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ABSTRACT
Interferon alpha (IFN-) is the approved standard of care for chronic hepatitis C and B. Unfortu-

nately, it has neuropsychiatric side-effects that have a major impact upon the quality of life and the drug 
adherence. The mechanism of IFN--induced behavioral changes is complex, involving interactions be-
tween the immune system, the endocrine system, the monoaminergic systems and the opioid receptors. 
Recent studies support the neurodegeneration hypothesis as a possible mechanism of IFN--induced 
depressive behavior. 

Although a meta-analysis showed that antidepressant pretreatment effectively reduces the incidence 
and severity of depressive symptoms, irrespective of pre-existing psychiatric disorders, it is not approved 
for prophylactic use. The “on demand” treatment strategy is justified as the majority of patients have 
only mild depressive symptoms. Patients with risk factors for depression undergoing IFN- therapy 
need to be regularly screened and followed-up by a psychiatric specialist.

Further studies should be conducted to show which therapy is the most appropriate to reduce the neu-
ropsychiatric symptoms that are related to the use of IFN- and to investigate the clinical significance 
of IFN--induced neurodegeneration.
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INTRODUCTION

Interferon alpha (IFN-), an endogenous 
cytokine with antiviral and immunomod-
ulatory effects, is the approved standard 
of care for chronic hepatitis C and B (EASL 
Clinical Practice Guidelines 2014; 2012). 

The antiviral treatment is promising as the sus-
tained viral response varies between 35-50% 
(1), there is proof of histological improvement 
and the reduction of hepatic inflammation and 
fibrosis after IFN- treatment is associated with 
a lower risk of hepatocarcinoma and a reduc-
tion of the progression rate to cirrhosis (2). The 
success rate of antiviral treatment however de-
pends on the viral genotype and viral load, but 
also on the patient adherence to treatment (3). 
Among the side effects of IFN-, the neuropsy-
chiatric symptoms have a major impact upon 
the quality of life and the drug adherence. The 
neuropsychiatric side effects may include mi-
nor symptoms, frequently ignored by the physi-
cian, such as fatigue, irritability, agitation and 
sleep disturbances (“neurovegetative symp-
toms”) and major symptoms comprising de-
pression and cognitive impairment (4). More-
over, in patients with hepatitis C virus infection, 
it is not always an easy task to distinguish 
among the effects of the viral infection itself 
and the treatment-induced symptoms, as the 
virus has brain tropism and even untreated pa-
tiens may present with neuropsychiatric symp-
toms (5).

Pathophysiology

The biological mechanism of IFN--induced 
behavioral changes is not yet fully understood. 
It seems that the central role is played by the 
interaction between the immune system, the 
endocrine system, the serotoninergic system 
and the opioid receptors.

Endocrine and immune mechanisms
Exaggerated hypothalamic-pituitary-adrenal 

(HPA) axis responses have been associated with 
depression during IFN-alpha therapy, suggest-
ing that sensitized neuroendocrine responses, 
including corticotropin-releasing hormone 
(CRH), may represent a vulnerable pathway to 
IFN-alpha-induced neuropsychiatric symptoms 
(6). And although IFN- causes marked activa-
tion of the HPA axis when administered acutely 
(7), significant adaptation of the HPA axis oc-
curs following chronic IFN- treatment, the lat-
ter being associated with flattening of the diur-

nal cortisol rhythm and an increase in vesperal 
cortisol plasma concentrations, changes that 
significantly correlate with IFN--induced in-
creases in depression scores and fatigue, as ob-
served by Raison CL et al (Mol Psychiatry, 
2010).

On the other hand, IFN- is a potent activa-
tor of the inflammatory cytokine network. The 
activation of type I-IFN receptors induces the 
transcription of IFN-stimulated genes and thus 
the synthesis of IFN-induced 15 kDa protein, 
ubiquitin-specific proteinase 18 and guanylate-
binding protein 3, all of them with cytokine-
like properties (8). Moreover, IFN- stimulates, 
in cell-cultures and in vivo, the expression of 
interleukin 1 (IL1), interleukin 6 (IL6), and tu-
mor necrosis factor alpha (TNF-) (9). All these 
proinflammatory cytokines (IFN-, IL1, IL6 and 
TNF-) have proved to modulate mood, be-
havior and sleep-wake cycle in animal models 
and in humans. They induce depressive-like 
symptoms, also known as “sickness” behavior 
in animal models (10), and also increase slow 
wave sleep duration (11). 

The immune activation further induces cy-
clooxygenase-2 (COX-2) gene expression and 
prostaglandin E2 (PGE2) synthesis (12). The 
prostaglandin acts as a modulator of the sick-
ness behavior syndrome and induces fever via 
hypothalamic EP3 receptor activation (13).

Opioid-receptors
IFN- may also increase PGE2 brain levels 

by activating the μ-opioid receptors. In an ani-
mal model, Blalock JE et al (Biochem.Biophys.
Res.Commu, 1981) showed that human IFN- 
binds to brain opioid receptors with high affin-
ity and produce analgesia. Furthermore, Wang 
YX et al (J. Neuroimmunology, 2004) demon-
strated that the pyrogenic effect of IFN- and 
PGE2 production induced by IFN- adminis-
tration in rodents are blocked by naloxone, a 
selective μ-opioid receptor antagonist, suggest-
ing that fever of recombinant human IFN- is 
mediated by IFN--opioid domain interaction 
with opioid receptor inducing prostaglandin E2 
synthesis. Another effect of IFN- which seems 
to be the result of μ-opioid receptors activation 
is the enhancement of slow-wave activity on 
electroencephalogram (EEG) in rabbits (14), 
electric phenomena described also in clinical 
trials in patients who developed psychosis dur-
ing IFN- therapy, by Suter CC et al (Mayo 
Clin. Proc, 1984). The diffuse slowing of EEG 
during IFN- treatment in patients with chron-
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Furthermore, Sunami M et al (Clin. Neurophar-
macol., 2000) described Parkinson-like motor 
disorders in patients treated with low doses of 
IFN- for chronic hepatitis C.

Neurodegeneration hypotesis
In the last 20 years there has been an im-

portant shift in the understanding of the role of 
chronic inflammation and neurodegeneration 
in depression (18). There exists a substantial 
body of evidence that pleads for the associa-
tion between an increase in proinflammatory 
cytokines and neurodegeneration. The en-
hancement of IDO activity leads to increased 
tryptophan catabolism via kynurenine pathway 
and an imbalance between its neurotoxic and 
neuroprotective end-products (19). 3-Hy-
droxykynurenine (3-OH-KYN) is one of the 
neurotoxic metabolites that initiates neuronal 
apoptosis by inducing reactive oxygen species 
production (20). Behan WM et al (Br J Pharma-
col., 1999) suggested that quinolinic acid 
(QUIN), a potent N-methyl-D-aspartate 
(NMDA) receptor agonist, may mediate neuro-
nal excitotoxicity during inflammation. Kyn-
urenic acid is a NMDA-receptor antagonist and 
thus serves as a neuroprotective agent (21). 
IFN- treatment in hepatitis C patients signifi-
cantly increases the kynurenine/ tryptophan 
ratio, reflecting IDO activity, and shifts the neu-
rotoxic/neuroprotective balance towards a 
higher neurotoxic challenge (22). In animal 
models, Ishikawa J et al (Neuroreport, 2007) 
showed that long-term administration of IFN- 
reduces the density of serotoninergic and nor-
adrenergic axons in the prefrontal cortex. 
Moreover, Hochstrasser T et al (Neuroscience, 
2011) proved in brain organotypic slices, that 
inflammatory stimuli induced IDO expression 
and reduced survival of serotonergic neurons.

The kynurenine pathway is not the only 
mechanism that seems to be involved in the 
neurodegeneration-depression process in-
duced by chronic inflammation. In another 
animal study, Ping F et al (Neurosci Lett., 2012) 
showed that repeated administration of IFN- 
induces depressive-like behavior via down-reg-
ulation of the serotoninergic receptor 5-HT1A 
and apoptosis in the hippocampus of mice 
brain. In addition to these mechanisms, the 
IFN-stimulated gene products may be directly 
involved in the apoptotic process, such as TNF-
-related apoptosis-inducing ligand, caspase-4, 
caspase-8, or death activating protein kinases 
(23).

ic hepatitis C was also associated with altera-
tion of the mini-mental state examination re-
sults, as described by Kamei S et al (Eur Neurol, 
2002).

In the animal models of IFN-–induced de-
pression, Makino M et al. (Br J Pharmacol, 
2000) proved that the depressive-like behavior 
assessed as the time spent immobile in the 
forced swimming test was mediated by cere-
bral μ-opioid receptors, although the role of 
central opioid system in the occurrence of en-
dogenous depression is not yet defined in hu-
man studies.

Monoamines
Proinflammatory cytokines and others pro-

inflammatory molecules such as PGE2 activate 
also indolamine 2,3-dioxygenase (IDO), an en-
zyme involved in tryptophan catabolism, lo-
cated in nonhepatic organs throughout the 
body (15). Tryptophan is the precursor of sero-
tonin; low plasma levels of tryptophan may im-
pair peripheral and cerebral serotonin synthesis 
(16). Tryptophan depletion may be due both to 
reduced food intake – a direct effect of IFN- 
on hypotalamic glucose-sensitive excitatory 
neurons (17), and to increased catabolism of 
tryptophan by IDO activity enhancement. Also, 
in several clinical trials, Russo S et al (Psycho-
som. Med., 2005) and Capuron L et al (Biol 
Psychiatry, 2003) demonstrated that during 
IFN- treatment, the decreased plasma levels 
of tryptophan have been associated with irrita-
bility and depression. As a matter of fact, Tsao 
CW et al (J Psychopharmacol., 2008) propose a 
secondary mechanism associated with the 
changes in serotonin metabolism described 
above, showing that in vitro, IFN- induces se-
rotonin uptake by increased serotonin trans-
porter synthesis. This is demonstrated by the 
fact that fluoxetine, a selective serotonin reup-
take inhibitor (SSRI), and celecoxib, a COX-2 
selective blocker, both inhibit the IFN--
induced serotonin uptake in cell cultures, as 
shown by Su HC et al (Int Immunopharmacol., 
2011). It is well known the link between sero-
tonin depletion, impaired serotonergic neu-
rotransmition and endogenous depression, 
mechanism justifying the use of SSRI as antide-
pressants in clinical practice.

Shuto H et al (Brain Res., 1997) demon-
strated that chronic IFN- administration in-
hibits also the dopaminergic neural activity and 
metabolism in mice as measured in whole 
brain homogenates, excluding the cerebellum. 
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Management of IFN--induced 
neuropsychiatric symptoms

In the majority of chronic hepatitis C virus 
patients, IFN- treatment induces mild depres-
sive symptoms (subthreshold depressive symp-
toms), including here anxiety, irritability, sleep 
disturbances, fatigue, low mood, loss of appe-
tite, and only rarely severe signs and symptoms, 
suicidal ideation, social withdrawal, or anhedo-
nia (24). Some patients may be at an increased 
risk for IFN--induced depression, such as 
those having pretreatment depressive symp-
toms or a history of major depression (4), poor 
sleep quality prior to IFN- treatment (insom-
nia) (25), increased IL6 levels during antiviral 
treatment (26), polymorphism of serotonin 
reuptake transporter (27), or hyperactive stress 
response in the HPA axis after the first IFN- 
dose administration (6). In addition, treatment 
risk factors include the dosage and the duration 
of IFN- exposure, the neuropsychiatric ad-
verse events increasing with higher doses and 
prolonged treatment (4).

A few prophylactic trials using SSRIs have 
been performed, suggesting that preventive 
treatment with SSRIs may be useful in patients 
receiving IFN- therapy (28). However, in 
a nother prospective controlled trial, Morasco 
BJ et al (J Affect Dis., 2007) showed no signifi-
cant benefits for prophylactic treatment with 
SSRIs in patients on IFN- antiviral treatment 
for chronic hepatitis C virus. The meta-analysis 
of the prospective controlled trials, done by 
Sarkar S et al (Psychosomatics, 2013), showed 
that antidepressant pretreatment effectively re-
duces the incidence and severity of depressive 
symptoms, irrespective of pre-existing psychi-
atric disorders, for both type of patients, either 
with melanoma or chronic hepatitis C infec-
tion. Still, antidepressants are not approved for 
prophylactic use in all patients and the “on de-
mand” treatment strategy is justified as the ma-
jority of patients have only mild depressive 
symptoms and just a small percentage of pa-
tients receiving IFN- develop major depres-
sion (29).

A promising alternative to SSRI prophylaxis 
is represented by the omega-3 polyunsaturated 
fatty acids, the recent study of Su KP et al (Biol 
Psychiatry, 2014) showing that 2 weeks of ad-
ministration of eicosapentaenoic acid seems to 
be effective in the prevention of depression in 
hepatitis C virus patients receiving IFN- thera-
py. However, more studies are needed.

The current recommendations are to associ-
ate the antidepressant treatment to antiviral 
therapy only if depressive symptoms appear 
during IFN- administration and in this regard 
SSRI (citalopram and paroxetine) are consi-
dered the first choice, as proved by previous 
studies (4), patients being able to be effectively 
treated without the need to stop IFN- therapy 
(30). The antiviral therapy should be suspend-
ed (until the depressive symptoms are ade-
quately controlled) only in patients with severe 
depression, significant suicidal ideation, failure 
integrating in their work environment or dis-
ruption of family relationships (4). However, 
the diagnosis of an acute depressive episode 
during IFN treatment is often overlooked as 
these patients are primarily seen by their hepa-
tologist and are not regularly screened and fol-
lowed up by a psychiatric specialist (31). It’s 
worth mentioning that Capouron L at al (Biol 
Psychiatry, 2004) found that symptoms of de-
pression, anxiety and cognitive dysfunction 
were more likely to improve, whereas symp-
toms of fatigue, psychomotor slowing, altered 
sleep and anorexia were less responsive to par-
oxetine treatment.

On the other hand, in the presence of sig-
nificant depression-related neurovegetative 
symptoms (fatigue, anorexia), without other 
symptoms related to depression, patients may 
be treated with agents modulating catechol-
aminergic neurotransmission, such as sero-
tonin-noradrenaline antidepressants, bupropi-
on or modafinil (4). 

We must emphasize the limitation of IFN-
-induced depression in animal models (rats or 
mice) using human IFN, as there is a relatively 
low similarity between human and rodent type 
I IFN receptors (40-50% identity) (32).There 
are also studies providing evidence for signifi-
cant species differences in opioid receptor-me-
diated modulation of noradrenergic and sero-
tonergic-release in human as compared to rat 
neocortex (33). Therefore, although μ-opioid 
receptors seem to play a role in depressive be-
havior in rats, further studies are necessary to 
clarify their significance in humans. 

Another therapeutic target could be the 
IDO enzyme and the neurotoxic metabolites of 
kynurenin-pathway. Salzberg-Brenhouse HC et 
al (The Journal of Pharmacology and Experi-
mental Therapeutics, 2003) and McGeer PL et 
al (Neurology, 1996) showed that COX-2 or 
COX-1,2 inhibitors provide structural and func-
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CONCLUSIONS

So far it seems that the central physiopatho-
logic mechanisms in IFN--induced beha-

vioral changes is played by the interaction be-
tween the immune system, the endocrine 

system, the serotoninergic system and the opi-
oid receptors.

Patients with risk factors for depression un-
dergoing IFN- therapy need to be regularly 
screened and followed-up by a psychiatric spe-
cialist, in order to find the appropriate timing of 
antidepressant treatment, to improve their 
quality of life and to reduce the risk of treat-
ment discontinuation. Due to the limitations 
given by the use of animal models and the 
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likely to improve the neuropsychiatric symp-
toms that are induced by IFN- therapy. Along 
with that, long-term survey studies are also 
necessary to evaluate the clinical significance 
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Conflict of interest: none declared.
Acknowledgement: The work has been par-

tially fun ded by the Sectorial Operational Pro-
gramme Human Resources Development 2007-
2013 of the Ministry of European Funds through 
the Financial Agreement POSDRU/159/1.5/S/ 
132395.



NEUROPSYCHIATRIC SIDE-EFFECTS OF INTERFERON-ALPHA TREATMENT: PATHOPHYSIOLOGY AND THERAPEUTIC OPTIONS

126 Maedica
  

A Journal of Clinical Medicine, Volume 9 No.2 2014

20. Stone TW – Endogenous neurotoxins 
from tryptophan. Toxicon 2001; 39:61-73

21. Klein C, Patte-Mensah C, Taleb O, et 
al. – The neuroprotector kynurenic acid 
increases neuronal cell survival through 
neprilysin induction. Neuropharmacology 
2013; 70:254-260

22. Wichers MC, Koek GH, Robaeys G, et 
al. – IDO and interferon-alpha-induced 
depressive symptoms: a shift in 
hypothesis from tryptophan depletion 
to neurotoxicity. Mol Psychiatry 2005; 
10:538-544

23. Chawla-Sarkar M, Lindner DJ, Liu YF, 
et al. – Apoptosis and interferons: role 
of interferon-stimulated genes as 
mediators of apoptosis. Apoptosis 2003; 
8:237-249

24. Lotrich FE – Major depression during 
interferon-alpha treatment: vulnerabil-
ity and prevention. Dialogues in Clinical 
Neuroscience 2009; 11:417-425

25. Capuron L, Ravaud A, Miller AH, et 
al. – Baseline mood and psychosocial 
characteristics of patients developing 
depressive symptoms during interleu-

kin-2 and/or interferon-alpha cancer 
therapy. Br Behav Immunol 2004; 
18:205-213

26. Prather AA, Rabinovitz M, Pollock 
BG, et al. – Cytokine-induced depres-
sion during IFN- treatment: the role of 
IL-6 and sleep quality. Brain Behav 
Immun 2009; 23:1109-1116

27. Lotrich FE, Ferrell RE, Rabinovitz M, 
et al. – Risk for depression during 
interferon-alpha treatment is affected 
by the serotonin transporter polymor-
phism. Biol Psychiatry 2009; 65:344-348

28. Musselman DL, Lawson DH, 
Gumnick JF, et al. – Paroxetine for the 
prevention of depression induced by 
high-dose interferon alfa. N Engl J Med 
2001; 344:961-966

29. Schafer A, Wittchen HU, Seufert J, et 
al. – Methodological approaches in the 
assessment of interferon-alfa-induced 
depression in patients with chronic 
hepatitis C – a critical review. Interna-
tional Journal of Methods in Psychiatric 
Research 2007; 16:186-201

30. Hauser P, Khosla J, Aurora H, et al. 
– A prospective study of the incidence 

and open-label treatment of interferon-
induced major depressive disorder in 
patients with hepatitis C. Mol Psychiatry 
2002; 9:942-947

31. Leutscher PD, LaggingM, Buhl MR, et 
al. – Evaluation of depression as a risk 
factor for treatment failure in chronic 
hepatitis C. Hepatology 2010; 52:430-435

32. Loftis JM, Hauser P, Macey TA, et al. 
– Can rodents be used to model 
interferon-alpha-induced depressive 
symptoms? Prog Neuropsychopharmacol 
Biol Psychiatry 2006; 30:1364-1365

33. Berger B, Rothmaier AK, Wedekind F, 
et al. – Presynaptic opioid receptors on 
noradrenergic and serotonergic 
neurons in the human as compared to 
the rat neocortex. Br J Pharmacol 2006; 
148:795-806

34. De La Garza R 2nd, Asnis GM – The 
non-steroidal anti-inflammatory drug 
diclofenac sodium attenuates IFN-alpha 
induced alterations to monoamine 
turnover in prefrontal cortex and 
hippocampus. Brain Res 2003; 977:70-79.


