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Intrahippocampal infusion of interleukin-6 impairs avoidance learning in rats’
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AIM: To study the effect of intrahippocampal
infusion of interleukin-6 (IL-6) on active avcidance
in rats and the possible involvement of nitric oxide
(NO). METHODS: Using a shuttle-box model,
the effects of bilaterally intrahippocampal infusion of
IL.6 3.2, 16, and 80 ng as well as sodium
nitroprusside ( SNP) 400 ng on active avoidance
were studied on d B after administration. The
levels of nitrite as an index of NO in the
hippocampus were detected using a fluorometric
assay 24 h after infusion of IL-6 3.2 or B0 ng.
RESULTS: 16 16 and 80 ng impaired the
acquisition performance of active avoidance by
prolonging the latency of avoidance in training, but
not the retention performance in testing. IL-6 80
ng and SNP 40! ng also resulted in a marked
impairment in acquisition performances by
decressing the rate of avoidance, but not in
retention performances. IL-6 80 ng markedly
elevated the nitrite levels from 10.6 £ 0.7 in control
rats to 13.6 £ 2.0 {nmol/g wet wt) (P<0.01).
IL-6 3.2 ng had no effect on active avoidance nor on
nitrite levels. CONCLUSION: Intrahippocampal
infusion of IL-6 impaired learning acquisition of
active avoidance in rats.

[nterlevkind ( 1L-6} 15 a nultufunctional
cytokine produced by eszentially every injured
tissue-') . [L-6 levels are elevated in and around the
senile plagues in cortex and hippocampus of
Alzheimer's disease { AD) patientsl®!, suggesting
the potential importance of IL-6 in AD pathology.
Thiere were no data concerning the effect of IL-6 on
learning and memory in animals. To provide some
experimental evidence in this respect, the present

study was carried out,
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MATERIALS AND METHODS

Chemicals Human recombinnnt interleukin-6 {(IL-61]
was 2 gft [rem Chengdu Ii'ao Pharmaceutical Co. Chinese
Academy of Sciences. 2. 3-Diaminonaphthalens {DAN] and
sodium nitmoprusside { SNP Y were purchased {rom Sigma
Chemical Co { USA). Al other chemicals were of AR,
I1-6 and SNP were dissolved in 0.9 % pyrogen-free saline,
and TIAN wns dissolved in HCL 0.62 mo}- L7, 8NP and
DAN solutions were protected from light.  Double-deionized
water was used throughout the nitrite assay.

Rats Sprague Dawley rats { § . n =66, 300+ 5 20 g]
were obtainerd from the Experimental Animal Center of
Shanghat, Chinese Academy of Sciences { clean. certificate
number 0051. The rats were individually housed in plastic
cages alter surgery and maintained ar a room temperatute of
20-22 T with a 12 L:12 D evele {light on at 08:00).
Water and rat chow were fed acd fif.

Surgery and intrahippocampal infosion  Eats were
anesthetized with sodium pemtcbarbital {30 mg-kg™!, ip )
and placed on a stereotaxic apparatus with the incisor bar set
2.5 mm below the interaural fine.  Two holes were drilléd
through the skull to allow mjections into the hippocampus.
The coordinates of injection sites were 6.5 mm posterior to
bregma, 5.0 mm lateral to the sagittal suture, and 6.3 mm
ventral 10 the surface of the skull''. In Experiment 1, rats
recerved bilateral infusions ol saline, 1L-6 1.6, 8, or 40 ng
per side. In Experimment 2, rats received bilateral injections
of saline, TL-6 40 ng, or SNP 200 ng. 1o Experment 3,
rats received saline, IL-6 1.6 or 40 ng injections. A 1-ul
microsyringe was used for the infusion of (.3 pL per side in 3
min.

Active avoidance task  On d 8 after surgery. active
avoidance was texted 1 a one-way shuttle box {30 em ~ 30
em ™ 15 cm) essentially as described'®!.  Briefly. rats were
trained to cross the hole frum the shock side into the safe side
within 10 s of conditoned stimulus {CS, 40 W bulb},
artherwise they were punished with 5 s of unconditioned
strmulus (US. 30 V foorshock).  Each rat received 15 trials
daily for 4 consecutive days. One trial consisted of 15 s of
ntertral interval {ollowed by maxirum 15 s ol CS.  The last
5 s of C5 overlapped with the US, i pecessary. Only the
ratx reaching the criterion of over 75 % awnidance in the last
day of training were used for rhe retention 1esting conducted 2
d following the completion of training.  Avoidance latency or
avcidance rate were measured.
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Histological localizations At the end of experiments,
the rals were anesthetized with sedium pentobarbital and
decapitated. The brain was fixed in 10 % form aldehyde.
Frozen coronal sections 40 pm chick were stained with cresyl
violex.

Hippocampal nitrite assay
decapitated 24 h after niedicaton.  Bilateral hippocampi were
dissected on e, weighed, and placed 1o plastic tubes
containing 0,8 mL of ice-cold Tris (30 mmel* L™, pH 7.4).
Tissues homogenates were spun at 25 (00 ~ g for 3D min at
4 U. Supernatants were kept at ~40 U for the measure-

In Experiment 3, rats were

meai of niinie.

Determination of nitrite was done'®- .
were diluted with water and nitrite standards at 7
concentrations 0.05 — 1.0 pmol * LT kept on 1ce.  Ome
milliliter of samples or nitrite standards was mixed wich 100
uL of freshly prepared DAN (0.05 g+L™").  Afier 2 10-min
incubation at 20 T, the reaction was terminated with 50 L
of NeOH 2.8 mat L1
phihotriazole  was measured  wsing a  Fluorescence
Spectrophotometer (Hitachi G50-10 8) at 3, 365 nm and A,
450 nm. The detection limit was 10 mmoel-L™".

Statistical analysis Data were expressed as T + 5.
Differences between groups were evaluated by 7-test.

Briefly, samples

Formation of 2, 3-diaminona-

RESULTS

Latency of active avoidance [[.-6 16 and 80

ng resulted in marked prolongations in the latency of

avotdance in d 3 —4 training and in d 2 —4 training,

but no effect on the latency in the testing, IL-6

Rate of active avoidance 1L-6 80 ng and SNP
400 decreased the rate of avoidance throughout

training and testing bhur a significant reduction in
training and testing, 2
the rate was seen only in d 3 training both for IL-6
and for SNP (Tab 2}.

The needle tips were histologically located

correctly within the hippocampus aceording to the
atlas!6) .
Levels of nitrite in vive 1L-6 80 ng

significantly elevated the level of nitrite { nmol/g
wet wt) 1n the hippocampus from 10.6 £ 0.7 in
control rats to 13.6 £ 2.0 (n =8, P<0.01), but
IL-6 3.2 ng had no effect on the level, which was

11.3£1.2 in IL-6 3.2 ng rats.
DISCUSSION

The have shown that
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present  Tesults
acquisition of active avoldance in rats and this IL-6
administration elevated the level of nitrite as an
index of NO in the hippocampus. Therefore, it
may be postulated that overproduction of NO in the
hippocampus probably mediates the impairment of
active avoidance produced by IL-6. Moreover,
present further  ethopharmacologically
support the hypothesis that IL-6 involves the
pathology of AD.

Some studies have demonstrated the impairing
effect of NO synthase {NOS) inhibitors on several

studies

Tab 1. Effect of intrahippocampal infusion of IL-6 on the avoidance latency (s) in rats.

=7, ¥ts. *P>0.05. 'P<0.05 vs conirol.
IL-6/ng d1 d2 d3 d4 dé
v 1.0+2.3 2.3+0.8 2.3r0.7 2.1+0.8 2.3%£1.3
3.2 4.1+1.4° 2.3z0.4° 2.9+0.7¢ 2.6+0.8 3.1%£0.9
16 4,817 3.2£1.58 3.3x1.00 3.1+0 8 2.7x0.9°
80 4 1+7 3¢ 3.61.0° 3.4=-1.1b 3.2+0.6 3.3+0.8°

Tab 2. Effert of intrahippocarapal infusion of TL-6 on the avoidance rate (%) inrats. #=7, ¥ 5.

P >>0.05, P <0.05

¥5 control.
Group Dose/ng dl1 d2 d3 dd dg
Control - 36 =20 6516 88x0 84 +10 87=10
1L-6 50 17417 4138 36+ 26° 80 = 16° 7B
NP 400 218" 35 £ 4(P 55+ 37" 76 + 22t 7347220
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forms uf behavioral tasks 7 " and the memory-

enhancing effect of SNP, a NO donor, at moderate
doses on an inhibitory avatdance rask' !, SUggestng
the beneficial effect of NO on learning and memory.
In contrast, SNP at higher doses impaired the

. - - Il
retention performance on  passive  avadance 1,

It seems that NO
may have a dual effect on learning and memory

suggesting the amnesic effect.

depending on the levels. The present studies
provide the first evidence that IL-6 and SNP
impaired behavior of active avoidance.

Recently. nitrite has been reported to be a main
oxidative product of NO and the assay for nitrite can
he used as a measurement of NO produced in
effect of central
administration of IL-6 on the formation of nitrite in

vivo . To explore the
the hippocampus, we detected the mnitrite levels.
The fact that the acquisition-impatring dose of 1L-6
increased the nitrite content, whereas the non-
amnesic dose of [L-6 had no effect on it, suggests a
possible positive relation of high levels of NO o the
Alsc. the ability of intrahip-
pocampal infusion of SNP to impair the acquisition

[L6 amnesia.

performance further supported the above memioned
As for the mechanism by which 1L-6
increased the NQ formation, we have found in the
study that
increments are produced through an inducible effect

suggestion.

in wive microdialysis the mnitrite
of IL-6 on the NOS in the hippocampus ( not
published data ).
suggest that intrahippovampal injection of IL-6
impaired learming acquisition of active avoidance in
rats and this IL-6 amnesia could be mediated by
overpraduction of NO in the hippocampus.

Collectively, the present results
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