogenesis, and third one is changes
in DNA with possible carcinogenesis induction (10).
The role of ferritin in fibrogenesis of liv-
er parenchyma is well characterized (11).

Serum ferritin is valuable as indirect marker of stored
iron in liver parenchyma in patients with different
types of liver damages, and as of that kind is valid in
evaluation of different levels of liver damages (12).
Recent studies of investigation of relation between ferri-
tinand NO in serum are done in inflammatory conditions.
It is established that reduced form of NO which in inter-
action primary with iron leads to increase of number of
transferrin receptors and decreased synthesis of ferritin.
Iron intracellular homeostasis is regulated with iron regu-
latory proteins (Iron Regulatory Proteins IRP111RP2) (13).
Iron regulatory proteins control synthesis of transferring
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receptors and increased ferritin (14,15). Recent discover-
ies suppose that cellular response to increased NO pro-
duction should be decreased synthesis of ferritin, due to
the binding of IRP1 to ferritin mRNA, and increase of
synthesis of transferring receptors due to binding of IRP1
to transferrin mRNA (16). NO has high affinity for iron.
Degradation of proteins IRP1 and IRP2 caused by NO has
amajor role in iron metabolism during inflammation (17).
There is no data in available literature on NO corre-
lation and serum iron tests in alcoholic liver disease.

MATERIALS AND METHODS
Patients

Control group of participants consisted of 30
male patients age 20 to 60 who had no patho-
logical functional liver tests based on symptoms
and objective findings of general state of health.
Group of patients with alcoholic liver disease consisted
of 30 male patients age 20 to 60 who were treated at the
Institute for alcoholism of the University of Sarajevo
Clinics Centre or hospitalized at the Gastroenterohepa-
tology Clinic of the University of Sarajevo Clinics Centre.

Methods

Biochemical analysis and other findings

All participants underwent following labora-
tory findings by use of standard methods: labora-
tory demonstrator of stored iron, a level of serum
iron, TIBC (Total Iron Binding Capacity), UIBC
(Unsaturated Total Tron Binding Capacity) and
saturation index as well as level of serum ferritin.

Functional liver tests were performed on all
participants (albumins with total proteino-
gram, prothrombin time, alanine aminotrans-

pherase, aspartate aminotranspherase, bilirubine)
Measurement of NO concentration

Blood sampling

Blood samples for determination of NO concentration
were drawn by cubital venepunction. Right after sam-
pling the samples were treated with 30% ZnSO4 in order
to deproteinized blood and release nitrate linked to hae-
moglobin (18). To one milliliter of heparinized blood dis-
solved with physiological solution 1:1 a 0,05 cm? 30% so-
lution of ZnSO4 was added and after couple of minutes a
sample was centrifuged for 10 minutes on 700 g. Extract-
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ed supernatants were stored in freezer at temperature
of -20°C up to determination of nitrate concentration.

Procedure for NO determination

NO concentration in full blood was performed by
measuring of nitrates and nitrites production us-
ing classical colorimetric Griess reaction (19).
NO concentration was determined by conversion of ni-
trate into nitrite with help of elementary zinc and than
with measurement of nitrite concentration colorimetric.
In one milliliter of sample of deproteinized blood 8 mg
of elementary zinc was added suspended in 0,4 ml of
distilled water. Sample was also added more 0,032 cm?
5% of vinegar acid and distilled water up to two mil-
liliters. Sample was mixed on room temperature and
centrifuged 2,5 minutes on 700 g. 1 milliliter of superna-
tant was taken and than 1 cm? of freely prepared Griess
reagent (Griess reagent is a mixture of equal parts of
0,1% solution of naphtyl ethylene diamine-diklonda in
distilled water and 1% sulfanilamide in 5% solution of
H3PO4 which is mixed 12 hours before use and than left
on cool place). After 10 minutes of mixture on vibrator
at room temperature a light absorption was measured
(optic density) by the spectrophotometer at 546 nm.
NO concentration was read out of standard curve
with known concentration of NaNO2 (from 1,56
to 100 mmol/dm?3). Distilled water was used as
a blind probe with addition of Griess reagent.
Determination of NO concentration in serum of patients
and control group was done at the Institute for Physiol-
ogy and Biochemistry of Faculty of Medicine in Sarajevo.

RESULTS

Results of measuring of amount of serum con-
centration of nitric oxide in patients with al-
coholic liver disease are presented in Figure 1.
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FIGURE 1. Nitric oxide concentration in serum of patients with
alcoholic liver disease. Average values (X+SEM) of nitric oxide
concentrations are presented in serum in control group of healthy
participants and group of patients with alcoholic liver disease.
Control — healthy male participants (N=30); Alcoholic liver disease
— male patients with alcoholic liver disease (N=30); p — probability
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Results presented in Figure 1. demonstrate that the
values of NO in serum of patients with alcoholic
liver disease (41,2 + 25,3 mmol/dm?), were higher
for 42,4% compared to values determined control
group of healthy participants (28,9 + 12,3 mmol/dm?).
This difference was statistically significant (p<o,03).

Results of measuring of serum iron levels in patients
with alcoholic liver disease are presented in Figure 2.
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FIGURE 2. Concentration of iron in patients with alcoholic liver
disease. The average values (x+SEM) of serum iron levels (jmol/
dm’) are presented for control group of healthy participants and
group of patients with alcoholic liver disease. Control — healthy
male participants (N=30); Alcoholic liver disease — male patients
with alcoholic liver disease (N=30); p — probability

Results presented in Figure 2. demonstrate that the val-
ues of iron levels in serum of patients with alcoholic liver
disease (18,7 + 8,2 g/100 cm?), were higher for 41,7%
compared to values determined for control group of par-
ticipants (13,2 + 10,2 g/100 cm?). This difference was sta-
tistically significant (p<0,03). Results of TIBC measuring
(TIBC-Total Iron Binding Capacity) in serum of patients
with alcoholic liver disease are presented in Figure 3.
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FIGURE 3. TIBC concentration (Total Iron Binding Capacity) in
patients with alcoholic liver disease. The average values of TIBC
concentration (X+SEM) in serum (umol/dm?) are presented for
control group of healthy participants and group of patients with
alcoholic liver disease. Control — healthy male participants (N=30);
Alcoholic liver disease — male patients with alcoholic liver disease
(N=30); p — probability

Results presented in Figure 3. demonstrate that the
values of TIBC in serum of patients with alcoholic
liver disease (51,3 = 13,9 pmol/dm?®) were higher
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for 24% compared to values determined for control
group of participants (41,4 + 11,4 pmol/dm?). This
difference was statistically significant. (p<0,005).

Results of measuring of serum ferritin concentration in pa-
tients with alcoholic liver disease are presented in Figure 4.
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FIGURE 4. Concentration of ferritin in serum of patients with
alcoholic liver disease. The average values (X+SEM) of ferritin
concentration (g) are presented for control group of healthy
participants and group of patients with alcoholic liver disease.
Control — healthy male participants (N=30); Alcoholic liver disease
— male patients with alcoholic liver disease (N=30); NS — non
significant

Results presented in Figure 4. demonstrate that
the values of serum concentration of ferritin in pa-
tients with alcoholic liver disease (283,2 + 291,0 g)
were for 27% higher than those determined for con-
trol group of participants (222,9 + 252,0 g). How-
ever, this difference was not statistically significant.
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FIGURE 5. Correlation between concentration of NO and ferritin
in serum of patients with alcoholic liver disease. Single results of
NO concentration and ferritin are shown in serum of patients with
alcoholic liver disease.

Results shown on Figure 5. demonstrate that
there is no established correlation between con-
centration of NO and ferritin in serum of pa-
tients with alcoholic liver disease (R2=0,03).

DISCUSSION

The results of our investigation showed that iron concen-
tration in patients with alcoholic liver disease is signifi-
cantly larger compared to the control group. This increase
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was statistically significant. However values of serum
ferritin concentration in patients with alcoholic liver dis-
ease were higher compared to values of control group,
but this increase what was not statistically significant.
Even though the values of serum iron and TIBC were
significantly increased in patients with alcoholic liver
disease in comparison to the control group, the level
of serum ferritin was not significantly increased. These
results are not in accordance to investigation done by
other authors (20,21). These authors demonstrated
that increase of serum iron and saturation of trans-
ferrin are usually linked to the severness of alcoholic
liver disease. Contrary to this, serum ferritin can be
increased in absence of significant liver damage, con-
sidering that alcohol stimulates ferritin synthesis.
Experimental studies demonstrated that alcohol
and iron are weakly fibrinogens when adminis-
tered one by one, but if applied together contrib-
ute development of fibrosis or liver cirrhosis (22,23).
These authors consider that histochemically posi-
tive iron in liver and serum ferritin are significant as
indirect markers of stored iron in liver of patients
with moderately expressed hepatocellular damage.
Results of our investigation partly confirm results of
quoted authors. We also detected increased levels of se-
rum iron, ferritin and TIBC in patients with alcoholic liv-
er disease as well as positive correlation between Fe and
TIBC, but contrary to mentioned investigation we es-
tablished negative correlation between iron and ferritin.
By analyzing results of our investigation as well as for-
mer investigation of other authors we believe that the
damage of liver parenchyma can be attributed to fi-
brogenesis of liver parenchyma caused by the serum
iron and ferritin. While investigating other potential
causes to liver damage caused by the alcohol, many
investigations, especially in recent years, have been

CONCLUSION

undertaken about the controversial role of NO in
pathogenesis of liver disease with alcoholic etiology.
Results of our study demonstrated that patients with
alcoholic liver disease had higher values of NO in
serum compared to the values of the control group
of patients. This increase was statistically significant.
Precise mechanism by which ethanol causes re-
lease of NO and place on which NO acts un-
der the ethanol influence is still unknown.
Results of our investigation are in accordance
to the results of authors who in cases of in-
creased concentration of NO in serum proved
lower concentration of ferritin than expected.
According to the results of our investiga-
tion between the concentration of NO and
ferritin there is no established correlation.
Since the influence of NO to ferritin concentration as
indirect predictor of liver damage is not investigated it is
hard to give an explanation of mechanism based on our
investigation by which NO reduces concentration of fer-
ritin in serum and decreases iron storage in liver paren-
chyma and therefore fibrogenesis of liver parenchyma.
We believe that increased concentration of NO in
hypoxia present in alcohol metabolism with interac-
tion with inflammatory cytokines in liver parenchyma
during alcoholic hepatitis leads to increased num-
ber of transferrin receptors and therefore increased
binding of iron to transferrin. In conditions of com-
plete saturation of transferrin with iron its serum
concentration is decreased and its storage to pools.
According to mentioned, besides many negative ef-
fects expressed by NO and which lead to damage
to the liver parenchyma in alcoholic liver disease its
role in iron metabolism in this disease can be char-
acterized as positive taken into consideration that
iron participates in fibrosing of liver parenchyma.

These results suggest a possible role of NO and iron in the pathogenesis of alcoholic liver disease. NO and iron may be

used as non-invasive predictors of liver damage.

Also the role of iron in sera, and its deposition in liver parenchyma, could be used in clinical practice, especially in regards

to assessing the fibrogenesis of liver parenchyma induced by ferritin.
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