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OZET:

iki uclu bozuklukta depresif dénemin tedavisi
sirasinda plazma nitrik oksit dizeyi ve arginaz
aktivitesindeki degisiklikler

Amag: Nitrik oksitin (NO) iki uclu bozuklugun (iUB) patofiz-
yolojisinde rol oynadigi cesitli calismalarda gosterilmistir.
Arginaz ve NO'i sentezleyen NO sentaz enzimleri ortak
substrat olarak L-arginini kullamir. Bu nedenle arginaz
enziminin aktivitesi NO'in diizenlenmesinde 6nemli olabi-
lir. Yapilan calismalarda iUB’de NO diizeyleri artmis olarak
bulunsa da, bu hastalardaki arginaz enzimi aktivitesi ile
ilgili tablo halen belirsizdir. Bu calismada prospektif olarak
iki uclu bozukluk-depresif epizod (UB-DE) hastalarinda NO
seviyeleri ile birlikte arginaz aktivitesinin degerlendirilmesi
amaclanmistir.

Yontem: DSM-IV'e gore tani konulan 33 iUB-DE hastasi ve
bu hastalarla yas, cinsiyet ve sigara kullanimi yoninden
eslestirilmis saglikli gonalli kontroller calismaya dahil edildi.
Hasta grubunda herhangi bir tedavi baslamadan 6nce serum
NO dizeyleri ve arginaz aktiviteleri 6l¢tldi, bulunan degerler
kontrol grubunun sonuclariyla karsilastinildi. Hastalara dogal
doneme 06zgi tedaviler (farmakoterapi ve gereginde elekt-
rokonviilzif terapi) uyqulandi. NO dizeyleri ve arginaz akti-
viteleri tedavinin 30. guninde tekrar degerlendirildi. Klinik
sonlanim Hamilton Depresyon Olcedi ile degerlendirildi.
Bulgular: Hastalarin tedavi 6ncesi NO dizeyi ve arginaz
aktivitesi saghkh gondlld kontrollerden istatistiksel olarak
anlamli bir bicimde daha ytksekti (ikisi icin de p<0.001). 30
giinlik tedavi sonrasi hem NO dizeyi hem de arginaz akti-
vitesi duserek saglikli gonlla kontrollerin seviyesine ulasti
(p<0.001). Baslangic ve 30. giindeki plazma arginaz aktivi-
teleri ve NO dizeyleri arasinda anlamli bir iligki saptanmadi.
Sonug: Arginaz ve NO sentaz arasindaki iliskinin sadece
ayni substrat icin yarismadan ibaret olmadigi distnilmis-
tur. Tedavi modaliteleri, depresif donemin klinik olarak
iyilesmesi ve diger baska faktérler NO dizeylerinin ve
arginaz aktivitesinin normallesmesinde dnemli olabilir.

Anahtar sézciikler: iki uclu bozukluk, nitrik oksit, arginaz,
depresyon, tedavi
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ABSTRACT:

Alterations in plasma nitric oxide level and
arginase activity during the treatment of bipolar
depressive episode

Objective: Several studies showed that nitric oxide (NO)
plays role in the pathophysiology of bipolar disorder (BD).
Arginase might be important in the regulation of NO
since both arginase and NO synthase use L-arginine as
a common substrate. Although studies generally found
increased levels of NO in BD, the picture is less clear for
arginase activity. The present study aimed to investigate
arginase activity together with NO levels in patients
with bipolar disorder-depressed episode (BD-DE) in a
prospective design.

Method(s): 33 BD-DE patients, diagnosed according to
DSM-1V, and 33 age, gender and smoking satus matched
healthy volunteer controls were included. Serum NO
levels and arginase activities of the patient group were
measured before any treatment and compared to that
of controls. The patients were then allowed for episode
specific naturalistic treatments including pharmacotherapy
and electroconvulsive therapy when indicated. NO and
arginase levels were evaluated on the 30" day of
treatment and clinical outcome was measured by the
Hamilton Depression Scale.

Results: Pretreatment NO levels and arginase activities
of the patients were significantly higher than the healthy
volunteers (p<0.001 in both). After 30 days of treatment,
both NO levels and arginase activities were decreased
(p<0.001), and reached to the volunteers’ levels. There was
no significant correlation between plasma arginase and NO
levels in either at the beginning or 30" day evaluations.
Conclusion(s): Interaction between arginase and NO synthase
does not seem to be as simple as just competing for a common
substrate. Treatment modalities, clinical improvement of the
depressive episode or other factors might be important in the
normalization of NO levels and arginase activity.

Key words: Bipolar disorder, nitric oxide, arginase,
depressive episode, treatment
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INTRODUCTION

Bipolar disorder (BD) is a prevalent, chronic, severe
and highly disabling psychiatric disorder (1). Although

the etiopathogenesis of BD has not yet been clarified,

recent biological studies predominantly focus on

disease.
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neuroimaging, genetic and biochemical aspects of the
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An emerging body of evidence suggests that oxidative
stress, which is defined as “a disturbance in prooxidant-
antioxidant balance in favour of the former leading to
potential damage” (2), may be an important mediating
factor in the etiology of BD. Nitric oxide (NO), superoxide
and hydroxyl radicals are the predominant reactive oxygen
species (ROS) generated in physiological processes. Under
normal conditions, these agents are eliminated by cellular
enzymatic and non-enzymatic antioxidant defence
mechanisms. Superoxide dismutase, catalase and
glutathione peroxidase are important enzymatic
antioxidant mechanisms. If ROS are not effectively
eliminated, they can cause oxidative cell injury, such as
peroxidation oflipids (membranes and organelles), proteins
(receptors and enzymes) and DNA (3). Several studies
reported that the patients with BD have significant oxidative
imbalance in several steps e.g. increased NO levels (4-8),
decreased antioxidant enzymes (4-6,9-13), increased lipid
peroxidation (4,6,9,11-13) and DNA damage (14).

NO is a soluble gas produced from L-arginine by the
activity of the enzyme NO synthase (NOS), that is present
in peripheric tissues and neurons. NO is a free oxygen
radical and also serves as a neurotransmitter or a
secondary messenger (15) and involved in numerous
physiologic functions such as noradrenaline and
dopamine release, memory, learning, regulation of
cerebrovascular system, modulation of wakefulness,
modulation of nociception, olfaction, food intake and
drinking (16). As a free radical, NO reacts rapidly with
superoxide radical to form peroxynitrite, which is a very
reactive species. All but one study (10) found that NO level
is increased in all phases of BD namely; manic episode
(3,6,7) euthymic episode (5) and depressed episode (4)
when compared to the healthy volunteers. Additionally,
NO is related to the pathogenesis of depression (16-18).

Arginase (EC 3.5.3.1) is a manganese-containing
enzyme which converts L-arginine to L-ornitine and urea.
This enzyme has 2 isoenzymes; the first is Arginase I, which
functions in the urea cycle, and is located primarily in the
cytoplasm of the hepatocytes. The second isoenzyme,
arginase II is located in mitochondria of the cells of several
tissues such as brain, kidney, small intestine and mammary
gland (19) and has been implicated in the regulation of the
arginine and ornithine concentrations in the cell. Ornitine
has also an important role in the production of glutamate,
gamma aminobutyric acid and proline.

L-arginine is the substrate of both arginase and NOS.
Reciprocal regulation of these two enzymes in L-arginine-
metabolising pathways has been demonstrated in wound
repair, chronic renal failure, rheumatoid arthritis and
glomerulonephritis (20-23). Although increased NO levels
is frequently reported in bipolar patients, there is paucity
studies on arginase activity in this population. Yanik et al.
(6) found significantly lower arginase activity and
increased NO levels in the patients with BD at the manic
episode. Two other studies reported increased arginase
activity in depression. While one found no relationship
between connection with arginine and NO (24), the other
did not assess the NO levels (25).

In this study we aimed to evaluate the course of NO
levels and arginase activity in bipolar patients in
depressive episode and compare the patients before and
after treatment and to the healthy voluntary controls.

MATERIALS AND METHOD

Subjects

Thirty-three bipolar I depressive (BD-DE) patients
who were admitted to the Mood Disorders Unit of
Gaziantep University Department of Psychiatry and 33
healthy volunteers were included in this study. The
patients and healthy voluntary controls with a history of
drug abuse, chronic systemic diseases such as diabetes
mellitus, hypertension, severe head injury or seizure
disorders and those with obesity were excluded. Written
informed consent was obtained from all participants and
approval of the study was given by the Ethics Committee
of Gaziantep University, Faculty of Medicine. Patient and
control groups were matched for age, sex and smoking
status. The diagnosis of BD was established by two
qualified psychiatrists independently according to DSM-
IV (26), and the Turkish version of Hamilton Depression
Inventory (HAM-D; 27) was administered to the patients
at the beginning and 30" day of the treatment.

Treatments
The patients were allowed for episode specific
naturalistic treatments including antidepressants, mood

stabilizers, atypical and typical antipsychotics and
electroconvulsive therapy (ECT) when indicated (Table 1).
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Table 1: Treatment features applied to patients at the
beginning (1% day) and 30" day

Outcome Day 1 Day 30
HAM-D* (meansd) 28.2+2.6 6.2+1.3
Treatment n ( %) n ( %)
Electroconvulsive Therapy ® 17 (52%)
Atypical antipsychotics - 9 (27%)
(lassical antipsychotics = 3 (9%)
Mood stabilizers = 20 (60%)
Antidepressant - 16 (48%)

HAM-D: Hamilton Depression Scale “p<0.001 paired sample T-test

Blood Sample Collection and Preparation

The subjects strictly refrained from alcohol or food
intake and physical exercise after 08:00 pm on the day
before blood sample collection. In the patient group,
blood samples were collected twice during routine
laboratory evaluation at 08:00 a.m. on the 1st (before
episode specific treatment) and on the 30" day (after
episode specific treatment) of the study. Blood was
sampled only once from the healthy volunteers. The
samples were collected into plain laboratory tubes which
does not contain anticoagulants. The samples stand for
30 minutes for coagulation. After centrifugaton at 3000
rpm, for 10 min, plasma samples were obtained and
stored at -80°C.

Measurement of Plasma NO Level

The stable oxidation end products of NO, nitrite
(NO,) and nitrate (NOy), as indicators of NO production
were measured (28). For nitrite plus nitrate (total nitrite)
detection, an aliquot of the sample was treated with
copperized cadmium (Cd) in glycine buffer at pH 9.7 (2.5
to 3 g of Cd granules for a 4 mL reaction mixture) to
reduce nitrate to nitrite and then mixed with fresh
reagent and the absorbance was measured in a
spectrophotometer (UV-1601 Shimadzu, Japan). Lineer
regression was done using the peak areas from the nitrite
standards. The resulting equation was then used to
calculate the unknown sample concentrations. All
chemicals used in this assay were obtained from Sigma
exceptcadmium granules (Fluka). Results were expressed
as micromoles per liter (umol/L) at the first day (NO,)
and 30" day (NO,).
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Measurement of Plasma Arginase Activity

Plasma arginase activity was measured according to
the method of Geyer and Dabich (1971) with some
modification for plasma. Briefly, plasma was diluted 10
times with a solution of 5mmol/l Mn?* and in-cubated for
8 min at 55°C. Then, 0.2 preincubated plasma, 0.4ml
25mmol/l L-arginine, and 0.4ml 40mmol/l carbonate
tampon (pH: 9.7) were incubated for 60 min at 37°C. After
incubation, the reaction was stopped and the sample was
deproteinized by adding 1ml of 0.5ml 1 N HCIO4. The urea
level was measured spectrophotometrically through the
method of thiosemicarbazide-diacetylmonoxime- urea in
the supernatants obtained by the centrifugation of the
tubes for 5 min at 5000 rpm. A zero time blank which was
not incubated and of which the ingredient was the same as
the experiment tube in which enzyme activity was
measured was used. Plasma arginase activity is expressed
as unit. One unit plasma arginase was defined as the
enzyme activity that produces 1 pmol of urea per minute.

Statistical Analyses

SPSS 11.0 for Windows computing program was used
for the statistical analyses. When conditions were satisfied
parametricanalysiswasused. Thesignificance of differences
between groups was estimated by independent sample
t-test and within groups was evaluated using paired-sample
T test. Mann-Whitney U and chi-square tests were used for
non-parametric between group differences and for
proportions, respectively. Bivariate correlations were
examined via Pearson correlation coefficients. Differences
were accepted as significant at the level of p<0.05.

RESULTS

Both the patient and control groups were equally
consisted of 13 females and 20 males. The mean, standard
deviation and range of ages in both groups were 30.8, 9.7
and 19-55, respectively. Patients were presented
according their HAM-D scores at the beginning (drug
naive) and 30™ day of their treatments (Table 1) along
with their treatment features.

The mean pretreatment NO levels (NO,) of the
patients was higher than the healthy volunteers, but
mean NO levels on the 30" day of treatment (NO,,) was
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Table 2: NO levels and arginase activities in patients with

BD-DE vs. healthy voluntary controls

BD-DE(N=33)  Control (N=33) P values
NO, (pmol/L) 192.2+13.7 109.546.2 p<0.001*
NO3 (pmol/L) 126.1+6.3 p=0.11%*
Arginase, (U/mL) 17.5+1.8 8.5+1.5 p<0.001*
Arginases, (U/mL)  10.3%1.4 p=0.45"

Results were expressed as mean+standard deviation, “Mann-Whitney U test, ““Independent
sample T-test, BD-DE: Type | bipolar disorder depressive episode.

NO;: Nitric oxide levels at the 1** day, NO5,: Nitric oxide levels at the 30" day

Arginase,: Arginase activity at the 1% day, Arginases,: Arginase activity at the 30" day

similar to each others (Table 2). When NO, and NO,, were
compared within the patients, NO, levels were found
significantly higher (p<0.001).

Arginase activity showed a similar trend; mean
pretreatment arginase activity (Arg,;) of the patient group
was higher than the control group, but arginase activity
on the 30" day (Arg,,) fell down to the levels of the control
group (Table 2). Also Arg, levels were significantly higher
than Arg;,, levels (p<0.01).

When the above groups were compared for each
gender, the statitical significances did not change. There
was no correlation between the plasma arginase activities
and NO levels in either at the beginning or on the 30" day
of evaluations (pearson correlation test, p>0.05).

DISCUSSION

NO is implicated in the pathophysiology of psychiatric
disorders through its ability to modulate certain forms of
synaptic plasticity and its capacity to be transformed to a
highly active free radical (29). Increased levels of NO are
reported in adult patients in the manic (6,7) and eutymic
episodes (5). After these cross-sectional studies, Selek et
al. and Gergerlioglu et al. investigated the course of NO
levels in one month period in depressed and manic
episodes, respectively. Selek et al. found that NO levels
were higher than healthy voluntary controls, but
normalised after 30 days, however, Gergerlioglu et al.
reported that NO levels stayed high during treatment.
These latter studies investigated the groups while the
groups were on variety of treatments at both time points
(1st and 30™ days) and speculated that medication or ECT
did not effect the NO levels. In our study, we followed
BD-depressed patients in drug naive and after one-month
treatment phases in other to lessen the confounding
effect of medication on the enzyme and NO levels.

Concerning the studies which investigated arginase
levels in patients with mood disorders, Szilagyi in her
pioneer study on patients with BD, found a phase
dependent change in serum arginase activity, that is
normal in manic phases, higher in symptom free intervals
and highest during depression (24). Elgun and Kumbasar
found increased serum arginase activity in drug-naive
depressed patients and, patients with major depression
had higher levels than those with minor depression (25).

Due to the close relatonship between NO synthase and
arginase activities as probable competing enzymes for the
same substrate, it is wise to evaluate these two in the same
patient group. Such a study was conducted on BD patients
in the manic phase, and found increased NO levels and
decreased arginase activities (6). All the patients in this
study were evaluated while they were taking stable doses
of mood stabilizers, and typical or atypical antipsychotics.
Although the authors claim that basic results of their study
may not be effected by medications, they admit this as a
limitation. In fact, drugs were demonstrated to alter NO
levels in animal studies (30,31). Also our study was
conducted with patients in the depressed phase, which
may suggest that arginase activitiy might be differently
regulated in mania and depression. This claim has also
been supported by the findings of Szilagyi, as well as Elgun
and Kumbasar (24,25).

Our study has several important characteristics that
former studies did not show: Patients with BD-depressive
episode are first to be evaluated in the treatment naive
(mediaction or ECT) phase. The other one is evaluating
NO levels and arginase activities together in this patient
group. The third one is its longutidinal design which
allowed us to observe the course of NO levels and arginase
activities with treatment. One of the limitations of our
study is the application of different treatment modalities,
including ECT and different classes of medications, rather
than a specific treatment. Also, patients with comorbid
psychiatric conditions like anxiety disorders have not
been excluded from the study as comorbid disorders are
very prevalent in BD.

Patients with BD-DE were confirmed to haveincreased
levels of NO and arginase activities compared to healthy
volunteers apart from treatment effects. In this phase,
arginase activities and NO levels were both increased,
which suggests that the interaction between arginase and
NO synthase are not as simple as just competing for a

Journal of Mood Disorders Volume: 1, Number: 1, 2011 - www.jmood.org



common substrate. Additionally there is a possibility of
differingregulation mechanismsinmaniaand depression.
After clinical improvement with treatment, both NO and
enzyme levels decreased and reached to that of healthy
voluntary controls. It is difficult to determine either
improvement in symptoms and coming to the euthymic
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