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Abstract

Pegylated interferon (PEG-IFN) often induces
adverse psychiatric effects, including depression,
but the mechanisms are unclear. We examined
the relationships between the behavieral changes
and serum and brain tissue cytokine levels after
subcutanecus administration of PEG-IFN- ¢ 2b in

rats. During the 4.week study pericd {once a weekl

administration of PEG-IFN- a 2b), the locomotor
activity (LA) was continuously measured every hour.
The daytime LA of the PEG-IFN- a2b group was
significantly higher in the second week compared
with that of the control group. The daily nighttime
LA on the second and the third days of the first

week were significantly decreased in the control
group, but not in the PEG-IFN- ¢2b group. The
immohility time in the forced swim test (FST) was
increased only at the point 24 hours after the PEG-
IFN- a 2b administration. The levels of several
cytokines in the brain tissues were significantly
decreased at the point of 24 hours without FST,
but there were no difference in the serum level.
The cytokine levels in both the serum and brain
fissues were decreased after the FST. These results
indicale that the LA, immobility time and cylokine
levels of rats are influenced in the carly stage after
subcutaneous administration of PEG-TFN- a2b.
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I. Introduction

Interferon alpha (IFN- a ), a type I
interferon, affects the production of cytokines
and induces the immune-mediated clearance of
tumors and viruses. IFN- a is widely used for
many malignant and viral diseases, including
chronic hepatitis C (CHC) virus infection .
Because pegylated interferon (PEG-IFN)- a
is a recombinant type I interferon and has a
long halflife biologically, PEG-IFN- a 2a or

101

21 is effective when injected once a week, and
plays a key role in the current standard anti-
viral therapy for CHC patients. However, IFN-
a and/or PEG-IFN- ¢ often induce adverse
side effects, including headache, nausea, fever,
eruptions, fatigue, anorexia, insomnia, anxiety
and depression. In particular, depression is one
of the most serious side effects, and can lead
to unpredictable suicide ® and discontinuation

of the therapy. A possible mechanism
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responsible for the psychiatric symptoms
is that IFN- ¢ disturbs the production and
action of cytokines, resulting in effects against
the central noradrenergic system, serotonergic
systems and hypeothalamic-pituitary-adrenal
axis 4.

Systemic administration of IFN- ¢ disturbs
the cytokine cascade in both the periphery and
the central nervous system {CNS)®. In fact,
IFN- ¢ induces or inhibits many cytokines,
such as interleukin-1 (IL-1), IL-2, IL-4, IL-
6, IL-13, granulocyte-macrophage colony
stimulating factor (GM-CSIP), tumor necrosis
factor- ¢ (TNF- a } and interferon gamma
(IFN- » ) in vitro 67 Peripheral cytokines,
including IFN- a , would be able to affect
the brain through several possible pathways,
such as entering the CNS through areas
lacking the blood-brain barrier (BBB), crossing
the intact BBB at low rates via putative
specific transport mechahisms, inducing
adhesion molecules which increase the
potential for lymphocytes to cross the BBB,
or transmitting signals to the brain through
the vagus nerve *® However, it has not been
clarified which pathway(s) is mainly involved.
Of note, IFN- ¢ has been shown to exist
in the brain tissue of healthy subjects and
patients with neurological disorders® ™. The
IFN- ¢ receptor expressed in the human brain
has also been observed on astrocytes and
microglia "%, These cells produce cytokines,
which induce the inflammation of the CNS
and are implicated in the pathogenesis of
neurclogical disorders. We recently reported
that, IFN- a 2b treatment in vitro disturbed
the glucose metabolism and reduced the
proliferation of human astrocytes ', Although

we consider that impairment of glucose

metabolism and the proliferation of astrocytes
would be able to affect other cells in the
CNS and disturb behavioral activity, the true
mechanism(s) underlying the IFN- ¢ -induced
depression are still unclear.

In the present study, we measured the
behavicoral changes using the spontaneous
locomotor activity (I.A) and the forced swim
test (FST), and evaluated the cytokine levels

- of serum and brain tissues in normatl rats after

PEG-JFN- ¢ 2b administration, and evaluated
the relationships between them.

II. Materials and Methods

1. Animals

Male Wistar rats weighing 285~370 g at 11
weeks old were obtained from CLEA Japan
{Tokyo, Japan). Following an acelimation peried
in our animal facility, the rats were injected
PEG-IFN- a 2b in the studies at 15 weeks old
weighing 37h-453g. The rats were housed in
separate cages with a constant temperature
of 23 = 1°C, and under a 12-h/12-h light-dark
cycle (lights on at 7:00 am.). Each rat was
given a rat diet and tap water ad libitum. The
experimental procedures were approved by
the animal experimental committee of Iwate
Medical University and conformed to the
principles of laboratory animal care and the
current version of the Japanese law on the
protection of animals.

2. Drugs and treatments

PEG-IFN- ¢ 2b (recombinant pegylated
interferon alpha-2b: Pegintron, MSD, Tokyo,
Yapan} was administered subcutaneocusly. The
dosage of PEGIFN- a 2b was 1.5 g g/kg, which
is the same dosage administered to patients
with CHC. In contrast, control rats were
administered §.9% physiological saline (PS).
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3. Body weight assessment

The body weights were assessed until the
end of the study te evaluate the status of
anorexia, which might be induced following
the administration of PEG-IFN- « 2h.

4, Locomotor activity of rats in the home

cage

The spontaneous locomotor activity (LA) of
rats was measured as described previously .
The LA counts of each rat in the home cage
were automatically recorded every hour for
a maximum of b weeks usihg an activity
‘monitering system {Supermex, Muaromachi
Kikai, Tokyo, Japan). Data from the Supermex
sensor were analyzed and stored on a personal
computer with an analytical software program
{CompACT AMS software; Muromachi Kikai,
Tokyo, Japan). During the first week of the
study, we measured the decreasing rates
of nighttime LA from the first day to each
stccessive day. The decreasing rate of each
day was presented as follow: A nighttime LA/
nighttime LA during the first day.

5. Forced swim test (IFST)

The immobility during the FST has
been reported as a marker representing
“depressive-like” behavior in rats treated
with IFN ¥ In this study, we modified the
standard method described by Porsolt et al.'®.
Briefly, the rats were placed individually in a
cylinder containing 25 em of water maintained
at 25 = 1 C. The rats were forced to swim
for 15 min, After 15 min in the cylinder, they
were removed, dried and returned to their
individual cages. Twenty-four hours later,
the rats were placed in a cylinder again, and
the duration of immobility during a 5-minute
period was measured. They were judged to
be immobile when they ceased struggling and

remained floating motionless in the water,
making only small movements necessary
to keep their heads above water. A time
sampling technique was emploved whereby
the predominant hehavior in each 5-sec period

*of the 5 min test was recorded '™,

6. Serum and brain tissue sampling

At the end of the experiment, the rats
were anesthetized by a pentobarbital
sodium injection and were sacrificed. After
approximately 3 mL of blood was obtained
from their hearts, the blood was kept on ice
at 4°C and was centrifuged at 13,000g. The
serum samples were frozen at — 80 °C until
measturement of the cytokine levels, The brain
tissue samples from the rats were immediately
separated info the frontal, temporal, parietal
and occipital cortex, cerebellum, stem,
hippocampus and pituitary. Then, they were
frozen at  — 80 °C until measurement of the
cytokine levels,

7. Cytokine analysis

The levels of IL-1 a , IL-1 g, IL-2, 1L-4,
1L-5, IL-6, 11.-10, IL-12, IL-13, GM-CSF, IFN-
y and TNF- ¢ were measured in each brain
tissue (0.5 mg protein/mL) and serum (0.1
ml) sample using a multiplex fluorescent head
array (Bio-Plex Pro Rat Cytokine Thl/Th?2
Pzanel, 12-Plex; Bio-Rad, MA, USA) validated
for rats ™® according to the manufacturer’s
protocol. The lower limit of detection for each
cytokine was as follows: I1.-1 a , 0.020 pg/ml;
IL-1 £, 0.12 pg/ml; 1L-2, 0,020 pg/ml; 1L.-4,
(.20 pg/ml; 11.-5, 0.80 pg/ml; IL-6, 0.20 pg/
mk 1L-10, 0.14 pg/ml; I1.-12, 0.070 pg/mi; 1L-
13, 0.010 pg/ml: GM-CSE, 0.013 pg/ml; IFN-
¥, 0.18 pg/ml; and TNF- « , 0.010 pg/mi.

8. Experimental design

A flow chart of the experimental design
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Tig. 1. Experimental design and prolocel. At 15 weeks old, male Wister ratls on Group A (h=
24} were sacrificed after 24 hours from single pegylated interferon (PEG-IFN) ¢ -2b
(1.5 p g/kg) or 0.9% physiological saline (PS) injection (indicated by an arrow). Before
sacrifice, 12 of 24 rais were forced swim (PEG-IFN n=6, PS n=6), and the other. 12
were not (same above). Group B were measured locomotor activity (LA) for a week
from single PEG-IFN or PS injection (n=6, n=7), forced swim and sacrificed, Group C
were administered for 4 weeks repeated PEG-IFN or PS injections once a week (n=6,
respectively) with LA measuring and forced swim test. Serum and brain tissues were
sampled from all groups and measured cytokine levels.

and protocol are shown in Fig, 1. A total of
45 fifteen-week-old rats were used. After the
administration of PEG-IFN- a 2b or PS (once
a week), the rats were continuously monitored
for their LA in their home cages until the
end of the study. The FST was performed
in both groups of rats (PEGIFN- ¢ 2b or PS
administration) at 24 hours (PEG-IFN- a 2h,
6: PS, 6), 1 week {(PEG-IFN- a 2b, 6: PS, 7)
and 4 weeks (PEGIFN- a 2b, 6; PS, 6) after
the start of the study, and the rats were then
sacrificed. Because the FST is a stressor
and might affect the cytokine levels, we also
evaluated the cytokine levels in eight rats that
did not undergo the FST at the 24-hour time
point after a single administration of PEG-IFN-
a 2b or PS (PEG-IFN- a 2b, 4; PS, 4).

9. Statistical analysis

All data were expressed as the means *
SEM. The statistical analysis for multiple

groups was performed with the Kruskal-
Wallis test, followed by the Steel-Dwass test
for multiple comparisons. Student’s t-test was
used for comparisons of the two groups. The
Spearman rank coefficient was calculated
to assess the correlations hetween the data.
Significant differences were accepted for
values of p<0.05. For the statistical analysis,
half the value of the lower limit of each
cytokine level was used as a substitute for
values that were below the limit of detection.

I11. Results

1. Body weights

The body weights of rats gradually
increased, but did not significantly change
between the 15-week time point and the
endpoint (15-week-old rats, 432 £ 8.7 ¢;
endpoint, 482 + 11g). The increase in body
weight during this time did not significantly
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Fig. 2. Decreasing rates of the daily nighttime
lecomaotor activity (LA} in the first week -
(n=24), Rats were injected pegylated
interferon (PEG-TEN, n=12) or control
(n=12). Decreasing rates from day 1 to
day 2 and 3 were significantly reduced in
PEG-IFN compared with in control. The
data are presented as the means + SEM.
*p<0.05 versus control,

differ between the treated and control rats
(PEG-IFN- a 2b, 12 £ 0.47%: control, 12 %
1.2%).

2. Daytime and nighttime LA in rats

The serial mean nighttime and daytime LA
for every 12 hours of the PS group (control
rats) showed no significant differences {data do
not shown). In PEG-IFN- ¢ 2b group, the daily
pighttime LA during the first week showed
no changes, while the PS group showed a
significant decrease on days 2, 3, 4, 5 and 6
after administration. The decreasing rate of
nighttime LA from the first day (day 1) to the
second and third days (days 2 and 3} during
the first week were significantly decreased
in the PS group compared with the PEG-
IEN- @ 2b group (PS group: —20 £ 5,1% and
— 17 £ 3.7%, PEG-IFN- a 2b group: 2.6 +
7.7% and — 3.9 £ 3.79%, respectively) (Fig.
2). Additionally, the weekly daytime LA of the
PEG-IFN- a 2b group had a tendency to be

Daytime locomotor activity
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o T PEG-IFN {n=7)

60000 -
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Fig. 3. a: The weekly daytime locomotor activity

(LLA) of rats injected with pegylated
interferon (PEG-IFN) was significantly
elevated during the second week compared
with the control rats.
b The weekly nighttime LA did not show
any significant changes. The data are
presented as the means = SEM, "p<0.05
versus control. ‘

higher compared with that of the PS group
during the entire 4-week period. In particular,
significant differences in activity were noted
in the second week (PEG-IFN- a 2b, 44052
+ 2189 counts; Control, 36894 + 1085 counts,
p<0.05). On the other hand, the weekly
nighttime LA did not show significant changes
in either group (Fig. 3a and b).

3. Immobility time during the FST

The immobility time during the FST was
significantly increased at the point of 24 hours
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Fig. 4. The immobility time in the forced swim
test (FST). At the time point 24 hours
after administration, the immohility time
was significantly increased in the rats
injected with pegvlated interferon (PEG-
IFN). Bul, the immobility time did not
show any significant differences one and
4 weeks after the start of treatment, The
daia are presented as the means = SEM.
'p=0.01 versus control,

after the first administration of PEG-IFN- a
2h (PEG-IFN- a 2b group, 153 £ 3 seconds;
PS group, 141 = 3 seconds, p=0.01), but not
significantly changed at the other time points
after 1 week and 4 weeks of treatment (Fig. 4).
4, Influence of a single administration of
PEG-IFN- a 2b on the cytokine levels in
rats

After the administration of PEG-IFN- a
2b or PS, we evaluated the cytokine levels in
rats sacrificed without undergoing the FST at
the 24-hour time point when the depressive-
like behavior was observed as an increased
immobility time in the rats undergoing the
FST, The serum cytokine levels in rats
administered PEG-IFN- a 2b without the FST
are shown in Tahle 1. The serum cytekine
levels were not significantly different between
the PS and PEG-IFN- a 2b groups. On the
other hand, the levels of TNF- ¢ , 1L-2, 1L-

Table 1. Cytokine levels in serum of rats sacrificed

24 hours after treated with a single injection
without FST

. Serum

Cytokine

Control PEG-IFN- a 2b
Il-la 1102 = 7436 1410 =+ 2382
IL-1 8 3786 =+ 1297 3470+ 4008
1L-2 6166 =+ 3349 7003 = 1228
1.4 6666 =+ 7635 6748 =+ 8632
IL-5 2004 = 7731 1950 = 1284
1.6 6260 =+ 3626 6376 * 0187
IL-10 5697 = 2091 7220 = 1944
IL-12 5851 +  3LI1 5832 + 85358
1L-13 5242 * 2704 5602 * 8224
GM-CSF 2982 £ 3493 2829 <+ B45D
IFN-y 1114 = 6508 1249+ 2176
TNF-q¢ 4215 = 35225 4703 + 8683

FST: forced swim test, PEG-IFN: pegyléted
interferon

The data are presented as the means * SEM (pg/
ml)

5, IL-12 and IL-13 in several regional brain
tissues were significantly decreased, but
there were no apparent tendencies in the
relationship of the decrease in each cyfokine
and the specific region of the brain (Table 2).

In rats subjected to the FST, the serum
levels of IL-1 ¢ , IL-2, IL-4, 1L-5, IL-6, IL-10,
1L-13 and TFN- ¢ were significantly decreased
at 24 hours (Table 3). The cytokine levels i
the frontal cortex, as a representative brain
tissue, are shown in Table 4. All cytokines
levels in the PEG-IFN- ¢ 2b group showed
a tendency to he decreased compared with
those with in the PS group, and 1L-13 and
TNE- a were gignificantly lower,

IV. Discussion
PEG-IFN- a4 2a and 2b are key drugs
used for the standard anti-viral therapy for
CHC patients. These drugs often induce
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Table 2. Cytokine levels in brain of rats sacrificed 24 hours after treated with a single injection without FST

Frontal cortex

Temporal cortex

Parietal cortex

Occipital cortex

Cytokine™ - irol PEGIFNaZb Control PEGIFN.4Z> Conirodl PEGIFNaZb  Contral  PRGIFNaZb
Mlg 082+080 037028 090064 0862081 13:076 13+032 002+0 050+ 040
IL1g  04%033 16+14 0070%0 0070£0  047+032 11+092 24%24  13%12
L2 002+0 002050 002050 0020+ 0 234074 37+21  0I19+017 12+12
L4 078+ 038 022+£013 026+026 0035+0035 017017 0035%0035 023£023 016%012
L5 1041 14%40 1663 20+ 24 1836  31+18 12440  19%3]
L6 05030 066:046 L11£043 12+10 02050  020%0 083063 0220020
1L-10 5824 4717 1811 37412 3817 17+ 94 17£57  27*16
.12 27426  044+034 2011 065+055 46+14  44=15  58+29 017+ 0065
IL.13 18040 025+0053 L1+051 020:015 037+035 057+055  10+050 0020%0"
GM.CSF  63+021  74%043 85+024 662026 55+019 782018  75%043 83042
IFN-,  12%#45  21%12  23%21  51+49 018%0 01820 20+18 2820
TNF-g  10+£037 0020%0°  043:024 0020+(" 024022 0020+0'  0020%0  0020%0

i Stem Cerebellum Hippocampus Pituitaly
Cytokine™ - irol PRGIFNaZo Contrdl PEGIFN4Z Control PEGIFNaZo  Control PEGIFNaZb
IL-1g 067057 026%025  26=11  030+017 00200 095093 0020£0  0020%0
IL1p 3317 2230 8127  14x14  50%26  13%12 007020  0070%0
L2 49+19  15£11 33083 0020+ 0" 22410 0020+0° 002020  0020+0
114 0284028 0192018 062035 00350035 024+014 0015+0015 083040  0*0*
L5 86+36  52%27 1446  96+22 11+43 15+ 26 1138  16%55
L6 12067 0200 099079 048+016 026+0060 12+074 096+051 0200
1L-10 58+51  23%19 1697  27%17 1510 27+19 1986  B4£T7H
1L-12 8141  10£090 96%35  14%11  92%11  24%22  11%10 010%0°
1L-13 184083 0464041 0814042 0045+0025 081+064 059+035 050%048 (.16+0.16
GM.CSF 690048 37+035 ~ 57+036 341023  72+0087 781032  33%028 221024
IFN-p  M*69 33232 44#42  18+005  74%38  99=56 27£25  48%30
TNF.q 00200 00200  024+022 040+038 0242022 0020+  011%0090 0.16= 014

FST: forced swim test, PEG-IFN: pegylated interferon

*p<0.05 control (n=4) versus PEG-IFN-¢ 2b administration (n=4)
The data are presented as the means + SEM (pg/mg protein)

psychiatric symptoms such as depression and/
or sleep disturbance as severe side effects.
However, the mechanisms underlying these
symptoms are still unciear. In the present
study, we focused on the relationship between
the cytokine levels in blood and brain tissues
and psychiatric behaviors using the LA
and the FST in normal rats with the same
dosage of PEG-IFN- ¢ 2b as administered
in CHC patients. Because it is censidered

that LA abnormalities would represent sleep
disturbance and/or irritability in rats, we
evaluated the total serial daytime activities
and nighttime activities every 12 hours
during experimental periods and compared
them hetween rats with or without PEG-IFN-
a 2b treatment., On the other hand, as the
immobility time in the FST is represented as a
“depressivedike” status, we measured at the

points of 24 h, 1 week, and the end of 4 weeks
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Table 3, Cytokine levels in serum of rats sacrificed after FST

24 hours 1 week 4 weeks
Contrel PEGIFN-g2b Control  PEGIFN-a2b Control  PEGIEN-uZb
n 6 6 6 6 6 6
IL-la 548+ 170 7023 983198 623+ 188 965+ 348 92+ 16
IL-1g8 1612+ 589 99+ 38 28614630 2231+ 814 2257711 579+ 320
L2 3396+ 796 679+ 218" 5131+909 3654+ 946 4465+ 1463 948+ 184
114 - 339121 33+ 107 539+ 112 378=116 342+ 130 53+ 13
1L-5 1166+ 298 207+ 76 2314751 12001 = 270 1041+372  391+48
L6 2820968 306+ 79 5166+ 1135 3164 + 1009 4090+ 1338 394+ 67
110 3541 £ 820 877+ 205° 4902+ 897 3550+ 843 4611+ 1638 982+ 235
1.-12 261+ 96 22+ 86 515+ 117 338+ 109 309+ 127 2911
IL-13 264 + 93 13+72 425+ 9] 298+ 102 278+ 118 20+ 10
GM-CSF 362+ 133 13+ 49 622+ 142 402+ 140 474 + 145 19+ 46
IFN-p 1050+ 288 Q16+ 265 1565+ 464 1181 = 201 5425+ 4717 1202+ 219
TNF-g 183+43 13£81° 376+ 88 183+ 82 o202+ 89 B2x43

FST: forced swim test, PRG-IFN: pegylated interferon
*p<0.05 control versus PEG-IFN- a2b administration
The data are presented as the means £ SEM (pg/ml)

Table 4. Cytokine levels in frontal cortex of rats sacrificed after FST

24 hours 1 week 4 weeks "
Control  PEGIFN-u2b Control  PEGIFN-¢Zb Control PEGIFN-a2b
n 6 6 6 6 6 6
IL-1la 13+12  012%0 21207 11+04 32+14 13+21"
IL-18 16+15 012x0 4714 15+ 08 1375 33+ 69
1.2 1711 002+0 34x5 4+ 58 77+ 44 11144
11-4 : 01801 00 1601 088+02 25+Q8 34+12
1L-5 13+32 61+ 11 18+14 84+ 20 12+72 36413
1IL-6 16214 020 1116 47+ 15 27+13 2473
11.-10 3611 12465 30+43 23+ 55 47+ 15 8823
11.-12 2722 1.3+12 072+£03 01901 088205 35+ 06
IL-13 0.i8x01 0080 06204 02702 23x12 48+18
GM-CSF 03305 0060 18+09  0.18+01° 21108 1407
TEN- y 27286  018%0 1122 6622 36+ 15 39+ 24
TNE-q 063+ 04 02+0 3315 1.1+03 29+18 26+ 16

FST: forced swim test, PEG-IFN: pegylated interferon
*p<0.05 control versus PEG-IFN- ¢2b administration
The dala are presented as lhe means = SEM (pg/myg protein)

after the final PEG-IFN- ¢ 2b administration, total counts for the daytime LA in the PEG-
As shown the results, we first found that IFN- ¢ 2b group were maintained compared
the subcutaneous administration of PEG- with that of the PS group, and at the second
IFN- ¢ 2b during the 4-week period induced week there was a significant difference (Fig, 4).

abnormalities of the LA. Interestingly, the On the other hand, although the total counts
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for the nighttime LA showed no significant
differences between the PEG-IFN- ¢ 2b
and PS groups, significant differences were
found in the early days after PEG-IFN- a 2b
or PS administration (Fig. 3). These results
suggest that phenomena such as a decrease in
sleeping or resting times might be transient,
and might recover during the continuous
administration of PEG-IFN- ¢ 2b. Additionally,
PS injection might also have affected the
behavior of the rats. The onset of psychiatric
symptoms in CHC patients does not parallel
the administration period of PEG-IFN- «
2h. In addition, many patients who receive
anti-viral therapy have other problems and
are reported to have a disturbed quality of
life . Therefore, our data also suggest
that the sensitivity to PEG-IFN- ¢ 2b may
be different for individual rats or between
different strains of rats. Further studies are
needed to evaluate the relationships among
the dosage and duration of administration of
PEG-IFN- a 2b and the daily LA,

The immebility time during the FST was
significantly longer at 24 h after first PEG-
IFN- a 2b administration, but not at 1 week
and 4 weeks after treatment. It has been
previously reported that rodents treated with
human nonpegylated IFN- ¢ subcutaneously
or intravenously showed depressive-like
behavior in the FST, tail suspension test
and sucrose preference test ™. Concerning
the relationship between psychiatric
symptoms and PEG-IFN- ¢ treatment,
previous experimental studies have shown
that PEG-IFN- a 2a or 2b using the same
dosage for human subjects did not influence
the psychiatric behaviors such as reward
behaviors, sickness or depressive-like behavior

in rodents ** However, in these studies,
the PEG-IFN- a 2a or 2b was administered
intraperitoneally. When substances including
PEG-IFN- a 2a or 2b are administered
intraperitoneally, they are mainly absorbed
into the portal vein and metabolized in the
liver ® Approximately 70% of PEG-IFN- a
2b is cleared through hepatic catabolism and
degeneration * ®) Therefore, the effects of
PEG-IFN- a 2a or 2b might be decreased
in such cases, despite the long halflife of the
compound, unless they are given frequently
to provide a higher serum concentration. In
contrast, PEG-IFN- a 2a or 2b administered
subcutaneously is slowly absorbed into the
circulation and shows a long-term effect.
These previous studies and our present study
suggest that the route of administration may
be a factor asscciated with the appearance
of abnormal psychiatric behavior induced
by PEG-IFN- a 2a or 2b administration. On
the other hand, it has been reported that the
hepatitis C virus status influences the. function
of the brain directly or indirectly ® As many
previous studies and our present study have
used rats or mice without chronic liver injury,
in the future it will be necessary to clarify the
effect of PEG-IFN- g 2a or 2b against the LA
and depressive-like behavior in medels with
chronic liver injury.

Many cytokines that are induced or reduced
by IFN administration have been closely
associated with the disturbance of functions
in the CNS*® Thus, in the present study.
we measured the levels of 12 cytokines in
the serum and brain of rats under conditions
such as 1) with or without PEG-IFN- a 2b,
2} with or without the FST, As shown in the
results, there were two new findings: 1) a
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single subecutaneous injection of PEG-IFN- a
2b without the FST induced a decrease in the
brain cytokine levels, but not in the serum
levels and 2} the FST can affect the levels
of serum and brain cyfokines. In the present
study, although we measured the cytokine
levels in the serum and brain tissues in rats
sacrificed 1 and 4 weeks after treatment, we
did not show the results, because the cytokine
levels might have been influenced by the FST.
Therefore, to clarify the direct effects of the
long-term administration of PEG-IFN- a 2b on
the serum and brain cytokine levels, it will he
necessary to plan an experiment without the
FST. '

There is no significant correlation between
the levels of cytokines in serum and brain
tissues in this experimental study. When
PEG-IFN- a 2a or 2b are administered
subcutaneously, these IFNs are distributed into

many tissues or organs including the brain. -

Therefore, it is considered that in the brain
IFN transferred through the BBB acts directly
on microglia and/or astrocytes. Although the
reason is not clear at present, it is considered
that the small number of samples, low
concentrations of measured cytokines and the
differences in the production and catabolism
of cytokines among each tissue are related
to this discrepancy. To evaluate the cytokine

network and relationships between blood
and brain tissue, further studies, including
the dose, site of administration, frequency of
administration and total dose administered,
time course of experiments, and different
species will be needed in the future,

In conclusion, the present study indicates
that the locomotor activity and behavior in
normal rats might be disturbed during the
early stage of the subcutaneous administration
of PEG-IFN- ¢ 2b or even just a stress load,

. such as PS injection. The cytokines levels

in both the serum and brain tissues are also
influenced by the administration of PEG-IFN-
a 2b and the FST, although further studies
will be needed to clarify the association
between the cytokine changes and the onset
of psychiatric symptoms.
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