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Neurochemical changes in the brain

of the senescence-accelerated mouse (SAM)
as an animal model for learning deficiency
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The senescence-accelerated mouse (SAM) has been established as a murine model
for accelerated aging. SAM consists of the senescence-accelerated prone mouse (SAMP)
and senescence—accélerated resistant mouse (SAMR), the latter showing normal aging
characteristics. Of particular interest is that both of SAMP8 and SAMPI10 strains of
senescence-accelerated prone mice show a significant deterioration, advancing with age, in
learning and memory.

Proinflammatory cytokines, such as interleukin-18 (IL-1P), interleukin-6 (IL-6)
and tumor necrosis factor-a (TNF-a), have been reported to be involved in the formation of
neuritic ‘plaques in Alzheimer's disease (AD) and an increase of these cytokines was
demonstrated during aging.  Therefore, the changes with age in expression of
proinflammatory cytokines in the brain of SAMP8 in comparison with SAMR1 were
investigated in this study.

In the hippocampus of 10-month-old SAMPS, the expression of IL-1f mRNA was
significantly elevated in comparison with that of SAMR1. However, in the cerebral cortex
and the brain stem, the IL-18 mRNA expression was not significantly different between the
two strains of SAMs.

.In both strains of SAMs at 10 months, increases in the protein levels of IL-1§ were
observed in all brain regions investigated. The only significant differences in the levels of
IL-1p between the strains were higher levels at 10 months in the hippocampus and the
hypothalamus of SAMP8. The protein levels of IL-1B did not show any significant strain
differences in the cerebral cortex and brainstem at the same age. On the other hand, the
protein levels of TNF-a and IL-6 in the cerebral cortex and the hippocampus were
significantly higher in 10-month-old SAMPS8 than that of SAMRI, but not in the
hypothalamus or the brainstem.

It has been reported that expressions of cytokines in response to lipopolysaccharide
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| (LPS) were altered with age. Then, the response of LPS-induced expressions of IL-1B,
TNF-a and IL-6 in the brain were investigated in 5-month-old SAMs. However, no
significant differences in expression of these cytokines in response to LPS between SAMP8
and SAMR1 were observed suggesting that there may be no difference in the LPS receptor
reactivity or the signal transduction patﬁway between two strains of SAMs at 5 months of
age. ,

In 10-month-old SAMs, IL-1B- immunoreactivity (ir) was observed in a distinct
population of neuron like cell bodies in the paraventricular, lateral and ventromedial
hypothalamic regions hypothalamus of both SAM strains. The distribution pattern of IL-
1B-ir cells was not much different between two strains. |

The SAMPS8 showed an increase in expression of proinflammatory cytokines like IL-
18, TNF-a and IL-6. It was reported that the proinflammatory cytokines especially IL-1p8
augments amyloid-p peptide cytotoxicity and enhanced APP mRNA expression in neurons.
SAMP8 has been shown abnormal APP metabolism. The increase in the expression of
proinflammatory cytokines in SAMP8 brain may be involved in the development of APP-
like proteins, neuronal damage and gliosis observed in SAMP8. Moreover, IL-18, TNF-a
and IL-6 have been reported to down regulate long-term potentiation (LTP) in the
hippocampus. Therefore, increase in the expression of proinflammatory cytokines in the

“brain seems to underlie the age-related neural dysfunction and /or learning deficiency in
SAMPS.

A novel inbred strain SAMP10 has shown age-related brain atrophy and learning
deficiency. In the present study, we investigated ‘the behavioral and neurochemical
changes in SAMPI10 brain. In the Morris water maze task and the forced swimming test,
the SAMPIO showed leamning deficiency and depressive behavior. Repeated
administrations of desipramine in SAMP10 caused a significant decrease in immobility and
showed that SAMP10 was sensitive to antidepressants. In the hippocampus of 9-month-
old SAMP10, the ligand binding activity of muscarinic acetylcholine (mACh) receptors was
decreased and the protein kinase C level was lower than that of SAMR1. It has been
reported that the mACh receptors and protein kinase C were involved in learning and
memory. The reduction of mACh receptors and protein kinase C in the brain seems to
underlie dysfunction of learning and memory in SAMP10. The number of D, dopamine
(DA) receptors increased in the cortex and midbrain, but the number of D,/ Ds DA receptors
was not significantly different in brain regions of SAMP10 compared with those of SAMRI.
The ligand binding to 5-hydroxytriptamine (5-HT),, receptors in the hippocampus and
midbrain was significantly increased in SAMP10 but the ligand binding to 5-HT, receptors
was not different between two strains. The involvement of DA and 5-HT receptors were
also reported in human depression. The upregulation of D, DA and 5-HT,, receptors
seems to underlie a depressive behavior in SAMP10. Therefore, the SAMP10 may be a
useful model for age-associated depressive behavior as well as learning and memory
deficiency.
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Neurochemical changes in the brain
of the senescence-accelerated mouse (SAM)
as an animal model for learning deficiency
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BE, 2R DDOHDEERERIED Z20VWIXT VYN I —BIERE OB
7%, BERSEERETHY, MEITHED BRLFOERLOMR, Tk, #X
EFHEBIVZOBRBRELZEORRIIBNTE MRBICELT 2REBET
WEPMNRAIRTH D, R EET I U A (Senescence Accelerated
Mouse, SAM) IZRHICEB{LMIREZBRREEL, EMTHIILe/FHEL
TW3., SAM QHEFZEHD S B SAMPS RiIMERICHENWEEREEEFLZBR
RETHIELD, HREELTIHBLEHEBOREMATCRHOZ(LEF
BFOETNEMELTHEREEZISNTVNS., INE TIZ SAMP8 XD
RICFREBEBIZONT, BRIZBIZT7FIIN a0 AAEBEmER, VY
ICEBEPHMERORELTY T 04 RiTBAEREABORERENRE
ENTND.

BEEHIE, 9E SAMPS KOEETYA MM RV EREL TSI L
IO TR U, £z SAMPS &I35IHE R %K THZERE & k- L2 E kR
EEEHRRET D SAMPI0 7%, D DMFEEEELZMHEN, K7 EF)NVaU 2,
RRXIOBIVOtLO P ZABEBIIREEZRLTVD EVWIHAREZE,
MW E LU THALE.

SAMPS I¥® 1L-1 8 mRNA OXIHIZ 10 » ABOEE THROEETD
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ASAMRIIZHLABIRERT I L2080/, IL-13EREII 107 Al
SAMP8 O BB IUVHERTH THERICEMEEZRL LAY, KIMEHE, NS
TIERED Moz, ABICED IL-1 BEBOELIZEL SAMPS B&

VIE#HEBILERD SAMRL £HIZ 10 » ABTHEER LENED . —F,
IL-6 3L TNF-aZEHEIZ, 10 » A SAMP8 ODABMEE S L VEEIC
BT SAMRL IZHLE B LANED Sk,

£, TOVRMRDDRHTBYA M1 S REIMBICE VLT B
EVBEINTNDH, SAMPBIZBIF BT R b > (LPS) 5D IL-1
B, IL-6, TNF-a RIROKIGHIZ SAMR] &EHEL THELEERDIN -
JeZ&XKD, SAMP8 IZBWT LPS S8 KD 5 W37 0Mila NIERIZERIC
BEERBNWT 2R UL REERLFMICRNL, IL-18 %Emitm
R EICRER T HOMBEMBBEICREL TWANY ) ZHRICBIT 2 REL
MNEVWZ EZRLE. —F, REMBIEERICIZ SAMRL & SAMPS 0 IL-
18 RBBIETEMEICHRE R ZRBD Mo 2. HE, TIWIYNS I —RBHE
DI TIIRESE Y1 b1 2 EIZ IL-1BDOREMNBE N L, £/ 1L-18
RIEBICBIT S EHERBEKOCTP) 2N TSI EABESMACINTNSZ
L&D, SAMP8 DZFHEBEFIIHKY 1 bh1 U REORENEET 20
BRI,
 E5IZ, SAMPI0 R ZADKEICOVTRE L. SAMPIO <™ 2 13H0
BT HEWKIKATEBOMERZR - LR BEE - ARRET S,
SAMP10 XU A DEBREEIZOVNTHRFIAKEIC L ZEEN S, SAMPLO
RFEERRENDETERIELLEDIZ, SOREBEESIHBEELZRILT
WaZ&, ¥z SAMP10 ZBF 55 DOMFEHREII=BERS DBt
DEATTHDZ L, IHIHFEHEETTILEME LT SAMPI0 BEAT
HBLEHASMILE. S SITHRILEMNEY & LT SAMP10 Mi-7 &
FINAV CRBEFRBERBLITTOTA > FF—HCROBDP, KX
D ZBEBHESERBIUEO R 1A ZAEKOEMERD, ZHhSOREN
SAMP10 D#EEERE - S DOWEHREICES L TWaaEEE BB L
7z, LED-T, RFEBIFERERETTNOIL S TRBEET TV E
WMELUTSAMPIO SERTH B EEHOMITL =,

UE, XEERZBRIIBHLH, SAMPS 2B 24T a8 EIZINY 1
M4 CHBEORENES T 202 RS T3 & & HIiT, SAMPI0 DOfE
HEZETTINVENE L TORBBLUHRILFMNRELZHSMILERNAT
HBHEHEL, Bt () OFMLEZTDICADET 2 ELEBD-.
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