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Science is the art 
of the soluble!

In “Plato’s Republic” (1982)
by Peter Medawar, an immunologist who in 1960 
won a Nobel Prize for his innovative study on 

transplantation immunity.
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脳研究の障壁ー脳の多様性と階層性



picrotoxin
pentylenetetrazol
strychinin

けいれん薬　convulsants



蘇生薬 analeptic,　
呼吸促進薬respiratory stimulants

doxapram



幻覚薬 psychedelics, hallucinogens, 
psychotomimetics

リゼルグ酸エチルアミド　LSD 

５ＨＴ１Ａ，１Ｃ　アゴニスト

フェンサイクリジン　PCP        NMDA antagonist

メスカリン　mescaline

マリファナ　marihjuana

大麻　cannabinoid



Therapeutic action of cannnabinoids in a murine model 
of multiple sclerosis (MS)

Arévalo-Martin et al. JNS 2003, 23(7):2511-2516

human multiple sclerosis (immune-mediated 
demyelinating disease) のマウスモデル

synthetic cannabinoids;  WIN55,212-2, ACEA, JWH-015

cannabinoids reduced microglial activation, MHCII 
antigen expression, CD4+ infiltrating T cells



number of remyelinating axons ( p ! 0.001 vs vehicle for the three
agonists) (Fig. 4b). In fact, the percentage of remyelinating axons in
cannabinoid-treated mice was more than twofold higher than in
vehicle-treated mice.

Discussion
The present study reports that functional recovery of TMEV-
infected mice induced by cannabinoid treatment parallels reduc-
tion in CNS inflammation and extensive remyelination.

As evaluated by rotarod performance, treatment with the
cannabinoids, WIN 55,212–2, ACEA and JWH-015, improve
motor coordination of TMEV-infected mice, suggesting the
involvement of both CB receptors on such effect. However,
because JWH-015 has also a low affinity for CB1 receptors, it
cannot be excluded as a putative CB1-mediated effect. In the
chronic relapsing EAE model of MS, Baker et al. (2000) found
reductions on limb spasticity and tremor in mice treated with
CB1 or CB2 selective agonists. Besides, the level of endocan-
nabinoids increased in the spinal cord of diseased mice (Baker
et al., 2001) and changes in the number of CB1 receptors
occurred in motor pathways (Berrendero et al., 2001). To-
gether, these observations suggest that endocannabinoids ton-
ically control spasticity in animal models of MS. Therefore, a
direct action of cannabinoids on the motor system may con-
tribute to the amelioration observed in our study. However,
the maintenance of recovery for at least 25 d after the end of
treatment suggests that effects other than single modulation of
motor pathways are involved.

Cannabinoids may promote long-lasting functional recov-
ery by interfering with the inflammatory demyelinating pro-
cess and by favoring myelin repair. All three agonists reduced
the number of reactive microglia, almost suppressed micro-
glial MHC class II antigen expression, and diminished CD4 "

T cell infiltration within the spinal cord of TMEV-infected
mice. Therefore, cannabinoid treatment diminished compo-
nents of the MHC class II-restricted CD4 " T cell response. In
addition, we show, to our knowledge for the first time, that
cannabinoid treatment favors remyelination in the spinal cord
of TMEV-infected mice. One possibility is that cannabinoids
enhance myelin repair indirectly by inhibiting the immune
response that contributes to demyelination or that hampers
remyelination. Our results showing decreased number of
CD4 " T cells in cannabinoid-treated mice support an immu-
nomodulatory mechanism. In accordance with this, depletion
of CD4 " T cells enhanced myelin repair (Fiette et al., 1993),
and inhibition of the MHC class II-mediated response using
anti-H-2A antibodies ameliorates TMEV-IDD (Friedmann et
al., 1987). Further support derives from the observation that
interferon-!, a cytokine used in MS treatment, inhibits MHC
class II expression (Barna et al., 1989). Therefore, the reduc-
tion in the MHC class II-restricted CD4 " T cell response may
be a key event leading to an increased capacity to remyelinate
naked axons in cannabinoid-treated mice. Moreover, canna-
binoids suppress the production of inflammatory molecules
by astrocytes (F. Molina-Holgado et al., 1997, 2002) and mi-
croglial cells (Puffenbarger et al., 2000) perhaps, contributing
to the effects observed in the present study.

The percentage of remyelinating axons in cannabinoid-
treated mice reached values more than twofold higher than in
vehicle-treated mice. In the progressive form of MS, the remyeli-
nation process remains abortive, and although multiple factors
may be involved, the inflammatory environment has been con-
sidered a reliable candidate for such impediment (Noseworthy et
al., 2000). The failure of remyelination in TMEV-IDD, which
resembles progressive MS, may also be related to the inflamma-
tory environment, because the decrease inflammation observed
in cannabinoid-treated mice parallels an increase in remyelina-

Figure 3. Cannabinoids reduce the number of CD4 "-infiltrated T cells. a, Fluorescence mi-
croscopy images show CD4 " T cells infiltrated in the spinal cord of TMEV-infected mice. Note
the clear reduction in CD4 "-infiltrated T cells in spinal cord from cannabinoid-treated mice.
Scale bar, 8 "m. b, Cannabinoid agonist-treated mice show a reduction in the number of
infiltrated CD4 " T cells to less than half that of the vehicle-treated group at 1 d after treatment;
this effect is maintained for 25 d (*p ! 0.05 vs vehicle; **p ! 0.01 vs vehicle; ***p ! 0.001 vs
vehicle).

Figure 4. Cannabinoids promote spinal cord remyelination. a, Toluidine blue-stained semi-
thin sections of spinal cord show demyelinated axons (asterisk) in a vehicle-treated mouse and
thin compact myelin sheets in large axons, indicative of remyelination (arrows), in a
WIN55,212–2-treated mouse. Scale bar, 5 "m. b, The percentage of remyelinated axons in
cannabinoid-treated animals was more than twofold higher than in vehicle-treated mice
(***p ! 0.001 vs vehicle).
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Both recovery of motor 
function and diminution of 
inflammation paralleled 
extensive remyelination.

Cannabinoids

Arévalo-Martin A. et al. 2003



Methlxanthine系薬

誘導体 caffeine, theophyline, theobromine

細胞内Ca2+の動員　（0.5-1.0 mM)

cAMP phosphodiesteraseの阻害　（＞５０ｍＭ）

Adenosine受容体の拮抗　(<50 mM)





精神運動刺激薬 
psychomotor stimulants

amphetamine, methamphetamine

methylphenidate   ADHD, Narcolepsy
Methylphenidate Modafinil （覚醒促進剤）

ヒロポン



ナルコレプシー(narcolepsy)

情動脱力発作（カタプレキシー）

睡眠発作

入眠時幻覚

睡眠マヒ（金縛り）痺

オレキシンの低下？

４大症状



注意欠陥多動性障害

Attention-Deficient Hyperactive Disorder

methylphenidate  (リタリン®）による治療



Amphetamine or cocaine limits the ability of later 
experience to promote structural plasticity in the 
neocortex and nucleus accumbens 

 B. Kolb et al. 2003 PNAS vol.100, 10523-10528

encourage tactile manipulation of objects. In addition, the
objects in the cage were rearranged once per week to encourage
continued exploration of the environment. The animals re-
mained in this environment for 3.5 mo.

At the end of the experiment, there was a total of four groups:
(i) a group treated with saline and group housed in standard
laboratory cages (n ! 6); (ii) a group treated with saline and
group housed in the complex environment (n ! 6); (iii) a group
treated with amphetamine and group housed in standard labo-
ratory cages (n ! 8); and (iv) a group treated with amphetamine
and group housed in the complex environment (n ! 8).
Anatomical analysis. After 3.5 mo in their respective environments,
animals were deeply anesthetized with sodium pentobarbital and
perfused through the heart with 0.9% saline. The brains were
removed and placed in light-tight vials containing Golgi–Cox
solution. After 14 days, the brains were transferred to vials
containing 30% sucrose and, after at least 3 days in the sucrose
solution, they were cut into 200-!m sections with a vibrating
microtome, mounted on glass slides, and stained by using
procedures described previously (16).

Specific cell types in two brain regions were selected for
analysis because they had previously been shown to be sensitive
to either psychostimulant drugs or housing conditions: pyrami-
dal cells in layer III of Par1 and medium spiny neurons in the
shell of the NAcc. Fig. 1 shows a photomicrograph of a layer III
pyramidal cell in Par1 to illustrate the quality of the staining. The
relevant brain regions were first identified at low power ("100),
and five cells from each hemisphere were drawn by using camera
lucida ("250). To be included in the analysis, the dendritic tree
of a cell had to be intact (i.e., largely in the 200-!m section and
not obscured by blood vessels or astrocytes). The dendritic arbor
of each cell was quantified by counting the number of dendritic
branches (indicated by bifurcations), as described by Coleman

and Riesen (17). Spine density was calculated by tracing a length
of dendrite (at least 20 !m long) at "1,000. The exact length of
the dendritic segment was calculated, and the number of spines
along the entire length was counted. For cortical pyramidal
neurons, spines were counted on one-third-order terminal tip
from both the basilar and apical dendrites; for medium spiny
neurons, spines were counted on one terminal tip per neuron. No
attempt was made to correct for the fact that some spines were
obscured from view, so the measure of spine density necessarily
underestimates total spine number. The values for cells in each
hemisphere of each rat were averaged, and hemisphere was used
as the unit of analysis. Anatomical analyses were performed by
someone blind to experimental conditions.

Exp. 2: Amphetamine Dose Effect. Female Sprague–Dawley rats
were initially treated with 0.75 mg!kg d-amphetamine sulfate,
followed by nine consecutive daily injections of either 1 or 5
mg!kg amphetamine (or saline). Animals were then left undis-
turbed for 20–22 days, when they received a challenge injection
of 2 mg!kg amphetamine (or saline). Brains were obtained 2–3
days later and processed for Golgi–Cox staining. There were,
therefore, four groups: (i) animals treated with saline (n ! 8);
(ii) animals given a single injection of 2 mg!kg amphetamine
(n ! 8); (iii) animals given repeated injections of amphetamine
(total cumulative dose of 12 mg!kg; n ! 12); and (iv) animals
given repeated injections of amphetamine (total cumulative dose
of 44 mg!kg; n ! 12).

This experiment and Exp. 3 were conducted primarily to
determine whether the drug–environment interaction in the
NAcc seen in Exp. 1 was due to a ceiling effect (see below) and
therefore, only cells in the NAcc were examined.

Exp. 3: Cocaine. The design of this experiment was the same as
for Exp. 1, except rats were treated with cocaine. Rats received
one injection (i.p.) of 15 mg!kg cocaine HCl (or saline) each
weekday (not on weekends) for a total of 4 weeks. The animals
were then housed in the complex environment or standard
laboratory cages (n ! 10–16 per group), as described above,
for a total of 3 mo. Brains were then obtained and processed
for Golgi–Cox staining, and cells in the NAcc (shell) were
selected for analysis.

This procedure produced behavioral sensitization, in that the
locomotor response (photocell beam breaks in activity monitors)
after the 20th injection was significantly greater than the re-
sponse after the first injection (P # 0.05). However, we also
treated independent groups of animals the same way but tested
for behavioral sensitization by giving a cocaine challenge after 3
mo of withdrawal. In these animals, locomotor sensitization was
no longer evident, as indicated by photocell-beam breaks in
activity monitors (mean $ SEM beam breaks; saline pretreated,
n ! 10, 988 $ 177; cocaine pretreated, n ! 12, 1034 $ 162; t !
0.04; P ! 0.85). Therefore, with this dosing regimen, locomotor
sensitization to cocaine had dissipated by 3 mo after the
discontinuation of drug treatment, consistent with previous
reports (18).

Results
Exp. 1: Amphetamine. Overall, the main effects of amphetamine
treatment and of environmental complexity on neuronal mor-
phology were as expected from previous studies. However, the
most interesting findings were indicated by significant drug–
environment interactions. On most measures, the effect of
environment varied as a function of past drug experience.

NAcc. In the NAcc, experience in the complex environment
increased both dendritic arborization and spine density on
medium spiny neurons, as did amphetamine followed by housing
in a standard laboratory cage. In animals previously treated with

Fig. 1. Photomicrograph of a Golgi-stained layer III pyramidal cell in Par1. To
get as much of the dendritic field in focus as possible, multiple photographs
were taken at different focal planes, and these were then merged to create
the composite image shown here. (Insets) Apical (A) and basilar (B) dendritic
segments at higher power.
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amphetamine, however, there was no incremental effect of
experience in the complex environment on either measure of
dendritic morphology (see Fig. 2).

Par1. Experience in the complex environment increased the
number of basilar and apical dendritic branches on Par1 pyra-
midal cells, whereas amphetamine treatment followed by hous-
ing in a standard laboratory cage had no effect on branching of
either basilar or apical dendrites, consistent with earlier findings
(13). Interestingly, past exposure to amphetamine completely
eliminated the effect of experience in the complex environment
on dendritic branching in this brain region (Fig. 3).

Experience in the complex environment increased spine den-
sity on both apical and basilar dendrites of Par1 cells, but
amphetamine treatment decreased spine density, again, consis-
tent with our earlier work (13). In animals previously exposed to
amphetamine, experience in the complex environment also
increased spine density, but only to levels well below those found
in saline-treated animals housed in the complex environment
(Fig. 3).

The interaction between amphetamine treatment and expe-
rience in a complex environment on dendritic branching in Par1
provides compelling evidence that prior exposure to amphet-
amine can limit or even block the subsequent effects of experi-
ence. In the NAcc, however, the data are more difficult to
interpret. It appeared that prior treatment with amphetamine
interfered with the ability of experience in a complex environ-
ment to increase dendritic branching and spine density in the
NAcc, in that experience produced no incremental effect over
and above that seen with amphetamine alone. Alternatively, it is
possible that the effect of amphetamine was already maximal,
and no further morphological plasticity was possible (i.e., there
was a ceiling effect). Exps. 2 and 3 were conducted to further
explore the nature of the drug–environment interaction, specif-

ically in the NAcc. Therefore, in the next two experiments, only
NAcc medium spiny neurons were examined. The data suggest
the former interpretation is correct; in the NAcc, prior drug
treatment does indeed limit morphological plasticity.

Exp. 2: Amphetamine Dose Effect. Fig. 4 compares the effects of
different doses of amphetamine on spine density in the NAcc
with the effects obtained in Exp. 1. Amphetamine treatment
significantly increased spine density relative to control in all
three experimental groups (Fig. 4a). Note that spine density in
the saline-treated control group is the same in both experiments.
Also note that spine density in animals given a cumulative dose
of 44 mg!kg was considerably higher than in amphetamine-
treated animals in Exp. 1. Perhaps more important than the
different doses is the fact that, in Exp. 2, animals were examined

Fig. 2. Effects of amphetamine and housing in a complex environment on
dendritic branches (a) and spines (b) on medium spiny neurons in the shell of
the NAcc. Both experience in the complex environment [saline treated!
housed in standard cage (S!S) vs. saline treated!housed in a complex envi-
ronment (S!C)] and amphetamine [S!S vs. amphetamine treated!housed in a
standard environment (A!S) or amphetamine treated!housed in a complex
environment (A!C)] significantly increased both dendritic branching and spine
density, but in amphetamine-treated animals, there was no incremental effect
of housing in a complex environment. Two-way ANOVA for branches: main
effect of amphetamine (F ! 73.0, P " 0.0001), main effect of environment (F !
27.2, P " 0.0001), and amphetamine by environment interaction (F ! 66.3, P "
0.0001). Spines: main effect of amphetamine (F ! 142.9, P " 0. 0001), main
effect of environment (F ! 6.3, P ! 0.015), and amphetamine by environment
interaction (F ! 12.7, P " 0.001). *, Differs from S!S (Fisher’s test).

Fig. 3. Effects of amphetamine and housing in a complex environment on
dendritic branches (a and c) and spines (b and d) on both apical (a and b) and
basilar (c and d) dendrites of layer III pyramidal cells in Par1. Branches: housing
in a complex environment increased the number of both apical (a) and basilar
(c) branches, but amphetamine had no effect. Prior amphetamine completely
blocked the effect of housing in a complex environment. Two-way ANOVA;
apical branches: main effect of amphetamine (F ! 9.79, P ! 0.003), environ-
ment (F ! 4.41, P ! 0.041), and interaction (F ! 5.06, P ! 0.029); basilar
branches: main effect of amphetamine (F ! 12.54, P ! 0.0009), environment
(F ! 32.7, P " 0.0001), and interaction (F ! 20.61, P " 0.0001). Spines: housing
in a complex environment increased the number of spines on both apical and
basilar dendrites, and amphetamine decreased spine density. Spine density in
the A!C group remained significantly lower than in the control group (S!S).
Two-way ANOVA; apical spines: main effect of amphetamine (F ! 127, P "
0.0001), environment (F ! 32.1, P " 0.0001), and interaction (F ! 0.76, P !
0.38); basilar spines: main effect of amphetamine (F ! 102, P " 0.0001),
environment (F ! 28.96, P " 0.0001), and interaction (F ! 0.44, P ! 0.51).
Abbreviations are as in Fig. 2 legend. *, Differs from S!S (Fisher’s tests).

Kolb et al. PNAS " September 2, 2003 " vol. 100 " no. 18 " 10525
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A combination of amphetamines and 
physical therapy



Effects of amphetamines



ドプス：ノルアドレナリン前駆アミノ酸



L-DOPSによる成ネコでの
眼優位可塑性の誘導



CASE HISTORY
• Patient: I.I. 48 ys. old right handed male
• Stroke: 4 years ago, cerebral infarction in left parietal-temporal !       

regions (include Broca's area)
• Status: right hemiparesis, motor aphasia
• Course: he admitted to the hospital to have speech therapy for 

several times without any improvement.

First admission : ST&PT therapy for 6 months
 SLTA ; from 19/220 to 27/220, severe motor aphasia
Second admission : ST&PT therapy for 6 months 
 SLTA ; from 46/220 to 54/220, severe motor aphasia
Third admission : DX/ST&PT therapy for 6 months
 SLTA ; from 56/220 to 95/220, prominent improvement
 moderate motor aphasia



Brain Plain CT



Temporal change of SLTA(%)
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Activated Areas of fMRI by Covert Word Generation



Spatio-Temporal Resolution of a Variety of Methods used in 
Neuroscience Research

A. Grinvald


